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ABBREVIATIONS 
aq. — aqueous 
atm. «•• atmospheric or atraosphcre(s) 
at. vol. = atomic volume(s) 
at. wt. = atomic weight(s) 
T° or 0 K » absolute degrees of temperature 
b.p. •• boiling point(s) 
0° a" centigrade degrees of temperature 
eoeff. «= coefficient 
cone. "•« concentrated or concentration 
dil. — dilute 
eq. =* equivalent(s) 
f.p. «•= freezing point(s) 
m.p. «» melting point(s) 
mol(s) - . /^am-molecule(s) . v ' \gram-molecular 

mol. ht . s=s molecular heat(s) 
mol. vol. « molecular volume(s) 
mol. wt. «=» molecular weight(s) 
press. •— pressure(s) 
sat. ss saturated 
BoIn. •= solution(s) • 
sp. gr. »BI specific gravity (gravities) 
sp. ht . * specific heat(s) 
sp. vol. —* specific volume(s) 
temp. •» temperature(s) 
vap. = vapour 

In the CFOSS r e f e r e n c e s the first number in clarendon type is the number of the 
volume; the second number refers to the chapter; and the succeeding number refers to the 
" §," section. Thus 5. 88, 24 refers to § 24, chapter 88, volume 5. 

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 
are considered with the basic elements ; the other compounds are taken in connection with 
the aoidio element. The double or complex salts in connection with a given element include 
those associated with elements previously discussed. The carbides, silicides, titanides, 
phosphides, arsenides, etc., are considered in connection with carbon, silicon, t i tauium, etc. 
The intermetallio compounds of a given element include those associated with elements 
previously considered. 

The use of t r i a n g u l a r d i a g r a m s * o r representing the properties of three-component 
systems was suggested by Gt, Or. Stokes {JProc. Boy. Soc., 49 . 174, 1891). The method was 
immediately taken up in many directions and it has proved of great value. With practice it 
becomes as useful for representing the properties of ternary mixtures as squared paper is for 
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi­
lateral triangle the sum of the perpendicular distances of any point from the three sides is 
a constant. Qiven any three substances A, JB, and C, the composition of any possible 
combination of these can be represented by a point iu or on the triangle. The apices of the 
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viii ABBREVIATIONS 

triangle represent the single components A, B, and O, the sides of the triangle represent binary 
mixtures of A and B1 B and C1 or C and A ; and points within the triangle, ternary mixtures. 
The compositions of the mixtures can be represented in percentages, or referred to unity , 10, 
etc. In Fig. 1, pure A will be represented by a point at the apex marked A. If 1OO be the 

F i a . 1. 

s tandard of reference , t h e p o i n t A r e p r e s e n t s 1 0 0 per c e n t , of A a n d n o t h i n g e l s e ; m i x t u r e s 
c o n t a i n i n g 8 0 per c e n t , of A are r e p r e s e n t e d by a p o i n t o n t h e l i n e 8 8 , 6O p e r c e n t , of A b y a 
p o i n t on t h e l i n e 6 6 , e t c . S i m i l a r l y w i t h B a n d C—Figs. 3 a n d 2 r e s p e c t i v e l y . C o m b i n e 
F i g s . 1, 2 , and S i n t o o n e d i a g r a m b y s u p e r p o s i t i o n , a n d F i g . 4 r e s u l t s . A n y p o i n t i n t h i s 

/OO 3O 6O <90 2O OVoOf B 

F I G . 4 . — S t a n d a r d R e f e r e n c e . T r i a n g l e . 

d i a g r a m , F i g . 4 , t h u s r e p r e s e n t s a t e r n a r y m i x t u r e . F o r i n s t a n c e , t h e p o i n t M r e p r e s e n t s a 
m i x t u r e c o n t a i n i n g 20 per c e n t , of At 2O per c e n t , of B% a n d 6O per c e n t , of O-



CHAPTER LXVI {continued) 
IRON {continued) 

§ 35. The Iron Fluorides 
I N 1771, C. W. Scheele x dissolved iron in hydrofluoric acid bu t he did not obtain 
well-defined crystals from the soln., owing to impurities which were introduced by 
the action of the acid on the glass containing vessel. H . Moissan, and O. Ruff 
and E . Ascher observed the conditions under which fluorine a t tacks iron, and the 
iron oxides. C. Poulenc found t h a t when iron, or anhydrous ferrous chloride is 
heated to redness in a current of dry hydrogen fluoride, colourless, monoclinic 
crystals of ferrous fluoride, F e F 2 , are formed. The anhydrous salt was also 
obtained by J . J . Berzelius, and A. Scheurer-Kestner, by heating the hydra ted 
salt out of contact with air, or better , in a current of dry hydrogen fluoride. The 
product obtained by A. Ferrari by heating the hydra ted salt in hydrogen did not 
appear crystalline when examined by the X-radiogram process, bu t after heating 
the residue with ammonium fluoride in hydrogen, crystals were developed. 
Ii. Hackspill and R. Grandadam obtained i t by heat ing iron with sodium fluoride : 
F e + 2 N a F - = FeF2-f-2Na ; and O. Ruff and E . Ascher, by heating ferric fluoride 
above 400°, or by reducing i t with iron, ammonia, sulphur dioxide, or hydrogen. 

A. Scheurer-Kestner obtained green, prismatic crystals of the octohydrcde, 
FeF 2 .8H 2 O, by evaporat ing for some days the green soln. obtained by dissolving 
iron in hydrofluoric acid of sp. gr. 1-07. J . Li. Gay Lussac and L*. J . Thenard, and 
J . J . Berzelius, under similar conditions, obtained the tetrahydrate, FeF 2 .4H 2 O ; 
and C Poulenc showed t h a t the t e t rahydra te is formed when the soln. containing 
only a little acid, is evaporated a t ordinary temp. W. Biltz and E. Rahlfs observed 
t h a t the addition of alcohol to the aq. soln. precipitates the te t rahydra te . 

O. Ruff and E . Ascher said t h a t the anhydrous salt is white. A. Scheurer-
Kestner described the crystals of the anhydrous salt as small, yellow, quadrat ic 
prisms ; and C. Poulenc, as t ransparent , lustrous, branching, monoclinic prisms. 
C. Poulenc observed t h a t the te t rahydra te forms white, rhombohedral crystals. 
According to V. M. Goldschmidt, the X-radiograms show t h a t the crystals of the 
anhydrous salt are tetragonal of the rutile type, like those of the anhydrous 
fluorides of magnesium, zinc, manganese, cobalt and nickel. The lattice dimensions 
are «=3*83 A., and c—3-36, so t h a t a : c —1 : 0*69 ; and the distance between the 
iron and fluorine a toms is about 2-11 A. A. Ferrar i gave a = 4 - 6 7 0 A., c=3-297, 
and a : c—1 : 0*706. O. Poulenc gave 4*09 for the sp. gr. of the anhydrous salt ; 
and W. Biltz and E . Rahlfs, 4-09 a t 25°/4°. A. Ferrar i calculated 4-333 from the 
lattice constants, and O. Ruff and E . Ascher, 3-95. O. Ruff and E . Ascher gave 
22-9 for the mol. vol. ; and V. M. Goldschmidt, and J . W. Griiner calculated values 
for the atomic radius of anion and cation. W. Biltz and E . Rahlfs gave 2-095 a t 
20°/4° for the sp. gr. of the te t rahydrate , and 79-19 for the mol. vol. 

C. Poulenc said t h a t the anhydrous salt volatilizes a t 1100°. K. Jellinek and 
A. R u d a t noted t h a t the salt is solid a t 700° ; and W. Biltz and E . Rahlfs estimated 
t h a t the m.p. exceeds 1000°. A. Ferrari discussed the relation between the m.p. 
and the space-lattice. For the dehydration of the hydrate , vide supra. K. Jellinek 
and A. Rudat gave the vap. press., p, of the fluorine a t 773° K., 873° K., and 973° K., 
P=—log 40-05, —log 35-14, and —log 31*06 respectively ; and they calculated the 
heat of formation to be (Fe,F 2 )=154-2 CaIs. ; O. Ruff and E . Ascher, and H. von 
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W a r t e n b e r g g a v e (Fe ,F 2 ,Aq . ) = 177-2 CaIs. ; E . P e t e r s e n g a v e 2 A g F - A q . + F e C l 2 . A q . 
= 2 A g C l + F e F 2 . A q . + 3 1 - 8 CaIs., or F e ( O H ) 2 + 2 H F . A q . = F e F 2 . A q . + 2 6 - 6 Cais . ; 
a n d M. R e r t h e l o t gave (Fe ,F 2 ,Aq . )= -127 CaIs. G. Beck d iscussed t h e free e n e r g y 
of t h e sa l t . R . P e t e r s obse rved t h a t fer rous fluoride in a q . soln . is p r o b a b l y a s 
s t r o n g l y ionized a s is fer rous chlor ide since t h e e lec t r ica l c o n d u c t i v i t y of a m i x e d 
soln. of ferrous chlor ide a n d s o d i u m fluoride does n o t d e v i a t e m u c h f rom t h e v a l u e 
ca lcu la ted from t h e m i x t u r e ru le ; a n d s imi lar ly also for t h e lower ing of t h e f .p . 
of t he se soln. 

C. P o u l e n c obse rved t h a t a t a dul l r ed -hea t , fe r rous fluoride is p a r t i a l l y r e d u c e d 
b y hydrogen* a n d a t a h igher t e m p , t h e r e d u c t i o n is c o m p l e t e . K . J e l l i n e k a n d 
A . R u d a t found t h e equ i l i b r ium v a l u e s for t h e r eac t i on : F e F 2 + H 2 ^ 2 H F + F e , 
log ( P 2 H F A P U 3 ) for 500°, 600°, a n d 700° a re r e spec t ive ly —2-78, —2-02, a n d — 1 - 2 3 . 
F o r t h e d i rec t r educ t ion , a n d t h e reverse r eac t ion , w i t h p vol . p e r cen t , of h y d r o g e n 
fluoride in t h e gaseous p h a s e : 

FeF2 + Hjv*2HF 4- Fe Fe 4- 2HF^FeF8 + H2 
T° K . . . . . 773° 873° 973° 773° 973° 
jo . . . . . . 4-0 9-3 21-5 4-7 21-3 

The reduc t ion of ferrous fluoride b y h y d r o g e n is a n e n d o t h e r m i c r e a c t i o n . 
H . Schulze sa id t h a t t h e a n h y d r o u s fluoride a t a r e d - h e a t is n o t a t t a c k e d b y oxygen, 
b u t C. Pou lenc obse rved t h a t t h e a n h y d r o u s sa l t furn ishes ferr ic ox ide w h e n h e a t e d 
in air or in water v a p o u r . T h e sa l t dissolves s lowly a n d spa r ing ly in w a t e r , a n d t h e 
sa l t in a q . soln. is r ead i ly h y d r o l y z e d w i t h t h e depos i t i on of h y d r a t e d ferric o x i d e . 
J . J . Berzel ius , A. Scheu re r -Kes tne r , a n d C. P o u l e n c obse rved t h a t t h e h y d r a t e d 
sa l t decomposes w h e n i t is h e a t e d in air , fo rming ferr ic ox ide , a n d t h i s ox ide is a l so 
p r o d u c e d when t h e h y d r a t e d sa l t is h e a t e d i n h y d r o g e n a t 80° , b u t a t a h i g h e r t e m p . , 
i t is r educed t o i ron. J . Ia. G a y L u s s a c a n d L . J . T h e n a r d , J . J . Berze l ius , a n d 
C. Pou l enc a d d e d t h a t t h e h y d r a t e d sa l t a l so d issolves s p a r i n g l y in w a t e r ; a n d 
t h a t if hydrof luor ic ac id be p r e s e n t t h e sa l t is m o r e r e a d i l y d i sso lved t h a n i t is in 
w a t e r a lone. 

F . F i c h t e r a n d A. Goldach s t u d i e d t h e o x i d a t i o n of fe r rous fluoride b y fluorine. 
O. Ruff a n d E . Ascher found t h a t n e i t h e r bromine n o r iodine h a s a n y p e r c e p t i b l e 
ac t ion on ferrous fluoride. G. Gore f o u n d t h a t a n h y d r o u s ferr ic fluoride is n e i t h e r 
a t t a c k e d nor dissolved b y liquefied hydrogen fluoride ; a n d C. P o u l e n c f o u n d t h a t 
in h y d r o g e n fluoride a t 1100°, c ry s t a l s of fe r rous fluoride a r e fo rmed . T h e 
a n h y d r o u s sa l t a n d t h e h y d r a t e dissolve i n hydrofluoric acid—vide supra—more 
read i ly t h a n t h e y do in wa te r , a n d t h e a q . soln . w h e n t r e a t e d w i t h p o t a s s i u m 
p e r m a n g a n a t e , o r exposed t o air , fo rms ferr ic fluoride. A. S c h e u r e r - K e s t n e r 
obse rved t h a t a soln. of ferrous f luoride i n a n excess of hydrof luor ic ac id f o r m s 
ferric fluoride. W h e n t h e fluoride is h e a t e d i n hydrogen chloride, O. Ruff a n d 
E . Ascher observed t h a t ferrous ch lor ide is f o rmed , b u t , a t o r d i n a r y t e m p . , f e r rous 
chlor ide is c o n v e r t e d i n t o t h e fluoride : F e F 2 + 2 H C l ^ F e C l 2 + 2 H F . T h e 
a n h y d r o u s sa l t is a t t a c k e d w i t h difficulty b y cone , hydrochloric acid ; b u t 
C. P o u l e n c said t h a t t h e h y d r a t e d sa l t is readily d i sso lved b y t h i s ac id . 

O. Ruff a n d E . Ascher obse rved t h a t a n h y d r o u s fe r rous fluoride does n o t r e a c t 
wi th sulphur t o a n y g r e a t e x t e n t ; if t h e p r o d u c t be t r e a t e d w i t h di l . h y d r o c h l o r i c 
acid, t r a ce s of h y d r o g e n su lph ide a r e fo rmed . C. P o u l e n c o b s e r v e d t h a t w h e n 
h e a t e d w i t h hydrogen sulphide, fe r rous fluoride f o r m s fe r rous s u l p h i d e ; O. Ruff 
a n d E . Ascher , t h a t a t a r ed -hea t , sulphur dioxide o n l y d e e p e n s t h e co lour of t h e 
s a l t ; a n d C. Pou l enc , t h a t w h e n h e a t e d w i t h cone , sulphuric acid ferr ic s u l p h a t e is 
fo rmed . T h e t e t r a h y d r a t e is r e ad i l y soluble i n s u l p h u r i c ac id . O. Ruff a n d 
E . Asche r found t h a t fe r rous fluoride is s lowly d e c o m p o s e d b y ammonia a t a du l l 
r e d - h e a t , b u t , a cco rd ing t o W . B i l t z a n d E . Rah l f s , t h e t e t r a h y d r a t e f o r m s w i t h 
l i qu id a m m o n i a a t —78*5°, o r gaseous a m m o n i a a t 0 ° , ferrous aquopentamminOs , 
fluoride, F e F 2 . 5 N H 3 . H 2 0 , which , a t —21°, —11° , a n d 0° , h a s a h e a t of f o r m a t i o n 
of 9*8 CaIs. , a n d t h e d i ssoc ia t ion p ress , r e spec t ive ly 24, 5 1 , a n d 113 m m . T h e 
s p . gr . is 1*477 a t —21° , a n d t h e mol . vo l . 133-4. A b o v e 0 ° , t h i s s a l t pa s se s i n t o 
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ferrous aquoamminof luor ide , F e F 2 - N H 3 - H 2 O , w h i c h a t 25°, 34-5°, 46-5°, a n d 6 1 0 ° , 
h a s a h e a t of f o r m a t i o n of 12*4 C a I s . ; a n d d i s soc ia t ion p ress , r e spec t ive ly 9*5, 18-6, 
40-5 , a n d 96-0 m m . T h e s p . gr . is 2-321 a t 25° , a n d t h e mo l . vol . , 55-53. A b o v e 
25° , t h i s s a l t fu rn i shes f errous a q u o h e m i a m m m o f l n o r i d e , F e F 2 . J N H 3 . H 2 O . 
O. Ruff a n d E . A s c h e r o b s e r v e d t h a t cone , nitric acid d e c o m p o s e s fe r rous f luoride 
i n t h e co ld w i t h t h e e v o l u t i o n of b r o w n v a p o u r s , a n d t h e f o r m a t i o n of a ferr ic sa l t . 
C. P o u l e n c n o t e d t h a t t h e t e t r a h y d r a t e d i sso lves i n n i t r i c ac id , f o rming ferr ic 
fluoride a n d n i t r a t e . O. Ruff a n d E . A s c h e r f o u n d t h a t phosphorus, a n d arsenic 
h a v e n o p e r c e p t i b l e a c t i o n o n fe r rous fluoride. 

A c c o r d i n g t o O. Ruff a n d E . Ascher , carbon h a s n o a p p r e c i a b l e a c t i o n on fe r rous 
fluoride. C. P o u l e n c o b s e r v e d t h a t fe r rous fluoride is inso lub le in alcohol, a n d ether, 
b u t if w a t e r b e p r e s e n t , t h e s a l t m a y b e d isso lved , so t h a t t h e t e t r a h y d r a t e d issolves 
i n t h e s e m e n s t r u a . T h e s a l t is r e a d i l y ox id ized u n d e r t h e s e c o n d i t i o n s . F e r r o u s 
fluoride is inso lub le i n benzene a n d i t is b u t s l igh t ly a t t a c k e d w h e n boi led w i t h 20 
p e r c en t , acetic acid. O. Ruff a n d E . A s c h e r f o u n d t h a t w h e n i t is h e a t e d w i t h 
c rys t a l l i ne silicon, f e r rous fluoride is v igo rous ly d e c o m p o s e d . T h e c o m p l e x w i t h 
silicon tetrafluoride i s t h e so-cal led ferrous fluosilicate, F e S i F 6 , (q.v.) ; t h a t w i t h 
titanium tetrafluoride is R . W e b e r ' s ferrous fluotitanate, F e T i T 6 . 6 H 2 0 ; a n d t h a t 
w i t h boron trifluoride a n d a n t i p y r i n e is E . W i l k e - D o r f u r t a n d H . G. M u r e c k ' s f errous 
hexantipyrinoborof iuoride, [FeCCOCxoHiaN^e^BF^s j . O. Ruff a n d E . A s c h e r 
f o u n d t h a t fer rous fluoride r e a c t s w i t h i n c a n d e s c e n c e w h e n i t is h e a t e d w i t h sodium ; 
copper h a s n o p e r c e p t i b l e a c t i o n ; magnesium r e a c t s exp los ive ly ; zinc r e a c t s w i t h 
a s t r o n g e v o l u t i o n of h e a t ; aluminium r e a c t s -with a feeble d e t o n a t i o n ; iron h a s 
n o pe r cep t i b l e a c t i o n ; a boi l ing 3 3 p e r c e n t . soln . of sodium hydroxide f o rms s o m e 
s o d i u m fluoride, b u t t h e soln . r e m a i n s colour less ; a n d fused sodium carbonate 
fu rn i shes ferric ox ide a n d s o d i u m fluoride. 

J . J . Berze l ius , A . S c h e u r e r - K e s t n e r , P . B a r t e c z k o , J . C G. de M a r i g n a c , 
E . Deus sen , H . Xess le r , a n d R . F . W e i n l a n d a n d O. K o p p e n r e p o r t e d a n u m b e r 
of c o m p l e x sa l t s f o r m e d b y fe r rous fluoride. R . W a g n e r o b t a i n e d a m m o n i u m 
ferrous trifluoride, o r ammonium trifluoferrite, N H 4 F e F 3 . 2 H 2 O , in g reen o c t a h e d r a , 
a n d a m m o n i u m ferrous tetrafluoride, or ammonium tetrafluoferrite, ( N H 4 ) 2 F e F 4 , 
i n b r o w n c r y s t a l s . R . W a g n e r cou ld n o t p r e p a r e t h e a n h y d r o u s p o t a s s i u m ferrous 
trifluoride, JKFeF3 , sa id b y J . J . Berze l ius t o be p r e c i p i t a t e d in pa l e g reen c r y s t a l s 
w h e n a soln. of fe r rous s u l p h a t e is a d d e d t o one of p o t a s s i u m fluoride, i n s t e a d , he 
o b t a i n e d flesh-coloured p o t a s s i u m fe r rous t r i f luor ide , o r potassium trifluoferrite, 
K F e F 3 . 2 H 2 0 . N . N . R a y p r e p a r e d ferrous fluoberyllate, F e B e F 4 . 7 H 2 0 , b y 
e v a p o r a t i n g o n t h e w a t e r - b a t h a so ln . of i ron a n d b e r y l l i u m ox ides in hydrof luor ic 
ac id . T h e sa l t is a lso o b t a i n e d b y t h e a c t i o n of fe r rous ch lo r ide on s i lver fluo­
be ry l l a t e , a n d a d d i n g a lcoho l t o t h e filtered l iqu id . T h e pa l e g reen c ry s t a l s of t h e 
keptahydrate h a v e a s p . gr . 1-894 a t 30° /4° , a n d a mol . vol. of 140-95. T h e s a l t 
loses 4 mols . of w a t e r o v e r cone , s u l p h u r i c ac id . T h e p o t a s s i u m ferrous t e tra ­
fluoride, o r potassium tetrafluoferrite, K 2 F e F 4 , h a s a lso been p r e p a r e d . Acco rd ing 
t o R . F . W e i n l a n d a n d O. K o p p e n , -when hydrof luor ic ac id soln. of fe r rous a n d 
a l u m i n i u m fluorides a r e m i x e d , a n d c o n c e n t r a t e d o v e r l ime a t o r d i n a r y t e m p . , 
s m a l l g reen i sh -whi t e c r y s t a l s of a l u m i n i u m ferrous fluoride, o r a l u m i n i u m fluo-
ferrite, A l F 3 . F e F 2 . 7 H 2 0 , a r e fo rmed . 

C. W . Scheele 2 d i sso lved ferr ic ox ide i n hydrof luor ic ac id , b u t d id n o t g e t a 
wel l c rys ta l l i zed p r o d u c t f rom t h e soln . because of i m p u r i t i e s i n t r o d u c e d b y t h e 
a c t i o n of t h e ac id o n t h e g lass . H . S t . C. Devi l le p r e p a r e d ferric fluoride, F e F 3 , 
b y t r e a t i n g ca lc ined ferric ox ide w i t h w a r m , cone , hydrof luor ic ac id , e v a p o r a t i n g 
t h e soln . in a p l a t i n u m cruc ib le , a n d h e a t i n g t h e res idue u n t i l t h e b o t t o m of t h e 
c ruc ib le w a s w h i t e - h o t . T h e r e col lec ted i n t h e u p p e r p a r t of t h e crucib le a pa r t i a l l y -
fused s u b l i m a t e of colour less o r g reen i sh c r y s t a l s of ferric fluoride. C. P o u l e n c 
o b t a i n e d t h e a n h y d r o u s fluoride, i n sma l l g r een c rys t a l s , b y pas s ing h y d r o g e n 
fluoride o v e r r e d - h o t i ron , ferr ic ox ide , o r ferr ic ch lor ide , or, b y h e a t i n g 
a m m o n i u m ferr ic fluoride i n a n i n e r t g a s — s a y n i t r o g e n . O. Ruff, a n d O. Ruff 



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

and E . Ascher obtained the fluoride b y the act ion of fluorine on iron, or o n ferric 
chloride. 

A. Scheurer-Kestner, E . Deussen, and R. Peters obta ined a soln. of f e m e 
fluoride b y the action of an excess of hydrofluoric acid, or of nitric acid on a soln. 
of ferrous fluoride in hydrofluoric acid ; J . J . Berzelius, E . Deussen , G. Gallo, 
H. St. C. Devil le , and A. W. Speransky, b y dissolving ferrous hydroxide or ferric 
oxide in hydrofluoric acid. The evaporation of the aq. soln. furnishes flesh-coloured 
or colourless crystals of the hydrated fluoride. According t o E . Deussen , H . Kessler, 
and A. Loesche, the action of hydrofluoric acid on ferric oxide is to be symbol ized : 
2 F e 2 0 3 - f - 8 H F : = F e O - + - H 2 0 2 + 3 H 2 0 4 - F e F 3 . F e F 3 . F e F 2 , and on evaporat ing t h e 
soln., crystals of ferrous fluoj"errUe, F e 3 F 8 . 1 0 H 2 O , are formed. A. Recoura observed 
that the hydrate in aq. soln. loses one-third of its fluorine when i t is treated wi th 
barium chloride . 2 F e F 3 + 3 B a C l 2 = B a F 2 4 - 2 B a C l 2 - h Ee 2 F 4 Cl 2 ; t h a t the tr ihydrate , 
F e F 3 . 3 H 2 0 , loses one-third of i ts fluorine as H F when it is heated ; and t h a t when 
the hydrate is boiled with alcohol t w o mols . of hydrogen fluoride are evo lved 
quickly and the remainder of the fluorine very slowly. This is all taken t o mean 
that the salt in aq. soln. is in the form of a complex F e 2 F 4 ( O H ) 2 ( H F ) 2 . 4 H 2 O , 
which, at 95° is said to form the oxyfluoride F e 2 F 4 O ; but R. Weinland and 
co-workers represent i t by the formula [ F e 2 F 2 ] F 4 , where the F 4 can be readily 
replaced by the radicle S iF 6 . The mol. wt . of the salt in aq. soln. w i t h 5-131, 
2*879, and 1*439 per cent. F e F 3 was found b y A. W . Speransky t o be respect ively 
130*1, 122*2, and 110-5 ; in soln. wi th 1*93, a n d 0*95 per cent . F e F 3 , 118*2 and 
112*7 respectively ; and E . Deussen and H. Kessler, in soln. w i th 0*99 per cent . 
F e F 3 , 161 to 165. R. Weinland and co-workers favoured the formula for the 
hernienneahydrate, FeF 3 .4 -5H 2 O, obtained by J . J . Berzelius, G. Gallo, and 
A. Scheurer-Kestner by evaporating the aq. soln. and drying the product over 
calcium chloride. When this hydrate is heated t o 100°, A. Scheurer-Kestner, 
E . Deussen, A. Recoura, and R. Peters found t h a t i t passed in to the trihydrate, 
F e F 3 . 3 H 2 0 . 

C. Poulenc said that the crystals of the anhydrous salt are greenish, transparent, 
probably triclinic, and pseudorhombohedral ; A. de Schulten, t h a t t h e y are pale 
green, and rhombohedral wi th an incl ination t o twinning ; H . St . C. Devi l le , t h a t 
they are isomorphous with those of a luminium fluoride ; and O. Ruff and E . Ascher, 
that they are isomorphous wi th those of alurninium fluoride ; and O. Ruff and 
E . Ascher, that they are hexagonal like cobaltic fluoride, a n d t h a t the X-radiograms 
show a lattice with a = 7 * 7 8 A. , c—3*73 A., and a : c=l : 0*479. There are 4 mols . 
per unit cell. F . Ebert gave for the rhombohedral latt ice a = 3 * 7 5 6 A., and a—88° 
14*5', and for the hexagonal latt ice, a-=5*201 A. , and c = 6 * 6 6 0 A. , and a : c~l : 1*28. 
The vol. of the rhombohedral latt ice is 52*06 A 3 . , and there is one mol. per cell. 
The calculated sp. gr. is 3*56 ; and t h e observed value 3*52. W . Nowacki , and 
N . Wooster made observations on the subject . J . A. A . Kete laar found t h a t 
the crystals are isomorphous wi th the trifluorides of cobalt , a luminium, rhodium, 
and palladium. A. Scheurer-Kestner said t h a t the crystals of the hemienneahydrate 
are colourless ; G. Gallo, greenish ; J . J . Berzelius, pale flesh-red ; and R. Wein land 
and co-workers, pale rose-red. C. Poulenc gave 3-87 for t h e sp . gr. of the s a l t ; 
and O. Ruff and E . Ascher, 3-52, w h e n the va lue calculated from t h e latt ice con­
stants is 3-81. A. Speransky found the lowering of t h e f.p. of aq. soln. w i t h 5-131, 
2-879, and 1*439 per cent, of F e F 3 t o be respect ive ly 0*745°, 0-445°, and 0-245°. 
Observations were also made b y R. Peters , a n d H . Kessler. K. Jel l inek and 
A. R u d a t found tha t the salt is solid a t 550°, and C. Poulenc , t h a t i t volat i l izes 
above 1000° wi thout melt ing. K. Jellinek a n d A. R u d a t g a v e the v a p . press. , p, 
of the fluorine a t 623° K., 723° K., and 823° K. log j » = — 4 9 0 5 , —41*91, and —35-59 
respectively. According to A. Scheurer-Kestner, if the tr ihydrate be hea ted a b o v e s 
100°, dehydrat ion is accompanied b y decomposi t ion ; E . D e u s s e n added t h a t e v e n 
a t 100°, a small proportion is decomposed ; and G. Gallo observed t h a t w h e n t h e 
salt is warmed a t 150° t o 200°, i t is complete ly converted i n t o ferric ox ide a n d 
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h y d r o g e n fluoride. K . J e l l i nek a n d co -worke r s c a l c u l a t e d for t h e h e a t of for­
m a t i o n of ferric fluoride (Fe J F g ) = = 233-25 CaIs. a t 800° K . T h e t h e r m a l v a l u e of 
t h e r e a c t i o n F e F 2 - J - J F 2 = F e F 3 i s v e r y n e a r l y half t h e h e a t of f o r m a t i o n of F e F 2 , 
i n d i c a t i n g t h a t t h e t h r e e fluorine a t o m s a r e s y m m e t r i c a l l y p l a c e d in t h e molecule , 
a n d h a v e e a c h t h e t h e r m a l v a l u e 78-00 CaIs. M. B e r t h e l o t g a v e (2Fe ,3F 2 ,Aq . ) 
= 3 3 5 - 1 CaIs. ; E . P e t e r s e n g a v e 2 F e C l 3 . A q . + 6 A g F . A q . = 2 F e F 3 . A q . + 6 A g C l + 9 3 - 8 
CaIs. , a n d h e n c e c a l c u l a t e d 23-2 t o 23-9 CaIs. for F e ( O H ) 3 . A q . + 3 H F . A q . O. Ruff 
a n d E . A s c h e r c a l c u l a t e d f rom H . v o n W a r t e n b e r g ' s d a t a , ( F e , * F 2 , A q . ) = 2 4 3 * 1 CaIs. 
T h e h e a t of so lu t ion is F e F 3 . A q . + 6 H F . A q . = l * 2 CaIs. 

J . J . Berze l ius n o t e d t h a t s a t . soln. of ferr ic fluoride a r e colour less ; a n d A. B y k 
a n d H . JafFe found t h a t for 1 c m . l aye r s of ferric fluoride d isso lved in cone , h y d r o ­
fluoric ac id , t h e a b s o r p t i o n s p e c t r u m , A, w a s r e spec t ive ly 2727, 2700, 2584, a n d 
2448 A. w i t h soln. \ , £, a n d / ^ t h t n e i n i t i a l c o n c e n t r a t i o n . Acco rd ing t o 
A. W . S p e r a n s k y , t h e s p . e lec t r ica l c o n d u c t i v i t y , K9 a n d t h e c o n d u c t i v i t y , /x,, for 
so ln . w i t h a m o l of s a l t in v l i t res , a r e : 

v . . . 6 12 24 4 8 96 
K . . 0-001565 0 0 0 0 9 2 5 O-O00563 0-000359 0-000237 
v . . . 3-925 5-887 8-883 13-247 19-87 
fi. . . 7 - 6 8-4 9-3 10-4 11-9 

T h e a q . soln. is t he re fo re a p o o r c o n d u c t o r . R . W e i n l a n d a n d co-workers o b t a i n e d 
^ , = 3 9 for v — 1 2 8 . A . R e c o u r a n o t e d t h a t t h e hyd ro ly s i s of a q . soln. of ferr ic 
fluoride is n o t so g r e a t a s is t h e case w i t h soln. of o t h e r ferr ic sa l t s , s ince t h e soln. 
is colourless . T h i s is in a g r e e m e n t w i t h t h e c o m p a r a t i v e l y smal l e lect r ical con­
d u c t i v i t y , a n d also w i t h A. W . S p e r a n s k y ' s o b s e r v a t i o n s o n t h e inf luence of soln. of 
ferric fluoride on t h e inve r s ion of c a n e suga r . R . P e t e r s sa id t h a t t h e hydro lys i s is 
pe r cep t i b l e w i t h a d i l u t i on v = 9 6 . R . H . C a r t e r o b s e r v e d t h a t t h e H -ion cone , of 
a s a t . soln. is J»H—3-O, a t 25° . If t h e t e m p , b e a u g m e n t e d , t h e h y d r o l y s i s is g r e a t e r . 
J . M. O r d w a y , for i n s t a n c e , o b s e r v e d t h a t half t h e i ron is p r e c i p i t a t e d as h y d r a t e d 
ox ide w h e n a 0-3 p e r cen t . soln . is boi led. P . N i c o l a r d o t also obse rved t h a t t h e 
col loidal h y d r o x i d e is p r o d u c e d in h o t a q . soln. , a n d t h i s co lours t h e l iquid yel low. 
U n l i k e soln. of ferric ch lor ide , A . S c h e u r e r - K e s t n e r , a n d J . M. O r d w a y obse rved 
t h a t soln. of ferr ic fluoride d o n o t d issolve h y d r a t e d ferric ox ide . A. R e c o u r a , a n d 
R . W e i n l a n d a n d co-workers s h o w e d t h a t t h e degree of i on i za t ion of soln. of ferr ic 
fluoride is s m a l l ; a n d J . K n o b l o c h , I J . Szebe l ledy , a n d C R o n g i o v a n n i sa id t h a t 
ferric ions in a q . soln. of t h e fluoride d o n o t a p p e a r w h e n t h e soln. is t e s t e d w i t h 
t h i o c y a n a t e , sa l i cy la te , o r ace t i c ac id , a n d a n t i p y r i n e , a n d iodine is n o t l i be r a t ed 
f rom iodides . E . D e u s s e n said t h a t t h e r e a c t i o n s of Fe"" - ions a p p e a r a f te r t h e soln. 
h a s been t r e a t e d w i t h s u l p h u r i c o r ace t i c ac id . T h e smal le r cone , of Fe" *-ions in soln. 
of ferr ic fluoride t h a n in soln. of o t h e r ferr ic s a l t s w a s found b y R . P e t e r s t o b e 
in h a r m o n y w i t h t h e o b s e r v a t i o n t h a t t h e r e d u c t i o n p o t e n t i a l of a soln. of a ferric 
sa l t is r a i sed b y t h e a d d i t i o n of F ' - i o n s owing t o t h e r e m o v a l of t h e F e " - ions ; 
a n d i n accord w i t h t h e fac t t h a t t h e c o n d u c t i v i t y a n d lower ing of t h e f.p. of m i x e d 
soln . of s o d i u m fluoride a n d ferr ic ch lor ide a r e less t h a n t h e v a l u e s of these c o n s t a n t s 
c a l c u l a t e d b y t h e m i x t u r e ru le . N . R . D h a r a n d G. TJrbain found t h a t t h e po la r i ­
z a t i o n of i ron i n soln. of ferric fluoride, ag rees w i t h t h e a s s u m p t i o n t h a t complexes 
a r e f o r m e d in t h e soln .—vide supra. A. Heydwe i l l e r s t u d i e d t h e d ie lec t r ic c o n s t a n t 
of t h e h y d r a t e d sa l t . 

E . F e y t i s m e a s u r e d t h e m a g n e t i c suscep t ib i l i ty , x m a s s u n i t s , of t h e t r i h y d r a t e 
a n d o b t a i n e d a t 13°, # = 4 7 - 3 X 10—6 p e r g r a m , or 7 8 9 9 x 1 0 - ° p e r mol . P . Wei s s 
c a l cu l a t ed f rom E . F e y t i s ' m e a s u r e m e n t s t h e m a g n e t o n n u m b e r of t h e t r i h y d r a t e 
t o b e 2 3 . T . I s h i w a r a ca l cu l a t ed t h e m a g n e t i c suscep t ib i l i t y f rom P . P a s c a l ' s 
d a t u m for a soln. of t h e sa l t , x = r 4 5 - 5 x 1O- e , a n d for t h e solid, a t 16-5°, he o b t a i n e d 
47-3x10—«. K . H o n d a a n d T. I s h i w a r a obse rved t h a t t h e suscep t ib i l i ty decreases 
w i t h a r ise of t e m p . , a t first s lowly, t h e n r ap id ly , t h u s : 

99-4° 66-8° 39-8° 12-3° —3-3° —27-5" —06-5° —105-7° —1621° 
* X l O « . . 42-8 44-8 4 6 1 47-6 48-7 5 0 0 52-2 5 4 0 5 5 O 
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According t o C. Pou l enc , hydrogen, a t a du l l r e d - h e a t , r e d u c e s ferric f luor ide 
t o fe r rous fluoride a n d t o t h e m e t a l . K . J e l l i nek a n d A. R u d a t found for equi l i ­
b r i u m in 2 F e F 8 + H 2 ^ 2 F e F 2 + 2 H F , log (pznir/PRa) is —3*06, —1-71 , a n d —0-62 
respec t ive ly a t 350°, 450°, a n d 550° ; a n d for t h e v a l u e of p vo l . p e r cen t , of h y d r o g e n 
fluoride, respec t ive ly 2-9, 13-0, a n d 42-0. T h e processes of r e d u c t i o n of ferr ic 
ch lor ide t o fer rous ch lor ide a n d t o i r o n a re e n d o t h e r m a l . C. P o u l e n c f o u n d t h a t 
w h e n ferric fluoride is h e a t e d i n air i t r ead i ly fo rms ferric ox ide . E . D e u s s e n n o t e d 
t h a t w h e n t h e t r i h y d r a t e is exposed t o air , i t s co lour c h a n g e s f rom ye l low t o 
ye l lowish-brown, a n d t h e p r o p o r t i o n of i ron is i nc reased ; b u t A . R e c o u r a f o u n d 
t h a t t h e sa l t is n o t c h a n g e d in d r ied ai r . A s i n d i c a t e d a b o v e , A . S c h e u r e r - K e s t n e r 
o b s e r v e d t h a t t h e h y d r a t e d s a l t c a n n o t be h e a t e d a b o v e 100° w i t h o u t d e c o m ­
pos i t ion , a n d C. P o u l e n c found t h a t w h e n t h e sa l t is h e a t e d i n wetter v a p o u r , ferr ic 
ox ide is fo rmed. C. Pou lenc , a n d A. B y k a n d H . Ja f l e n o t e d t h a t t h e a n h y d r o u s 
sa l t is spa r ing ly soluble in h o t or cold w a t e r , a n d t h e process of d isso lu t ion is s low. 
A. R e c o u r a sa id t h a t a cold sa t . soln. c o n t a i n s 8 p e r cen t , of F e F 3 ; a n d R . H . C a r t e r 
found O091 g r m . F e F 3 pe r 1OO c.c. of a s a t . soln. a t 25° . J . J . Berze l ius , a n d 
A. S c h e u r e r - K e s t n e r also observed t h a t t h e h y d r a t e d sa l t d issolves i n w a t e r ; a n d 
A. Lfoesche said t h a t one p a r t of t h e t r i h y d r a t e dissolves in 80 p a r t s of w a t e r . T h e 
hydro lys i s of t h e a q . soln. h a s b e e n discussed a b o v e . Wel l -def ined bas ic s a l t s — 
ferric oxyf luor ides—have n o t b e e n p r e p a r e d . J . J . Berze l ius , a n d A. Scheu re r -
K e s t n e r r epo r t ed t h a t on a d d i n g a m m o n i a t o t h e a q . soln. of ferric fluoride, a 
r edd i sh -b rown l iquid is n o t f o r m e d as i n t h e case of ferric ch lor ide , b u t a ye l low 
p rec ip i t a t e of a bas ic fluoride is f o rmed t o wh ich J . J . Berze l ius a ss igned t h e f o r m u l a 
3 F e 2 0 3 . 2 F e F 3 . 4 H 2 0 , o r F e 8 F 6 0 9 . 4 H 2 0 ; A. S c h e u r e r - K e s t n e r , F e 2 O ( O H ) 3 F ; a n d 
P . Nico la rdo t , F e 2 O 3 . H F 1 H 2 O . A. Lioesche a d d e d t h a t t h e p r e c i p i t a t e o b t a i n e d 
by t r e a t i n g t h e a q . soln. w i t h a m m o n i a h a s n o c o n s t a n t c o m p o s i t i o n . O t h e r 
oxyfluorides h a v e been m e n t i o n e d w i t h o u t a d e m o n s t r a t i o n t h a t t h e y a r e c h e m i c a l 
ind iv idua l s . T h u s , E . Deussen r e p o r t e d one t o b e fo rmed b y t h e a c t i o n of h y d r o ­
fluoric ac id on h a m m e r - s c a l e ; A . R e c o u r a , F e 2 F 4 O , as de sc r i bed a b o v e ; a n d 
C. Pou lenc , t h e f o r m a t i o n of a bas ic s a l t b y h y d r o l y s i s . 

O. Ruff a n d E . Asche r obse rved t h a t bromine a n d iodine h a v e n o p e r c e p t i b l e 
ac t ion on ferric fluoride. C. P o u l e n c o b t a i n e d t h e s a l t i n c r y s t a l s b y h e a t i n g i t i n 
hydrogen ftuorid,e a t 1000° ; a n d K . F r e d e n h a g e n sa id t h a t t h e sa l t is n o t p e r c e p t i b l y 
soluble i n l iqu id h y d r o g e n fluoride. O. Ruff a n d E . Asche r a d d e d t h a t t h e e v a p o r a ­
t ion of a soln. of t h e s a l t in 4O p e r cen t , hydrofluoric acid y ie lds a h y d r a t e w h i c h is 
r ead i ly h y d r o l y z e d b y w a t e r . A. B y k a n d H . Jaffe o b s e r v e d t h a t a l t h o u g h ferr ic 
fluoride is spa r ing ly soluble i n w a t e r , i t r e a d i l y d issolves in hydrof luor ic ac id . 
K . F r e d e n h a g e n a n d Gr. C a d e n b a c h s t u d i e d t h e sub j ec t . C. P o u l e n c s h o w e d t h a t 
w h e n t h e sa l t is h e a t e d in a c u r r e n t of hydrogen chloride, ferr ic ch lor ide is f o r m e d , 
a n d a t o r d i n a r y t e m p , t h e r e a c t i o n is r eve r sed : F e F 3 + 3 H C l ^ F e C l 3 + 3 H F . 
Boi l ing or cold hydrochloric acid h a s v e r y l i t t l e a c t i o n o n ferr ic fluoride ; a n d 
E . P e t e r s e n sa id t h a t t h e ac t i on of di l . h y d r o c h l o r i c ac id o n a n a q . soln. of ferr ic 
fluoride is e n d o t h e r m a l . J . K n o b l o c h , C B o n g i o v a n n i , a n d JL. Szebe l l edy o b s e r v e d 
t h a t a soln . of ferric fluoride, un l ike soln. of ferr ic sa l t s in gene ra l , does n o t l i b e r a t e 
iodine f rom a soln. of potassium iodide. O. Ruff a n d E . A s c h e r f o u n d t h a t t h e r e 
is n o pe rcep t ib l e r eac t ion b e t w e e n ferric fluoride a n d sulphur, a l t h o u g h w h e n t h e 
p r o d u c t is t r e a t e d w i t h dil . hyd roch lo r i c ac id , t r a c e s of h y d r o g e n s u l p h i d e a p p e a r . 
C. P o u l e n c obse rved t h a t a t a r e d - h e a t hydrogen sulphide f o r m s h y d r o g e n fluoride 
a n d fer rous su lph ide . O. Ruff a n d E . Asche r f o u n d t h a t sulphur dioxide s lowly 
r e d u c e s ferric t o fe r rous fluoride. A c c o r d i n g t o C. P o u l e n c , ferr ic fluoride is 
a t t a c k e d w i t h difficulty, even b y boi l ing sulphuric acid. O. Ruff a n d E . A s c h e r 
o b s e r v e d t h a t ferric fluoride is t o s o m e e x t e n t r e d u c e d w h e n i t is h e a t e d i n ammonia, 
f o r m i n g fer rous a n d a m m o n i u m fluorides. C. P o u l e n c o b s e r v e d t h a t ferric fluoride 
is o n l y s l igh t ly a t t a c k e d , e v e n b y boi l ing nitric acid. O . Ruff a n d E . A s c h e r 
o b s e r v e d n o p e r c e p t i b l e r e a c t i o n w h e n ferric fluoride is h e a t e d w i t h r e d phosphorus, 
or w i t h arsenic ; n o r is t h e r e a n y r e a c t i o n w i t h carbon. O. P o u l e n c sa id t h a t fer r ic 
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fluoride is insoluble i n alcohol, a n d ether ; a n d O. Ruff a n d E . Ascher , t h a t i t is 
insoluble in e t h e r a n d benzene. A. Scheurer-KLestner found t h a t t h e h y d r a t e d 
fluoride is a lso inso lub le in a lcohol . O . Ruff a n d E . Ascher f o u n d t h a t t h e fluoride 
is feebly a t t a c k e d b y boi l ing, 12 p e r cen t , ctcetic acid. R . W e i n l a n d a n d W . H i i b n e r 
s t u d i e d t h e c o m p l e x e s fo rmed w i t h oxalic acid. E . B o h m s h o w e d t h a t w h e n h e a t e d 
w i t h a soln. of potassium, acetate, ferr ic fluoride is d e c o m p o s e d . Accord ing t o 
J . K n o b l o c h , L . Szebel ledy, a n d C. B o n g i o v a n n i , a s i n d i c a t e d a b o v e , a soln. 
of ferric fluoride, un l i ke soln. of ferr ic s a l t s in genera l , does n o t g ive co lo ra t ions 
w i t h potassium, thiocyanate, ace t i c a c id a n d antipyrine, o r salicylic acid. F . CaI-
zolari obse rved t h a t ferric fluoride p r o b a b l y fo rms a c o m p l e x s a l t w i t h a n t i ­
p y r i n e . R . W e i n l a n d a n d co -worke r s o b t a i n e d c o m p l e x sa l t s w i t h guanidine, 
H 2 ( C N 3 H s ) 2 [ F e F 5 ( H 2 O ) ] ; w i t h ethylenediamine, H 2 C n [ F e F 5 ( H 2 O ) ] ; a n d w i t h 
pyridine, H 2 ( C 5 H 5 N ) 2 [ F e F 5 ( H 2 O ) ] . 2 H 2 O , a n d H ( C 5 H 5 N ) [ F e F 4 ] . H 2 O . J . Nick les 
n o t e d t h a t ferric fluoride fo rms c o m p l e x e s w i t h quinine, a n d brucine. A. R e c o u r a 
also o b t a i n e d a c o m p l e x w i t h silicon tetrajfuoride, F e F 3 - S i F 4 . H . S t . C. Devi l le 
a n d H . Caron n o t e d t h a t w h e n ferric fluoride is h e a t e d w i t h boric oxide, i n t h e 
absence of air , ferric ox ide a n d bo ron fluoride a r e fo rmed . O. Ruff a n d E . Asche r 
obse rved t h a t w h e n ferric fluoride is h e a t e d w i t h c rys ta l l ine silicon, t h e a t t a c k is 
a t t e n d e d b y a glow ; sodium a l so r eac t s w i t h incandescence ; n o p e r c e p t i b l e 
r eac t i on occurs w i t h copper ; magnesium r e a c t s exp los ive ly ; zinc r e ac t s w i t h t h e 
evo lu t ion of m u c h h e a t ; a n d s imi la r ly w i t h aluminium ; wh i l s t iron r e a c t s s t r o n g l y 
w h e n h e a t e d w i t h ferric fluoride, f o rming fe r rous fluoride. A boi l ing, 3 3 p e r cen t , 
soln. of sodium hydroxide a cqu i r e s a colour , a n d b r o w n h y d r a t e d ferric ox ide is 
depos i t ed . C. P o u l e n c n o t e d t h a t m o l t e n sodium carbonate c o n v e r t s t h e fluoride 
i n t o ferric ox ide a n d s o d i u m fluoride. A. R e c o u r a — v i d e supra—studied t h e 
a c t i o n of barium chloride on t h e a q . soln. a n d i t r e su l t ed in t h e f o r m a t i o n of ferric 
fluochloride, F e 2 F 4 C l 6 . 

T h e c o m p l e x sa l t s were d iscussed by P . B a r t e c z k o , a n d R . W e i n l a n d a n d 
co-workers , a n d , a c c o r d i n g t o H . v o n H e l m o l t , t h e y fo rm i s o m o r p h o u s series w i th 
t h e c o m p l e x a l u m i n i u m a n d c h r o m i u m fluorides. R . W e i n l a n d a n d co -worke r s 
prepared ammonium tetrafluoferrate, NH 4[FeF 4] ; crystals of ammonium hexa-
fluoferrate, ( N H 4 ) 3 [ F e F 6 ) , were p r e p a r e d b y R . W a g n e r , a n d t h e sa l t w a s s t u d i e d 
b y P . Weiss a n d K. F e y t i s , L . P a u l i n g , H . v o n H e l m o l t , a n d J . C. G. de Mar ignac . 
J . Nick les found t h a t t h e m i x e d soln. of ferric a n d a m m o n i u m fluorides, o r t h a t 
o b t a i n e d b y m i x i n g a m m o n i u m fluoride w i t h ferric ch lor ide , furn ishes a m m o n i u m 
ferric fluoride, or a m m o n i u m pentafluoferrate, ( N H 4 ) 2 F e F 5 , b u t J . C. G. de Mar ig­
n a c s h o w e d t h a t t h e sa l t h a s t h e compos i t i on ( N H 4 J 3 F e F 6 . T h e c rys t a l s a r e smal l , 
colourless , r egu l a r o c t a h e d r a , w i t h n o bi ref r ingence . L . P a u l i n g found t h a t t h e 
cubic c rys t a l s of a m m o n i u m ferric hexaf luoride, ( N H 4 ) 3 F e F 6 , h a v e a face-cent red 
l a t t i ce , c o n t a i n i n g 4 mols . , w i t h « = 9 * 1 0 A. H . Seifert s t u d i e d t h e sub jec t . 
J . Nick les found t h a t t h e c rys t a l s d o n o t lose we igh t in a i r a t 100°, b u t w h e n 
r o a s t e d in air , ferr ic ox ide is fo rmed . T h e sa l t is less soluble in w a t e r t h a n t h e 
c o r r e s p o n d i n g p o t a s s i u m sal t , a n d t h e boi l ing a q . soln. is h y d r o l y z e d , a n d yel low 
flecks of a n h y d r o x i d e or bas ic sa l t s e p a r a t e . L e a d a c e t a t e g ives a p r e c i p i t a t e 
wh ich is ye l low w h e n h o t ; l ead n i t r a t e , a p r e c i p i t a t e which is n o t yel low. B i s m u t h 
n i t r a t e gives a w h i t e p r e c i p i t a t e f rom t h e h o t soln. ; a m m o n i a p r ec ip i t a t e s h y d r a t e d 
ferric ox ide ; p o t a s s i u m fe r rocyan ide , a n d gall ic ac id give b lue p r e c i p i t a t e s ; a n d 
p o t a s s i u m t h i o c y a n a t e , a r ed p r e c i p i t a t e . H . R e m y a n d H . B u s c h p r e p a r e d a 
n u m b e r of s u b s t i t u t e d a m m o n i u m sal ts—e.g. , t h e m e t h y l a m m o n i u m ferric 
fluorides : ( N H 3 ( C H 3 ) } F e F 4 ; ( N H 3 ( C H 3 ) } 2 F e F 5 ; a n d ( N H 3 ( C H 3 ) > 3 F e F 6 ; t h e 
dimethylammonium ferric fluorides : (NH2(CH3)2}FeF4 .H20 ; (NH2(CH3)2}2FeF5 . 
2H 2O ; (NH2(CH3)2}2FeF4 .HF2 ; and (NH2(CH3)2}3FeF6 .2HF ; the trimethyl-
ammonium ferric fluoride : (NH(CH3)3}2FeF5 .2HF ; the tetramethylammonium 
ferric fluoride : (N(CH 3 ) 4 }FeF 4 .H 2 0; ethylammonium ferric fluorides : 
(NH 8(C 2H 5) .} 2FeF 5 .HF ; and (NH3(C2H5)}3FeF6 .2HF ; propylammonium ferric 
fluorides : (NH 8 (C 8 H 7 )} 2 FeF 5 .HF; and (NH 3 (C 3H 7 )} 3FeF 6 .2HF; butyl-



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

a m m o n i u m ferric fluorides : { N H 3 ( C 4 H 9 ) } . F e F 4 . 2 H 2 0 ; { N H 3 ( C 4 H 0 ) } 2 . F e F 5 . H F ; 
and {NH 3 (C 4 H 9 ) } 3 FeF 6 . 2HF. 

E . W i l k e - D o r f u r t a n d H . Gt. M u r e c k o b t a i n e d ferric hescantipyridinoborofltioride, 
f Fe(COC1GH:i«ISr2)6](BF4)a . R . F . W e i n l a n d a n d c o - w o r k e r s p r e p a r e d pyridinium tetrafitio-
ferrate, [ ( C 5 H 6 N ) H l [ F e F 4 ^ H 9 O ; pyridinium pentafluoferrate, [ ( C a H ( , N ) , H , ] [ F e F e ] . H a O ; 
ethylenediaminoammonium pentafluoferrate [ e n 2 H a ] [ F e F 5 ] . H a O ; a n d guanidinium pentafluo-
ferrate, [ ( C H B N a ) a H 2 ] [ F e F 6 ] . H a O - H . B n s c h o b t a i n e d methyUxmmoniwm, dimethylammo-
nium, trtmethylammonium, tetramethylammonvum, ethylanvmoniwm, propylammonium, and 
butylammonium fluoferrates. 

J . J . Berzel ius , J . Nickles, a n d P . G u y o t p r e p a r e d p o t a s s i u m hexaf luoferrate , 
or potassium ferric hexajluoride, which t h e y r ep re sen t ed as 4 K F . 2 F e F 3 . H 2 O . 
A. GreefF, a n d P . G u y o t s tud i ed th i s c o m p o u n d . R . W e i n l a n d a n d co-workers 
p r e p a r e d potass ium tetrafluofierrate, K [ F e F 4 ] ; a n d J . J . Berzel ius , po tas s ium 
pentafluoferrate, K 2 [ F e F 5 ] . J . Nickles o b t a i n e d c rys ta l s of t h e h e m i h y d r a t e , a n d 
O. T. Chr is tensen, c rys ta l s of t h e m o n o h y d r a t e . R . W a g n e r showed t h a t t h e 
composi t ion is bes t r epresen ted b y K 3 [ F e F 6 ] . T h e p o t a s s i u m sa l t r e sembles t h e 
a m m o n i u m sal t . F . R o d e r p r e p a r e d s o d i u m pentafluoferrate, N a 2 [ F e F 5 ] , a n d 
J . Nickles, t h e h e m i h y d r a t e . J . J . Berzel ius , a n d J . Nickles , p r e p a r e d s o d i u m 
ferric fluoride, or sod ium hexafluoferrate, in a n ana logous m a n n e r . T h e sa l t 
is also ob ta ined as a whi te , c rys ta l l ine p r e c i p i t a t e b y a d d i n g ferric ch lor ide o r 
fluoride t o a n e u t r a l soln. of sod ium fluoride. J . Nickles r e p r e s e n t e d t h e com­
posi t ion of t h e sa l t b y t h e formula 4 N a F . 2 F e F 3 . H 2 O , b u t R . W a g n e r showed t h a t 
t h e sa l t ha s t h e composi t ion N a 3 F e F 6 ; a n d A. Greeff a d d e d t h a t i t does n o t g ive 
a red colorat ion wi th p o t a s s i u m t h i o c y a n a t e , wh ich shows t h a t t h e i ron a t o m is 
p a r t of t h e anion. R . Pe t e r s o b t a i n e d t h e hemihydrate, 2 N a 3 F e F 6 - H 2 O . Accord ing 
t o A. V. Baskoff, sod ium a n d ferric fluorides fo rm a eu t ec t i c m i x t u r e which m e l t s 
a t 892°, a n d con ta ins 65 mola r p e r cen t , of s o d i u m fluoride. R . Wi lke obse rved 
t h a t sod ium sal ts p rec ip i t a t e f rom soln. of ferric fluoride t h e sa l t N a 3 F e F 6 , o r iron 
cryolite. R. Wein l and a n d co-workers p r e p a r e d b lue copper hexaf luoferrate , 
(FeFg) 2 [Cu(H 2 O) 6 ] ; a n d colourless s i lver pentafluoferrate, or s i lver fluoferrite, 
A g 2 [ F e F 5 ( H 2 O ) ] . 2 H 2 O . A. R e c o u r a r e p o r t e d b a r i u m hexaf luoferrate , B a 3 ( F e F 6 ) 2 , 
t o be formed as a p rec ip i t a t e w h e n a soln. of b a r i u m chlor ide is a d d e d t o one of 
ferric fluoride. R . F . W e i n l a n d a n d O. K o p p e n p r e p a r e d z inc pentafluoferrate , 
Z n F e F 5 . 7 H 2 O , b y mix ing soln. of t h e c o m p o n e n t sa l t s . T h e solid is colourless in 
t h in layers , red in th i ck layers . I t is spa r ing ly soluble in dil . hydrof luor ic ac id , 
a n d does n o t effloresce over cone , su lphur i c ac id . T h e co r r e spond ing c a d m i u m 
pentafluoferrate, C d F e F 5 . 7 H 2 0 , o r [ F e F 5 ( H 2 O ) ] [ C d ( H 2 O ) 6 ] , w a s also p r e p a r e d . 
F . E p h r a i m a n d P . B a r t e c z k o p r e p a r e d tha l lous enneaf luoferrate , 3 T l F . 2 F e F 3 , 
or T l 3 (Fe 2 F 9 ) , in p ink c rys ta l s , b y e v a p o r a t i n g a soln. of t h a l l o u s fluoride a n d a n 
excess of ferric fluoride. R . W e i n l a n d a n d co-workers also o b t a i n e d t h e rose - red sa l t 
T l 2 [ F e F 5 ( H 2 O ) ] . 2 H 2 O . R . F . W e i n l a n d a n d O. K o p p e n o b t a i n e d ferrous p e n t a ­
fluoferrate, F e " F e " ' F 5 . 7 H 2 0 , or F e F 3 . F e F 2 . 7 H 2 O , or [ F e ^ F 5 ( H 2 O ) ] [ F e ^ ( H 2 O ) 6 ] , 
or F e ( F e F 5 ) . 7 H 2 O , in yel low c rys t a l s b y t h e a c t i o n of fe r rous c a r b o n a t e o n a 
hydrofluoric ac id soln. of h y d r a t e d ferric ox ide . T h e y also p r e p a r e d cobal t p e n t a ­
fluoferrate, C o ( F e F 5 ) . 7 H 2 0 ; a n d n i cke l pentafluoferrate, N i ( F e F 5 ) . 7 H 2 0 , in a 
s imilar m a n n e r . Vide supra, for E . D e u s s e n ' s F e F 2 . 2 F e F 3 . 1 0 H 2 O . 
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1889 ; Ber., 21. 3257, 1888 ; C. Poulcnc , Ann. Chim. Phys., (7), 2 . 5, 1894 ; Contribution 
a Vdtude des fluorures anhydres et cristallises, Pa r i s , 1893 ; Compt. Rend , 115. 941 , 1892 ; 
A . R e c o u r a , Bull. Soc. Chim., (4), 11. 371 , 1912 ; Compt. Rend., 154. 655, 1912 ; 156. 1618, 1913 ; 
H . R e m y a n d H . Busch , Ber., 66. B , 961 , 1933 ; F . Rode r , Ueber krtstallisierte ivasserfreie 
Fluor verbindungen, Got t ingen , 1863 ; A. R u d a t , Ueber die Fluortensionen von Afetallfluoriden 
und die chemischen Konstanten von Fluor und Fluorwasserstoff, Leipzig, 1928 ; O. Ruff, Zeit. 
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(3), 68. 472, 1863 ; A. de Schul ten , Compt. Rend., 152. 1263, 1911 ; H . Seifert, Zeit. Kryst., 81 . 
445, 1932 ; A. W . Speransky , Journ. Russ. Phys. Chem. Soc, 24. 304, 1892 ; i t . F . S tah l , Zeit. 
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§ 36. The Iron Chlorides—Ferrous Chloride 
Iron forms two chlorides—ferrous chloride, FeCl2 ; and ferric chloride, FeCl3. 

E . Darmstad te r * suggested t h a t the vague and indefinite remarks on the sub­
limation of vitriol, by Geber, in his Summa perfection/is, might refer to sublimed 
ferric chloride prepared by heating ferric oxide with sal ammoniac, In 1648, 
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J . R . G l a u b e r p r e p a r e d i ron chlor ide b y dissolving i ron i n h y d r o c h l o r i c ac id , a n d 
e v a p o r a t i n g t h e soln. H e t h u s o b t a i n e d a n i m p u r e chlor ide a s a b l o o d - r e d m a s s of 
ferric chlor ide. The c rys ta l s w h e n p laced in a soln. of p o t a s s i u m s i l ica te , fu rn i shed 
a b r a n c h e d s t r u c t u r e which w a s l a t e r called Glauber's iron tree. R . B o y l e , i n 169O, 
o b t a i n e d c rys ta l s from a soln. of i ron in hydroch lo r i c acid , a n d found t h a t t h e y w e r e 
soluble in spi r i t s of wine. T h e alcoholic soln. of t h e i r o n ch lo r ide a f t e r w a r d s 
acqu i red some ce lebr i ty as a medic ine u n d e r v a r i o u s names—e .g . , Bestuscheff's 
tinctura tonico-nvrvina, n a m e d af ter t h e R u s s i a n Gene ra l BestuscheflE; a n d Lamotte's 
gold drops, n a m e d after t h e F r e n c h officer, M. L a m o t t e — a n d i t s m o d e of p r e p a r a ­
t i on was k e p t secret un t i l a b o u t t h e e n d of t h e e i g h t e e n t h c e n t u r y . M. N e u m a n n , 
C. W . J u c h , J . B . v a n Mons, G. K e r n e r , F . W . Kr t iger , a n d M. H . K l a p r o t h desc r ibed 
i t s p r epa ra t i on b y hea t i ng a m i x t u r e of i ron p y r i t e s a n d m e r c u r i c ch lor ide , i so l a t ing 
t h e i ron sal t from t h e p r o d u c t s of t h e r eac t ion , a n d d isso lv ing t h e s a l t in rect if ied 
wine . The a n h y d r o u s sub l imed chlor ides were d iscussed b y F . A . C. Gren in 1795 ; 
and I I . D a v y , a n d J . D a v y s h o w e d t h e r e l a t ion b e t w e e n t h e c o m p o s i t i o n a n d n a t u r e 
of t h e t w o chlorides. 

The presence of ferrous ch lor ide h a s been o b s e r v e d in n a t i v e i ron—e .g . , t h a t of 
Ovifak, G r e e n l a n d — a n d in meteor i t es—e .g . , t h a t of Cla iborne , A l a b a m a , e t c . — 
by C. T. J a c k s o n , 2 J . L . S m i t h , e t c . T h e ch lor ide is often a c c o m p a n i e d b y s o m e 
nickel chloride, NiCl 2 . T h e fer rous ch lor ide is co loured g reen t o b r o w n . T h e 
ferrous chlor ide occur r ing u n d e r t he se cond i t i ons w a s cal led l awrenc i te , b y 
A. D a u b r e e — a f t e r J . L a w r e n c e S m i t h . I n some cases , ferric ch lor ide fo rmed b y 
t h e ox ida t ion of l awrenc i t e exudes f rom t h e surface of m e t e o r i c i ron in d rops , ca l led 
b y A. D a u b r e e , stagtnatite—from orrcxy/za., d r o p s . T h e ex i s t ence of fe r rous ch lor ide 
in t h e s u b l i m a t e s a t Vesuv ius w a s d e m o n s t r a t e d b y T . Mont icel l i a n d N . Covell i . 
J . T. Conroy obse rved i t s f o rma t ion in t h e s u p e r h e a t e r of t h e d e c o m p o s e r of a 
chlor ine p l a n t . 

T h e format ion a n d preparation of ferrous c h l o r i d e . — A n h y d r o u s fe r rous 
chlor ide can be o b t a i n e d b y t h e ac t ion of ch lor ine o n h e a t e d i ron (q.v.), a s r e c o m ­
m e n d e d b y LM. J . T h e n a r d , 3 b u t i t is difficult t o p r e v e n t t h e c h l o r i n a t i o n go ing t o o far 
a n d furnishing ferric chlor ide (q.v.). F e r r o u s ch lo r ide is b e t t e r p r e p a r e d b y p a s s i n g 
h y d r o g e n chlor ide ove r i ron a t a r ed -hea t . K . A. H o f m a n n a n d co-workers sa id 
t h a t t h e r eac t ion is pe rcep t ib le a t 285°, a n d F . S c h m i t z r e c o m m e n d e d a t e m p , of 
1000°. T h e process is descr ibed in severa l b o o k s of l a b o r a t o r y p r e p a r a t i o n s — 
e.g., H . and W . Bi l tz , L . Van ino , e tc . M. B e r t h e l o t sa id t h a t t h e r e a c t i o n is poss ib le 
because t h e h e a t of fo rmat ion of ferrous ch lor ide is g r e a t e r t h a n t h a t of h y d r o g e n 
chlor ide , b u t t h i s is n o t all t h e s t o r y — 1 . 12, 3 . T h e e q u i l i b r i u m cond i t i ons , 
F e + 2 H C l ^ FeCl 2 - J -H 2 , were discussed b y F . I s a m b e r t , a n d A. B . B a g d a s a r i a n — 
vide infra. L . F . Ni lson a n d O. P e t t e r s s o n used a p l a t i n u m t u b e ; F . G i r a r d e t , a 
porce la in t u b e ; a n d W . Bi l tz a n d E . B i rk , a v i t r e o u s q u a r t z t u b e . T h e fe r rous 
chlor ide a p p e a r s as a mo l t en m a s s , wh ich c rys ta l l izes on cool ing, a n d a t a h i g h 
e n o u g h t e m p . , t h e p r o d u c t m a y occur in sub l imed p l a t e s . V. Meye r puri f ied fe r rous 
ch lor ide b y sub l ima t ion in a n a t m . of h y d r o g e n ch lor ide . H . W o l f r a m sa id t h a t a 
p a r t of t h e i ron escapes a t t a c k , a n d G. J . F o w l e r r e c o m m e n d e d r e m o v i n g i t b y m e a n s 
of a m a g n e t . H . W o l f r a m said t h a t in t h e s u b l i m e d p r o d u c t i r on m a y be p r e s e n t 
owing t o t h e t e m p , be ing h igh e n o u g h t o d issocia te s o m e of t h e ch lor ide . E . K o h n -
A b r e s t a d d e d t h a t t h e p r o d u c t m a y con t a in s o m e ferr ic ch lor ide . T h e p roces s 
w a s also desc r ibed b y H . a n d W . Bi l tz , A. G e u t h e r a n d E . F o r s b e r g , W . H a m p e , 
E . Diepsch lag , F . H u t t n e r , A. S. Miller, a n d A. E . N o r d e n s k j o l d . J . M e y e r a n d 
R . B a c k a o b t a i n e d fer rous ch lor ide a c c o m p a n i e d b y v a n a d i u m d ich lo r ide b y t h e 
a c t i o n of h y d r o g e n ch lor ide on f e r r o v a n a d i u m a t 300° t o 400° . H . Moissan o b t a i n e d 
fe r rous chlor ide b y t h e ac t ion of h y d r o g e n ch lor ide o n i ron c a r b i d e a t 600° ; t h e 
B a d i s c h e Ani l in- u n d Sodafab r ik , b y i t s a c t i on o n c h r o m i t e ; a n d F . B u l l n h e i m e r , ^ 
a n d A . C. K n o w l e s , o n fe r rug inous c lays . 

J . S. F . P a g e n s t e c h e r p r e p a r e d fe r rous ch lor ide b y h e a t i n g i r on filings w i t h a n 
excess of a m m o n i u m chlor ide . A . W . F . R o g s t a d i u s a d d e d t h a t a t r a c e of ferr ic 
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chloride is also formed. The process was examined by J . Fischler, H . Hampel , 
H . Hampel and R. Steinau, K. A. Hofmann and co-workers, A. S. Miller, and 
J . Thomsen. Ferrous chloride is formed when various chloride vapours act on 
iron a t an elevated temp.—«.<7., sodium chloride : Fe -f-2NaCl^FeCl2-I-Na (L*. Hack-
spill and R. Grandadam) ; aluminium chloride 3Fe+2AlCl 3 ^3FeCl 2 - | -2Al (H. St. C. 
l5eville ; carbon tetrachloride (E. Berger) ; carbonyl chloride (W. Heap and E . New-
bery) ; silicon tetrachloride (E. Vigouroux, and C. Pape) ; phosphorus trichloride 
(A. Granger) ; phosphorus pentachloride : PCl5-J-Fe=FeCl2-I-PCl3 (E. Baudrimont, 
and H . Goldschmidt) ; phosphoryl chloride (B. Reinitzer and H . Goldschmidt) ; 
sulphur monochloride (P. Nicolardot) ; and thionyl chloride (K. Ott , and H . B . Nor th 
and A. M. Hageman). 

M. Berthelot discussed the formation of ferrous chloride by the action of 
chlorine on ferrous oxide ; H . St. C. Deville, by the action of hydrogen chloride on 
ferrous oxide : 4FeO 4-2HCl=Fe3O4-J-FeCl2-J-2H ; and G. Rauter , by the action 
of silicon tetrachloride in a sealed tube a t 370° to 380°. H . St. C. Deville also 
obtained ferrous chloride by the action of hydrogen chloride on strongly-heated 
ferric oxide ; J . B. Mover, by the action of hydrogen chloride on ferric oxide a t 
200° when much volatile ferric chloride is formed—F. A. Gooch and F . S. Havens 
said 9O to 95 per cent. 

F . Wohler obtained ferrous chloride by heating ferric chloride in hydrogen, but , 
added E . Peligot, a t not too high a temp, or the ferrous chloride which is formed 
will be reduced to the metal. The process was discussed by A. S. Miller, and 
H . Wolfram. A. B . Bagdasarian recommended heating a mixture of ferric chloride 
and powdered iron in an a tm. of hydrogen and hydrogen chloride ( 1 : 1 ) . P . Fire­
man heated a mixture of ferric chloride and ammonium chloride in a sealed tube 
a t 400° to 420°. L#. E. Jonas , and A. Benrath exposed an ethereal soln. of ferric 
chloride to light and obtained ferrous chloride as a white scaly powder ; A. W. Ral­
ston and J . A. Wilkinson obtained it as a white precipitate from a soln. of ferric 
chloride in liquid hydrogen sulphide a t ordinary temp. ; and V. Thomas, by the 
action of nitric oxide on ferric chloride : FeCl3-f-NO—NOCl-J-FeCl2. V. Thomas 
also observed t h a t the complex FeCl2, NO yields ferrous chloride when heated in a 
neutral a tm. Ferric chloride is reduced to ferrous chloride by numerous other 
reagents. H . E . Williams passed an electric current of low current density 
through a dil. ethereal soln. of ferric chloride, and observed the formation of 
ferrous chloride a t the cathode. 

Numerous compounds of iron yield ferrous chloride when treated with chlorine, 
hydrogen chloride or chlorides. E . Kothny , and C. F . P ru t ton observed its formation 
in the chloridizing roast of pyri tes; W. S. Millar, by the action of chlorine on mixtures 
of ferric oxide and sulphur or sulphur compounds. A. P . Brown obtained i t by the 
action of hydrogen chloride on pyrites ; and S. I . Levy and G. W. Gray, by the 
action of ferric chloride on pyrites a t 500° to 1(XK)°, thus 2FeCl3 H-FeS2=3FeCl2-j-2S, 
or the action of chlorine a t 700° to 800° : FeS2-|-Cl2=FeCl2-f-2S-{-46-5 CaIs.— a t 
this temp, many foreign chlorides are volatilized ; the reaction sets in a t about 
250°. Ferrous chloride is formed by the action of the vapour of chloroform on 
ferrous sulphate (A. Conduche) ; the reaction begins a t 300° ; by the action of 
iron carbonyl on a soln. of mercuric chloride in acetone (H. Hock and H. Stuhl-
mann) ; by the photochemical decomposition of iron chlorocarbonyl, Fe(CO)4Cl2 
(W. Hieber and G. Bader) ; and by the action of t i tanium tetrachloride on ferrous 
carbonate or t i t ana te (C. Friedel and J . Guerin). 

F . A. C. Gren, J . Davy, E . L. Schubarth, and T. Graham obtained the anhydrous 
salt by heating hydra ted ferrous chloride. J . J . Berzelius heated the hydrate in 
a retort , and after the evolution of water, hydrogen chloride, and ferric chloride 
had ceased, raised the temp, to a white-heat to volatilize the ferrous chloride. 
N . Costachescu and G. Spacu recommended dehydrat ing the hydrate in an a tm. of 
carbon dioxide ; W. Biltz and G. F . Httttig, in an a tm. of hydrogen chloride a t 120° 
t o 130° ; and A. Geuther and E. Forsberg, with ammonium chloride—in the lat ter 
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case, a soln. of hydrated ferrous chloride was mixed with ammonium chloride, 
dried, and heated in the absence of air. . . . 

The hydrates of ferrous chloride.—A soln. of ferrous chloride is obtained by 
dissolving iron, or ferrous oxide, hydroxide or carbonate in hydrochloric acid m 
the absence of air. H . Hess said tha t if cone, acid be used with iron, crystals 
separate from the soln. and these dissolve in water with decrepitation and the 

evolution of an inflammable gas—presumably 
derived from the carbide in the iron. The 
ferrous compounds are not easily obtained 
quite free from oxidation products, so t h a t the 
soln. may be contaminated with ferric chloride. 
H. Meyer accordingly recommended filtering 
the soln. through a column of iron turnings 
in an a tm. of carbon dioxide. J . H . !Long dis­
cussed the preparation of a soln. free from 
acid ; and R. Phillips recommended adding 
barium chloride to a soln. of ferrous sulphate 
in a neutral a tm. The preparation of soln. of 
ferrous chloride from various by-products was 
described by F . J . R. Carulla, C. Mene, and 

R. H. Muench. The evaporation of the aq. soln. furnishes various hydrates . 
According to A. Reimann, the aq. soln. sat. a t room temp, contains 38*1 per cent. 
FeCl2 ; J . T. Dunn found 37-53 per cent, a t 15-5° ; H . E. Boeke, 39-8, 41-6, 
and 42-2 per cent, respectively a t 22-8°, 38-0°, and 43-2° ; and Y. Osaka and 
T. Yaginuma, 39-61 per cent, a t 25°. Observations were made by F . ^ Jahn , 

/0 SO 60 2O 30 40 
Per cent. FeCl? 

Fia. 560.—The Solubility of Ferrous 
Chloride in Water. 

AbI.," and C. F . Wenzel. A. Etard ' s data for the percentage solubility, S, are 
10° 20° 3 0 ° GO" 6 0 ° 
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The following is a selection from F. Schimmers data , plotted in Fig. 560 : 
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so tha t the eutectic temp, with the hexahydrate is —36-5°, with soln. containing 
30*4 per cent, of FeCl2. The transition temp, for the hexahydrate and te t rahydra te 
is 12-3° ; and for the tetrahydrate and dihydrate, 76-5°. H . E. Boeke gave 72-2° 
to 72-6° ; and R. Kremann and F . Noss, 65-2°. H . F . Boeke found t ha t there is 
an increase in vol. a t the te t rahydrate and dihydrate transition temp. , and the 
transition temp, is lowered in the presence of sodium or magnesium chloride. 
J . Eggert and J . Reitstotter discussed the relation between the transition temp, 
and the water of crystallization and number of atoms in the molecule. 

J . Thomsen suggested tha t there is probably a hexahydrate, FeCl2 .6H2O, and 
P . Pfeiffer represented the formula [Fe(H2O)6JCl2—vide infra. This hydra te was 
isolated by H. Lescoeur in the form of pale green, unstable crystals, by cooling a 
neutral, sat. aq. soln. He thought t ha t since other observers had always obtained 
a tetrahydrate, his hexahydrate must be produced in neutral soln. under con­
ditions where in the acidic soln. the te t rahydrate is formed. P . Sabatier, indeed, 
denied the existence of the hexahydrate. G. Agde and F . Schimmel, however, 
showed that the discrepancy is not due to the use of a neutral or acidified soln., 
but is rather an effect of temp. The transition point, 12*3°, is very near the 
ordinary temp, of a room, in some cases one hydrate is formed, in other cases, th*F 
other hydrate. All depends on the temp, of the soln. H. Liescoeur recommended 
cooling a neutral soln. of ferrous chloride, sat. a t 10°, down to —15°. There is a 
tendency to under-cooling. G. Agde and F . Schimmel observed t h a t when hydrogen 
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chlor ide is p a s s e d i n t o a cold s a t . soln. of t h e ga s , t h e a b s o r p t i o n of t h e h y d r o g e n 
ch lor ide ra ises t h e t e m p , of t h e soln . a b o v e t h e t r a n s i t i o n t e m p . , t h u s g iv ing rise t o 
t h e i d e a t h a t t h e h e x a h y d r a t e is n o t f o r m e d in ac id ic soln. T h e c ry s t a l s o b t a i n e d 
b y R . Boyle , J . J . Berze l ius , E . Ja. S c h u b a r t h , Ja. J . T h e n a r d , P . A. v o n BonsdorfF, 
T . G r a h a m , a n d A. R e i m a n n b y e v a p o r a t i o n a n d cool ing a n a q . soln. of t h e sa l t , 
we re t h e t e trahydrate , F e C l 2 . 4 H 2 O , w h i c h A . W e r n e r r e p r e s e n t e d b y t h e co-ord ina­
t i o n fo rmu la [Fe (H 2 O) 4 ]C l 2 . T h e s u b j e c t w a s d i scussed b y R . R e i n i c k c . 
H . Haescoeur o b t a i n e d i t b y p a s s i n g h y d r o g e n ch lor ide i n t o a s a t . soln . of ferr ic 
ch lor ide ; t h e n e c e s s a r y c o n d i t i o n is t h a t t h e t e m p , of t h e soln . m u s t exceed 12-3° 
a s p o i n t e d o u t b y G. A g d e a n d F . S c h i m m e l , F i g . 560 ; A . B e n r a t h found t h a t t h e 
t e t r a h y d r a t e is d e p o s i t e d w h e n a soln. of h y d r a t e d ferric ch lo r ide in m e t h y l a lcohol 
is e x p o s e d t o sun l igh t , a n d H . E . W i l l i a m s b y t h e e lec t ro lys is of a n e t h e r e a l soln . of 
h y d r a t e d ferric ch lo r ide . H . Lescoeur o b t a i n e d t h e d ihydrate , F e C l 2 . 2 H 2 O , b y 
d e h y d r a t i n g t h e t e t r a h y d r a t e a t 70° t o 90° . T h e c o n d i t i o n s of ex i s t ence a r e 
s h o w n in F . S c h i m m e r s d i a g r a m , F i g . 56O. H . E . B o e k e f o u n d t h a t t h e d i h y d r a t e 
s e p a r a t e s f rom a s a t . so ln . a t 72-6°, a n d in t h e p r e s e n c e of m a g n e s i u m ch lor ide , a t 
43*2°. R . K r e m a n n a n d F . N o s s ' v a l u e , 65*2, for t h e t r a n s i t i o n t e m p , is low. 
P . S a b a t i e r sa id t h a t i t is f o rmed w h e n t h e t e t r a h y d r a t e is k e p t for a few m o n t h s 
o v e r s u l p h u r i c ac id in v a c u o a t 20° . T h e o b s e r v a t i o n s of H . Lescoeur, a n d 
P . S a b a t i e r o n t h e f o r m a t i o n of t h e d i h y d r a t e b y pas s ing h y d r o g e n ch lor ide i n t o 
a n a q . soln. of fe r rous ch lor ide a r e e x p l a i n e d b y t h e n e e d for a l lowing for t h e ra i s ing 
of t h e t e m p , of t h e soln . w h e n t h e gas is i n t r o d u c e d , a n d t h e n e e d for k e e p i n g t h e 
c rys ta l l i z ing soln . a b o v e t h e t r a n s i t i o n t e m p . , 76-5°. Ja. E . J o n a s found t h a t a n 
e the r ea l soln . of h y d r a t e d ferr ic ch lor ide d e p o s i t s t h e d i h y d r a t e ; E . P u x e d d u , 
t h a t a n e the r ea l soln . of a n h y d r o u s ferr ic ch lor ide depos i t s t h e d i h y d r a t e in s u n ­
l igh t ; a n d A. B e n r a t h , t h a t a s imi la r r e s u l t is o b t a i n e d w i t h a soln . in a b s o l u t e 
e t h y l a lcohol . F . R e i t z e n s t e i n o b t a i n e d t h e d i h y d r a t e b y k e e p i n g t h e c o m p l e x 
F e C l 2 . 3 P y . 2 H 2 O o v e r cone , s u l p h u r i c ac id for s o m e m o n t h s . H . C h a n d r a f o u n d 
t h a t m o l t e n Fe 3 Cl 8 - IOH 2 O depos i t s c ry s t a l s of t h e d i h y d r a t e . H . Lescceur o b s e r v e d 
t h a t v a p . p ress , m e a s u r e m e n t s i n d i c a t e t h e f o r m a t i o n of a monohydrate, a t a t e m p , 
exceed ing 120° ; a n d t h e o b s e r v a t i o n s of K . H o n d a a n d T. I s h i w a r a on t h e m a g n e t i c 
suscep t ib i l i t y i n d i c a t e t h a t t h e m o n o h y d r a t e is f o r m e d a t 161°, a n d t h a t a t 220° , 
t h i s pas ses i n t o t h e a n h y d r o u s ch lor ide . 

The physical properties of ferrous chloride.—The anhydrous chloride was 
desc r ibed b y J . D a v y , H . D a v y , J . S. F . P a g e n s t e c h e r , A . E . Nordensk jo ld , V. Meyer , 
W . H a m p e , a n d F . G i r a r d e t a s f o rming w h i t e p l a t e s r e sembl ing t a l c , o r a n t h r a c e n e ; 
a n d , a cco rd ing t o C. F . R a m m e s l b e r g , t h e y h a v e a mo the r -o f -pea r l l u s t r e . L . F . Ni l -
son a n d O. P e t t e r s s o n said t h a t t h e m o l t e n s a l t solidifies t o a r a d i a t i n g c rys ta l l ine 
m a s s t h e co lour of s ider i te . H . d e S e n a r m o n t sa id t h a t t h e t a b u l a r crystals a r e 
s ix-s ided, op t i ca l ly un i ax i a l , a n d n e g a t i v e ; A . E . N o r d e n s k j o l d sa id t h a t t h e p l a t e s 
be long t o t h e h e x a g o n a l s y s t e m . G. B r u n i a n d A. F e r r a r i a d d e d t h a t t h e c ry s t a l s 
a r e r h o m b o h e d r a l w i t h a space - l a t t i ce l ike t h e ch lor ides of m a g n e s i u m , c a d m i u m , 
a n d m a n g a n e s e ; a n d a x i a l r a t i o is a : c=l : 2*45 ; a n d « = 7 * 1 5 5 A. , a n d c= 17*52 A. 
S. Su rawicz d i scussed t h e s y m m e t r y of t h e c r y s t a l s of fe r rous chlor ide a n d i t s 
h y d r a t e s ; a n d W . K l e m m , t h e e n e r g y of t h e c r y s t a l l a t t i ce . H . Lescoeur sa id t h a t 
t h e c r y s t a l s of t h e h e x a h y d r a t e a r e p a l e g reen ; a n d L . J . T h e n a r d , J . J . Berze l ius , 
a n d E . L . S c h u b a r t h a lso sa id t h e c ry s t a l s of t h e t e t r a h y d r a t e a r e pa l e g reen ; 
a n d A . B e n r a t h ' s c r y s t a l s f rom m e t h y l a lcohol soln. , were b lu i sh-green . P . A. v o n 
Bonsdorff a d d e d t h a t t h e l igh t -b lue c rys t a l s of t h e t e t r a h y d r a t e b e c o m e grass -
g reen o n e x p o s u r e t o a i r , a n d t h e n a c q u i r e a sur face film co loured ye l lowish-brown. 
A c c o r d i n g t o A . J o h n s e n , t h e c r y s t a l s a r e colourless w h e n v i ewed b y t r a n s m i t t e d 
l i gh t pa ra l l e l t o t h e (lOO)-face, a n d pa l e b lu i sh-green w h e n v iewed para l l e l t o t h e 
(OlO)-face. J . S c h a b u s a d d e d t h a t t h e c rys t a l s a r e r a r e l y t r a n s p a r e n t , m o s t l y 
t r a n s l u c e n t . T h e y a r e r a t h e r b r i t t l e , w i t h a concho ida l o r s p l i n t e r y f r ac tu re ; t h e 
t a s t e a p p e a r s a t first t o be p ie rc ing , t h e n swee t a n d a s t r i n g e n t , a n d t h e n me ta l l i c . 
F . A . F l u c k i g e r sa id t h a t t h e t a s t e is sa l ine , a n d n o t b i t t e r l ike t h a t of ferric ch lo r ide . 



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

A c c o r d i n g t o E . I i . S c h u b a r t h , P . A . v o n B o n s d o r f l , A . R e i m a n n , a n d J . S c h a b u s , 
t h e c r y s t a l s a r e r h o m b i c p r i s m s , o c t a h e d r a , o r , if c r y s t a l l i z e d r a p i d l y , p l a t e s . 
A . J o h n s e n c a l c u l a t e d f o r t h e r h o m b i c c r y s t a l s f r o m J . S c h a b u s ' m e a s u r e m e n t s , 
t h e a x i a l r a t i o s a : b : c = 1-1946 : 1 : 1-6354 ; B . G o s s n e r c a l c u l a t e d f r o m A.* J o h n -
s e n ' s m e a s u r e m e n t s , o n t h e a s s u m p t i o n t h a t t h e c r y s t a l s a r e m o n o c l i n i c , a : b : c 
==1-1844 : 1 : 1 -6358 , a n d £ = 1 1 1 ° 1 1 ' . O . L e h m a n n s t u d i e d t h e t w i n n i n g of t h e 
m o n o c l i n i c c r y s t a l s . A . J o h n s e n s a i d t h a t t h e t w i n n i n g o c c u r s a b o u t t h e (OOl) -
p l a n e ; a n d t h a t t h e c l e a v a g e o n t h e (OOl)- face i s p e r f e c t , w h i l s t t h a t o n t h e f l l l ) -
f a c e i s i m p e r f e c t . B . G o s s n e r a d d e d t h a t t h e o p t i c a l c h a r a c t e r i s n e g a t i v e , a n d 
t h a t t h e o p t i c a x i a l a n g l e 2 i £ = 6 5 ° n e a r l y . I i . E . J o n a s d e s c r i b e d t h e c r y s t a l s of 
t h e d i h y d r a t e a s g r e e n ; H . E . B o e k e , p a l e g r e e n o r c o l o u r l e s s ; a n d E . P u x e d d u , 
•whi te . O . L e h m a n n s a i d t h a t t h e n e e d l e - l i k e c r y s t a l s a r e m o n o c l i n i c , w i t h f r e q u e n t 
t w i n n i n g ; H . E . B o e k e o b s e r v e d t h a t t h e b i r e f r i n g e n c e i s s t r o n g , t h e t w i n n i n g 
m a y b e c r u c i f o r m , t h a t t h e m o n o c l i n i c c r y s t a l s h a v e / 3 — 1 3 0 - 5 ° , a n d t h a t t h e y a r e 
p r o b a b l y i s o m o r p h o u s w i t h d i h y d r a t e d m a n g a n o u s c h l o r i d e . O . L e h m a n n d i s ­
c u s s e d t h e s o l i d s o l n . w i t h a m m o n i u m c h l o r i d e . 

V . M e y e r f o u n d t h e v a p o u r d e n s i t y of a n h y d r o u s f e r r o u s c h l o r i d e i n a n a t m . 
of h y d r o g e n c h l o r i d e a t a y e l l o w - h e a t t o b e 6*38 t o 6*67 ( a i r u n i t y ) . T h e s e n u m b e r s 
a r e b e t w e e n t h e v a l u e s r e q u i r e d f o r a m o l e c u l a r w e i g h t of 1 2 6 - 8 f o r F e C l 2 a n d 
2 5 3 - 6 f o r F e 2 C l 4 . A . L a d e n b u r g , a n d J . D e w a r a n d A . S c o t t a l s o o b t a i n e d r e s u l t s 
s h o w i n g t h a t t h e v a p o u r c o r r e s p o n d s w i t h a n e q u i l i b r i u m m i x t u r e F e 2 C l 4 ^ 2 F e C l 2 . 
A c c o r d i n g t o L . F . N i l s o n a n d O . P e t t e r s s o n , t h e d i s s o c i a t i o n i s c o m p l e t e b e t w e e n 
1 3 0 0 ° a n d 1 5 0 0 ° f o r t h e v a p o u r d e n s i t y b e t w e e n 1 3 0 0 ° a n d 1 4 0 0 ° i s 4 - 3 4 , a n d b e t w e e n 
1 4 0 0 ° a n d 1 5 0 0 ° , 4 -29 w h e n t h e t h e o r e t i c a l v a l u e f o r F e C l 2 i s 4 - 3 7 5 . A . W e r n e r a n d 
W . Schmujkxf f f o u n d t h a t i n a b o i l i n g s o l n . of p y r i d i n e t h e m o l . w t . i s H O c o r r e ­
s p o n d i n g w i t h t h e v a l u e 1 2 6 c a l c u l a t e d f o r t h e s i m p l e f o r m u l a F e C l 2 . J . S c h r o d e r , 
h o w e v e r , c o u l d n o t c o n f i r m t h i s s i n c e h e a l w a y s o b t a i n e d a r a i s i n g a n d n o t 
a l o w e r i n g of t h e b . p . H . G o l d s c h m i d t a n d K . I . S y n g r o s c a l c u l a t e d f r o m t h e f . p . 
of a q . s o l n . h a v i n g 0 2 0 5 t o 1-999 g r m . F e C l 2 p e r 1OO g r m s . of w a t e r , v a l u e s f o r t h e 
m o l . w t . r a n g i n g f r o m 4 4 - 3 t o 4 8 - 2 . A n a l o g o u s r e s u l t s w e r e o b t a i n e d b y W . B i l t z , 
a n d R . P e t e r s . T h i s i s t a k e n t o m e a n t h a t t h e s a l t i s i o n i z e d F e C l 2 V = ^ F e " -f- 2 C l ' 
i n a q . s o l n . T h e p o t e n t i a l m e a s u r e m e n t s of S . L a b e n d z i n s k y s h o w t h a t t h e c o n e , 
of t h e Fe**- ions i n .ZV-FeCl2 a t 1 8 ° i s a b o u t 2 -5 t i m e s a s g r e a t a s i n 0 - 1 J V - F e C l 2 ; a n d 
O . B a u d i s c h a n d P . M a y e r s a i d t h a t t h e e v i d e n c e i n d i c a t e s t h a t c o m p l e x e s a r e 
f o r m e d i n a q . s o l n . s u c h t h a t 2 F e C l 2 ^ F e " - J - F e C l 4 " . H . L e s s h e i m a n d c o - w o r k e r s 
d i s c u s s e d t h e c o - o r d i n a t i o n n u m b e r of i r o n i n [FeCl 4 ] " " , a n d t h e e l e c t r o n i c c o n f i g u r a ­
t i o n of t h e Fe* "- ion. 

E . F i l h o l g a v e 2 - 5 2 8 f o r t h e s p e c i f i c g r a v i t y o f t h e a n h y d r o u s c h l o r i d e ; a n d 
J . P . G r a b f i e l d , 2 - 9 8 8 a t 1 7 - 9 ° . W . B i l t z a n d E . B i r k o b t a i n e d f o r t h e s a l t w h i c h 
h a d b e e n m e l t e d i n a n a t m . of h y d r o g e n c h l o r i d e , 3 - 1 6 2 a t 2 5 ° / 4 ° . A . F e r r a r i a n d 
c o - w o r k e r s c a l c u l a t e d f r o m t h e l a t t i c e c o n s t a n t s 3 - 2 5 4 . A . B a l a n d i n o b t a i n e d 
2 - 9 8 5 b y c a l c u l a t i o n f r o m a n e m p i r i c a l r e l a t i o n b e t w e e n t h e h e a t of f o r m a t i o n a n d 
t h e a t . v o l . E . F i l h o l g a v e 1-926 f o r t h e s p . gr. o f t h e t e t r a h y d r a t e ; J . S c h a b u s , 
1-937 ; a n d A . J o h n s e n , 1-96 ; a n d G . H e y n e o b t a i n e d 2 - 3 5 8 f o r t h e s p . g r . of t h e 
d i h y d r a t e . H . B e c q u e r e l f o u n d t h e s p . g r . of s o l n . w i t h 6-6 , 1 3 - 2 , 2 6 - 4 1 , a n d 5 2 - 8 3 
g r m s . of F e C l 2 p e r 1 0 0 c . c . of s o l n . a t a b o u t 1 6 ° , t h e r e s p e c t i v e v a l u e s 1 - 0 5 4 8 , 
1 1 0 9 3 , 1 - 2 1 4 1 , a n d 1 - 4 3 3 1 . A . H e y d w e i l l e r o b t a i n e d f o r s o l n . w i t h 0 - 2 5 , 1 0 , 2-O, 
a n d 3 0 m o l s of F e C l 2 p e r l i t r e a t 1 8 ° / 4 ° , t h e r e s p e c t i v e v a l u e s 1 - 0 2 7 7 9 , 1 - 1 0 8 5 , 
1 -2122 , a n d 1 -3130 ; a n d W . B i l t z a n d J . M e y e r , f o r s o l n . w i t h 0 0 2 5 6 , 0 - 0 8 7 7 5 , 
0 - 3 0 5 0 , a n d 0 - 3 9 9 4 m o l of F e C l 2 p e r l i t r e , t h e r e s p e c t i v e s p . g r . 1 -003 , 1-012, 1 - 0 4 3 , 
a n d 1-056. O b s e r v a t i o n s w e r e a l s o m a d e b y F . W . J . C l e n d i n n e n , G . T . G e r l a c h , 
a n d G . Q u i n c k e . J . T . D u n n f o u n d t h a t t h e s p . g r . i s a l m o s t p r o p o r t i o n a l t o t h e 
p e r c e n t a g e p r o p o r t i o n of F e C l 2 i n s o l n . s i n c e h e o b t a i n e d f o r s o l n . w i t h F e C l 2 - p e r , 
c e n t , of t h e a n h y d r o u s s a l t a t 1 5 - 5 ° : 

F e d , . 6-4O 10-47 15-24 19-68 23-86 27-75 31-39 34-8O 37-33 p e r c e n t . 
S p . g r . . 1-05 1-1O 1-15 1-2O 1-25 1-3O 1-36 1-4O 1-44 
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W . Bi l tz , a n d W . Bi l tz a n d E . B i r k f o u n d t h e m o l e c u l a r v o l u m e of a n h y ­
d r o u s fe r rous ch lor ide t o b e 4 0 1 0 a t 25°, a n d t h a t t h e f o r m a t i o n of t h e sa l t 
f rom i t s e l e m e n t s is a t t e n d e d b y a sma l l d i l a t i o n ; a n d J . J . Sas l awsky , a n d 
W . K l e m m c a m e t o t h e s a m e conc lus ion . F . E p h r a i m a n d co -worke r s also s t u d i e d 
t h e m o l . vo l . ; H . H . S t e p h e n s o n , t h e r e l a t i on b e t w e e n t h e mo l . vo l . a n d t h e con­
t r a c t i o n ; F . Te l t s che r , a n d R . Re in i cke , t h e r e l a t i o n b e t w e e n t h e mol . vo l . a n d 
t h e s t r u c t u r e . S. Surawicz , a n d A . B a l a n d i n d i scussed t h e m o l . vo l . of t h e t e t r a -
h y d r a t e ; a n d C. A . Va l son e x a m i n e d t h e c o n t r a c t i o n w h i c h occur s w h e n fe r rous 
ch lo r ide is d isso lved i n w a t e r . J . S c h a b u s g a v e for t h e hardness of t h e c r y s t a l s 
of t h e t e t r a h y d r a t e 2-O o n M o h s ' scale . 

T . G r a h a m m a d e o b s e r v a t i o n s o n t h e ra te of diffusion of fer rous ch lor ide in 
a q . soln. ; a n d J . C. G r a h a m found t h e diffusion coeff. in 2 t o 5 p e r cen t , soln. , a t 
14° t o 16°, t o b e 0*583 sq . c m . p e r d a y — i . e . n e a r l y tw ice a s fas t a s is t h e case w i t h 
fe r rous s u l p h a t e — a n d t h e coeff. is n o t m u c h affected b y v a r i a t i o n s of concen­
t r a t i o n b e t w e e n t h e s e l imi t s . T . R e d w o o d s t u d i e d t h e diffusion of t h e s a l t t h r o u g h 
a m e m b r a n e , a n d E . Deiss a n d G. Sch iko r r o b s e r v e d t h a t n o hyd ro ly s i s occu r s 
d u r i n g t h e diffusion. T h e surface t ens ion of t h e soln . w a s s t u d i e d b y G. W e r t h e i m ; 
t h e effect of a m a g n e t i c field on t h e a s c e n t of t h e soln. in cap i l l a ry t u b e s , b y 
G. W e r t h e i m , G. Qu incke , a n d O. I a e b k n e c h t a n d A. P . Wil l s : a n d Z. H . S k r a u p 
a n d co-workers , t h e a s c e n t of soln. of t h e s a l t i n filter-paper. 

H . G o l d s c h m i d t a n d K . Xi. S y n g r o s found t h e l o w e r i n g of the freez ing-po int 
of a q . soln. w i t h 0-205, 0-928, 1-531, a n d 1-999 g r m s . F e C l 2 p e r 1OO g r m s . of w a t e r 
t o be respec t ive ly 0-088°, 0-374°, 0-609°, a n d 0-788° ; W . B i l t z a n d J . Meye r f o u n d 
for soln. w i t h 0-0256, 0-08775, 0-3050, a n d 0-3994 m o l of F e C l 2 p e r l i t re , t h e respec­
t i v e v a l u e s 0-133°, 0-452°, 1-614°, a n d 2-169°, c o r r e s p o n d i n g w i t h t h e mol . d e p r e s ­
s ions 52-O, 51-5, 52-9, a n d 54-3 r e spec t ive ly . R . P e t e r s s h o w e d t h a t soln. w i t h 0-5, 
0-25, O-125, a n d 0-0625 eq . F e C l 2 p e r l i t re g a v e v a l u e s c o r r e s p o n d i n g w i t h t h e m o l . 
w t s . 45*7, 44-8, 45*5, a n d 43-1 r e spec t ive ly ; a n d w i t h t h e p e r c e n t a g e ion i za t ions 
9 3 , 95 , 9 1 , a n d 98 r e spec t ive ly . All t h i s is in a g r e e m e n t w i t h a h igh degree of 
i on iza t ion : F e C l 2 ^ F e " * + 2 C l ' of t h e sa l t in a q . soln. N . S a s a k i s t u d i e d t h e effect 
of p o t a s s i u m iod ide , a n d ferric ch lor ide on t h e lower ing of t h e f .p. of a q . soln. of 
f e r rous ch lor ide ; a n d W . B i l t z a n d J . Meyer , t h e r e l a t ion b e t w e e n t h e mol . lower ing 
of t h e f .p. , a n d t h e h e a t of soln. 

J . D a v y , H . D a v y , a n d W . H a m p e obse rved t h a t a n h y d r o u s fe r rous ch lor ide 
m e l t s a t a r e d - h e a t . K . H o n d a a n d T . I s h i w a r a g a v e 670° for t h e me l t ing -po in t , 
a n d A. F e r r a r i a n d co -worke r s 673° t o 674° . A . F e r r a r i d i scussed t h e re l a t ion 
b e t w e e n t h e m . p . a n d t h e space - l a t t i ce . C. G. Maie r o b s e r v e d t h e vapour 
pressure, p m m . , of a n h y d r o u s fe r rous ch lor ide a t 

099° 762-4° 807-6° 859-7° 908-7° 951 0° 994-9° 
p . 12-2 36-3 57-4 126-8 230-5 371-4 593-O 

N o thermal d issoc iat ion w a s obse rved a t t e m p , u p t o 1000°, a l t h o u g h H . W o l f r a m 
sa id t h a t d u r i n g t h e s u b l i m a t i o n of fer rous chlor ide , s o m e ferric ch lor ide is f o rmed 
b y t h e p a r t i a l d e c o m p o s i t i o n of t h e fe r rous ch lor ide . V . Meyer , a n d V. a n d C. M e y e r 
r e p r e s e n t e d t h e a c t i o n 3 F e C l 2 = 2 F e C l 3 - f - F e . V. M e y e r a d d e d t h a t n o d issoc ia t ion 
occu r s if t h e sa l t b e s u b l i m e d in a n a t m . of h y d r o g e n chlor ide ; a n d L . F . Ni l son 
a n d O. P e t t e r s s o n o b s e r v e d n o d e c o m p o s i t i o n a t 1300° t o 1500° in a n a t m . of 
h y d r o g e n ch lor ide . P . A . v o n Bonsdorff found t h a t t h e c rys t a l s of t h e t e t r a h y d r a t e 
effloresce r a p i d l y fo rming a w h i t e p o w d e r w h e n t h e y a r e k e p t o v e r cone , s u l p h u r i c 
a c i d ; a n d P . S a b a t i e r o b s e r v e d t h a t w h e n k e p t for 3 m o n t h s in v a c u o , ove r cone , 
s u l p h u r i c ac id , a t 20°, t h e d i h y d r a t e is fo rmed . A . J o h n s e n sa id t h a t t h e c ry s t a l s 
of t h e t e t r a h y d r a t e become t u r b i d a t 40° . A . R e i m a n n o b s e r v e d t h a t t h e t e t r a ­
h y d r a t e " fuses in i t s w a t e r of c rys t a l l i za t ion " ; b u t , a cco rd ing t o A. TiJtard, t h e 
t e t r a h y d r a t e does n o t m e l t w h e n h e a t e d , b u t passes i n t o t h e d i h y d r a t e a b o v e 90° , 
a n d loses i t s w a t e r of c rys t a l l i za t ion a t 120° ; A . Gorgeu , however , obse rved t h a t 
w h e n h e a t e d i n a n a t m . of m o i s t h y d r o g e n , t h e t e t r a h y d r a t e m e l t s a n d i t t h e n 
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c o n t a i n s a n h y d r o u s fer rous ch lor ide a long w i t h s o m e fer rous oxych lo r ide . Accord ­
ing t o J . J . Berzel ius , w h e n t h e t e t r a h y d r a t e is h e a t e d in a r e t o r t , i t first m e l t s i n 
i t s w a t e r of c rys ta l l i za t ion , t h e n decomposes w i t h t h e e v o l u t i o n of h y d r o g e n ch lo r ide , 
w a t e r , a n d t h e v a p o u r of ferric ch lor ide , a n d w h e n t h e t e m p , a t t a i n s t h e sof ten ing-
p o i n t of glass, wh i t e o r colourless fe r rous ch lo r ide sub l imes , a n d a bas ic f e r rous 
ch lor ide r ema ins in t h e r e t o r t . T h e s u b l i m a t e is ye l low o w i n g t o t h e p re sence of a 
l i t t le ferric chlor ide . H . Lescoour obse rved t h a t t h e d i s soc ia t ion pressure of t h e 
t e t r a h y d r a t e is 120 t o 130 m m . a t 70° ; a n d t h a t t h e p ress , falls a b r u p t l y t o 2 m m . 
a t 70° as t h e t e t r a h y d r a t e pas ses i n t o t h e d i h y d r a t e . T h e v a p . p res s , of t h e 
d i h y d r a t e a t 90°, 110°, a n d 125° is 30 , 75 , a n d 188 m m . r e spec t ive ly . T h e dis­
socia t ion press , falls f rom a b o u t 13O m m . a t 120° t o a b o u t 17 m m . a s t h e d i h y d r a t e 
passes i n t o t h e m o n o h y d r a t e ; a n d t h e d i ssoc ia t ion press , of t h e m o n o h y d r a t e is 
a b o u t 55 m m . a t a b o u t 155° w h e n i t passes i n t o t h e a n h y d r o u s ch lor ide . H . Lescoeur 
obse rved t h e v a p . p ress . , p mm., of s a t . a q . soln. of fer rous ch lor ide t o be : 

40° 50° 60° 70° 80° 
p . 3 0 56 88 127 177 m m . 

and for t h e m o n o - a n d d i - h y d r a t e s : 
90° 100° 110° 120° 125° 155° 

p . . 30 48 75 13O 188 55 
2H2O H 2 O 

G. T a m m a n n found t h e lower ing of t h e v a p . p ress . , Sp m m . , of soln. of 4-03, 24-05, 
51-90, a n d 90-54 g r m s . of FeCl 2 in 100 g r m s . of w a t e r t o be respec t ive ly SjB=^=I 0-3, 
79-9, 200-1 , a n d 341-8 m m . O b s e r v a t i o n s on t h e s u b j e c t were m a d e b y 
M. P r u d ' h o m m e . 

J . D a v y , a n d H . D a v y sa id t h a t a n h y d r o u s fe r rous ch lor ide does n o t volat i l ize 
a t t h e sof tening t e m p , of glass, b u t J . J . Berze l ius o b t a i n e d m a r k e d vo lat i l i zat ion 
a t t h i s t e m p . , a n d V. Meyer sa id t h a t i t volat i l izes s lowly a t a r e d - h e a t , a n d r a p i d l y 
a t a ye l low-hea t . Lt. F . Ni l son a n d O. P e t t e r s s o n obse rved a r a p i d vo la t i l i za t ion of 
t h e sa l t in a n a t m . of h y d r o g e n ch lor ide b e t w e e n 1300° a n d 1500°. C. G. Ma ie r 
e x t r a p o l a t e d his v a p . p ress , d a t a , a n d o b t a i n e d 1023-4° for t h e bo i l ing-po int of 
a n h y d r o u s fe r rous chlor ide ; a n d ca l cu l a t ed 32-11 CaIs. p e r m o l for t h e h e a t of 
v a p o r i z a t i o n a t 1023° a n d 1 a t m . p ress . , a n d a t 674*4° a n d 0-01 a t m . p r e s s . 
R . K r e m a n n a n d F . Noss , a n d F . Sch immel sa id t h a t a s a t . soln. w i t h 50-4 p e r cen t , 
of F e C l 2 boils a t 117-5°. 

P . A. F a v r e a n d J . T . S i l b e r m a n n g a v e for t h e n e a t of f o r m a t i o n of a n h y d r o u s 
fe r rous chlor ide , (Fe5Cl2) ^=49-651 CaIs., b u t , a c c o r d i n g t o J . T h o m s e n , t h i s d a t u m 
is t o o low, owing t o a n inco r rec t v a l u e for t h e h e a t of soln. h a v i n g b e e n e m p l o y e d 
i n t h e ca lcu la t ion . J . T h o m s e n g a v e 82-05 CaIs. ; M. B e r t h e l o t , 82-20 CaIs. ; 
W . B i l t z a n d C. F e n d i u s , 82 CaIs. ; a n d K . J e l l i nek a n d R . K o o p , 69-13 CaIs. 
J . T h o m s e n also g a v e (2FeCl 3 ,Fe) = 5 4 - 0 7 CaIs., a n d M. B e r t h e l o t , 54-6 CaIs. 
J . T h o m s e n g a v e (Fe 8 o l i d ,Cl 2 4H 2 Oi i q . ) = 97-20 CaIs. a t 1 8 ° ; ( F e C l 2 , 4 H 2 0 l i q ) 
= 1 5 - 1 5 CaIs. a t 18° ; a n d P . S a b a t i e r g a v e ( F e C l 2 . 2 H 2 0 , 2 H 2 0 8 o U d ) = 2-52 CaIs . 
a t 20° , a n d (FeCl 2 , 2H 2 O s o l i d )= -6 -40 t o 6-92 CaIs. T . A n d r e w s g a v e for t h e h e a t 
of f o r m a t i o n of f e r rous ch lor ide in soln. ( F e , C l 2 , A q . ) = 9 9 - l CaIs. ; J . T h o m s e n , 
102-06 CaIs. ; a n d M. B e r t h e l o t , 99-95 CaIs. Acco rd ing t o J . T h o m s e n , P . A. F a v r e 
a n d J . T . S i l b e r m a n n ' s va lue , 53-35 CaIs., is t o o low. J . T h o m s e n a lso g a v e 
( F e , 2 H C l A q . ) = 2 3 - 4 2 CaIs. ; ( 2 F e C l 3 A q . , F e ) = 4 4 - 4 1 CaIs. ; a n d M. B e r t h e l o t , 
44-6 CaIs. T h e s u b j e c t w a s d iscussed b y E . R a b i n o w i t s c h a n d E . Th i lo . a n d 
O. Sehi i tz a n d F . E p h r a i m . J . T h o m s e n g a v e { F e , 2 ( H C l + 5 0 H 2 O ) > = 2 1 - 3 1 CaIs. 
J . T h o m s e n s t a t e d t h a t t h e h e a t s of soln. of i ron i n h y d r o c h l o r i c , h y d r o b r o m i c , a n d 
h y d r i o d i c ac ids a r e n e a r l y t h e s a m e . T . W . R i c h a r d s a n d co -worke r s o b s e r v e d 
{ F e , n ( H C l + 8 - 8 H 2 O ) } = 2 0 - 5 5 CaIs. ; a n d {Fe,2(HCl-f-200H 2 O)}==20-8 CaIs. 
J . T h o m s e n g a v e for t h e h e a t of neutra l i za t ion of fe r rous h y d r o x i d e b y h y d r o ­
ch lor ic ac id , ( F e ( O H ) 2 , 2 H C l . A q . ) = 2 1 - 3 9 CaIs. , a n d h e a d d e d t h a t a n ear l ie r d e t e r ­
m i n a t i o n b y P . A . F a v r e a n d J . T . S i l b e r m a n n is t o o low ; M. B e r t h e l o t o b t a i n e d 
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21*4 CaIs. for t h e h e a t of n e u t r a l i z a t i o n w i t h 0-25.ZV-HCl. Accord ing t o M. B e r t h e l o t , 
t h e ac t ion of 2 K O H o n (FeCl 2 .Aq . ,H 2 SO d u . soin.) = !*! CaIs. ; a n d on 
(FeSO 4 .Aq. ,2HCl d l i . BOln.) = 2 - 5 CaIs. J . T h o m s e n found for t h e h e a t of so lu t ion , 
( F e C l 2 , A q . ) = 1 7 - 9 Cals. a t J8-2°, a n d h e a d d e d t h a t a n ea r l i e r d e t e r m i n a t i o n b y 
P . A. F a v r e a n d J . T . S i l b e r m a n n is t o o low. J . T h o m s e n g a v e 2-75 CaIs. for t h e 
h e a t of soln. of 16*58 g r m s . of t h e t e t r a h y d r a t e i n a b o u t 600 g r m s . of w a t e r a t 
1 9 - 3 ° ; P . S a b a t i e r g a v e ( F e C l 2 . 4 H 2 O , 6 0 0 H 2 O ) = 3 - 3 2 CaIs. a t 1 7 - 5 ° : (FeCl 2 ,Aq. ) 
= 2 - 7 C a I s . ; ( F e C l 2 . 2 H 2 O , 1 0 0 0 H 2 O ) = 8 - 7 2 CaIs. a t 2 0 ° ; a n d ( F e C l 2 2 H 2 O , 3 0 0 t o 
600 H 2 O ) = 8 - 7 CaIs. a t 20° . O. Schi i tz a n d F . Ephra im d i scussed t h e r e l a t i ons 
b e t w e e n t h e h e a t of f o r m a t i o n a n d t h e mo l . vo l . ; a n d F . B r a u n , a n d G. Beck , t h e 
free energy of f o r m a t i o n of fe r rous ch lor ide ; G. D e v o t o a n d A. Guzzi g a v e 40 ,200 
cals. a t 700° ; 37,1OO cals . a t 750° ; 32,50O cals . a t 800° ; a n d 27,15O cals . a t 850° . 
G. Beck , a n d W . H e r z ca l cu l a t ed va lue s for t h e entropy a n d v i b r a t i o n f r equency 
of FeCl 2 . R . A u d u b e r t s t u d i e d t h e e n e r g y of t h e r e a c t i o n Fe"->Fe*** ; a n d 
M. R a n d a l l a n d M. F r a n d s e n g a v e —20,31O ca l s . for t h e free e n e r g y of t h e 
fe r rous ion . W . H i e b e r a n d E . L e v y s t u d i e d t h e la t t i ce e n e r g y of t h e c ry s t a l s . 

G. L i m a n n , a n d A . Heydwe i l l e r m e a s u r e d t h e indices of refract ion, /x, of a q . 
soln. of ferrous chlor ide a t 18° ; a n d G. L i m a n n g a v e for soln. w i t h C e q u i v a l e n t s 
of fer rous chlor ide p e r l i t re : 

C 

1 i n l i n e . 1 
O 
1-33139 
1-33322 
1-33737 
1-3406O 

O-5 
1-33849 
1-34038 
1-34473 
1-34805 

l-O 
1-34546 
1-34742 
1-35199 

— 

2-O 
1-35881 
1-36092 
1-36588 

4-O 
1-38448 
1-38682 
1-39241 / /o - l ine . 

.Hy-line . 

W . A. W o o s t e r s t u d i e d t h e r e l a t ion b e t w e e n t h e re f rac t ive i n d e x a n d t h e l a t t i c e 
s t r u c t u r e . T h e mo lecu lar refract ion for N a - l i g h t b y t h e /u,2-formula is 19-23 a t 
18° ; a n d A. Heydwe i l l e r o b t a i n e d for v e r y di l . soln. t o soln. w i t h 4 eq . of FeCl 2 
p e r l i t re va lues r a n g i n g f rom 19-34 t o 3 9 -12—average 19-23. L e t S/x d e n o t e t h e 
difference b e t w e e n t h e v a l u e of /x for a soln. of cone . C eq . p e r l i t re , a n d w a t e r , 
G. L i m a n n o b t a i n e d for I)- a n d / / a - l i g h t , a t 18°, t h e d ispers ion 1O5(SfJL1,—8fj,a)/C 
= 14-4 ; a n d for Hp- a n d ZMight , 1 0 5 ( 8 ^ — SJLL^/C=38-6. A. H e y d w e i l l e r a l so 
s t u d i e d t h i s sub jec t . 

J . S. F . P a g e n s t e c h e r obse rved t h a t aq . soln. of a n h y d r o u s fe r rous chlor ide a r e 
a t first colourless , b u t t h e y soon become g reen w h e n exposed t o t h e a i r ; a n d 
A. fitard obse rved t h a t if a g reen s a t . soln. be h e a t e d in a sealed t u b e a t 240°, i t 
becomes colourless . H . M. V e r n o n s t u d i e d t h i s sub jec t . W . J . Russe l l a n d 
W . J . O r s m a n sa id t h a t soln. of fe r rous chlor ide in hydroch lo r i c acid show n o abso rp ­
t i o n b a n d s in t h e vis ible spec trum. J . S. A n d e r s o n found t h e mo lecu lar ex t inc t ion 
coefficient Jc of soln . w i t h C ==4 mols p e r l i t re : 

A . 
k . 

434O 5470 625O 7460 837O 9680 11,750 
0-75 0 0 2 5 O-042 O l 15 0-17 0-89 1-00 

ect of concentration, with A—4530 A., and 6530 A. : 
4530 A. 6530 A. 

. 4-O 2-O l-O 0-5 4-O 2-O l-O 

. 0-39 0-18 0 1 6 0-22 0 0 5 7 0-067 0-082 

1300 A . 
0-84 

~~0-5 
0 1 2 

C . 
h . 

O b s e r v a t i o n s o n t h e sub jec t were also m a d e b y J . v o n Koczkas , a n d R . A. H o u s t o u n 
a n d C. Coch rane . Accord ing t o R . Zs igmondy , t h e p e r c e n t a g e t ransmiss ion of 
hea t rays , H, f rom a n A r g a n d b u r n e r t h r o u g h l aye r s 9-5 m m . t h i c k of hydroch lo r i c 
ac id soln . of C m o l s of FeCl 2 p e r l i t re , is a s follows : 

O . 2 1 0-5 0-25 0 1 2 5 0 0 6 2 5 0-03125 0 
H . . 1-16 1-85 4-06 6-73 8-95 10-31 10-93 12-2 per cent . 

a n d w i t h different fe r rous sa l t s , t h e resu l t s a r e t h e s a m e w i t h soln. c o n t a i n i n g t h e 
s ame p r o p o r t i o n of f e r rous i ron . T h e h igh degree of a b s o r p t i o n m a k e s t h e soln. 
su i tab le for filtering o u t t h e h e a t r a y s . S. M. K a r i m a n d R . S a m u e l s t u d i e d 

V O L . x i v . C 
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t h e absorpt ion spec trum. A. B y k a n d H . Jaf fe f o u n d t h a t soln. c o n t a i n i n g 
2-53, 1*27, 0-51, a n d 0-12 g r m s . of F e C l 2 i n 100 c.c. of di l . hyd roch lo r i c ac id , i n 
l a y e r s 1 c m . t h i ck , h a v e l imi t s of a b s o r p t i o n -with u l t r a -v io l e t l igh t of -wave­
l e n g t h 2735 , 2566, 2 3 5 1 , a n d 2322 respec t ive ly . M. N . S a h a a n d R. C. I ) e b 
e x a m i n e d t h e a b s o r p t i o n s p e c t r u m of t h e v a p o u r a t 1000° t o 1400°. O. Ste l l ing , 
a n d S. A o y a m a a n d co-workers s t u d i e d t h e a b s o r p t i o n of t h e K-se r ies of t h e X - r a y 
spec trum b y a n h y d r o u s a n d t e t r a h y d r a t e d fe r rous ch lor ide ; a n d A. H e b e r t a n d 
Gr. R a y n a u d , t h e a b s o r p t i o n of X - r a y s b y a q . soln. of fe r rous ch lor ide . G. R e b o u l 
a n d E . B o d i n f o u n d t h a t , un l ike fe r rous s u l p h a t e , fe r rous ch lor ide e m i t s n o r a d i a t i o n s 
w h e n i t is c o n n e c t e d w i t h t h e poles of a b a t t e r y of 2500 vo l t s . M. E . V e r d e t 
s h o w e d t h a t t h e mol . m a g n e t i c rotat ion of t h e p l a n e of po la r i zed l igh t for 16*0 
a n d 28-3 p e r c e n t . soln . of fe r rous ch lor ide is r e spec t ive ly —0-82 a n d —0*94. 
O b s e r v a t i o n s w e r e also m a d e b y E . Becque re l , a n d O. Schonrock . H . B e c q u e r e l 
found for s o d i u m l igh t w i t h soln. c o n t a i n i n g 0-5283, 0-2641, 0 1 3 2 0 , a n d 0-0660 g r m . 
of FeCl 2 p e r IOO c . c , a t 15° t o 18°, t h e r e spec t ive sp . gr . 1-4331, 1-2141, 1-093, 
a n d 1-0548 ; t h e r e l a t i ve m a g n e t i c r o t a t i o n , for t h e sod ium- l ine , r e spec t ive ly 
0-195, 0-765, 0-908, a n d 0-954, a n d t h e r e spec t i ve m a g n e t i c r o t a t i o n s —1*343, 
—0-701 , —0-528, a n d —0-521 . F . Allison a n d E . J . M u r p h y s t u d i e d t h e m a g n e t o -
op t ic p rope r t i e s ; P . K r i s h n a n i u r t i , t h e R a m a n effect, a n d O. Ste l l ing, t h e X - r a y 
spec trum—K-se r i e s . G. D i m a found t h a t t h e photoelectr ic effect is g r e a t e r t h a n 
i t is w i t h ferric ch lor ide ; a n d A. P o c h e t t i n o , s imi lar ly w i t h H a l l w a c h s ' effect. 
G. C. S c h m i d t e x a m i n e d t h e n a t u r e of t h e c h a r g e d pa r t i c l e s e m i t t e d w h e n t h e s a l t 
is h e a t e d , a n d found t h e m t o b e of a t o m i c d imens ions . 

A. C. Becque re l f ound t h a t w i t h a s t a t i c e lectr ic d ischarge , fe r rous ch lor ide 
passes f rom t h e n e g a t i v e t o t h e pos i t i ve pole . G. C. S c h m i d t , a n d K . Querengasse r 
m e a s u r e d t h e e lectr ical conduct iv i ty of t h e i ron ha l ides i n n a m e s . W . H a m p e 
o b s e r v e d t h a t m o l t e n a n h y d r o u s fer rous chlor ide is a good c o n d u c t o r ; G. Vicen t in i 
m e a s u r e d t h e eq . e lect r ical c o n d u c t i v i t y , A m h o , of soln. of fe r rous chlor ide con­
t a i n i n g C eq. p e r l i t re a t 18°, for C u p t o 0-0038, a n d A. Heydwe i l l e r for l a rge r 
v a l u e s of O, found : 

C . . 0 0 0 1 0 1 0 0 0 3 8 0 0 5 1 0 2 0 4-O 6 O 
A . . 7 6 7 3 6 9 - 5 6 0 6 4 8 1 1 3 0 - 8 4 1 8 - 1 3 

O b s e r v a t i o n s were also m a d e b y G. L i m a n n ; C. C a t t a n e o , a n d W . Jufereff m e a s u r e d 
t h e m o l a r c o n d u c t i v i t y ; a n d R . P e t e r s , F . F o r s t e r , a n d O. M u s t a d , t h e sp . con­
d u c t i v i t y . G. L i m a n n d iscussed t h e r e l a t ion b e t w e e n t h e e lec t r ica l c o n d u c t i v i t y 
a n d l igh t re f rac t ion of t h e soln. F o r t h e i on iza t ion of t h e soln. , vide supra, lower ing 
of t h e f .p. of a q . soln. A. G u n t h e r - S c h u l z e d iscussed t h e d issoc ia t ion of t h e sa l t 
i n a q . soln. A. S t epn i czka -Mar inkov i c f o u n d t h e transport n u m b e r of t h e 
F e ' - i o n in 0-9887V-, 0-4942V-, a n d 0172 iV-FeCl 2 t o be r e spec t ive ly 0-300, 0-326, 
a n d 0-375 ; b y e x t r a p o l a t i o n , t h e s e d a t a g a v e 0-414 for t h e t r a n s p o r t n u m b e r a t 
infinite d i lu t ion . I t w a s e s t i m a t e d t h a t in O-172.2V-FeCl2, acidified w i t h a l i t t l e 
hyd roch lo r i c ac id , a t r o o m t e m p . , t h e so lva t ion of t h e a n i o n c o r r e s p o n d s w i t h 
21 mols . of w a t e r , a n d of t h e ca t ion , F e " , w i t h 60 mols . of w a t e r . T h e s u b j e c t w a s 
s t u d i e d b y G. H . Car t l edge ; a n d t h e e lec t ro-depos i t ion of i ron f rom t h e fused 
chlor ide , b y A. H . W . A t e n a n d co-workers . 

E . P e t e r s e n found t h e e l ec tromot ive force of t h e cell C | 22V-FeCl2, 20 p e r c e n t . 
N a C l I Z n t o b e 1-290 v o l t s ; a n d C. W i n t h e r s t u d i e d t h e e.m.f. of t h e cell 
P t I F e C l 2 , H g C l 2 , H g 2 C l 2 | FeC l 2 ,HgCl 2 | FeCl 2 ,HgCl 2 ,FeCl 3 | P t w i t h different con­
c e n t r a t i o n s of t h e soln. of fer rous ch lor ide . G. T a m m a n n d i scussed t h e e.m.f. of t h e 
Daniel l t y p e of cell w i t h t h e fused chlor ide . G. T a m m a n n a n d E . J e n c k e l f o u n d 
t h e effect of a p ress . , p k g r m s . p e r sq . cm. , on t h e e.m.f., E vo l t , of a hyd roch lo r i c 
ac id soln. of fe r rous chlor ide in t h e cell P t | 0-12V-HCl,FeCl2 | 012V-HCl ,Hg2Cl 2 | H g , 
t o be , a t 18° : 

p . . 1 1 0 0 5 0 0 10OO 150O 200O 
JS . . 0 - 2 8 1 6 0 - 2 7 8 2 0 - 2 7 3 8 0 - 2 7 0 5 0 * 2 6 7 4 0 * 2 6 4 3 

cUZ/p x 1 0 s — 3 4 0 — 9 0 — 1 5 - 6 — 1 1 - 1 — 9 - 5 - 8 * 7 
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Gr. T a m m a n n a n d H . O. v o n S a m s o n - H i m m e l s j e r n a s t u d i e d t h e p o t e n t i a l of i r on 
a g a i n s t fe r rous ch lor ide . E . B o u t y s h o w e d t h a t if t w o i r o n e lec t rodes d i p in soln. 
of fe r rous ch lor ide of t h e s a m e c o n e , b u t different t e m p . , a t h e r m o e l e c t r i c c u r r e n t 
is deve loped , a n d t h e w a r m soln . a c t s a s a pos i t i ve pole ; t h e e.m.f. is of t h e o r d e r 
0 0 4 7 7 v o l t ; i t is p r o p o r t i o n a l t o t h e difference of t e m p . , b u t is n o t p e r c e p t i b l y 
inf luenced b y differences in c o n c e n t r a t i o n . L . R i e t y found a p o t e n t i a l difference 
is d e v e l o p e d b e t w e e n a soln. of fe r rous ch lor ide p a s s i n g t h r o u g h a cap i l l a ry u n d e r a 
press , of 25 a t m . , a n d t h e wal ls of t h e t u b e . T h e soln . a cqu i r e s a n e g a t i v e c h a r g e . 
F . F i n k e l s t e i n m e a s u r e d t h e p o l a r i z a t i o n c a p a c i t y of i r on i n soln . of fe r rous ch lor ide . 
N . K a m e y a m a a n d K . T a k a h a s h i s t u d i e d t h e e l ec t ro -ox ida t i on of t h e sa l t . 
15. F o s s a t t i o b s e r v e d t h a t t h e e lec t ro lys is of a soln . of f e r rous ch lor ide is n o t in­
fluenced b y a m a g n e t i c field ; a n d A. Schukareff obse rved t h a t i n t h e e lec t ro lys is 
of a soln . of fe r rous ch lor ide in a m a g n e t i c field of 2000 t o 700O gauss , a b o u t t h e 
a n o d e , a m a g n e t o c h e m i c a l effect s imi la r t o b u t n o t i den t i ca l w i t h t h e H a l l effect 
occur s . O. Mil icka a n d A. S l a m a , a n d R . F i i r t h m e a s u r e d t h e die lectric c o n s t a n t s 
of soln . of t h e sa l t . 

M. F a r a d a y f o u n d a n h y d r o u s fe r rous ch lor ide t o b e p a r a m a g n e t i c . G. W i e d e ­
m a n n obse rved t h a t t h e mo l . m a g n e t i s m of f e r rous ch lo r ide is less t h a n t h a t of 
ferr ic ch lor ide , a n d is o n l y a l i t t l e different f rom t h e h y d r a t e s o r a q . soln. if e q u a l 
p r o p o r t i o n s of i ron b e cons ide red . C. M a t t e u c c i s a id t h a t f e r rous ch lor ide s h o w s 
n o r e m a n e n t m a g n e t i z a t i o n . T . I s h i w a r a , a n d K . H o n d a a n d T . I s h i w a r a g a v e 
for t h e m a g n e t i c suscept ibi l i ty a t different t e m p . : 

— 182-1° — 1Ol-7° —24-6° 16-5° 193 9° 41O 8° 692-3° 
X X l O " . . 4 4 9 O 1 8 7 - 4 122-O 1 0 1 - 2 6 1 - 4 3 9 1 2 2 - 9 

T h e va lue of x b e t w e e n —190° a n d 400° c h a n g e s in a c c o r d w i t h t h e f o r m u l a 
X{T-\~constaut)— c o n s t a n t . H . R . W o l t j e r a n d K. C. W i e r s m a also showed t h a t 
t h e f o r m u l a x(^—20*4)=const a n t app l i e s d o w n t o —210° , b u t be low t h i s t e m p . , 
t h e suscep t ib i l i t y is d e p e n d e n t on t h e i n t e n s i t y of t h e field, a r e s u l t oppos i t e t o 
t h a t w h i c h ho lds a t a h i g h e r t e m p . O. N . T r a p e z n i k o w a a n d Li. W . Shubnikof f 
s t u d i e d t h e Cur ie p o i n t . K . H o n d a a n d T . I s h i w a r a g a v e for t h e m a g n e t i c 
m o m e n t of a s ingle molecu le 4 - 6 7 x l 0 ~ 2 0 . C. M a t t e u c c i f o u n d t h a t t h e t e t r a -
h y d r a t e shows n o r e m a n e n t m a g n e t i z a t i o n . T . I s h i w a r a , a n d K . H o n d a a n d 
T . I s h i w a r a g a v e for t h e m a g n e t i c suscep t ib i l i ty , x> a t different t e m p . : 

— 1812° —99-«° —39 3° 19-4° 107 3° 216-1° 4(MJt1 (585 3° 
^ X l O * . . 2 1 0 O 1 0 1 - 9 7 6 0 6 O l 5 0 - 4 4 6 - 8 3 0 - 8 1 7 - 3 

W h e n t h e t e t r a h y d r a t e is h e a t e d , K . H o n d a a n d T. I s h i w a r a sa id t h a t t h e w a t e r 
in t h e s u b s t a n c e s e p a r a t e s o u t a t four different r a n g e s of t e m p e r a t u r e s , 25° t o 50° , 
105° t o 115°, 150° t o 160°, a n d 215° t o 240° . T h e first smal l d i m i n u t i o n of t h e 
w e i g h t m a y be a n effect of t h e m o i s t u r e , t h e second is d u e t o t h e s e p a r a t i o n of t w o 
mo l s . of w a t e r , t h e t h i r d a n d t h e f o u r t h a r e d u e t o t h e s e p a r a t i o n of one or 
b o t h mo l s . of w a t e r . 

M. F a r a d a y o b s e r v e d t h a t a q . soln. of f e r rous ch lor ide a r e p a r a m a g n e t i c . 
C. M a t t e u c c i obse rved n o ev idence of a n y r e m a n e n t m a g n e t i z a t i o n , a n d n o ev idence 
of a n y e n r i c h m e n t of t h e soln. in i r on s a l t in t h e v i c i n i t y of a m a g n e t i c pole . Obser ­
v a t i o n s o n t h e m a g n e t i c s u s c e p t i b i l i t y w e r e m a d e b y J . P l u c k e r , G. P iagges i , 
O. W y l a c h , E . Becque re l , H . F a h l e n b r a c h , E . C. W i e r s m a , a n d H . W . E a t o n . 
G. Q u i n c k e g a v e 89-10-« a t 19° ; J . S. E . T o w n s e n d , 91 X 10 -« a t 10°, a n d G. J a g e r 
a n d S. Meyer , 61 X l O - 6 a t 18°. T h e m o l . m a g n e t i c suscept ib i l i t i es obse rved b y 
A. Q u a r t a r o l i for soln. w i t h a m o l of F e C l 2 i n v l i t res , a t 18°, we re : 

v . . 1 0 2O 5O 10O 25O 5OO 75O 
X X l O « ( m o l ) . 1 1 , 8 4 1 J 1,5OO 1 1 , 4 5 5 1 0 , 9 4 4 1 0 , 8 4 0 1 0 , 6 3 8 1 0 , 4 9 6 

O b s e r v a t i o n s o n t h e inf luence of t h e cone , of t h e soln . we re m a d e b y J . P lucke r , 
G. W i e d e m a n n , J . S. E . T o w n s e n d , H . F a h l e n b r a c h a n d E . Vogt , E . Vog t , 
C. J . Gor t e r , A. Q u a r t a r o l i , a n d P . T h e o d o r i d e s , a n d t h e resu l t s s h o w t h a t t h e 
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m o l . m a g n e t i c suscep t ib i l i t y dec reases s lowly -with d i lu t ion . A . H e y d w e i U e r 
o b s e r v e d v e r y l i t t l e c h a n g e i n pa s s ing f rom t h e t e t r a h y d r a t e t o t h e soln. G. W i e d e ­
m a n n , G. Qu incke , a n d J . S. E . T o w n s e n d m e a s u r e d t h e effect of t e m p . , a n d t h e 
l a s t - n a m e d f o u n d t h a t t h e suscep t ib i l i t y falls l inea r ly a s t h e t e m p , is i nc reased . 
G. Qu incke , H . E . J . G. d u Bois , J . S. E . T o w n s e n d , R . H . W e b e r , a n d A . H e y d ­
weiUer found t h a t smal l c h a n g e s in t h e m a g n e t i c field-strength h a v e v e r y l i t t l e 
inf luence on t h e suscep t ib i l i ty . H . F a h l e n b r a c h discussed t h e m a g n e t i c m o m e n t . 
A . Qua r t a ro l i , !L. P a u l i n g a n d M. Xi. H u g g i n s , a n d G. F o e x c a l c u l a t e d v a l u e s for 
t h e m a g n e t o n n u m b e r . 

S. S. B h a t n a g a r a n d co-workers obse rved t h a t p a r a m a g n e t i c i r on sa l t s b e c o m e 
d i a m a g n e t i c w h e n adsorbed o n cha rcoa l , t h u s s h o w i n g t h a t t h e p rocess of a d s o r p t i o n 
is m o r e a k i n t o chemica l c o m b i n a t i o n t h a n t o a d m i x t u r e . A c c o r d i n g t o G. R o a s i o , 
t h e m a g n e t i c field exercises a n influence o n (1) t h e o r i e n t a t i o n of t h e c rys t a l s , 
t h e angles b e t w e e n axes a n d l ines of force v a r y i n g w i t h t h e s u b s t a n c e , b u t be ing 
c o n s t a n t for a g iven c o m p o u n d ; a n d (2) t h e g r o w t h of t h e c rys t a l s , w h i c h b e c o m e 
e l o n g a t e d in a definite d i rec t ion , t h e angles r e m a i n i n g c o n s t a n t , b u t a g a i n v a r y i n g 
w i t h t h e s u b s t a n c e . 

T h e c h e m i c a l properties of ferrous ch lor ide .—Accord ing t o E . Pe l igo t , 
a n h y d r o u s ferrous chlor ide is r e d u c e d t o m e t a l w h e n i t is h e a t e d in d r y h y d r o g e n ; 
a n d V. a n d C. Meyer obse rved a p a r t i a l r e d u c t i o n w h e n t h e ch lor ide is s u b l i m e d 
in h y d r o g e n . W . Spr ing , a n d H . W o l f r a m also obse rved t h e r e d u c t i o n of t h e 
ch lor ide t o t h e m e t a l . W . Bi l t z a n d F . Meye r g a v e FeCl 3 -Aq . - f - iH 2 —FeCl 2 -Aq . 
-f-HCl.Aq.-{-10-3 CaIs. F . S c h m i t z sa id t h a t t h e r e d u c t i o n occurs a t 300° t o 400° ; 
a n d A. S m i t s a n d co-workers o b t a i n e d p y r o p h o r i c i r on b y r e d u c i n g t h e ch lor ide 
a t 350° . P . Sch i i t zenberger t h o u g h t t h a t a vo la t i l e hyd roch lo r ide , F e I I C l , o r 
FeCl 2 . wHCl, is fo rmed , b u t t h i s h a s n o t been conf i rmed. A . B . B a g d a s a r i a n s t u d i e d 
s o m e equ i l i b r ium cond i t ions in t h e r eac t ion F e C l 2 + H 2 ^ 2 H C l - J - - F e , -with fused 
fe r rous chlor ide , a n d found K—P2H.CI/PH.2> a n d o b t a i n e d t h e following v a l u e s of K 
a n d p e r c e n t a g e s of h y d r o g e n ch lor ide , a n d h y d r o g e n in t h e gases : 

K . 
H C l 
H 2 

702° 
0-064 

. 2 2 O 

. 78-O 

FoCl2 + H 2 

800° 925° 
0-297 0-767 

41-6 57-3 
58-4 42-7 

032° 
0-813 

58-4 
41-6 

Fe -f- 2HCl 

726° 
0 1 1 

28-2 
71-8 

1005° 
1-63 

69-5 per cent . 
30-5 

T h e b r e a k s in t h e c u r v e for log K a n d T~x 0K a r e s u p p o s e d t o be d u e t o a l lo t rop ic 
t r a n s f o r m a t i o n s i n t h e i ron . KL. F . Bonhoffer o b s e r v e d n o r e a c t i o n b e t w e e n ferrous 
ch lo r ide a n d a c t i v a t e d h y d r o g e n . B . N e u m a n n o b s e r v e d t h a t t h e a q . soln. is n o t 
r e d u c e d b y h y d r o g e n i n t h e p r e s e n c e of p l a t i n u m . 

Acco rd ing t o J . L . G a y L u s s a c , if o x y g e n b e p a s s e d ove r m o l t e n ferrous chlor ide , 
ch lo r ine a n d ferric ox ide a r e f o r m e d ; a n d if t h e s u p p l y of a i r b e res t r i c t ed , some 
ferric ch lor ide is p r o d u c e d . Vide supra for t h e o x i d a t i o n of so ln . of fe r rous chlor ide 
i n c o n n e c t i o n w i t h t h e o x i d a t i o n - r e d u c t i o n p o t e n t i a l of i r o n sa l t s . H . Schulze , 
a n d S. I . L e v y a n d G. W . G r a y r e p r e s e n t e d t h e r e a c t i o n of o x y g e n or d r y air on 
h e a t e d ferrous ch lo r ide : 1 2 F e C l 2 - ( - 3 O 2 = 8 F e C l 3 - J - 2 F e 2 O 3 ; a n d if a sma l l p r o p o r t i o n 
of fe r rous ch lor ide is e m p l o y e d , s o m e ch lor ine is f o r m e d , a n d s o m e ferric ch lor ide is 
a l w a y s p r o d u c e d a n d vo la t i l i zed w h e n fer rous ch lo r ide is so ox id ized . S. I . L e v y 
a n d G. W . G r a y f o u n d t h a t a t 250°, i n a i r — d r y o r m o i s t — h y d r a t e d fer rous ch lor ide 
r a p i d l y fo rms ferr ic ox ide a n d h y d r o g e n ch lo r ide . A . G o r g e u o b t a i n e d c rys t a l s 
of ferr ic ox ide b y m e l t i n g fe r rous ch lor ide i n a i r a t d u l l r e d n e s s , a n d c rys t a l s of 
ferrosic ox ide a t a c h e r r y - r e d - h e a t ; i n t h e l a t t e r case , t h e v a p o u r of fe r rous ch lo r ide 
p r o t e c t s t h e sa l t f r om a v igo rous a t t a c k b y o x y g e n . J . S. F . P a g e n s t e c h e r o b s e r v e d 
t h a t w h e n w h i t e fe r rous ch lo r ide is e x p o s e d t o a i r , i t first b e c o m e s m a t t , t h e n 
greenish-ye l low, a n d finally r e d d i s h - b r o w n . J . S c h a b u s a lso m a d e s o m e o b s e i -
v a t i o n s o n t h i s sub jec t , a n d H . W o l f r a m a d d e d t h a t a n h y d r o u s fe r rous ch lo r ide is 
less hygroscop ic t h a n ferr ic ch lo r ide . P . A. v o n Bonsdorff a l so n o t e d t h a t t h e l i gh t 
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b l u e c r y s t a l s of t h e t e t r a h y d r a t e b e c o m e g ras s -g reen o n e x p o s u r e t o air , a n d t h e n 
a c q u i r e a ye l lowish -b rown o p a q u e film ; t h e t e t r a h y d r a t e is de l iquescen t , b u t i t 
effloresces in d r y a i r ove r 60° . P . N i c o l a r d o t , a n d F . T o m m a s i d i scussed t h e n a t u r e 
of t h e ye l lowish-brown, h y d r a t e d ferr ic ox ide w h i c h is f o r m e d d u r i n g t h e aer ia l 
o x i d a t i o n of fe r rous ch lor ide . C. F . R a m m e l s b e r g o b t a i n e d c r y s t a l s of ferrosic 
ox ide b y pas s ing a i r a n d w a t e r v a p o u r o v e r r e d - h o t f e r rous ch lor ide , a n d 
E . A . P a r n e l l , c ry s t a l s of ferric ox ide . H . F r i s c h e r s a id t h a t t h e r e a c t i o n is a l m o s t 
c o m p l e t e i n 1 t o I ^ h r s . a t 250° . J . L . G a y L u s s a c r e p r e s e n t e d t h e r e a c t i o n w i t h 
w a t e r v a p o u r : 3FeCl 2 -+-4H 2 O = Fe 3 O 4 - J -6HCl-J -H 2 . A n a l o g o u s o b s e r v a t i o n s w e r e 
m a d e b y B . A. P a r n e l l , F . K o n t h e r , a n d A. G a u t i e r . H . W . F i s c h e r o b s e r v e d t h a t 
w h e n a soln. of t h e ch lor ide is h e a t e d in a sea led t u b e a t 210° , b l ack p l a t e s a r e 
depos i t ed . A c c o r d i n g t o H . P r e c h t , t h e r e a c t i o n b e t w e e n s t e a m a n d fe r rous 
ch lor ide a t a c o m p a r a t i v e l y Iow t e m p . , in geological pe r iods , r e su l t i ng in t h e for­
m a t i o n of h y d r o g e n a n d ferric ox ide , exp l a in s t h e p re sence of h y d r o g e n in t h e 
ca rna l l i te depos i t s of S t a s s fu r t ; a n d E . E r d m a n n obse rved t h a t h y d r o g e n is 
f o r m e d w h e n fe r rous ch lor ide a n d w a t e r a r e h e a t e d 160 h r s . a t 100° t o 120° . 
H . P r e c h t , a n d E . Pfeiffer r e p r e s e n t e d t h e a c t i o n of w a t e r on fe r rous ch lo r ide o r 
doug las i t e b y 6 F e C l 2 - J - 3 H 2 O = 4 F e C l 3 H - F e 2 O 3 + 3 H 2 O . T h e r e a c t i o n w a s s t u d i e d 
b y H . E . Boeke , a n d H . D i t z . G. Sch iko r r f o u n d t h a t ferric o x i d e a n d i r o n t u r n ­
ings a t r o o m t e m p , a c t o n w a t e r w i t h t h e evo lu t i on of h y d r o g e n ; a n d t h a t w a t e r 
is d e c o m p o s e d b y fe r rous h y d r o x i d e . W . T r a u b e a n d W . L a n g e found t h a t f e r rous 
h y d r o x i d e in t h e p r e s e n c e of f inely-divided p a l l a d i u m a n d w a t e r , deve lops h y d r o g e n 
w h e n h e a t e d . R . Ph i l l ips o b s e r v e d t h a t w h e n a n a q . soln . of fe r rous ch lor ide is 
e x p o s e d t o a i r , i t is h y d r o l y z e d , a n d t h e f e r rous h y d r o x i d e is ox id ized b y a i r t o 
h y d r a t e d ferric o x i d e wh ich is p r e c i p i t a t e d . T h e so lub i l i ty of fe r rous ch lor ide in 
w a t e r h a s b e e n p r e v i o u s l y d i s c u s s e d — F i g . 56O. A c c o r d i n g t o F . J a h n , t h e 
hyd ro ly s i s is i n d i c a t e d b y t h e r e d d e n i n g of l i t m u s b y t h e a q . soln. ; b u t C. C. A h l u m 
o b s e r v e d t h a t t h e a q . soln. is n e u t r a l t o w a r d s m e t h y l o r a n g e . J . H . L o n g f o u n d 
t h e degree of h y d r o l y s i s of 0-5N-FeCl2 a t 85° , f rom i t s a c t i o n on t h e inve r s ion of 
cane - suga r , t o b e 0*063 p e r c e n t . H . Zocher a n d W . He l l e r o b s e r v e d t h e s low 
hyd ro ly s i s of O-l t o 8 p e r c e n t . soln. of fe r rous ch lor ide r e su l t i ng i n t h e depos i t i on 
of an i so t rop i c l aye r s . E . Deiss a n d G. Sch iko r r sa id t h a t t h e degree of hyd ro ly s i s 
is t o o smal l t o be d e t e c t e d w h e n t h e soln . diffuses t h r o u g h a m e m b r a n e . T h e 
a u t o x i d a t i o n of soln . of fe r rous sa l t s w a s s t u d i e d b y H . W i e l a n d a n d W . F r a n k e , 
u s ing s o d i u m a c e t a t e a n d ace t i c ac id a s a buffer. A b s o r p t i o n of o x y g e n follows 
t h e u n i m o l e c u l a r l aw. T h e t e m p , coeff. of t h e p rocess is n o r m a l , whi l s t a c h a n g e 
f rom J O H = S t o 7 acce le ra te s t h e r e a c t i o n 4- o r 5-fold. A t J » H — 5 , n e u t r a l sa l t s h a v e 
l i t t l e effect on t h e r a t e of a u t o x i d a t i o n , a l t h o u g h s o d i u m s u l p h a t e , poss ib ly owing 
t o i t s p r o d u c i n g c o m p l e x sa l t s , causes d i m i n u t i o n of t h e r e a c t i o n ve loc i ty t o half 
i t s p r e v i o u s v a l u e . T h e r a t e of a u t o x i d a t i o n of s l igh t ly h y d r a t e d fer rous ch lor ide 
is g r e a t e r i n a c e t o n e t h a n in e t h y l a lcohol o r i sop ropy l a lcohol , g r e a t e r in t h e s e 
so lven t s t h a n in m e t h y l a lcohol , a n d l eas t in w a t e r . R . T h o m a s a n d E . T . Wi l l i ams 
s t u d i e d t h e c a t a l y t i c influence of n i t r i c ox ide o n t h e o x i d a t i o n of a soln. of fer rous 
ch lor ide in a i r , a n d found t h e r eac t i on agrees w i t h JKt=x(a — £a?). T h e r a t e is 
p r o p o r t i o n a l t o t h e in i t i a l cone , of t h e fe r rous s a l t ; is a p p r o x i m a t e l y p r o p o r t i o n a l 
t o t h e cone , of t h e c a t a l y s t ; is i n d e p e n d e n t of t h e cone , of t h e hyd roch lo r i c ac id ; 
a n d inc reases l*8-foId p e r 10° r ise of t e m p . J . C. Duff a n d E . J . Bills o b t a i n e d 
ferrous' hydroxy trichloride, F e 2 ( O H ) C l 8 , b y t h e a c t i o n of h e x a m e t h y l e n e t e t r a m i n e 
o n fe r rous ch lor ide ; a n d E . H a y e k , F e ( O H ) C l , b y boi l ing a 45 t o 50 p e r cen t . soln. 
of fe r rous ch lor ide w i t h i ron p o w d e r , a n d w a s h i n g t h e p r o d u c t w i t h a lcohol . 
W . F e i t k n e c h t f o u n d t h a t t h e space - l a t t i ce of F e C l 2 . 4 F e ( O H ) 2 co r r e sponds w i t h 
a l t e r n a t e l aye r s of t h e n o r m a l s a l t a n d t h e h y d r o x i d e . F o r t h e ac t ion of hydrogen 
d iox ide , see t h e i r o n pe rox ides , a n d ferr ic ch lor ide . A . K . G o a r d a n d E . K . Kidea l , 
B . R . H a l e , W . C. B r a y a n d M. H . Gor in , H . W i e l a n d a n d W . F r a n k e , a n d 
S. G o l d s c h m i d t a n d S. P a u n c z s t u d i e d t h e c a t a l y t i c effect of fer rous sa l t s on t h e 
ox id iz ing a c t i o n of h y d r o g e n d iox ide . Accord ing t o A. S i m o n a n d K . K o t s c h a u , 
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5 t o IO c.c. of a 0 5 p e r cen t , a lcohol ic soln. of g u a i a e u m res in p e r 250 c.c. of w a t e r , 
a r e co lou red b lue b y 5*6 X 1 O - 6 g r m . of ferrous i r on in p resence of h y d r o g e n d iox ide 
i n 1 l i t r e of n e u t r a l soln. , a n d b y 6 -8x10— 5 g r m . i n a s l igh t ly ac id soln. T h e b e s t 
r e su l t s a r e o b t a i n e d b y a d d i n g t h e h y d r o g e n p e r o x i d e t o t h e m i x t u r e of f e r rous 
s a l t a n d g u a i a e u m soln. L i g h t shou ld be exc luded , a n d a p p r e c i a b l e a m o u n t s of 
ace t i c o r hyd roch lo r i c ac id in te r fe re , w h e r e a s a lka l ine soln. d o n o t g ive t h e t e s t a t 
a l l . If " f e r r u m r e d u c t u m " is g r o u n d u p in a m o r t a r , i t c o m m e n c e s t o g ive t h e 
benz id ine a n d g u a i a e u m resin reac t ions , fe r rous h y d r o g e n c a r b o n a t e be ing f o r m e d 
b y a t m o s p h e r i c m o i s t u r e a n d c a r b o n d iox ide . "By filtration of a suspens ion of 
t h e a c t i v a t e d p r e p a r a t i o n t h r o u g h a m e m b r a n e filter, a n a c t i v e l iqu id is o b t a i n e d , 
b u t t h i s g r a d u a l l y loses i t s a c t i v i t y , t h e a c t i v i t y t o w a r d s benz id ine a n d g u a i a e u m 
res in b e i n g a func t ion of t h e ferrous- ion c o n c e n t r a t i o n . B y filtering a suspens ion 
of f e r r u m r e d u c t u m in oxygen-free w a t e r s a t u r a t e d w i t h c a r b o n d iox ide t h r o u g h a 
membrane- f i l t e r , a l iqu id resu l t s w h i c h is a c t i ve , a n d r e t a i n s i t s a c t i v i t y for weeks , 
e v e n if l igh t is n o t exc luded , p r o v i d e d t h a t i t is k e p t o u t of c o n t a c t w i t h a i r . T h e 
effect of u l t r a -v io le t r a d i a t i o n is v e r y s l ight so long as a i r is careful ly exc luded . 
I t is conc luded t h a t t h « a c t i v i t y of n a t u r a l w a t e r s c o n t a i n i n g i ron d e p e n d s on t h e 
p resence of fer rous i ron , a n d w h e n t h i s is oxid ized t h e a c t i v i t y d i s a p p e a r s . T h e 
sub jec t w a s s t u d i e d b y J . Weiss . 

O. Ruff a n d E . Ascher showed t h a t fluorine r e a c t s w i t h fe r rous ch lor ide in t h e 
cold, a n d m u c h h e a t is evo lved in t h e r eac t ion . J . D a v y o b s e r v e d t h a t t h e r e a c t i o n 
w i t h ch lor ine is q u a n t i t a t i v e : 2 F e C l 2 - J - C l 2 - S F e C l 3 ; a n d E . B u s c h o b s e r v e d a 
s imi la r r e a c t i o n w i t h fer rous ch lor ide a n d a soln. of ch lor ine i n m e t h y l a l . Chlor ine 
also a c t s a s a n ox id iz ing a g e n t i n c o n v e r t i n g fe r rous ch lor ide in a q . soln. i n t o ferric 
ch lor ide (q.v.). E . B u s c h o b s e r v e d t h a t bromine , l ike ch lor ine , h a s a n oxid iz ing 
a c t i o n o n fer rous ch lor ide ; a n d t h e r e a c t i o n w a s s t u d i e d b y V. R o d t a n d 
K . Char is ius . C. L e n o r m a n d f o u n d t h a t b r o m i n e r e a c t s w i t h fe r rous ch lor ide 
so s lowly t h a t t h e r e a c t i o n is n o t c o m p l e t e d i n a m o n t h ; w h e n t h e m i x t u r e is 
h e a t e d a t 100° in a sea led t u b e for 24 h rs . , a s u b l i m a t e of ferr ic b romodich lo r ide 
is fo rmed . A. W . F r a n c i s f ound t h a t t h e r e a c t i o n of b r o m i n e o n fer rous chlor ide 
a n d s u l p h a t e a t 25° p roceeds a t a b o u t t h e s a m e r a t e . W . D . B o n n e r a n d 
H . R o m e y n , a n d E . B u s c h obse rved t h a t i od ine , l ike b r o m i n e , a c t s a s a n oxid iz ing 
a g e n t on fer rous ch lor ide in ac id ic soln. in t h e p resence of p h o s p h o r i c ac id—v ide 
infra, f e r rous s u l p h a t e , a n d ferr ic ch lor ide . J . Li fschi tz a n d S. B . H o o g h o u d t 
s t u d i e d t h e p h o t o c h e m i s t r y of t h e r eac t i on . G. B . Heis ig r e p r e s e n t e d t h e r e a c t i o n 
w i t h i od ine chlor ide , 2 F e C l 2 + 2 I C l = I 2 + 2 F e C l 3 . E . C. F r a n k l i n f o u n d t h a t 
a n h y d r o u s fer rous ch lor ide is inso lub le in l iqu id h y d r o g e n fluoride ; K . F r e d e n h a g e n 
a n d G. C a d e n b a c h s t u d i e d t h e a c t i o n of hydrof luoric ac id o n t h e s a l t ; a n d 
K . F r e d e n h a g e n a d d e d t h a t ch lo r ine is deve loped . W . P e t e r s obse rved t h a t t h e 
a n h y d r o u s sa l t does n o t a b s o r b h y d r o g e n chlor ide . V. Meyer , a n d L . F . Ni l son 
a n d O. P e t t e r s s o n obse rved n o c h e m i c a l c h a n g e w h e n fe r rous ch lo r ide is s u b l i m e d 
in a n a t m . of h y d r o g e n ch lor ide . P . S a b a t i e r o b s e r v e d t h a t t h e t e t r a h y d r a t e is 
so luble in hydrochlor ic ac id , b u t less t h a n is t h e case w i t h w a t e r . H . Lescoeur, 
a n d P . Saba t i e r—v ide supra—showed t h a t w h e n h y d r o g e n ch lo r ide is p a s s e d i n t o 
a n a q . so ln . of fe r rous chlor ide , t h e h e x a h y d r a t e o r t e t r a h y d r a t e m a y b e p rec ip i ­
t a t e d ; a n d w h e n t h e soln. is s a t . w i t h t h e gas , t h e d i h y d r a t e is fo rmed . J . W a g n e r 
a s s u m e d t h a t a ferrous hydrochloride is fo rmed in soln. of fe r rous ch lor ide i n h y d r o ­
chlor ic ac id , b u t S. R . C a r t e r a n d N . J . L . Megson, a n d T . W . H a r r i s o n a n d 
F . M. P e r k i n cou ld n o t conf i rm t h i s . W . P r e i s s s t u d i e d t h e inf luence of fe r rous 
s a l t s o n t h e r e d u c t i o n of iodides b y c h r o m i c ac id ; a n d A. K . G o a r d a n d E . K.. R i d e a l , 
W . J . H u s a a n d 1*. Mag id , A. B e r t h o u d a n d S. V . A l lmen , a n d S. V . A l lmen , o n t h e 
l i b e r a t i o n of iod ine f r o m iod ides a n d h y d r o g e n d iox ide . J . T h o m s e n r e p r e s e n t e d 
t h e o x i d a t i o n w i t h h y p o c h l o r o u s ac id : 2FeCl 2 .Aq . + 4 H C L A q . + H O C l . A q . 
=^=2FeCl 3 .Aq .+3HCLAq. + 5 4 - 9 9 3 CaIs. J . L.. G a y Lmssac, a n d H . Schu lze s h o w e d 
t h a t w h e n fe r rous c h l o r i d e is fused w i t h p o t a s s i u m chlorate* t h e p r o d u c t s — c h l o r i n e 
a n d ferr ic o x i d e — a r e similar t o t h o s e o b t a i n e d w h e n t h e ch lo r ide is h e a t e d i n 
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o x y g e n . I . M. Kolthoff , O. Col lenberg a n d K . S a n d v e d , a n d W . MeyerhofFer 
n o t e d t h e o x i d a t i o n of f e r rous ch lo r ide t o ferr ic ch lor ide b y bromic ac id , or 
potassium bromate. 

A . Vogel obse rved t h a t n o i r o n s u l p h i d e is f o r m e d w h e n fe r rous ch lor ide is 
h e a t e d w i t h su lphur . A . W . R a l s t o n a n d J . A . W i l k i n s o n o b s e r v e d t h a t fe r rous 
ch lo r ide is n o t d i sso lved b y l iqu id h y d r o g e n su lphide a t a low t e m p . , o r a t r o o m 
t e m p . T h e a q . soln . is n o t r e d u c e d b y h y d r o g e n su lph ide—v ide ferr ic ch lo r ide . 
H . d e S e n a r m o n t f o u n d t h a t w h e n fe r rous ch lo r ide is h e a t e d w i t h p o t a s s i u m 
polysulphide i n a sea led t u b e a t 180°, p y r i t e , F e S 2 , is f o rmed . Acco rd ing t o 
J . A. S m y t h e a n d W . W a r d l a w , a n d W . W a r d l a w a n d F . H . Clews, fe r rous ch lor ide 
in a s t r o n g l y ac id soln . is ox id ized t o ferr ic ch lo r ide b y s u l p h u r d iox ide : 4 F e C l 2 
H - S O 2 + 4 H C l - 4 F e C l 3 - J - 2 H 2 O - f - S , w i t h t h e poss ib le i n t e r m e d i a t e f o r m a t i o n of 
t h i o n y l ch lo r ide . T h e p r o p o r t i o n of ferr ic ch lo r ide w h i c h is f o rmed is n e a r l y 
i n d e p e n d e n t of t h e cone , of t h e fe r rous sa l t , a n d inc reases w i t h r ise of t e m p , u p t o 
a n o p t i m u m . If t h e soln. h a s less t h a n 145 g r m s . H C l p e r l i t r e , n o o x i d a t i o n 
occurs ; a n d t h e m a x i m u m o x i d a t i o n in o p e n vessels w a s 8*8 p e r cen t , of t h e 
t o t a l i ron , in c losed vessels 9*5 p e r c e n t . Soln . w i t h 10 t o 18 p e r c e n t , of t h e t o t a l 
i ron a s ferric ch lor ide a r e n e i t h e r ox id ized n o r r e d u c e d ; a n d soln . w i t h o v e r 18 
p e r cen t , a r e s lowly r educed . I ) . R i c h t e r s t u d i e d t h e effect of t h e p r e sence of f e r rous 
ch lo r ide o n t h e o x i d a t i o n of s o d i u m sulphi te i n a q . soln. A . Vogel , a n d H . F r i e d -
r i ch obse rved t h a t w i t h cold su lphur ic a c i d , f e r rous ch lor ide furn ishes h y d r o g e n 
ch lor ide , a n d fe r rous s u l p h a t e . J . T h o m s e n o b s e r v e d t h a t t h e h e a t of n e u t r a l i z a t i o n 
of f e r rous h y d r o x i d e w i t h s u l p h u r i c ac id is r a t h e r g r e a t e r t h a n i t is w i t h h y d r o c h l o r i c 
ac id , so t h a t a l i t t l e h e a t is e v o l v e d w h e n a di l . so ln . of f e r rous ch lor ide is t r e a t e d 
w i t h di l . s u l p h u r i c ac id . Gr. L u n g e o b s e r v e d t h a t ye l lowish- red se l en ium is f o r m e d 
w h e n a soln. of f e r rous ch lor ide is t r e a t e d w i t h a s u l p h u r i c ac id soln . of s e l e n i u m 
dioxide . 

A . G u n t z f o u n d t h a t l i t h i u m nitr ide r e a c t s v e r y ene rge t i ca l l y w h e n i t is w a r m e d 
w i t h fer rous ch lo r ide , a n d if t h e v i g o u r of t h e r e a c t i o n be a b a t e d b y a d m i x e d 
s o d i u m ch lor ide , i ron n i t r i d e is f o r m e d ; A . S m i t s 
a lso o b s e r v e d a v i g o r o u s r e a c t i o n occurs w i t h 
m a g n e s i u m nitr ide r e s u l t i n g i n t h e f o r m a t i o n of 
i r on n i t r i d e wh ich is d e c o m p o s e d a t t h e h i g h 
t e m p , of t h e r e a c t i o n . A c c o r d i n g t o M. F a r a d a y , 
H . V . R e g n a u l t , A . W . F . R o g s t a d i u s , F . G i r a r d e t , 
E . F r e m y , W . P e t e r s , F . E p h r a i m , G. J . Fowle r , 
A. S. Miller, H . N . W a r r e n , a n d C. S t a h l s c h m i d t , 
a t r o o m t e m p , f e r rous ch lo r ide r e a d i l y a b s o r b s 
a m m o n i a t o f o r m a v o l u m i n o u s , w h i t e m a s s of t h e 
h e x a m m i n e ; a t t e m p , be low 350° , t h e a b s o r p t i o n of 
a m m o n i a is a r eve r s ib le p rocess , b u t a b o v e t h a t 
t e m p , t h e r e a c t i o n is n o t revers ib le , a n d a p r o d u c t is 
f o r m e d c o n t a i n i n g s o m e i ron n i t r i d e , wh i l s t a m m o n i u m ch lor ide , n i t r ogen , and 
h y d r o g e n a r e evo lved . C. S t a h l s c h m i d t r e p r e s e n t e d t h e r e a c t i o n : 14NH 3 - f -12FeCl 2 
= 4 N 2 - r - 2 4 H C l - f - 6 F e 2 N - f - 9 H 2 . S imi la r r e a c t i o n s occur w h e n t h e h e x a m m i n e is 
h e a t e d a b o v e 350° . H . W o l f r a m sa id t h a t t h e r e a c t i o n a t 490° t o 530° c a n be r e p r e ­
s e n t e d b y t h e e q u a t i o n : 3 F e C l 2 - [ - 8 N H 3 = S F e - J - N 2 + 6 N H 4 C l . T h e meta l l i c i ron so 
f o r m e d r e a c t s i n p a r t w i t h t h e n a s c e n t n i t r o g e n : 2 F e - J - N = F e 2 N ; a n d in p a r t 
w i t h a m m o n i a : 4 F e - 4 - 2 N H 3 = 2 F e 2 N - f - 3 H 2 . A c c o r d i n g t o W . Bi l t z a n d E . Kahl fs , 
a m m o n i a r e a c t s w i t h fe r rous ch lo r ide t o f o r m four a m m i n e s — F e C l 2 . 1 0 N H 3 , 
F e C l 2 . 6 N H 3 , F e C l 2 . 2 N H 3 , a n d F e C l 2 - N H 3 . T h e i r r anges of ex i s t ence a t different 
t e m p , a r e s h o w n in W . B i l t z ' s d i a g r a m , F i g . 5 6 1 . T h e a m m i n e s a r e fo rmed b y 
a b s o r p t i o n of a m m o n i a a s j u s t i n d i c a t e d ; K . A . H o f m a n n a n d co-workers o b t a i n e d 
e v i d e n c e of t h e f o r m a t i o n of a n a m m i n e b y t h e a c t i o n of a m m o n i u m chlor ide o n 
i r on a t a h i g h t e m p . ; J . Sch rode r , b y t h e a c t i o n of a m m o n i a o n a soln. of fe r rous 
ch lo r ide i n p y r i d i n e : a n d E . W e i t z a n d H . Muller , b y t h e a c t i o n of a n a m m o n i a c a l 
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soln. of ammonium chloride on a soln. of a ferrous salt. A. S. Miller observed t h a t 
the ammonia is absorbed by ferrous chloride more readily than is the case with 
ferric chloride, and much heat is evolved a t the same time, and F . Ephra im and 
co-workers said t h a t these ammines are an exception to the rule t h a t by raising 
the valency of the central atom, the stability of the ammines is raised—here the 
ferrous chloride ammines are more stable than those of ferric chloride. W. Biltz 
and G. F . Hut t ig observed t ha t the strength of the union of the NH3-molecule with 
t h a t of ferrous chloride increases in passing from the hexammine to the diammine 
to the monammine. 

W. Biltz and E . Rahlfs prepared ferrous decamminochloride, FeCl2-IONH3, by 
the action of liquid ammonia a t —78-5° on anhydrous ferrous chloride. At —78-5°, 
the dissociation press., p9 Fig. 561, is 22 mm. ; a t —70°, 49-5 mm. ; a t —65°, 77 mm. ; 
a t —60°, 116 mm. ; and a t —55°, 173 mm. The heat of formation FeCl2 .6NH3 
+ 4 N H 3 is 29-0 CaIs.—i.e. 7-25 CaIs. per mol NH 3 —and this also represents the heat 
of dissociation. The heat of formation (FeCl2,10NH3gas) = 117 CaIs. When the 
decammine dissociates, i t furnishes ferrous hexamminochloride, FeCl2 .6NH3 . 
P . Pfeiffer represented the hexahydrate, the hexammine, and the tridipyridyl-
salts, by the formulae : 

H , O 
H 2 O/- H 2 O 

-^H2O 

H 2 O 
[ F e ( H , 0 ) , J C l , 

C l 3 

N H , 
N H 

N H r - y N H 3 

NHj 
[Fe ( N H , ) , ] Cl, 

Cl3 N Z 1 4* 

N-* 

Cl-

l>( ":&£». 
F . J . Garrick calculated values for the energy of co-ordination. G. L. Clark dis­
cussed the stabilities of the ammines. The hexammine was the first ammine to 
be prepared, as indicated above, by the absorption of ammonia a t room temp. 
W. Biltz and G. F . Hut t ig preferred to saturate the anhydrous chloride a t a low 
temp. , and evaporate the excess of ammonia a t room temp. E . Weitz and 
H . Muller obtained i t as indicated above, and W. Hieber and G. Bader, by the 
action of ammonia on iron dichlorotetracarbonyl, Fe(CO)4Cl2. According to 
W. Biltz, and A. Werner, the ammonia in the hexammine is pa r t of the cation 
[Fe(NH3)6]Cl2, and in the molecule, the Fe"'-atom is surrounded by an octahedral 
ring of molecules of ammonia. G. F . Hut t ig added t h a t six is the maximum number 
of ammonia molecules which can be arranged about the central iron atom. W. Biltz 
and E . Birk also discussed the packing density of the ammonia molecules. AU 
observers agree t h a t the hexammine prepared in the dry way is a voluminous, white 
or grey powder ; and W. Biltz added t ha t i t occupies three times the vol. of the 
original ferrous chloride. E . Weitz and H . Muller added t h a t the white colour is 
due to the fine state of subdivision of the hexammine, for when prepared in crystals 
by a wet process, the colour is pale green, and soln. containing the ion [Fe(NH3)e]** 
have the same colour. According to W. Biltz, the crystals are cubic, and iso-
morphous with other hexammines of the iron-family. The X-radiogram shows 
t h a t the space-lattice has the parameter a== 10*19 A. The chlorine a toms are 
related to the iron a toms like the fluorine a toms are related to the calcium atoms 
in fluorspar. The centre of a NH3-molecule is about \a from the middle of a meta l 
a tom which is surrounded by an octahedral ring of the ammonia molecules. 
Qt. B . Naess and O. Hassel studied the sphere of action of the anion. W. Biltz 
and E . Birk found the sp. gr. t o be 1-428 a t 25°/4°. F . Girardet found the dis­
sociation press., p mm., to be : 

0° 
O 

14° 
5 

60* 
11 

70° 
93 

90° 
27O 

ioo° 
4 2 5 

116° 
7 4 3 
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and F . Ephraim (Fig. 561) : 
64-6° 75° 85-5° 100-5° 105-7° 108-8° 115° 

p . . . 8 2 13O 203 375 4 9 0 547 715 
F . Miiller gave —18° to 95° for the dissociation temp. G. Beck gave 317 cals. for 
the heat of formation of the hexammine ; and W. Hieber and E . Levy studied the 
subject. W. Biltz and co-workers, and F . Ephra im calculated for the heat of 
formation (FeCl2,6NH3gas) =87-96 Cals.—or 14-66 Cals. per mol. NH 3 —and for 
(FeCl2 .2NH3 ,4NH3 g l M l)=490 Cals.—or 12-25 Cals. per mol. NH 3 . The maximum 
work or affinity of the reaction (FeCl2,6NH3) a t 27°, and a tm. press., is 31-08 Cals. 
—or 5-18 Cals. per mol. OfNH3. F . J . Garrick calculated the energy of co-ordination. 
M. Faraday, A. S. Miller, G. J . Fowler, and H . Wolfram observed t ha t when the 
white hexammine is exposed to air, it becomes yellow or green, brown, and finally 
black. The hexammine prepared in a wet way was found by E . Weitz and 
H . Miiller to decompose in a similar manner on exposure to air. A. W. F . Rog-
stadius observed t h a t when heated out of contact with air, the hexammine 
sinters and then fuses to a dark brown mass with the composition 3FeCl2 .2NH3 . 
G. B. Naess and O. Hassel observed tha t the hexammine forms [Fe(NH3)6](BF4)2 , 
and [Fe(NH3)6](S03F)2 . 

F . Girardet, H . Wolfram, and W. Biltz and G. F . Hiit t ig observed t h a t when 
the hexammine is heated, it passes, without the formation of an intermediate 
compound, into ferrous diamminochloride, FeCl2 .2NH3 . A. S. Miller recom­
mended heating the hexammine to 100° in a current of hydrogen. W. Biltz said 
t h a t the ammonia of the diammine is associated with the anion, and t h a t the 
co-ordination number is 4. F . Girardet gave for the dissociation press., p mm. : 

90° 135° 160° 205° 255° 270° 272° 
p . . . . 1 5 13 62 378 6Ol 727 

bu t W. Biltz and G. F . Hiit t ig said t h a t these values are too high, and they gave 
^==121 mm. a t 230°, and 555 mm. a t 277°. F . Miiller gave 240° to 270°. According 
to W. Biltz and G. F . Hiittig, the heat of formation (FeCl2 ,2NH3gas) =38-96 Cals. or 
19-48 Cals. per mol of N H 3 ; and (FeCl2. NH 3 . NH3 g a s) = 18-20 Cals. The maximum 
work or affinity of the reaction (FeCl2,2NH3) a t 27°, and a tm. press., is 19-5 Cals. 
-—or 9-75 Cals. per mol. W. Hieber and E . JLevy studied the energy of formation. 
According to H . Wolfram, the diammine passes into ferrous monamminochloride, 
FeCl2-NH3 , a t 260°, and W. Biltz and G. F . Hiit t ig suggested 276-7°. W. Biltz 
said t h a t the ammonia of the monammine is associated with the anion. The dis­
sociation press., p mm., was found by W. Biltz and co-workers to be 5*8, 10-9, and 
54-4 mm. respectively a t 214-5°, 230°, and 277°. H . Wolfram said t h a t the 
monammine loses 0-9 mol. of ammonia a t 320°. F . Miiller said over 300°. W. Biltz 
and co-workers gave for the heat of formation (FeCl2,NH3)—20-76 Cals. ; and for 
the maximum work or affinity, a t 27°, and a tm. press., 11-06 Cals. F . Ephra im 
and R. Linn, and W. Biltz and G. F . Hiit t ig also found t h a t ferrous chloride forms 
ferrous hexamethylajninochloride, FeCJ2.6(CH3.NH2),- and grey ferrous dimethyl-
aminochloride, FeCl2 .2(CH3 .NH2), by the action of methylamine, in place of 
ammonia or ferrous chloride. For the action of hydroxylamine, vide ferric chloride. 

H . Goldschmidt and K. L. Syngros found t h a t when an excess of hydroxylamine 
hydrochloride and sodium carbonate is added to a soln. of ferrous chloride, the soln. 
becomes dark red, due, i t is thought , to the formation of ferrous hydroxylamino-
chloride, [Fe(NH2OH)2]Cl2 . O. von Mayer, and H . Franzen and O. von Mayer 
added hydrazine hydrate to a 15 per cent, alcoholic soln. of ferrous chloride, 
and obtained a brown precipitate ; when the mixture is warmed, gas is given off 
and the yellow, pulverulent ferrous hydrazinochloride, FeCl 2 ^N 2 H 4 , is formed. 
The magnetic properties were examined by D. M. Bose, and P . R a y and H. Bhar. 
The action of nitric oxide on ferrous salts has been previously discussed—8. 49, 35— 
by H . I . Schlesinger and H B . van Valkenburgh. W. Manchot and C. Zechentmayer, 
W. Manchot a n d F . Hut tner , V. N . Morris, T. Graham, J . Gay, V. Thomas, 



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

a n d I . Bel lucci . T h e c o m p o u n d s F e C l 2 . N O . 2 H 2 O , a n d FeCl 2 -NO first desc r ibed 
b y V. T h o m a s w e r e a f t e r w a r d s s h o w n t o be w r o n g . Accord ing t o V. T h o m a s , 
if n i t r i c ox ide , free f rom n i t r o u s ox ide , be pas sed ove r a n h y d r o u s fe r rous 
ch lo r ide , a l i t t l e n i t r i c ox ide is a b s o r b e d , a n d t h e p r o d u c t a c q u i r e s a r e d co lour 
— t h e d a r k co lour o b s e r v e d b y T . G r a h a m w a s d u e t o t h e p r e s e n c e of s o m e 
n i t r o u s oxide—if t h e t e m p , be i n t h e v ic in i ty of 300° , t h e p r o d u c t a p p r o x i m a t e s 
10FeCl 2 -NO t o 1 2 F e C l 2 . N O . W h e n ferric ch lor ide is r e d u c e d b y d i s t i l l a t ion i n a n 
a t m . of n i t r i c ox ide , ferrous hemini trosy lchlor ide , 2FeCl 2 -NO, is fo rmed : 2FeCl 3 
- J - 3 N O = 2 N O C l - | - 2 F e C l 2 . N O ; if t h e ferric ch lor ide be h e a t e d in a r a p i d c u r r e n t 
of n i t r i c ox ide , t h e r eac t i on is symbol ized FeCl 3 - I -NO=- FeCl 2 -J -NOCl . T h e 
hemin i t ro sy l ch lo r ide is a ye l lowish-brown p o w d e r ; d e c o m p o s e d b y w a t e r ; s t a b l e 
in d r y air , b u t d e c o m p o s e d b y m o i s t a i r . W h e n h e a t e d in air , i t fo rms ferric ox ide , 
b u t in n i t rogen , i t g ives off n i t r i c ox ide a n d y ie lds fe r rous ch lor ide . H . Miiller 
o b s e r v e d t h a t if a n a m m o n i a c a l soln. of a n a m m o n i u m sa l t a n d fe r rous ch lor ide 
be t r e a t e d , i n t h e cold, w i t h n i t r i c ox ide , t h e r e is f o r m e d ferrous l l i trosyl -
pentamminoch lor ide , fFe(NO)(NH 3 ) 5 ]C1 2 . T h e b lack , o c t a h e d r a l c ry s t a l s d e c o m ­
pose o n exposu re t o a i r . V. T h o m a s o b s e r v e d t h a t a n h y d r o u s fe r rous ch lor ide , 
a t r o o m t e m p . , a b s o r b s d r y n i t rous ox ide w i t h o u t o x i d a t i o n . T h e a b s o r p t i o n 
is fas te r t h a n is t h e case w i t h n i t r i c ox ide . T h e c o m p o u n d a p p r o x i m a t e s f errous 
tetr i tanitroxylchloride, 4FeCl 2 -NO 2 . If w a t e r b e p r e s e n t , m o r e n i t r o u s ox ide is 
a b s o r b e d , a n d some chlor ine is evo lved . T h e t e t r a n i t r o x y l c h l o r i d e is b l ack , a n d 
i t is s t a b l e in d r y a i r or in v a c u o ; i t is d e c o m p o s e d b y w a t e r w i t h t h e p a r t i a l ox ida ­
t i on of t h e i ron . T h e red , a q . soln. fo rms a b l a c k p r e c i p i t a t e w h e n t r e a t e d w i t h 
a lka l i . H . Gal l a n d H . Mengdeh l found t h a t w h e n n i trosy l chlor ide is p a s s e d ove r 
fe r rous chlor ide , t h e m a s s becomes w a r m , swells u p , a n d n i t r i c ox ide is evo lved . 
T h e r e is a r e a c t i o n F e C l 2 - f - N O C l = F e C l 3 . N O ; t h e n follows t h e f o r m a t i o n of 
FeCl 3 .NOCl . A t a low t e m p . , fer rous chlor ide r e a c t s w i t h l iqu id n i t r o sy l ch lo r ide 
a t —20° t o fo rm c rys ta l s of FeCl 3 .NOCl . A. J o I y a n d E . Le id ie , a n d P . Schwarzkopf 
f ound t h a t w h e n a soln. of fe r rous chlor ide is t r e a t e d w i t h a lkal i nitr i te u n t i l i t 
r e a c t s a lka l ine , a b r o w n ge la t inous p r e c i p i t a t e is f o rmed ; a n d J . Thie le o b s e r v e d 
t h a t o n a d d i n g a cone . soln. of s o d i u m n i t r i t e t o a h y d r o c h l o r i c ac id soln. of fe r rous 
ch lor ide , a r egu l a r s t r e a m of n i t r i c ox ide is evo lved : F e C l 2 - f - N a N O 2 + 2 H C l 
= F e C l 3 - f - N a C l - | - H 2 0 4 - N O . R . T h o m a s a n d K. T . W i l l i a m s o b s e r v e d t h a t t h e 
p r e s e n c e of a l i t t le s o d i u m n i t r i t e ca t a lyzes t h e s low o x i d a t i o n of a soln. of fe r rous 
ch lo r ide b y a i r . F e r r o u s chlor ide is oxid ized t o ferric ch lor ide (q.v.) b y n i tr ic ac id . 
Li. H . Mil l igan a n d G. R . Gi l le t te , a n d R . H a c a n d V. N e t u k a s t u d i e d t h e r e d u c t i o n 
of n i t r i c ac id b y fer rous chlor ide us ing m o l y b d i c ac id a s c a t a l y s t . A. Q u a r t a r o l i 
s h o w e d t h a t if n i t r o u s ac id b e r e m o v e d , n i t r i c ac id does n o t a c t a s a n ox id iz ing a g e n t , 
so t h a t i n p resence of c a r b a m i d e , a n amino -ac id , o r a n a m i d e , n i t r i c ac id does n o t 
ox id ize fe r rous sa l t s because t h e s e a g e n t s d e s t r o y t h e n i t r o u s ac id . 

A. G r a n g e r obse rved t h a t phosphorus v a p o u r a t du l l r ednes s c o n v e r t s fe r rous 
ch lo r ide i n t o i ron p h o s p h i d e , F e 2 P 3 . H . R o s e o b s e r v e d t h a t fe r rous ch lo r ide r e a c t s 
i n t h e cold w i t h phosphine fo rming h y d r o g e n ch lor ide a n d i r o n p h o s p h i d e . 
W . P e t e r s sa id t h a t n o p h o s p h i n e is a b s o r b e d b y a n h y d r o u s fe r rous ch lo r ide . 
A . W . C r o n a n d e r obse rved t h a t phosphorus pentachlor ide a c t s o n w a r m fe r rous 
ch lo r ide fo rming p h o s p h o r u s t r i ch lo r ide a n d FeCl 3 -PCl 5 . H . P . C a d y a n d R . T a f t 
s a i d t h a t fe r rous ch lor ide is p e r c e p t i b l y soluble i n phosphory l ch lor ide . D . R i c h t e r 
s t u d i e d t h e c a t a l y t i c o x i d a t i o n of fe r rous ions on h y p o p h o s p h o r o u s ac id . E . F i s c h e r 
o b s e r v e d t h a t w h e n a h y d r o c h l o r i c ac id soln. of fe r rous ch lo r ide is h e a t e d w i t h 
a r s e n i c a d d , vo la t i l e a r sen ic t r i ch lo r ide is f o rmed . H . S o m m e r l a d sa id t h a t 
a n h y d r o u s fe r rous ch lor ide r e a c t s w h e n i t is h e a t e d w i t h a n t i m o n y tr isulphide 
f o r m i n g a n t i m o n y t r i ch lo r ide . A. B e c h a m p a n d C. S t . P i e r r e f o u n d t h a t a n t i m o n y 
tr ichlor ide is n o t r e d u c e d b y a boi l ing soln . of fe r rous ch lo r ide ; a n d R . F . W e i n l a n d 
a n d c o - w o r k e r s o b t a i n e d a c o m p l e x s a l t b y t h e a c t i o n of b i s m u t h chlor ide o n a 
so ln . of f e r rous ch lo r ide . 

N . Schiloff a n d Z . Z e p i n , a n d N . Schiloff s t u d i e d t h e a d s o r p t i o n of fe r rous 
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ch lo r ide f rom a q . soln. b y carbon . F . W . O. d e Coninck o b s e r v e d t h a t un l ike a soln. 
of ferr ic ch lor ide , a soln . of fe r rous ch lor ide suffers n o c h a n g e w h e n i t is f i l tered 
t h r o u g h a n i m a l c h a r c o a l . W . P e t e r s found t h a t a n h y d r o u s fe r rous ch lor ide a b s o r b s 
n o carbon m o n o x i d e . B y t h e a c t i o n of d r y ch lor ine o n i ron carbonyl , Fe (CO) 5 , in 
p e t r o l e u m e t h e r a t —20° , W . H i e b e r a n d co-workers p r e p a r e d ferrous tetracarbonyl 
chlor ide , Fe(CO) 4 Cl 2 ; b y t h e a c t i o n of d r y ch lor ine o n m e r c u r i c i ron c a r b o n y l , 
F e ( C O ) 4 H g , H . H o c k a n d H . S t u h l m a n n o b t a i n e d t h e s a m e sa l t . I t g ives off 
c a r b o n m o n o x i d e s lowly if t h e t e m p , exceeds 10°, o r t h e p res s , is be low 750 m m . 
T h e soln. in n i t r o b e n z e n e is d e c o m p o s e d on e x p o s u r e t o l i g h t ; a n d i t is decomposed 
b y w a t e r i n t o fe r rous ch lor ide a n d c a r b o n m o n o x i d e ; w i t h a m m o n i a i t fo rms 
fer rous h e x a m m i n o c h l o r i d e ; a n d w i t h p y r i d i n e i t fo rms fe r rous py r id inoch lo r ide . 
If t h e t e m p , a t w h i c h t h e ch lo r ine a c t s o n t h e p e n t a c a r b o n y l is v e r y low, ferrous 
pentacarbonyl chlor ide , Fe (CO) 6 Cl 2 , is fo rmed . M. H a n n i k s t u d i e d t h e o x i d a t i o n 
of ferrous salts by potassium ferricyanide. 

W . M a n c h o t a n d J . H a a s sa id t h a t a n a q . soln. of f e r rous ch lo r ide does n o t 
r e a c t w i t h e thy l ene . J . K a c h l e r s h o w e d t h a t w h e n a n e t h e r e a l so ln . of h y d r a t e d 
fe r rous ch lor ide is h e a t e d in a sea led t u b e , colour less , a c i cu l a r c r y s t a l s of f errous 
e thy lenechlor ide , F e C l 2 . C 2 H 4 . 2 H 2 O , soluble i n w a t e r , a r e fo rmed—v ide infra, 
e the r . V. T h o m a s obse rved t h a t fe r rous ch lor ide is so luble in e t h y l e n e chlor ide , 
a n d in e thy l ene b r o m i d e — t h e soln. a b s o r b n i t r i c ox ide . W . P e t e r s sa id t h a t 
a n h y d r o u s fe r rous ch lor ide does n o t a b s o r b e t h y l e n e o r a ce ty l ene . V. T h o m a s 
o b s e r v e d t h a t fe r rous ch lor ide is s l igh t ly so luble in b e n z e n e . F e r r o u s ch lo r ide is 
so luble in m e t h y l a l coho l . A . B e n r a t h o b s e r v e d t h a t w h e n a soln. of ferric ch lor ide 
in m e t h y l a lcohol is i l l u m i n a t e d , fe r rous ch lor ide is fo rmed a n d t h e soln. depos i t s 
colour less c rys t a l s of ferrous methy la l coho loch lor ide , F e C l 2 . 4 C H 3 O H . T h e soln . 
i n m e t h y l alcohol w a s found b y K . A. H o f m a n n a n d G. B u g g e t o be r a p i d l y ox id ized 
b y a i r ; V. K o h l s c h u t t e r a n d P . Sazanoff, t h a t i t a b s o r b s n i t r i c ox ide ; K . A. Hof­
m a n n a n d G. B u g g e , t h a t i t p r e c i p i t a t e s f e r rous c y a n i d e w h e n t r e a t e d w i t h 
h y d r o c y a n i c ac id ; a n d w i t h e t h y l c a r b y l a m i n e , i t g ives c r y s t a l s of a ferric sa l t , 
F e 2 C l 4 0 . 5 C 3 H 5 N ; a n d L . Lev i -B ianch in i o b s e r v e d t h a t t h e ch lor ide is decomposed 
a t t h e cr i t ica l t e m p , of t h e soln. C. F . Wenze l , M. H a m e r s , a n d F . J a h n o b s e r v e d 
t h a t a n h y d r o u s fe r rous chlor ide is soluble in cone , e thy l a l coho l . R . Boy le n o t e d 
t h a t t h e t e t r a h y d r a t e is soluble in a lcohol . T . G r a h a m n o t e d t h a t t h e a n h y d r o u s 
ch lor ide a d s o r b s t h e v a p o u r of e t h y l a lcohol a s well as s t e a m . G. Pel l in i a n d 
D . Menegh in i o b s e r v e d t h a t t h e ye l lowish-green soln. becomes pa l e r w h e n i t is 
cooled. W h e n t h e soln. is e x p o s e d t o sun l igh t , L . K. J o n a s sa id t h a t ferric h y d r o x i d e 
is p r e c i p i t a t e d . C. C a t t a n e o found t h a t t h e sp . e lect r ical conduc t iv i t i e s referred 
t o m e r c u r y a t 0° , of soln. w i t h O 0 8 2 3 , 0-0088, a n d 0 0 0 0 8 7 eq . of t h e sa l t p e r l i t re , 
a t 18°, a r e 27-4 X K)», 5 - 6 7 x 1 0 » , a n d 1 0 2 x 1 0 » respec t ive ly , a n d t h e t e m p , coeff. 
0*014, 0-012, a n d 0*015 respec t ive ly . T h e s p . c o n d u c t i v i t y of t h e a lcohol a lone 
w a s 0-221 X I O 9 a t 18°. M. F a r a d a y found t h a t t h e soln. is p a r a m a g n e t i c ; 
C. M a t t e u c c i e x a m i n e d t h e m a g n e t i c p r o p e r t i e s of n o n - h o m o g e n e o u s m i x t u r e s of 
t h e soln. w i th ol ive oil. G. Pel l in i a n d D . Menegh in i sa id t h a t w h e n h y d r o g e n is 
pas sed t h r o u g h t h e soln. i t r e m a i n s clear , b u t w i t h o x y g e n i t becomes t u r b i d . T h e 
o x i d a t i o n of t h e soln. b y a i r w a s s t u d i e d b y K . A. H o f m a n n a n d G. Bugge , 
P . N ico l a rdo t , a n d A. G. D o r o s c h e w s k y a n d A. J . B a r d t . Accord ing t o V. T h o m a s , 
t h e e v a p o r a t i o n of t h e soln. fu rn ishes c ry s t a l s of fe r rous ch lor ide assoc ia ted w i t h 
a lcohol of c rys ta l l i za t ion . K . S e u b e r t a n d A. D o r r e r found t h a t w i t h a n alcoholic 
soln. of iod ide , a d e e p b r o w n l iqu id is f o r m e d c o n t a i n i n g F e C l 2 I . F . H u t t n e r , a n d 
W . M a n c h o t a n d F . H u t t n e r o b s e r v e d t h a t t h e soln. a b s o r b s n i t r i c ox ide . 
W . M a n c h o t a n d J . H a a s o b s e r v e d t h a t n e i t h e r c a r b o n m o n o x i d e n o r e t h y l e n e 
u n i t e s w i t h t h e s a l t i n a lcohol ic soln. F . S a e n g e r obse rved t h a t a n alcoholic soln. 
of s o d i u m a l coho la t e fo rms a b l a c k s u b s t a n c e w i t h a n h y d r o u s fer rous ch lo r ide— 
poss ib ly fe r rous a l coho la t e . 

F . J a h n sa id t h a t fe r rous ch lor ide is inso luble in e ther ; a n d H . B . Wi l l i ams , 
t h a t t h e t e t r a h y d r a t e is on ly s p a r i n g l y soluble in e the r . A . F . Gehlen o b t a i n e d a 
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precipitate of a ferrous salt when the ethereal soln. is exposed to light. C. Cattaneo 
gave 0-00125 for the sp. electrical conductivity of OGOlIiV-FeCl2 a t 18°, and 
—0«020 for the temp, coeff. V. Thomas obtained red, prismatic crystals when 
the ethereal soln. is evaporated. W. Manchot and J . Haas could not prepare a 
compound of ether and ferrous chloride directly, bu t by warming an ethereal soln. 
of ferric chloride, best with the addition of phosphorus a t 140° to 150°, a complex 
salt -was formed, and i t is probably the complex which J . Kachler reported as 
ferrous ethylenechloride. V. Thomas noted the absorption of nitric oxide by the 
ethereal soln. K. A. Hofmann and G. Bugge obtained analogous results with 
e thyl carbylamine to those obtained with the soln. in methyl alcohol. When the 
aq. soln. of ferrous chloride is t reated with ether, F . J a h n observed t h a t the ethereal 
layer is almost free from iron. H . Wieland and F . Chrome tzka studied the catalytic 
decomposition of ethyl peroxide by ferrous salts. W. Eidmann, W. H . Krug and 
K. P . McElroy, P . Schulz, and A. Naumann and P . Schulz found t h a t ferrous chloride 
is soluble in acetone forming a yellow soln. A brown precipitate is simultaneously 
formed—probably a ferric oxychloride. P . Schulz said t h a t acetone oxidizes a 
soln. of ferrous chloride to ferric chloride. F . Hut tner , and W. Manchot and 
F . Hu t tne r observed tha t the acetone soln. absorbs nitric oxide. V. Thomas 
observed t ha t ferrous chloride is slightly soluble in glacial acetic acid, and the soln. 
absorbs nitric oxide. J . Rill, and A. Naumann and J . Rill found t h a t ferrous 
chloride is sparingly soluble in methyl acetate. S. Hakomori studied the action 
of oxalic, citric, malic, and succinic acids. E . Linckh, F . Hut tner , W. Manchot 
and F . Hut tner , E . Alexander, and A. Naumann and E. Alexander observed t h a t 
the soln. in ethyl acetate is 0*O4ikf, and i t absorbs nitric oxide ; E . Linckh, and 
F . Hu t tne r and E . Linck, t ha t the soln. in ethyl malonate is O-OIM, and it absorbs 
nitric oxide ; F . Hut tner , and W. Manchot and F . Hut tner , t h a t the soln. in ethyl 
benzoate is 0-0667M, and i t absorbs nitric oxide ; and W. Eidmann observed t h a t 
the salt is insoluble in methylal. V. Thomas found that , in the cold, phenol does 
not dissolve ferrous chloride, and when heated, there is a reaction with the evolution 
of hea t and the formation of a black product . B . Kohnlein observed no reaction 
with propyl chloride. E . Shpolsky examined the retarding effect of ferrous 
chloride on the photochemical decompositions of Eder ' s soln. 

A. Schier, and A. Naumann and A. Schier found t ha t ferrous chloride readily 
dissolves in acetonitrile forming a colourless soln. ; and A. Naumann, and 
J . Kammerer, t h a t i t forms a yellow soln. with benzonitrile. W. Hieber and 
co-workers, and R. E . Breuil prepared a complex with ethylenediamine, [Fe en3]Cl2. 
J . C. Duff and E . J . Bills observed t h a t with hexamethylenetetramine, 
pale green, microcrystalline plates of ferrous hexamethylenetetraininochloride, 
FeCl2 .2C6H1 2N4 .9H2O, are formed. According to J . Schroder, and A. Naumann 
and J . Schroder, when anhydrous ferrous chloride is t rea ted with pyridine* a 
pa r t forms a greenish-yellow soln., and a p a r t forms a complex ferrous pyridino-
chloride. F . Reitzenstein found a feebly acidified soln. of ferrous chloride gives 
a dark green colour with an excess of pyridine. A. Werner and W. Schmujloff 
measured the raising of the b.p. of pyridine by the ferrous salt, bu t J . Schroder 
showed tha t the b.p. is lowered, not raised. E . Linckh said t h a t the most 
cone. soln. is 0-1M. N . Costachescu and G. Spacu observed t h a t the soln. 
becomes reddened by oxidation in air. J . Schroder found t h a t a fresh soln. is no t 
changed by water, bu t an aged soln. deposits ferric hydroxide. Chlorine, bromine, 
and iodine act as oxidizing agents ; soluble chlorides, bromides, and iodides have 
no action ; the halide acids, and sulphur dioxide have no perceptible effect ; d ry 
hydrogen sulphide has a t first no perceptible action, bu t t races of ferrous sulphide 
are precipitated after a prolonged action ; ammonia gives a reddish-brown sub­
stance which is rapidly darkened on exposure to. a i r ; F . Hu t tne r , a n d E . Linckh 
found t h a t nitric oxide is absorbed by the soln. ; and J . Sohrdder, t h a t with 
ammonium thiocyanate, ammonium chloride is p rec ip i ta ted ; metals have no 
action ; and silver sulphate precipitates ferrous sulphate . N . Costachescu and 



I R O N 29 

G. Spacu, and R. Weinland and co-workers prepared ferrous tetrapyridinecnloride, 
FeCl 2 ^C 5 H 5 N, by the action of pyridine on anhydrous ferrous chloride in the 
cold; and W. Hieber and co-workers, by the action of 4 or more mols of pyridine 
on a mol of Fe(CO)4Cl2. I t is no t ye t settled whether the co-ordination formula 
is [Fe(C5H5N)4Cl2] or [Fe(C5H5N)4]Cl2- The canary-yellow, crystalline salt is 
stable in an a tm. of pyridine, bu t i t is slowly oxidized by dry air ; i t is decomposed 
by water. W. Hieber and E. Levy studied the heat of formation ; and O. Stelling, 
the X-ray spectrum. R. Weinland and co-workers found t h a t when the complex 
is t reated with methyl or ethyl alcohol, i t loses 2 mols. of pyridine forming ferrous 
dipyridinechloride, FeCl2 .2C5H5N ; and W. Hieber and G. Bader obtained the 
same product by the action of 2 mols of pyridine on one mol of Fe(CO)4Cl2. 
F . Reitzenstein, and P . Pfeiffer reported FeCl 2 .3C 5 H 5 N.H 2 0, which N. Costachescu 
and G. Spacu consider to be the impure tetrapyridinechloride. W. Hieber and 
E. Levy studied the heat of formation, and O. Stelling the X-ray spectrum. 
F . L. H a h n and H . Wolf reported a compound with <x-acetaminOpyridine, namely 
ferrous ct-acetanunopyridmechloride, [Fe(C7H8N2O)2]Cl2 ; J . L. C. Schroder van 
der KoIk, and A. R. Leeds, a complex with aniline, namely ferrous dianilinechloride, 
FeCl2 .2C6H5NH2 ; F . Blau, and T. M. Lowry, a complex with a.a.'-dipyridyl, namely 
ferrous ctct'-dipyxidylchloride, [Fe(C10H8N2)2]Cl2 ; and F . Blau, a compound with 
ct-phenantrolin, namely ferrous a-phenantrolinchloride, [Fe(C1 2H8N2)3]Cl2 .nH20. 
K. Kimura and H. Sueda prepared a complex with dimetnylglyoxime ; P . Pfeiffer 
and F . Tappermann, compounds with tridiphenyl- and triphenanthrolin ; 
W. Manchot and H . Gall studied the action of ferrous chloride on ethylene 
mercaptan ; K. Lehmstedt , on secondary nitrosamines ; J . H . Long, on the 
inversion of cane sugar ; and E. Borsbach, on quinoline. S. Swann found tha t 
iron salts inhibit the electrolytic reduction of benzophenone. R. Chenevix observed 
t ha t tincture Of glass reacts when the soln. of ferrous chloride has been exposed 
to air for some t ime. J . I>unin-Borkowsky observed the coagulation of blood by 
soln. of ferrous chloride ; and W. Pauli studied the action of the salt on soln. of 
albumin. 

G. Gore observed t h a t precipitated and calcined silica adsorbs no ferrous chloride 
from a IO per cent. aq. soln., although the temp, rises about 0-33° if 6-5 grms. of 
silica be added to 5O c.c. of the soln. A. Gorgeu observed t h a t when a moist current 
of hydrogen is passed over silica and molten chloride, ferrosic oxide, and an oxy-
chloride are the chief products, and a neutral ferrous silicate, Fe2SiO4 , fayalite is 
also formed ; ferrous silicate and ferrous chloride form a little chlorosilicate ; and 
when ferrous chloride is melted with day , ferrous silicate and aluminate are formed. 
The Glauber's iron tree observed by J . R. Glauber in. 1648, is formed when a crystal 
of hydrated ferrous chloride is placed in a soln. of water-glass. I t was studied by 
G. J . Mulder. C. Friedel and J . Guerin observed no complex is formed when 
ferrous chloride is t reated with titanium tetrachloride—cold or warm. For the 
action of titanous chloride, vide 7 . 41 , 12. According to J . Hoffmann, green, 
iridescent crystals of a complex are formed with ferrous chloride and boron tri­
chloride—namely ferrous borochloride, 3FeCl2-BCl3-—when ferroboron is heated 
in chlorine. 

J . Michajlenko and P . Muschinsky observed t h a t upwards of 40°, magnesium 
powder reacts with te t rahydra ted ferrous chloride with the evolution of hydrogen ; 
t h e reaction was discussed by H. N . Warren. J . A. Poumarede found t h a t -with 
zinc vapour, ferrous chloride mixed with a little carbon forms dendritic crystals of 
iron ; and H. N. Warren observed t h a t molten zinc acts on a mixture of sodium 
and ferrous chlorides in accord with Zn-f-FeCl2-ZnCl2-+-Fe. 

M. Canac found t h a t if the surface of aluminium is rubbed with a hydrochloric 
acid soln. of ferrous chloride, i t becomes lustrous. J . Brown observed t h a t iron 
is a t tacked by molten ferrous chloride ; and C. F . Schonbein, t h a t iron in contact 
with a soln. of ferrous chloride rusts more rapidly than it does in contact with 
water. F . Bergius also noted t h a t a t an elevated temp., water a t tacks iron forming 
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ferrosic ox ide m o r e s lowly t h a n is t h e case w i t h a soln. of fer rous chlor ide . 
A. F e r r a r i a n d M. Caruga t i found t h a t m o l t e n ferrous ch lor ide a t t a c k s p la t inum. 

H . Meyer discussed t h e e x t r a c t i o n of cupric ox ide f rom r o a s t e d ores b y 
a n a q . soln. of ferrous chlor ide . T . S. H u n t r ep re sen t ed t h e r eac t ion : 3 C u O 
+ 2 F e C l 2 = 2 C u C l + C u C l 2 + F e 2 0 3 . T h e reac t ion is r e t a r d e d b y t h e spa r ing 
sjolubility of t h e c u p r o u s chlor ide . T h e so lubi l i ty of t h i s s a l t is ra i sed b y a d d i n g 
s o m e sod ium chlor ide a n d w a r m i n g t h e m i x t u r e . A c t u a l l y t h e i r on is depos i t ed 
a s * h y d r a t e d ferric ox ide a n d poss ib ly a bas ic ferric chlor ide . If a large excess of 
cupr i c ox ide be p resen t , some bas ic cupr ic chlor ide is fo rmed. W i t h cuprous oxide* 
h y d r a t e d ferric ox ide is formed, a n d t h e r e is a p a r t i a l r e d u c t i o n of t h e ox ide t o 
m e t a l , 3 C u 2 O + 2 F e C l 2 = 4 C u C l + 2 C u + F e 2 O 3 . If s o d i u m chlor ide b e also p r e sen t , 
t h e c u p r o u s chlor ide passes i n t o soln. W . K w a s n i k r ep re sen t ed t h e r eac t i on wi th 
bar ium dioxide : 4 F e C l 2 + 4 B a 0 2 + 6 H 2 0 = 4 F e ( O H ) 3 + 4 B a C l 2 + 0 2 . H . Rose , a n d 
A. Mai lhe obse rved t h a t w h e n f resh ly-prepared , m o i s t mercur ic Oxide is a d d e d t o 
a soln. of fer rous chlor ide, a b l ack p o w d e r is fo rmed which t h e n becomes a b r o w n 
m i x t u r e of m e r c u r o u s chlor ide a n d ferric o x y c h l o r i d e — t h e soln. con t a in s mercu r i c 
chlor ide . If on ly a smal l p r o p o r t i o n of m e r c u r i c ox ide is a d d e d t o t h e soln. , 
wh i t e m e r c u r o u s chlor ide is p r ec ip i t a t ed , a n d t h e ferric sa l t r e m a i n s in soln. 
H . P e l a b o n a n d M. Delwaul le o b t a i n e d ferric ox ide a n d m e r c u r o u s ch lor ide a s 
p r o d u c t s of t h e r eac t ion . C. F . Schonbe in obse rved t h a t w h e n l ead dioxide is 
a d d e d t o t h e soln. of fer rous chlor ide , a ferric sa l t a n d lead chlor ide a r e fo rmed . 
H . Schulze obse rved t h a t w h e n ferrous ch lor ide is h e a t e d w i t h m o l y b d e n u m 
trioxide, in a s t r e a m of c a r b o n d ioxide , t h e r e a c t i o n c a n be r e p r e s e n t e d : F e C l 2 
+ 2 M o O 3 - F e M o 0 4 + M o 0 2 C l 2 ; a n d s imi lar ly w i t h tungs ten trioxide. C. Zengelis 
found t h a t fer rous chlor ide does n o t r educe hydroch lo r i c ac id soln. of molybdates 
even -when w a r m e d . A. G e u t h e r a n d E . F o r s b e r g found t h a t w h e n ferrous chlor ide 
is m e l t e d w i t h s o d i u m tungstate , ferrous t u n g s t a t e a n d sod ium chlor ide a re 
formed. Accord ing t o C. Marcha l a n d J . Wiern ik , w h e n freshly p r e c i p i t a t e d 
m a n g a n e s e dioxide is a d d e d t o a n e u t r a l soln. of ferrous chlor ide, t h e i ron is oxidized 
q u a n t i t a t i v e l y t o a ferric sal t . M. K u h a r a obse rved t h a t whi l s t a soln. of fe r rous 
chlor ide o r a suspens ion of fer rous h y d r o x i d e i n w a t e r is n o t c h a n g e d b y boil ing, 
y e t , if a i r be exc luded , ferrous hydroxide s u s p e n d e d in a boil ing, cone . soln. of 
fer rous chlor ide , s lowly fo rms m a g n e t i t e : F e C l 2 + 2 F e ( O H ) 2 = F e 3 0 4 + 2 H C l + H 2 ; 
w i t h a 15 p e r cen t . soln. of fe r rous chlor ide , haemat i te is fo rmed . S imi lar resu l t s 
a r e o b t a i n e d if a l i t t l e a lkal i , p o w d e r e d calci te , o r s ider i te be a d d e d t o a soln. of 
fe r rous chlor ide , a n d t h e m i x t u r e boiled. W h e n ferric ox ide is boi led for 5 h r s . 
w i th a 20 p e r cen t . soln. of fe r rous chlor ide , m a g n e t i t e is fo rmed . M. Curie a n d 
J . S a d d y found t h a t t h e luminescence of z inc su lph ide is d imin i shed b y ferrous 
chlor ide . E . S c h u r m a n n obse rved t h a t l ead sulphide is n o t a t t a c k e d b y a soln. 
of fer rous chlor ide . 

I . I . KrasikofE a n d 1. T . Ivanoff d iscussed t h e solubi l i ty of fe r rous chlor ide in 
soln. of va r ious m e t a l chlorides . T h e a q . soln. of fer rous ch lor ide was found by 
E . P e t e r s e n t o become t u r b i d w h e n t r e a t e d w i t h po tas s ium fluoride. T h e complex 
sa l t s w i t h t h e chlor ides of a m m o n i u m , l i t h ium, sod ium, p o t a s s i u m , r u b i d i u m , 
caesium, m a g n e s i u m , a n d c a d m i u m a re discussed below. Accord ing t o T . S. H u n t , 
cuprous chloride d issolves in a soln. of fe r rous chlor ide , a n d R . K r e m a n n a n d 
F . Noss a d d e d t h a t t h e so lubi l i ty of t h e c u p r o u s sa l t increases w i t h t h e cone, of t h e 
fe r rous chlor ide , a n d t h e so lubi l i ty of fer rous ch lor ide i n w a t e r is l ikewise ra i sed b y 
t h e p resence of c u p r o u s chlor ide . W h e n t h e cone . soln. is d i l u t ed , c u p r o u s chlor ide 
is p r e c i p i t a t e d . A c o m p l e x sa l t is cons idered t o b e fo rmed t h o u g h i t h a s n o t been 
i so la ted . R . R o s e n d a h l s t u d i e d t h e r eac t ion . D . R o b e r t s a n d F . G. Soper s t ud i ed 
t h e r e d u c t i o n of s i lver ni trate b y fer rous s u l p h a t e soln. : Ag*+Fe**—>Fe*"+Ag. 
F e r r o u s ch lor ide r educes a soln. of go ld chloride. P . A. v o n Bonsdorff n o t i c e d 
t h e p r e c i p i t a t i o n of a complex s a l t w h e n soln. of fer rous ch lor ide a n d mercur ic 
chloxfHe a r e mixed—v ide infra. J . Lifschi tz a n d S. B . H o o g h o u d t s t u d i e d t h e 
p h o t o c h e m i s t r y of t h e r eac t ion . Accord ing t o C. W i n t h e r , a soln. of m e r c u r i c 



I R O N 3 1 

chlor ide is r e d u c e d b y fe r rous ch lor ide w h e n e x p o s e d t o l ight , a n d m e r c u r o u s 
ch lor ide is fo rmed : H g C I 2 + F e C l 2 = = FeCl 3 -HHgCl . W h e n t h e cone , of t h e mercu r i c 
ch lor ide is c o n s t a n t a n d r e l a t i ve ly smal l , t h e r a t e is n e a r l y i n d e p e n d e n t of t h e cone , 
of t h e fe r rous sa l t . F o r a g i v e n cone , of t h e l a t t e r , t h e r a t e increases a t first w i th 
t h e a m o u n t of m e r c u r i c ch lor ide a n d t h e n d imin i shes . T h e m a x i m u m is a t t a i n e d 
w h e n t h e t w o sa l t s a r e p r e s e n t in e q u i m o l a r q u a n t i t i e s . I n t h e case of soln. 
c o n t a i n i n g smal l q u a n t i t i e s of m e r c u r i c r e l a t i ve ly t o fe r rous ch lor ide , t h e sens i t ive­
ness increases w i t h t h e d i lu t ion , b u t t h i s is n o t t h e case for soln. c o n t a i n i n g e q u i m o l a r 
q u a n t i t i e s . S u c h soln. d o n o t v a r y t o t h e s a m e e x t e n t w h e n t h e cone, is c h a n g e d , 
a n d t h e m a x i m u m sens i t iveness is s h o w n b y soln . c o n t a i n i n g t h e t w o sa l t s in 3ikf-conc. 
T h e p re sence o r a b s e n c e of o x y g e n is w i t h o u t a p p r e c i a b l e inf luence o n t h e e q u i m o l a r 
soln. , b u t o x y g e n r e d u c e s t h e q u a n t i t y of m e r c u r o u s ch lor ide o b t a i n e d w h e n a la rge 
excess of fe r rous ch lor ide is p r e s e n t . T h e m o s t a c t i v e l i gh t r a y s a r e t h o s e of w a v e ­
l e n g t h less t h a n 265/x/z. T h i s is s h o w n b y c o m p a r a t i v e e x p e r i m e n t s in q u a r t z , 
uv io l glass , a n d o r d i n a r y glass vessels . A. B e c h a m p a n d C. S t . P i e r r e f o u n d t h a t 
s t a n n o u s Chloride i s n o t r e d u c e d b y a boi l ing soln . of fe r rous ch lor ide , wh i l s t 
w i t h s tann ic chloride , J . B i r o n o b t a i n e d a c o m p l e x sa l t—v ide infra. A c c o r d i n g t o 
N . B o u m a n , b y t h e a d d i t i o n of a soln. of s t a n n o u s ch lor ide , t h e p o t e n t i a l of i r o n 
in a soln. of fe r rous ch lor ide b e c o m e s less n e g a t i v e , so t h a t i t is t h e n less e lec t ro ­
n e g a t i v e t h a n t i n ; c o n s e q u e n t l y , i t is n o longer i n t h e s t a t e t o p r e c i p i t a t e t i n 
f rom i t s soln. A t t h e s a m e t i m e , i t is s h o w n t h a t r e d u c e d i ron will p r e c i p i t a t e t i n 
f rom i t s soln. if boiled w i t h a s l igh t ly ac idic soln. of s t a n n o u s ch lo r ide . T h e s u b j e c t 
w a s discussed b y I . M. Ivolthoff, a n d F . G. Soper . A . B e c h a m p o b s e r v e d t h a t a 
s t r ong ly bas ic soln. of ferric chloride g ives a p r e c i p i t a t e w h e n t r e a t e d w i t h fe r rous 
ch lor ide , a n d t h e p r e c i p i t a t e is d issolved w h e n w a t e r is a d d e d . A. B e c h a m p a n d 
C. S t . P i e r r e found t h a t a soln. of p la t inous chlor ide is n o t r e d u c e d b y a soln. of 
fer rous ch lor ide . L. F . Ni lson o b s e r v e d t h e f o r m a t i o n of c o m p l e x sa l t s ; a n d 
P . A . v o n Bonsdorff f ound t h a t a c o m p l e x c h l o r o p l a t i n a t e is fo rmed w h e n a soln. 
of p lat inic Chloride a n d fer rous ch lor ide is e v a p o r a t e d . 

H . Meyer f ound t h a t a cold, n e u t r a l soln. of fe r rous ch lor ide , in t h e absence of 
a i r , a t t a c k s copper carbonate w i t h t h e evo lu t i on of c a r b o n d iox ide , a n d t h e for­
m a t i o n of h y d r a t e d ferric ox ide : 2 F e C l 2 4 - 3 C u C 0 3 = 3 C 0 2 H ~ F e 2 0 3 + C u C l 2 - } - 2 C u C l , 
a n d if a sufficient excess of fe r rous chlor ide is p r e s e n t , t h e c u p r o u s ch lor ide r e m a i n s 
in soln. H . Meyer , a n d J . A. B u c h n e r f ound t h a t w i t h c a l c i u m carbonate , a s 
ca le i te , n o c h a n g e occurs on s t a n d i n g m a n y d a y s in a soln . of fe r rous ch lo r ide ; 
b u t a boi l ing soln. a t t a c k s t h e c r y s t a l superf icial ly ; t h e f ine ly-powdered c a r b o n a t e 
is m o r e r a p i d l y a t t a c k e d . J . S p r e n g e r also s t u d i e d t h e r eac t i on . K. M. W a l t o n 
found t h a t w h e n c r y s t a l s of t e t r a h y d r a t e d fe r rous ch lor ide and e n n e a h y d r a t e d 
ferric n i trate a r e t r i t u r a t e d t o g e t h e r , t h e m i x t u r e becomes l iquid . 

Complex sa l ts of ferrous c h l o r i d e . — J . J . Berze l ius a n d W . H i s inge r obse rved 
t h a t if i ron filings be boi led w i t h a s a t . soln. of a m m o n i u m chlor ide in a closed 
vessel , a m m o n i a a n d h y d r o g e n a r e evo lved , a n d a soln . is fo rmed , wh ich , on c rys t a l ­
l i za t ion furnishes b lu i sh-green c rys t a l s of a m m o n i u m ferrous tetrachloride, o r 
ammonium tetraclilorqferrite, wh ich , in a c c o r d w i t h C . A. W i n k l e r ' s , a n d 
A. C h a s s e v a n t ' s ana lyses , a r e p r o b a b l y 2 N H 4 C L F e C l 2 , or ( N H 4 ) 2 F e C l 4 . A. Vogel, 
a n d C. A . W i n k l e r p r e p a r e d t h e sa l t b y c rys t a l l i za t ion from soln. of t h e c o m p o n e n t 
sa l t s . T h e sa l t h a s a s h a r p , sa l ine , a n d a s t r i n g e n t t a s t e ; t h e t r a n s p a r e n t , o c t a h e d r a l 
c r y s t a l s n e i t h e r de l iquesce n o r effloresce in a i r ; t h e y give off a m m o n i u m chlor ide 
w h e n h e a t e d , a n d a r e eas i ly so luble i n w a t e r , b u t n o t in a lcohol w h e n h e a t e d . T h e 
boi l ing soln. is r e d u c e d b y z inc depos i t i ng meta l l i c i ron. A. J o h n s e n could n o t 
p r e p a r e t h e a m m o n i u m sal t , a l t h o u g h he once o b t a i n e d NH 4 CLFeCl 2 -GH 2 O, b u t he 
cou ld n o t r e p e a t h is resu l t s . T h e f o r m a t i o n of solid soln. of a m m o n i u m a n d ferrous 
ch lor ides w a s d iscussed by J . H . v a n ' t Hoff. F . W . J . C lend innen s tud ied t h e 
t e r n a r y s y s t e m : N H 4 C l - F e C l 2 - H 2 O a t 70° . T h a t t e m p , w a s selected so as t o 
e l i m i n a t e h y d r a t e s h ighe r t h a n t h e d i h y d r a t e , b u t t h e t e t r a h y d r a t e does a p p e a r a t 
t h i s t e m p , a l t h o u g h i t affects o n l y a smal l p o r t i o n of t h e equ i l ib r ium d i a g r a m , 
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!Pig. 562. A continuous series of solid soln. is formed a t the ammonium chloride 
end, bu t there is a gap near the ferrous chloride end of the system. For ferrous 
hydrazinochloride, FeCl2 .2N2H4 , vide supra. A. Chassevant prepared lithium 
ferrous trichloride, or lithium trichloroferrite, L iC l .Fe0 2 . 3H 2 0 , in transparent , 
green needles by evaporating a soln. of the component salts. In his s tudy of the 
crystallization of mixed soln. of ferrous and potassium chlorides, H. E . Boeke 
observed tha t a t 38-3°, potassium ferrous trichloride, or potassium trichloroferrite, 
KFeCl3 .2H2O, separates ou t ; below this temp, potassium chloride and te t rahydrated 
ferrous chloride are deposited. H . E . Boeke did not succeed in preparing the 
potassium ferrous tetrachloride, or potassium tetrachloroferrite, K 2 FeCl 4 ^H 2 O, 
obtained by J . Schabus in bluish-green monoclinic crystals, by crystallization from 
a boiling soln. of three par ts of potassium chloride, and four par ts of ferrous chloride. 
The salt was prepared by A. Chassevant, A. Johnsen found t h a t the monoclinic 
crystals have the axial ratios a : b : c = l - 0 3 4 8 : 1 : 0-7066, and j8=89° 40'. The 
optical axial angle 2//—88° 3 ' ; the sp. gr. is I-46 ; the index of refraction for 
Na-light is 1-4694, and for Li-light, 1-4721. The aq. soln. becomes turbid a t 105°. 
H. E. Boeke found tha t the dihydrate is formed from a soln. of the component salts 
a t 38-3°, and it is stable up to 85°. J . Fritzsche reported t h a t i t can be converted 
into the monohydrate ; and A. Chassevant obtained the anhydrous salt. C. Ochsenius 

4H,0 ZH1O KCl MaCl 

Fia. 562 .—Eqvi i l ib r ium D i a g r a m for t h e F I G . 5 6 3 . — T e r n a r y S y s t e m : 
S y s t e m : N M 4 C l - F e C l 8 - H 2 O a t 70°. F e C l 8 - K C l - N a C l a t 3 8 0 ° . 

and H . Precht reported this salt to be associated with the carnallite in the 
Douglashall salt-mine a t Stassfurt, and the mineral was called douglasite. The 
crystals are monoclinic, and their sp. gr. is 2-162. E . Wilke-Dorfurt and Gr. Heyne 
prepared rubidium ferrous trichloride, or rubidium trichloroferrite, RbFeCl3 .2H2O, 
in pale green, efflorescent crystals of sp. gr. 2-711 a t 20° ; rubidium ferrous t e t r a ­
chloride, or rubidium tetrachloroferrite, Rb 2FeCl 4 .2H 20, in clear, monoclinic crystals 
of sp. gr. 2-85O a t 23°, which effloresce and oxidize in air ; caesium ferrous tri­
chloride, or ccBsium trichloroferrite, CsFeCl3 .2H20, in green, efflorescent crystals 
of sp. gr. 2-907 a t 17° ; and caesium ferrous tetrachloride, or ccesium telrachloro-

'ferrite, Cs2FeCl4.2HzO, in colourless, efflorescent, monoclinic crystals of sp. gr. 
3-275 a t 20°. E . H . Ducloux discussed the micro-appearance of the double salt. 
No sodium ferrous Chloride has been prepared, but , according to H. E . Boeke, 
sodium tripotassium ferrous hexachloride, 3KCLNaCLFeCl2, occurs in the salt-
beds a t Nordhausen, Saxony, in association with the carnallite and sylvite. The 
mineral was called rinneite—after F . Rinne. H . Jung gave the formula 
[FeCl6]K3Na. According to H . E . Boeke, rinneite occurs in coarsely granular 
masses of hexagonal crystals, with the cleavage, parallel to the prism, perfect. 
The crystals are colourless when fresh, bu t on exposure become green, rose, violet 
yellow, and brown. The optical character is positive, and the birefringence is 
weak. C, W. Cheng gave for the axial ratios of the trigonal crystals a : c = l : 0-574. 
The corrosion figures correspond with the ditrigonal scalenohedral symmetry. The 
pyroelectrieity is negative. The dimensions of the elementary rhombohedron 
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a r e a = 8 » 4 0 A. , a n d a = 9 2 ° 2 5 ' . T h e s p . gr . is 2-34, a n d t h e h a r d n e s s 3 . T h e sa l t 
ox id izes i n a i r b u t is s t a b l e u n d e r p e t r o l e u m . T h e h o t , s a t . a q . soln. depos i t s 
c r y s t a l s of p o t a s s i u m ch lor ide on cool ing. H . E . B o e k e found t h a t a soln. c o n t a i n i n g 
t h e c o m p o n e n t sa l t s i n t h e m o l a r p r o p o r t i o n s of r i nne i t e , furn ish t h a t s a l t a t 26-4° 
—v ide F i g . 5 6 3 . F o r t h e art i f icial p r e p a r a t i o n of t h e t r ip l e sa l t , a soln. , o b t a i n e d 
b y d issolv ing 5*96 g r a m s of s o d i u m chlor ide , 20-9 g r a m s of p o t a s s i u m chlor ide , 
a n d 123-4 g r a m s of fe r rous ch lor ide ( F e C l 2 , 4 I I 2 0 ) i n 55-4 g r a m s of w a t e r , shou ld 
be i s o t h e r m a l l y e v a p o r a t e d a t 38° w i t h t h e a d d i t i o n of a c r y s t a l of r inne i te . Accord­
i n g t o R . K r e m a n n a n d F . N o s s , n o cuprous ferrous chloride h a s been o b t a i n e d , 
b u t , a t 21-5°, t h e so lub i l i ty of c u p r o u s ch lo r ide is i nc reased b y t h e a d d i t i o n of 
f e r rous ch lor ide , a s a lso t h a t of fe r rous ch lor ide b y t h e a d d i t i o n of c u p r o u s ch lor ide , 
t h e solid p h a s e s i n e q u i l i b r i u m w i t h t h e soln . be ing r e spec t ive ly c u p r o u s ch lor ide 
a n d fer rous ch lor ide . T h e soln . s a t . w i t h r e s p e c t t o b o t h t h e sa l t s c o n t a i n s 73-20 
g r m s . of fe r rous ch lor ide ( a n h y d r o u s ) a n d 23-20 g r m s . of c u p r o u s ch lor ide in 
1OO g r m s . of w a t e r . 

A . F e r r a r i a n d A. I n g a n n i found t h a t w i t h c a l c i u m a n d ferrous chlor ides t h e r e 
is a eu t ec t i c a t 592°, w i t h 44-5 mol . p e r c en t , of CaCl 2 , F i g . 564. T h e r e su l t s for 
s t r o n t i u m a n d ferrous chlor ides , i n d i c a t e d in F i g . 565 , s h o w n o misc ib i l i ty in t h e 
sol id s t a t e , a n d t h e r e is a e u t e c t i c a t 541° a n d 5O mol . p e r cen t , of fe r rous ch lo r ide 
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I I . K. B o e k e s t u d i e d t h e b i n a r y s y s t e m w i t h soln. of fe r rous a n d m a g n e s i u m 
chlor ides , a n d t h e t e r n a r y s y s t e m w i t h soln. of p o t a s s i u m , m a g n e s i u m , a n d fer rous 
ch lor ides . T e t r a h y d r a t e d fe r rous chlor ide , in c o n t a c t w i t h t h e s a t . soln. , fo rms 
t h e d i h y d r a t e a t 72-6°, b u t in a s a t . soln. of m a g n e s i u m ferrous chlor ide , t h e 
d i h y d r a t e fo rms a t 43-2°. Tric l inic c rys t a l s of 
magnesium ferrous tetrachloride, or magnesium 
lelracJtloroferrile, M g F e C l 4 . 8 H 2 O , s e p a r a t e a t 2 2 - 8 ° . 
T h e e q u i l i b r i u m c o n d i t i o n s a r e i l l u s t r a t e d b y F i g s . 
5 6 6 , 5 6 7 , a n d 5 6 8 . T h e c o m m o n o c c u r r e n c e of 
f e r r i c o x i d e i n c a r n a l l i t e , w h i c h m a k e s t h e c o l o u r of 
t h i s m i n e r a l r e d , i s g e n e r a l l y e x p l a i n e d b y a s s u m i n g 
t h a t t h e o x i d e h a s b e e n f o r m e d b y t h e o x i d a t i o n of 
f e r r o u s c h l o r i d e . H . P r e c h t a s s u m e d t h a t t h e 
o x i d a t i o n w a s e f f e c t e d b y t h e w a t e r of c r y s t a l ­
l i z a t i o n of c a r n a l l i t e a n d t h a t h y d r o g e n e s c a p e d ; 
E . E r d m a n n c o u l d n o t find e v i d e n c e i n f a v o u r of 
s u c h a r e a c t i o n , a n d a s s u m e d t h a t t h e o x i d a t i o n w a s 
d u e t o t h e m i x t u r e of h y d r o g e n a n d o x y g e n f o r m e d 
b y t h e a c t i o n of r a d i u m e m a n a t i o n . A . J o h n s e n s h o w e d t h a t t h e o r i e n t a t i o n of 
t h e p l a t e s of i r o n - m i c a i n p r i m a r y c a r n a l l i t e s u p p o r t H . P r e c h t f s a s s u m p t i o n . 
C a r n a l l i t e w a s s h o w n b y H . E . B o e k e t o h a v e a s m a l l t e n d e n c y t o f o r m i s o m o r p h o u s 
m i x t u r e s w i t h f e r r o u s c h l o r i d e , a n d t h a t f e r r i c c h l o r i d e h a s n o s u c h t e n d e n c y . 
A . F e r r a r i a n d M . C a r u g a t i f o u n d t h a t t h e c r y s t a l l a t t i c e s of t h e s y s t e m F e C l 2 - M g C l 2 

V O L . . x i v . u 

FeCl2 

F i o . 566. Equi l ibr ium in the 
S y s t e m : F e C l 2 - M g C l 8 - H 8 O . 
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showed t h a t a complete series of solid soln. is formed. The m.p. curve is shown 
in Pig. 566. A. Ferrari and A. Inganni observed no miscibility in the system 
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with s ine and ferrou* chlorides, and the eutectic temp, is the same as the m.p. of 
zinc chloride, namely, 300°. C. von Hauer obtained colourless, non-efflorescent 
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crystals of cadmium ferrous hexachloride, 2CdCl2-FeCl2.12H2O. A. Ferrari and 
M. Carugati found t h a t the crystal lattices of the system FeCl2-CdCl2 show tha t 
a complete series of solid soln. is formed. The m.p.-curve is shown in Fig. 571. 
P . A. von BonsdorfT prepared honey-yellow, deliquescent, rhombic prisms of 
mercuric ferrous tetrachloride, HgCl2.FeCl2.4H20—vide 
supra. E . Harbor t described rhombohedral crystals of a 
hydrated ferrous aluminium oxychloride, 9{(Fe,Mg,Ca)Cl2. 
2H20}.2(A1203 .H20), occurring in the German potash de- ^y0L 
posits. I t was called zirklerite—after Bergrat Zirkler. e4($-
E. von Biron prepared stannic ferrous hexachloride, 0 20 40 60 8pjgo 
SnFeCl6 .6H20—vide 7. 46, 17. A. Ferrari and C. Colla MoL.per cent. FeCl2 
studied the m.p. of the s y s t e m : SnCl2-FeCl2 , and of the F I G . 5 7 4 . - — T h e 
lead-ferrous Chloride system. No compounds were formed. Melting-points of 
With the former system, Fig. 572, there is a eutectic a t 240°, F e ^ u T ^ C hYo-
with about 2 mol. per cent, of FeCl2 ; and in the la t ter rides. 
system, Fig. 573, one a t 421° with 28-5 mol. per cent, of 
FeCl2—m.p. 675° to 680°. R. F . Weinland and co-workers obtained ferrous 
bismuth chloride, FeCl2.4BiCl3.12H2O, by the action of bismuth chloride on a 
hydrochloric acid soln. of ferrous chloride. A. Ferrari and co-workers examined 
isomorphous mixtures of ferrous and manganous chlorides, and found the 
X-radiograms agreed with FeCl2 : M n C l 2 - 8 : 2, a = 7 - 1 6 A., a : c—1 : 2*434 ; for 
6 : 4, «=7-17 A., and a : c = l : 2-419 ; for 4 : 6, a=7*18 A., and a : c=l : 2-404 ; 
for 2 : 8, a = 7 - 1 9 A., and a : c—1 : 2*387. The m.p. of mixtures of manganous 
and ferrous chlorides, plotted in Fig. 574, are : 

F e C l 2 . 0 2O 4O 60 80 1OO p e r c e n t . 
M . p . . 650° 652° 056° 661° 668* 674° 
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§ 37. The Iron Chlorides—Ferric and Ferrosic Chlorides 
The history of ferric chloride is indicated in the previous section. In 1819, 

J . F . Li. Hausmann 1 noticed a brownish-red incrustation on the lavas of Vesuvius, 
and A. Scacchi observed in recent eruptions a yellow or brownish-red incrustation 
associated with the lavas of fumaroles or steam holes. The coloration was a t t r ibuted 
to the presence of ferric chloride, FeCl3, and A. Scacchi called the mineral molistle, 
which J . D. Dana altered to molysite—from fxoXvcrts, a stain—in allusion to i ts 
staining the lavas. _Drops of ferric chloride often exude from the surface of 
meteoric irons ; A. Daubree called the drops stagmatite ; they are formed by the 
oxidation of lawrencite {q.v.). 

The formation and preparation of ferric chloride.—As pointed out by 
H . Davy, 2 J . Davy, J . J . Berzelius, R. Phillips, J . Zi. Gay Lussac, I . E . Adaduroff, 
M. Gobley, F . Wohler, A. W. F . Rogstadius, etc., when a piece of red-hot iron is 
introduced into chlorine gas, the iron burns with a red glow forming ferric chloride. 
H . Davy said t h a t the chloride which is formed volatilizes " a t a moderate heat , 
filling the vessel with beautiful, minute crystals of extraordinary splendour and 
collecting in brilliant pla tes ." The same result occurs when a rapid current of 
dry chlorine is passed over iron wire, cut into short pieces, say, 6 mm., and gently 
heated in a retort . The ferric chloride volatilizes, and condenses in reddish crystals 
in the cooler pa r t of the tube. The chlorine gas can then be displaced by a current 
of dry carbon dioxide, and the salt transferred to a tube, and hermetically sealed. 
Several books for the laboratory give detailed directions for the preparat ion of the 
salt—e.g., those of H . and "W. Biltz, L. Vanino, etc. The process was described 
by H . Wolfram, W. Hampe, F . W. Bergstrom, A. S. Miller, W. Grtinewald and 
V. Meyer, and O. Honigschmid and co-workers. H . C. Jones and C. F . Lindsay 
recommended using iron filings washed with alcohol and ether to remove fats ; 
C. G. Maier recommended using electrolytic iron heated between 400° to 500°, 
and subliming the product three times in an a tm. of chlorine a t 300°. Sublimation 
in vacuo results in the dissociation of some of the ferric chloride to form ferrous 
chloride. B. H . Jacobson recommended treat ing iron with liquid bromine, and 
then decomposing the ferric bromide with chlorine. These reactions occur a t a 
comparatively low temp. 

A . V o s m a e r f o u n d t h a t f e r r o c h r o m i u m o r f e r c o t u n g s t e n , a n d J . M e y e r a n d R . B a c k a 
t h a t f e r r o v a n a d i u m , fu rn i sh ferr ic ch lo r ide w h e n h e a t e d i n ch lo r ine g a s — a ch lo r ide of t h e 
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second e l ement is a lso formed. Ferric chloride w a s also produced b y P . Nicolardot w h e n 
l iquid sulphur monochlor ide ac ts o n iron ; K. Ot t , a n d Kt. B . N o r t h a n d A . M. H a g e m a n 
obta ined a similar result b y t h e ac t ion of th iony l chloride a t 150° ; H . B . N o r t h , b y the 
ac t ion of sulphuryl chloride ; W . L . B a y , b y t h e ac t ion of se lenium oxydichloride ; 
E . Baudr imont , a n d H . Ooldschmidt , b y t h e act ion of phosphorus pentachlor ide ; and 
Ti. Hackspi l l a n d L . Grandadam, b y t h e act ion of alkali chlorides a t 800°. 

J . L . G a y L u s s a c , E . Mi tscher l ich , a n d H . S t . C. Devi l le o b t a i n e d ferric ch lor ide 
b y p a s s i n g a r a p i d c u r r e n t of d r y h y d r o g e n ch lor ide ove r r e d - h o t p r e c i p i t a t e d 
ferric ox ide ; w i t h a s low c u r r e n t of gas , c r y s t a l s of ferric ox ide a r e fo rmed b y t h e 
ac t i on of t h e s t e a m p r o d u c e d in t h e r e a c t i o n : Fe 2 O 3 - J -6HCl ^ 3 H 2 O - [ - 2 F e C l 3 . 
J . B . Moye r r e c o m m e n d e d us ing a t e m p , of 200°, a n d sa id t h a t ferric ch lor ide 
qu ick ly vola t i l izes , l eav ing b e h i n d s o m e less vo la t i l e fe r rous ch lor ide . F . A . Gooch 
a n d F . S. H a v e n s obse rved t h a t a t 180° t o 200° , a b o u t 5 t o IO p e r cen t , of t h e 
ox ide is c o n v e r t e d i n t o fer rous ch lo r ide ; a n d a t 500°, al l t h e i ron ox ide is con­
v e r t e d i n t o ferr ic ch lor ide . If a l i t t l e ch lor ine is a s soc ia t ed w i t h t h e h y d r o g e n 
chlor ide , all t h e ferric ox ide is t r a n s f o r m e d t o ferr ic ch lor ide a t 180° t o 200° . T h e 
h y d r o g e n chlor ide process , o r a m i x t u r e of h y d r o g e n a n d ch lo r ine -was e m p l o y e d 
o n r o a s t e d i ron ores b y E . Diepsch lag , A. a n d P . Bu i s ine , t h e Vere in ig te S t a h l w e r k e , 
a n d F . Bu l lnhe imer . R . W e b e r , a n d H . Schulze said t h a t r o a s t e d i ron ores , 
c o n t a i n i n g fer rous a n d ferric ox ides , furnish ferric ch lor ide w h e n h e a t e d t o r e d n e s s 
i n ch lor ine gas , M. B e r t h e l o t obse rved t h a t t h e r eac t i on b e t w e e n ch lor ine a n d 
fer rous ox ide is e x o t h e r m a l , a n d 'with ferric ox ide e n d o t h e r m a l , b u t W . K a n g r o 
a n d R . F l u g g e a d d e d t h a t a t 700° t o 800° , t h e r e a c t i o n wi th ferric ox ide a n d ch lor ine 
is e x o t h e r m a l . T h e r e a c t i o n w i t h p r e c i p i t a t e d ox ide roa s t ed a t 1000° is pe r cep t ib l e 
a t 600° a n d p roceeds m o r e q u i c k l y a s t h e t e m p , is ra i sed ; a t 1000°, m a g n e t i t e , 
haemat i te , a n d m i n e t t e ore a re c o n v e r t e d q u a n t i t a t i v e l y i n t o ferr ic ch lor ide ; a n d 
a t 900° , ooli t ic e a r t h , a n d ores of t h e x a n t h o s i d e r i t e t y p e . T h e Vere in ig te S t a h l ­
w e r k e obse rved t h a t b y inc reas ing t h e p ress , of t h e gas , t h e speed of t h e r eac t ion 
is ra i sed . E . K o t h n y obse rved t h e f o r m a t i o n of ferric ch lor ide in t h e chlor id iz ing 
r o a s t i n g of p y r i t e s . H . Q u a n t i n , a n d F . P . V e n a b l e a n d D . H . J a c k s o n found t h a t 
ferric ox ide is r e ad i l y c o n v e r t e d i n t o ferric ch lo r ide b y h e a t i n g i t t o a b o u t 460° 
i n a m i x t u r e of c a r b o n m o n o x i d e a n d ch lor ine ; t h e B a d i s c h e Anil in- u n d Soda fab r ik 
t r e a t e d c h r o m i t e , a n d E . W . W e s c o t t , a n d H . B e r g i u s t r e a t e d r o a s t e d i ron ores in 
a s imi la r m a n n e r . E . C h a u v e n e t , a n d W . H e a p a n d E . N e w b e r y c o n v e r t e d ferric 
ox ide t o ferric ch lor ide b y h e a t i n g i t a b o v e 350° in a c u r r e n t of c a r b o n y l chlor ide ; 
a n d P . C a m b o u l i v e s u sed c a r b o n t e t r a c h l o r i d e a b o v e 245° ; a n d R . D . H a l l , s u l p h u r 
monoch lo r ide . H . B . N o r t h a n d A. M. H a g e m a n obse rved t h e f o r m a t i o n of ferric 
ch lor ide w h e n ferric ox ide is h e a t e d w i t h t h i o n y l ch lor ide ; W . Tt. R a y , w i t h 
se l en ium oxyd ich lo r ide ; G. R a u t e r , w i t h si l icon t e t r a c h l o r i d e , a t 180° t o 190° ; 
R . W e b e r , w i t h p h o s p h o r u s p e n t a c h l o r i d e : a n d H . B a s s e t t a n d H . S. Tay lo r , w i t h 
p h o s p h o r y l ch lor ide . H . A r c t o w s k y found t h a t ferric chlor ide is f o rmed b y pass ing 
t h e v a p o u r of a m m o n i u m ch lor ide o v e r ferric ox ide a b o v e 350° . T h e Vere in ig te 
S t a h l w e r k e u s e d t h e s a m e process w i t h ox id ized ores ; H . Be rg ius h e a t e d t h e 
oxid ized ore w i t h c a r b o n a n d s o d i u m chlor ide ; a n d K . A. H o f m a n n a n d K . Hosche le 
h e a t e d ferric ox ide w i t h m o l t e n m a g n e s i u m ch lor ide a n d o b t a i n e d a s u b l i m a t e of 
ferr ic ch lor ide . 

J . D a v y o b s e r v e d t h a t w h e n fe r rous ch lor ide is h e a t e d i n ch lor ine , i t is q u a n t i t a ­
t i ve ly c o n v e r t e d i n t o ferr ic ch lor ide ; a n d t h e f o r m a t i o n of ferric ch lor ide b y 
h e a t i n g fe r rous ch lor ide i n a i r h a s b e e n p r e v i o u s l y d iscussed. D . T y r e r u s e d a 
p rocess b a s e d on t h i s r eac t i on . H . R o s e o b s e r v e d t h a t w h e n ch lor ine is p a s s e d 
o v e r h e a t e d i r o n su lph ide , ferric ch lor ide a n d s u l p h u r monoch lo r ide a r e fo rmed ; 
a n d W . K a n g r o a n d R . F l u g g e f o u n d t h a t t h e r eac t ion w i t h p y r i t e is r ap id a n d 
c o m p l e t e a t a b o u t 900° . T h e p rocess w a s s t u d i e d b y R . B r a n d t , T . R . F o r l a n d , 
a n d E . W . W e s c o t t . E . C h a u v e n e t o b s e r v e d t h a t p y r i t e s fo rms ferric chlor ide 
w h e n h e a t e d w i t h c a r b o n y l ch lor ide a t 350°, a n d E . F . S m i t h o b t a i n e d a s imi lar 
r e s u l t w i t h a r s e n o p y r i t e , p y r i t e , a n d m a r c a s i t e a n d l iquid s u l p h u r monoch lo r ide ; 
H . B . N o r t h a n d C. B . Conover , w i t h t h i o n y l ch lor ide in a sealed t u b e a t 150° ; 
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A. P . Brown, with ammonium chloride a t 335° ; and H. Vater, with fused sodium 
chloride. C. Hensgen converted anhydrous ferrous sulphate into ferric chloride 
b y heating it in a current of hydrogen chloride. A. Conduche obtained ferrous 
and ferric chlorides by the action of heated chloroform on ferrous or ferric sulphates. 
K. H . Oenicke observed no ferric chloride was formed from a mixture of sodium 
chloride and ferrous sulphate a t a temp, a t which sublimation occurs, b u t a t a 
higher temp, ferric chloride is produced. A. Baur, and H . St* C. Deville and 
L. Troost prepared ferric chloride as a sublimate by heating a mixture of equal 
par t s of dehydrated ferrous sulphate and calcium chloride. G. J . Fowler observed 
t h a t iron nitride inflames spontaneously in chlorine forming ferric chloride and 
nitrogen ; P . Jannasch and F . Schmidt, t h a t ferric ni t rate heated in hydrogen 
chloride a t 110° to 120° forms a mixture of ferrous and ferric chlorides. W. Kangro 
and R. Fliigge observed t ha t ferrous phosphate a t 900° is converted by chlorine 
into ferric chloride, the phosphorus remains in a non-volatile form. H. Quantin 
substituted carbon tetrachloride for chlorine, and obtained a quant i ta t ive chlorina-
tion of the iron. H. Schroder converted aluminium iron phosphates into volatile 
ferric chloride by heating them with calcium or magnesium chloride, or carnallite. 
F . Wohler found t h a t ferrous carbonate is converted by chlorine into ferric chloride, 
ferric oxide, and some ferrous chloride—W. Kangro and R. Fliigge said the con­
version can be completed a t 900°. C. Friedel and J . Guerin observed t h a t t i t an ium 
chloride converts red-hot ferrous carbonate into ferric chloride, etc. W. !Kangro 
and R. Fliigge observed t h a t chamosite, and iron aluminosilicate, a t 900° is con­
verted by chlorine into ferric chloride, etc. H . von Wartenberg noted t h a t the 
iron in porcelain a t 1000° to 1100° is at tacked by chlorine ; and F . W. Clarke and 
E . A. Schneider, t h a t a t 400°, only a little of the iron in iron-mica is converted into 
ferric chloride. For roasted silicates, etc., vide supra. C. Friedel and J . Guerin 
observed t h a t chlorine passed over heated ferrous t i tanate yields ferric chloride 
quanti tat ively ; and F . Wohler, t ha t ferrous tungstate under similar conditions 
yields ferric chloride and tungsten oxychloride. 

Anhydrous ferric chloride is formed by the dehydrat ion of the hydrated ferric 
chlorides. E . C. J . Mohr said t h a t the dehydrat ion does not occur a t ordinary 
temp, over cone, sulphuric acid, but above 50°, the anhydrous salt is formed ; and 
H . W. B. Roozeboom found tha t in soln. with over 84 per cent, of ferric chloride, 
the anhydrous salt is the stable form above 66°. A. Bechamp, J . J . Berzelius, 
J . B . A. Dumas, M. Gobley, C. F . Mohr, and E. Li. Schubarth heated the crystals 
of the hydrate very slowly and obtained a sublimate of ferric chloride. According 
to P . Li. Hulin, the poor yields are due to hydrolytic changes and they can be 
avoided by heating the chloride in chlorine or hydrogen chloride. 

The hydrates of ferric chloride.—The red liquid formed by the deliquescence 
of ferric chloride was formerly called oleum, martts. C. W. Scheele observed t h a t 
iron filings in moist chlorine dissolve to form a liquid. According to J . J . Berzelius, 
L.. J . Thenard, C. F . Bucholz, M. Gobley, B . Sandrock, P . J . Beral, A. and P . Buisine, 
and M. J . B . Orfila, an aq. soln. of ferric chloride is readily formed by dissolving 
ferric oxide, or hydra ted ferric oxide, in hydrochloric acid ; C. F . Mohr, F . Leteur, 
J . Fritzsche, and E . Soubeiran used powdered haematite. F . W. J . Clendinnen 
observed t h a t the cone. soln. a t tacks filter-paper so t h a t i t is bet ter to use fine 
silver gauze for the filtration. Ferric chloride is readily obtained by dissolving 
iron to saturat ion in hydrochloric acid, boiling the soln., and then oxidizing i t with 
chlorine or nitric acid. J . E . de Vry, and B . Sandrock, oxidized the soln. of iron 
in hydrochloric acid by saturat ing the liquid with chlorine. J . W. Retgers pointed 
out t h a t the reaction is slow a t ordinary temp. , and J . W. Retgers, F . W. C. Krecke, 
G. Kruss and H . Moraht, and F . A. Fltickiger recommended warming the liquid 
to about 60° when it is t reated with chlorine. A. Bechamp recommended removing 
the excess of chlorine by warming the liquid to 50°, and A. A. Noyes, and G. Kruss 
and H . Moraht, by passing a current of air through the liquid. The oxidation with 
chlorine on a large scale was recommended by F . Chemnitius, and D . Tyrer. The 
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oxida t ion of t h e soln. of i ron in hydrochlor ic ac id b y ni t r ic acid was recommended 
b y F . l i . Winckler , B . Sandrock , a n d E . I*. S c h u b a r t h . F . A. F luckiger represented 
t h e react ion : 3 F e C l 2 - f - 3 H C l + H N 0 3 = = 3 F e C l 3 - f - N 0 4 - 2 H 2 0 . J . E . de Vry poin ted 
o u t t h e difficulty of r emoving t h e excess of n i t r ic acid ; a small excess m a y be 
d r iven off when evaporating t h e soln., b u t some ni t r ic acid still c o n t a m i n a t e s t h e 
c rys ta l s . B . B . S h u t t l e w o r t h s t a t e d t h a t t h e ox ida t ion proceeds more r ap id ly 
a n d comple te ly if t h e soln. of ferrous chloride be a d d e d to t h e n i t r ic acid t h a n 
converse ly—presumably owing t o a b e t t e r a d m i x t u r e . 

The p r e p a r a t i o n of ferric chloride from by -p roduc t s in t h e manufac tu re of 
o the r p roduc t s , o r for special purposes , was descr ibed b y C. A. B u r g h a r d t , C. A. Hal l , 
a n d L . P a u l . Commercial p r epa ra t i ons of a n h y d r o u s a n d h y d r a t e d ferric chloride 
were examined b y M. P o p p , J . C. I t o s t e t t e r a n d H . S. R o b e r t s , P . P iazza , 
C. H . Briggs, F . A. Fluckiger , K . Feis t , G. Romi jn , a n d F . R i c h a r d a n d A. Malmy. 
T h e chief impur i t ies observed were i ron oxychlor ide , ferrous chlor ide, hydrochlor ic 
acid, n i t r a t es , n i t r i tes , chlorides, su lpha tes of copper , manganese , a n d zinc. 
R . Pe te r s , H . W. F ischer a n d E . Brieger, R . Pe te r s , a n d G. Schu l t discussed t h e 
p repa ra t ion of clear, colourless, aq . soln. of ferric chloride b y dissolving sub l imed 
ferric chloride in wate r . 

P . P . von W e i m a r n ob ta ined a glassy, t r a n s p a r e n t , yel low or pa le g reen 
gela t inous mass b y t h e rap id cooling of a soln. of ferric chloride. Crysta ls of t h e 
hexahydrate, FeCl 3 . 6H 2 O, s e p a r a t e when t h e 
c o n e , aq . soln. of ferric chloride, acidified wi th 
hydrochlor ic acid, is al lowed t o s t a n d in t h e 
cold. J . R . Glauber , and M. H . K l a p r o t h 
p r o b a b l y ob ta ined crys ta ls of th i s h y d r a t e in 
t h e seven teen th a n d e igh teen th centur ies . The 
crys ta ls were also ob ta ined b y C. F . Bucholz, 
R . Engel , J . Fr i tzsche , W . H a m p e , M. K inas t , 
C F . Mohr, H . W . B . Roozeboom, P . Saba tier, 
G. Schul t , C. Stein , a n d F . L . Winckler . The 
h e x a h y d r a t e is ob ta ined by s a t u r a t i n g a soln. of 
ferric chloride wi th hyd rogen chloride, a n d con­
cen t r a t i ng t h e filtered l iquid over solid po ta s s ium 
hyd rox ide in v a c u o ; or b y al lowing t h e cone, 
soln. t o evapo ra t e slowly in t h e cold. The con­
di t ions of equi l ibr ium are ind ica ted in F ig . 575. 
H . Tjescceur concluded from his observa t ions on 
t h e dissociat ion press , of t h e h y d r a t e s t h a t a 
tetrahydrate, F e C l 3 . 4 H 2 0 , exis ts , b u t th i s has n o t 
been confirmed. According to H . W. B . Rooze­
boom, crys ta ls of t h e hemiheptahydrate , FeCl3 . 
3-5H 2O, are p roduced from a soln. of t h e com­
posi t ion FeCl 3- j -3*75H 20, a t room t e m p . , b y seeding i t wi th a c rys ta l of t he same 
h y d r a t e , pour ing off t h e mother- l iquor , mel t ing t h e crysta ls , crystal l izing t h e mol ten 
mass , a n d r epea t ing t h e opera t ions un t i l a p r o d u c t of c o n s t a n t m . p . is formed. The 
c rys ta l s used for seeding can be ob ta ined b y mel t ing toge ther crys ta ls of t h e hexa-
a n d h e m i p e n t a h y d r a t e s so t h a t t h e composi t ion a p p r o x i m a t e s F e C l 3 + 4 - 1 2 H 2 O , 
solidifying t h e mass a t room t e m p . , a n d wa rming i t t o 27°. The solid which remains 
consists of c rys ta l s of t h e h e m i h e p t a h y d r a t e . T h e condi t ions of s tab i l i ty a re 
ind ica ted in F ig . 575. Crystals of t h e hemipentahydrate, FeCl3 .2-5H2O, were 
p r o b a b l y formed by P . L . Geiger, M. K inas t , J . M. Ordway , C. Stein, a n d G. C. Wi t t -
s tein, b u t t h e y t h o u g h t t h a t t h e y were c rys ta l s of t h e trihydraie, FeC l 3 . 3H 2 0 , a 
h y d r a t e whose exis tence h a s n o t been establ ished. J . Fr i tzsche first repor ted 
t h e exis tence of t h e h e m i p e n t a h y d r a t e ; he ob ta ined i t b y keeping t h e h e x a h y d r a t e 
ove r cone , su lphur ic acid, when t h e m i x t u r e liquefies, and crysta ls of t h e hemi­
h e p t a h y d r a t e s epa ra t e ou t , a n d finally, t h e whole mass acquires t h e s ame degree 

-20' 

- * f r ! 

-60 
MoIs r~ezCl6 per /OO'wols of Miter 

F i a . 575.—The Solubility of Ferric 
Chloride in Water. 
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of h y d r a t i o n . T h e resu l t s were confirmed b y P . S aba t i e r , H . Lescoeur, a n d 
E . C. J . Mohr . H . W . B . R o o z e b o o m a d d e d t h a t th i s h y d r a t e is s t ab l e a t r o o m 
t e m p , ove r cone , su lphur i c ac id ; a n d he o b t a i n e d i t b y m e l t i n g t h e h e x a h y d r a t e 
o n a w a t e r - b a t h , e v a p o r a t i n g off a b o u t half t h e w a t e r of h y d r a t i o n , a n d c rys ta l l i z ing 
a t r o o m t e m p . T h e cond i t ions of equ i l ib r ium a re i n d i c a t e d in F ig . 575 . S o m e 
h y d r o g e n chlor ide is lost d u r i n g t h e e v a p o r a t i o n so t h a t t h e c rys t a l s m u s t b e 
purified b y re -mel t ing a n d re-crysta l l iz ing t h e m a n u m b e r of t i m e s . R . E n g e l 
o b t a i n e d th i s h y d r a t e b y pass ing h y d r o g e n chlor ide over t h e h e x a h y d r a t e for 
some h o u r s a t 100°, a n d slowly cooling t h e p r o d u c t . T h e resu l t ing h e m i p e n t a -
h y d r a t e is free f rom oxych lor ide . H . W . B . R o o z e b o o m o b t a i n e d c rys t a l s of t h e 
dihydrate , F e C l 3 . 2 H 2 O , f rom a soln. of a n h y d r o u s ferric ch lor ide in t h e m o l t e n 
h e m i p e n t a h y d r a t e a t a t e m p , exceeding 56°. T h e cond i t ions of equ i l i b r i um a r e 
i l l u s t r a t ed in F ig . 575 . T h e p r o d u c t c a n b e purif ied b y r e p e a t e d l y c rys ta l l i z ing 
t h e m o l t e n mass . If t h e d i h y d r a t e is m e l t e d in glass vessels , t h e y a r e n e a r l y a l w a y s 
b roken w h e n t h e sa l t solidifies ; a n d i t is p re fe rab le t o use a m o r t a r for t h e purifi­
ca t ion of t h e sa l t b y fusion a n d crys ta l l i za t ion . H . W . B . R o o z e b o o m a n d 
F . A. H . Sch re inemake r s o b t a i n e d t h e d i h y d r a t e b y p a s s i n g h y d r o g e n ch lo r ide 
ove r t h e h e m i p e n t a h y d r a t e . H . W . B . R o o z e b o o m o b t a i n e d t h e d i h y d r a t e b y 
expos ing one of t h e h ighe r h y d r a t e s t o a n a t m . w h e r e t h e press , of t h e w a t e r v a p o u r 
is below O l m m . , a n d i t is the re fo re n o t fo rmed w h e n t h e h e m i p e n t a h y d r a t e is 
k e p t ove r cone, su lphur i c ac id . 

T h e h y d r a t e s of ferric ch lor ide were s t u d i e d b y H . W . B . R o o z e b o o m in t h e 
l igh t of t h e p h a s e ru le , a n d t h e resu l t s a r e s u m m a r i z e d in F ig . 575 . T h e solubi l i t ies , 
S g r m s . of a n h y d r o u s chlor ide p e r 100 g r m s . of w a t e r , of t h e different h y d r a t e s a r e 
a s follow : 

T h e hexahydrate, F c 2 C l 6 . 1 2 H 2 O , or F e C l 3 . 6 H 2 O , 
— 55° 0° 20° 30° 37° 30° 27-4° 20° 8° 

«S' . 49/52 74-39 91-85 106-8 1 5 0 0 201-7 219-O 231-1 246-7 

T h e henhiheptahydrate, F e 2 C l 6 . 7 H 2 0 , or F e C l 3 . 3 £ H 2 0 , 
20° 27-4° 32° 32-5° 30° 25° 

S . . . 204-4 218-7 2 4 4 0 257-6 272-4 28OO 

T h e hemipentahydrate, F e 2 C l 6 . 5 H 2 0 , or F e C l 3 . 2 | H 2 0 , 
12° 20° 27° 30° 35° 5C)" 55° 56° 53° 

*S' . 231-8 251-2 267-5 272-3 281-6 315-2 344-8 360 4 365-9 

T h e dihydrate, F e 2 C l 6 . 4 H 2 0 , or F e C l 3 . 2 H 2 0 , 
50° 55° 60° 69° 72-5° 73-5° 72 J° 70° 60° 

# . 359-3 365-9 372-8 387-7 420-5 450-2 470-8 502-4 525-9 

T h e a n h y d r o u s chlor ide : 
66° 70° 75° 80° 100° 

S . . 525-9 529-8 511-4 525-9 535-8 

E . K o r d e s d iscussed t h e eu tec t i c s of t h e s y s t e m . H y d r a t e s r e p o r t e d b y 
J . L . C. S c h r o d e r v a n d e r KoIk , a n d J . W . R e t g e r s w e r e s h o w n b y E . C. J . M o h r 
t o be solid soln. w i t h a m m o n i u m chlor ide . H . C. J o n e s a n d F . H . G e t m a n o b t a i n e d 
t h e p e r c e n t a g e so lubi l i ty , & = 3 1 - 6 6 a t —51° ; H . Mosler , 32-62 a t —47-8° ; 
O. Malquor i , 42-66 a t 0 ° ; 49-76 a t 25° ; 73-79 a t 35° ; a n d 78-86 a t 60° ; 
E . C. J . Mohr , 49-72 a t 25° ; 54-61 a t 35° ; Y . O s a k a a n d T . Y a g i m i m a , 49-42 a t 
25° ; a n d F . W . J . Clend innen , 78-42 a t 60°. G. L e m o i n e sa id t h a t t h e so lub i l i ty 
a t 13° co r r e sponds a p p r o x i m a t e l y w i t h a 4 -mola r soln. 

A c c o r d i n g t o H . W . B . R o o z e b o o m , t h e m e t a s t a b l e s t a t e s a r e r e p r e s e n t e d b y 
d o t t e d l ines i n F i g . 5 7 5 . I t will b e obse rved t h a t if a l ine b e d r a w n i n t h e d i a g r a m 
t o r e p r e s e n t a f ixed t e m p . , a l i t t l e a b o v e 30° , i t will i n t e r s e c t t h e so lub i l i ty c u r v e 
four t i m e s , a n d t h e p o i n t s of in t e r sec t ion r e p r e s e n t four different compos i t i ons for 
t h e s a t . soln. a t t h a t t e m p . T h e e u t e c t i c b e t w e e n ice a n d t h e h e x a h y d r a t e is a t 
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—55° . T h e m e t a s t a b l e eu teo t i c b e t w e e n t h e h e x a h y d r a t e a n d t h e h e m i p e n t a -
h y d r a t e is a t 15° ; t h e eu teo t i c b e t w e e n t h e h e x a h y d r a t e a n d t h e h e m i h e p t a h y d r a t e 
is a t 27*4° ; t h e eu teo t i c b e t w e e n t h e h e m i h e p t a h y d r a t e a n d t h e h e m i p e n t a h y d r a t e 
is a t 30° ; t h e e u t e c t i c b e t w e e n t h e h e m i p e n t a h y d r a t e a n d t h e d i h y d r a t e is a t 
55° ; a n d t h a t b e t w e e n t h e d i h y d r a t e a n d t h e a n h y d r o u s sa l t is a t 66° . 

The physical properties of ferric chloride.—J. Konigsberger and K. Kiipferer 
n o t e d t h a t t h e co lour of t h e v a p o u r of ferr ic ch lo r ide a t 250° is ye l lowish-b rown. 
C. F r i ede l a n d J . M. Craf ts a lso n o t e d t h e i n t e n s e co lour of t h e v a p o u r . 
H . A r c t o w s k y sa id t h a t m o l t e n ferr ic ch lor ide is a r ed , mob i l e l iqu id . E . F . S m i t h 
sa id t h a t t h e c r y s t a l s o b t a i n e d f rom soln . in s u l p h u r m o n o c h l o r i d e a r e ol ive-green ; 
a n d H . B . N o r t h a n d co -worke r s o b t a i n e d for soln . i n t h i o n y l a n d s u l p h u r y l 
ch lor ides , p l a t e s w h i c h were g a r n e t - r e d in t r a n s m i t t e d l igh t , a n d g reen in reflected 
l igh t . T h e crysta ls of t h e s u b l i m e d sa l t , sa id J . D a v y , H . D a v y , a n d J . L . G a y 
L u s s a c , occur in i ron-b lack , i r i descen t scales ; M. Gob ley sa id t h a t t h e y a r e d a r k 
v io le t ; O. H o n i g s c h m i d a n d co -worker s , r e d d i s h - b r o w n — i n m a s s e s a l m o s t b l ack ; 
E . S t i r n e m a n n , d a r k g reen ; A. N e u h a u s , d e e p c a r m i n e r e d ; H . S t . C. Dev i l l e , 
g a r n e t - r e d in t r a n s m i t t e d l igh t a n d d a r k g reen i n reflected l igh t ; a n d W . Gr i inewa ld 
a n d V. Meyer , pu rp l e - r ed in t r a n s m i t t e d l igh t a n d d a r k g reen in ref lected l igh t . 
E . C. J . M o h r found t h a t w h e n o b t a i n e d b y k e e p i n g t h e h y d r a t e ove r s u l p h u r i c 
acid a b o v e 50°, s ix-s ided, r e d d i s h - b r o w n p l a t e s a r e f o r m e d w h i c h in m a s s e s a p p e a r 
t o be b l ack w i t h a g reen sheen . H . A r c t o w s k y f o u n d t h a t t h e c ry s t a l s o b t a i n e d 
f rom m o l t e n m i x t u r e s a r e p u r p l e - r e d i n t r a n s m i t t e d l igh t a n d d a r k g reen i n reflected 
l igh t ; a n d A. E . N o r d e n s k j o l d o b t a i n e d s ix-s ided p l a t e s be long ing t o t h e h e x a g o n a l 
or t r ic l in ic s y s t e m w i t h ax ia l r a t i o s a p p r o x i m a t i n g Q1 : c = l : 1*235. E . S t i rne ­
m a n n sa id t h a t t h e c ry s t a l s a r e t r i gona l . V. M. G o l d s c h m i d t a n d co-workers , 
W . N o w a c k i , a n d P . Niggl i a n d W . N o w a c k i d i scussed t h e space - l a t t i ce of t h e c r y s t a l s 
of t h e a n h y d r o u s sa l t . H . H a n s e n s h o w e d t h a t t h e l a t t i c e s t r u c t u r e of ferric 
ch lor ide p r o b a b l y cons is t s of i n d i v i d u a l mol . g r o u p s , a n d t h a t t h e e n e r g y r e q u i r e d 
t o b r e a k u p t h e l a t t i ce is smal le r t h a n t h a t r equ i r ed t o d i s soc ia te t h e mo l . g r o u p s . 
N . W o o s t e r f ound t h a t t h e u n i t r h o m b o h e d r a l cell is a = 6 - 6 9 A. , a n d c = 5 2 ° 30 ' , o r 
a h e x a g o n a l cell w i t h a=5-92 A., a n d c = l - 2 6 A. T h e r e a r e t w o molecules p e r u n i t 
r h o m b o h e d r a l cell, o r six molecu les p e r h e x a g o n a l cell. T h e c rys t a l s a r e iso-
m o r p h o u s w i t h t h o s e of b i s m u t h t r i iod ide . 

Acco rd ing t o F . A. Fl i ickiger , t h e c rys t a l s of t h e h e x a h y d r a t e h a v e a b i t t e r , 
s a l t y t a s t e if free f rom hydroch lo r i c ac id . T h e desc r ip t ions of t h e h e x a h y d r a t e b y 
A. B e n r a t h , R . E n g e l , F . A. Fl i ickiger , J . F r i t z s c h e , W . H a m p e , J . M. O r d w a y , 
P . S a b a t i e r , a n d F . L*. W i n c k l e r ag ree t h a t i t fu rn ishes r en i fo rm masses of l emon-
yel low, o r pa le ye l low c rys t a l s , o r o p a q u e r h o m b i c p r i s m s or p l a t e s which , a c c o r d i n g 
t o H . W . B . R o o z e b o o m , a re monoc l in ic . A . N e u h a u s sa id t h a t in 2 m m . l aye r s , t h e 
c r y s t a l s a r e p a l e ye l lowi sh -b rown a n d p leochro ic—yel low a n d ye l lowish-b rown. 
T h e sub j ec t w a s a lso d iscussed b y J . W . R e t g e r s , a n d E . C. J . Mohr . 
H . W . B . R o o z e b o o m sa id t h a t t h e h e m i h e p t a h y d r a t e fo rms monoc l in ic c rys t a l s 
w h i c h a r e d a r k e r i n co lour t h a n t h e h e x a h y d r a t e , a n d un l ike t h e h e x a h y d r a t e a r e 
d ichro ic w i t h co lours r a n g i n g f rom yel low t o b lue . A. N e u h a u s sa id t h a t t h e 
c r y s t a l s in 2 m m . l aye r s a r e d a r k ye l lowish -b rown, a n d p leochro ic—yel lowish-brown 
t o s tee l -grey . E . C. J . M o h r a d d e d t h a t t h e p l eoch ro i sm a n d crys ta l l iz ing force 
of t h i s h y d r a t e a r e n o t so s t r o n g as in t h e case of t h e h e m i p e n t a h y d r a t e . 
J . Li. C. S c h r o d e r v a n d e r KoIk s a id t h a t t h e d o u b l e re f rac t ion of t h e c rys t a l s of 
t h e h e m i h e p t a h y d r a t e is pos i t ive . R . E n g e l obse rved t h a t t h e c rys t a l s of t h e 
h e m i p e n t a h y d r a t e o b t a i n e d b y s low cool ing of soln . in hydroch lo r i c ac id a r e 
g a r n e t - r e d . A . N e u h a u s sa id t h a t t h e c rys t a l s in 2 - m m . l aye r s a r e d a r k redd i sh-
b r o w n , a n d p l e o c h r o i c — m e d i u m t o d a r k r e d d i s h - b r o w n . H . W . B . R o o z e b o o m 
sa id t h a t t h e r h o m b i c c rys t a l s of t h e d i h y d r a t e a r e pa l e r r e d t h a n those of t h e 
h e m i p e n t a h y d r a t e , a n d t h a t t h e y a r e p leochro ic w i t h a colour r a n g i n g from yel low 
t o b r o w n . A . N e u h a u s sa id t h a t t h e c rys t a l s in 2 - m m . l ayers a r e d a r k red , a n d 
pleochroic-—yellowish-red t o d a r k r ed . 
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The colour of cone. soln. of ferric chloride ranges from dark yellowish-brown t o 
a reddish-brown ; dil. soln. are yellow, and with very dil. soln. the yellow colour 
may disappear with ageing owing to hydrolysis which results in t he formation of 
colloidal ferric oxide and hydrochloric acid. The colour of the soln. was discussed 
by C. F . Schonbein ; the relation between the colour and cone, of the soln., by 
F . G. Donnan and H . Bassett , M. G. Mellon, M. Neidle, S. XJ. Pickering, 
M. Schneider, and H. M. Vernon ; the effect of hydrolysis, and temp. , by P . Apery, 
F . A. Fluckiger, E . J . Houstoun, J . G. MacGregor, E . Schaer, T. Svedberg, and 
H. M. Vernon ; and the use of the soln. as a colour scale in colorimetry, etc., by 
W. Crookes and co-workers, and H . V. Arny and co-workers. According to 
K. S. Ritchie, the exposure to sunlight or other sources of intense light of hydro­
chloric acid soln. of ferric chloride results in an increase in intensity of the colour 
of the soln. ; on removal of the light the soln. slowly re turn to their initial con­
dition. The fraction of incident light t ransmit ted during a given exposure reaches 
a maximum near the commencement of the yellow region of the spectrum and falls 
rapidly to the green. Increased light absorption also results from heating a soln. 
of ferric chloride. P . P . von Weimarn observed t h a t a t liquid air temp. , the colour 
becomes paler yellow or green as the soln. freezes to a glassy mass, conversely, 
F . A. Fluckiger observed t ha t a soln. almost colourless by dilution becomes distinctly 
yellow when wanned. The colour of cone. soln. is not perceptibly affected by 
hydrochloric acid, bu t dil. soln. become yellowish-green ; the subject was discussed 
by H . V. Arny and co-workers, A. Byk and H . Jaffe, F . G. Donnan and H . Bassett , 
J . C. Hostet ter , C. Hiit tner, A. Miiller, F . Mylius and A. Mazzucchelli, C. R. C. Tich-
borne, and H. M. Vernon ,- the effect of sulphuric acid, and alkali sulphates, chlorides 
of sodium, potassium, ammonium, calcium, and barium, and boric acid, by 
J . C. Hostet ter ; sodium and ammonium chlorides, by A. Miiller ; ammonium, 
sodium and ant imony chlorides, by F . A. Fluckiger ; calcium and aluminium 
chlorides, by H. C. Jones and J . A. Anderson ; ammonium chloride and potassium 
bromide, by E . Schaer ; and of sulphuric, nitric, and phosphoric acids, and some 
organic acids and acid phosphates, by V. Macri. 

According to H . St. C. Deville and L.. Troost, the vapour density of ferric 
chloride is 11-14 a t 440°, 11*01 a t 619° (air unity) . This is in agreement with the 
molecular weight of the salt with the formula Fe2Cl6 . C. Friedel and J . M. Crafts, 
E . Stirnemann, and H. Biltz and F . Meyer showed t h a t between 321*6° and 442-2°, 
in an a tm. of chlorine, the vap. density is virtually constant and is in agreement 
with the doubled formula Fe2Cl6 . Above 500°, the effects of the dissociation 
Fe 2 Cl 6 ^2FeCl 3 appear. E . Stirnemann found t h a t a t 253°, 271°, 285°, and 295°, 
a litre of the vapour contained respectively 0-3391, 0-9826, 0-302, and 3-43 grins, 
of Fe2Cl6 per litre, corresponding respectively with mol. wts. from 322*4 to 337*0 
when the value for Fe2Cl6 is 324*4, and for FeCl3 162*2. For the dissociation : 
Fe2Cl6^Fe2Cl4-J-Cl2 , vide infra. A t high temp, there is also the dissociation : 
Fe 2 Cl 4 ^2FeCl 2 . This explains the low results : 

448° 518° 606° 760° 1060° 1328° 
Vapour dens i ty . . J 0-487 9-569 8-383 5-458 5-307 5-160 

obtained by H . Biltz and V. Meyer, and W. Griinewald and V. Meyer working 
with an a tm. of chlorine. A. Scott obtained a value 136*1 for the mol. wt . in an 
a tm. of nitrogen. 

D . I . Mendeleeff found t h a t with soln. of ferric chloride in water, t he rule t h a t 
the sp. gr. of equimolar soln. is greater, the higher the mol. wt. of the solute is 
valid provided the doubled molecule Fe2Cl6 is present. R. Peters showed t h a t the 
lowering of the f.p. of N- to 0*0625iV-soln. of ferric chloride corresponds with mol. 
wts. falling from 49-4 to 43-7. This indicates t h a t some hydrolysis as well as 
ionization occurs. In some non-aqueous soln. there is a marked polymerization of 
the molecule. G. Oddo, G. Oddo and M. Tealdi, and JE. Beckmann found t h a t 
in phospkoryl chloride soln. with 0*5307 to 1-8426 grms. of FeCl8 in 100 grms. of 
solvent the mol. wt. ranged from 63«G7 to 135*07 ; P . T. Muller, and K* Beckmann 
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f o u n d t h a t t h e m o l . w t . of t h e s a l t i n boi l ing ethyl alcohol soln. is n o t fa r f rom n o r m a l , 
b u t t h e r e is s o m e e v i d e n c e of p o l y m e r i z a t i o n , t h u s E . B e c k m a n n f o u n d for soln. 
w i t h 2*37, 6*66, a n d 11*57 g r ins . F e C l 3 i n 1OO g r m s . of so lven t , t h e r e spec t ive mol . 
w t s . 195 , 176, a n d 163 . T h e m o l . w t . i n boi l ing ethyl ether w a s f o u n d b y E . Beck­
m a n n t o v a r y f rom 170 t o 175 w i t h soln . r a n g i n g f rom 1-53 t o 12-7O g r m s . of F e C l 3 
p e r 100 g r m s . of so lven t . O b s e r v a t i o n s w e r e a lso m a d e b y P . T . Muller , R . L e s p i e a u , 
a n d J . T i m m e r m a n s . T h e r e su l t s a r e n e a r t h o s e r e q u i r e d for s imple molecules , 
b u t t h e r e is ev idence of p o l y m e r i z a t i o n ; W . B . S. T u r n e r f o u n d t h e mo l . a s soc ia t ion 
f ac to r t o b e 1-0 t o 1*11. J . T i m m e r m a n s f o u n d t h a t for soln . w i t h 1-228 t o 3-125 
g r m s . F e C l 3 p e r 1OO g r m s . of boi l ing acetone, t h e mo l . w t . fell f rom 140 t o 107-21, 
a n d h e o b s e r v e d t h a t in cone , soln. , a n oxych lo r ide is f o rmed ; t h e mol . w t . of 
0*589 g r m . F e C l 3 i n 1OO g r m s . of bo i l ing chloroform is 153-9 ; 0-676 g r m . F e C l 3 i n 
100 g r m s . of acetic acid h a s a m o l . w t . of 82*4 ; w i t h 1-001 t o 1-26 g r m s . of F e C l 3 
i n 1OO g r m s . of sul phonal, t h e m o l . w t . is 174 t o 197-9 ; w i t h 0-659 t o 1-056 g r m s . 
F e C l 3 in 1OO g r m s . of benzophenonc, t h e mo l . w t . r a n g e s f r o m 289*35 t o 210*72 ; 
a n d w i t h 0*593 t o 2*213 g r m s . FeCl 3 in 100 g r m s . of benzoic acid, t h e mo l . w t . r a n g e d 
f rom 179*9 t o 211-86. E . B u s c h f o u n d t h a t w i t h 6-02 t o 12-89 g r m s . of F e C l 3 in 
1OO g r m s . of methylal, t h e m o l . w t . r a n g e d f rom 116 t o 145 : E . B e c k m a n n , t h a t i n 
benzi l , t h e mo l . w t . i n d i c a t e s s o m e p o l y m e r i z a t i o n ; A. W e r n e r a n d W . Schmujloff, 
w i t h 0-38 t o 2-07 g r m s . F e C l 3 i n 1OO g r m s . of boi l ing pyridine, t h e mol . w t . r a n g e d 
f rom 146-05 t o 150*05 ; a n d Li. K a h l e n b e r g a n d A. T . L inco ln , w i t h 1-4792 t o 
4-7389 g r m s . of F e C l 3 i n 1OO g r m s . of nitrobenzene, t h e mol . w t . r a n g e d f rom 316-9 
t o 190*8 ; a n d J . T i m m e r m a n s o b s e r v e d t h a t w i t h n i t r o b e n z e n e , t h e mo l . w t . 
dec reases w i t h i nc reas ing c o n c e n t r a t i o n of t h e soln. 

T h e r e a re n o g r o u n d s for a s s u m i n g t h a t t h e i ron i n ferr ic ch lor ide , Fe 2 Cl 6 , is 
q u a d r i v a l e n t , a l t h o u g h t h e mo l . w t . of t h e s a l t c a l cu l a t ed f rom t h e v a p . d e n s i t y 
in a n a t m . of ch lo r ine c o r r e s p o n d s w i t h t h i s fo rmu la . W r i t e r s o n t h e co -o rd ina t i on 
t h e o r y — R . W e i n l a n d , P . Pfeiffer, a n d A. W e r n e r — r e g a r d t h i s po lymer i zed f o r m 
a s a ferr ic s a l t of hexachloroferric acid, n a m e l y : 

F e 
J-CK / C I l 

Cl ? F e ^ Cl 
|_C1X X C 1 J 

A . W e r n e r r e p r e s e n t e d t h e h e x a h y d r a t e b y t h e fo rmula for ferric hexaguochloride, 
[ F e ( H 2 O ) 6 ] C l 3 ; a n d R . W e i n l a n d sugges ted t h a t b y a n a l o g y w i t h o t h e r h y d r a t e s , 
t h e co lour of t h e s a l t r a t h e r f a v o u r s t h e a s s u m p t i o n t h a t t h e h e x a h y d r a t e is ferric 
chloropentaquochloride, [Fe (H 2 O) 5 Cl ]C l 2 -H 2 O, or else ferric dichlorotetraquochloride, 
[ F e ( H 2 O ) 4 C l 2 ] C l . 2 H 2 O . T h e s u b j e c t w a s d iscussed b y R . Re in i cke , a n d H . H a n s e n . 

A c c o r d i n g t o J . P . Grahfield, t h e specif ic grav i ty of c rys t a l s of a n h y d r o u s ferric 
ch lo r ide is 2-804 a t 10-80 /4° ; K . G r o s s m a n n g a v e 2-804 ; a n d W . Bi l t z a n d E . B i rk , 
2*898 a t 25°/4° . A. B a l a n d i n c a l c u l a t e d 2-844 for t h e sp . gr . f rom t h e r e l a t i on 
b e t w e e n t h e d e n s i t y , t h e a t . vol . of t h e c o m p o n e n t s , a n d t h e h e a t of f o r m a t i o n of 
t h e sa l t . A . B a l a n d i n , I . I . Sa s l awsky , a n d H . H . S t e p h e n s o n d iscussed t h e 
c o n t r a c t i o n which occurs w h e n t h e s a l t is f o r m e d f rom i t s c o m p o n e n t s ; a n d 
W . B i l t z , a n d H . W . F i sche r , t h e m o l . vo l . A. H e y d w e i l l e r g a v e for t h e sp . gr . of 
so ln . w i t h C m o l s of FeCl 3 p e r l i t re a t 18°/4° : 

C \ & € 1 14 1? 2 2# 
S p . g r . '. 1 0 2 2 6 3 1 0 4 4 5 6 1 0 8 7 0 1 1 2 8 4 1 1 6 9 0 1-2090 1-2486 1-3270 

O b s e r v a t i o n s o n t h e s p . gr . of a q . soln. h a v e also been m a d e b y H . Becque re l , 
A . B l u m c k e , F . W . J . C lend innen , B . F r a n z , K . G r o s s m a n n , H . H a g e r , H . C. J o n e s 
a n d c o - w o r k e r s , A . K a n i t z , 6 . L e m o i n e , W . M a n c h o t a n d co-workers , G. Qu incke , 
a n d G. S c h u l t . E . Moles a n d co -worke r s o b t a i n e d t he se r e su l t s : 

FeCi, (per cent.) 
f 0° 

SP. „. J n:: 
I 35° . 

0-4088 
1-0035 
10022 
10003 
0-9976 

1-6976 
10139 
10121 
1*0106 
1-0075 

8-737 
10774 
10740 
10718 
10684 

16-199 
1*1498 
1-1451 
11428 
1-1390 

25*729 
1-2465 
1-2411 
1-2381 
1-2339 

43-579 
1-4705 
1-4654 
1-4611 
1-4548 

Sat. 
— 
— 

1-7934 
1-7849 

Sp.gr
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G. Quincke gave for the sp. gr. of soln. of 11-53, 18-89, 32-94, 48-07, and 54-83 per 
cent, ferric chloride in methyl alcohol, a t 18° to 20°, respectively 0-8928, 0-9638, 
11335, 1-4177, and 1-5374; A. Blumcke gave for soln. with 5 1 2 , 10-00, 14-3O, 
12-00, and 32*10 per cent, of ferric chloride the respective sp. gr., a t 15° t o 19°, 
0-836, 0-873, 0-903, 0-963, and 1-063. P . Schulz, and A. Naumann gave 1-1603 
for the sp. gr. of a sat . soln. of ferric chloride in acetone a t 18°/4°. H . Hager 
represented the change in the sp. gr. -which a t tends a rise of 1° with soln. between : 

FeCl8 . IO to 19 20 to 29 30 to 39 40 to 44 45 to 49 50 to 6O per cent. 
Change . 00003 00004 00005 00006 00007 0-0008 

P . F . Gaehr said t h a t the relation between the sp. gr. JD9 and the concentration 
C per cent, can be represented by log10Z>—mC, where m is a cons t an t ; 
D. I . Mendeleeff discussed the relation between the sp. gr. and the mol. wt. of the 
salt in soln. ; A. Taffel, the temp, of maximum densi ty ; F . W. C. Krecke, the effect 
of hydrolysis on the sp. gr. ; R. Reinicke, the vol. relations of the water of crystal­
lization ; G. Beck, and I . I . Saslawsky, the mol. contraction ; and A. Kanitz , and 
B. Cabrera and E. Moles, the effect of hydrochloric acid on the sp. gr. K. Gross-
mann found t ha t the contraction Sv which occurs when p per cent, of FeCl2 is dis­
solved in unit vol. of water is nearly proportional to p so t h a t Sv/p is approximately 
constant . He found : 

ft . . 1-58 7 1 4 lO-OO 1 7 - 3 3 5 2 0 - 0 0 2 4 0 0 32-OO p e r c e n t . 
Sv . . 00034 00122 0-017 0027 0031 O-038 O-052 

The ra te of diffusion of ferric chloride in aq. soln. was examined by T. Graham, 
and M. Torre. XJ. Vanzetti showed t h a t the diffusion of the salt is accompanied 
by hydrolysis ; and I . D. Gotz and G. P . Pamfil measured the speed of diffusion 
of soln. of ferric chloride in water, and in soln. of sodium, ni t rate . They concluded 
t h a t the degree of hydration is not affected by the presence of strong electrolytes. 
The speed of diffusion of the salt in gelatin was examined by R. E. Iaesegang, and 
H . R. Proctor and D. J . Law. T. Redwood found tha t ferric chloride in aq. soln. 
readily diffuses through a membrane, and T. Graham, A. Kossel, and P . Nicolardot 
showed t h a t during the osmosis of a soln. of ferric chloride in a dialyzer, hydrolysis 
occurs, and while hydrochloric acid passes through the membrane, colloidal ferric 
hydroxide remains. H . G. Byers and C. H . Walter studied the so-called electro-
endosmosis. 

G. Quincke measured the surface tension of soln. of ferric chloride and found i t 
to be smaller t han t h a t of water. H . Piepenstock represented the lowering of the 
surface tension of water, in percentages of cr, the value for water alone being such 
t h a t the lowering a=100(8cr/ar)/M, when Scr is the difference in the surface tensions 
of water and of the aq. soln., M. denotes the number of eq. FeCl3 per litre of 
soln. The concentration of the soln. is expressed in percentages, the temp, 
approximated 18° : 

C . 6-83 9-24 120O 14-56 17-58 2219 25-40 28-79 per cont. 
a . 1-92 1-86 1-73 1-7J 1-69 1-51 1-43 1-38 

The lowering per eq. of ferric chloride in soln. decreases with increasing con­
centration. The influence of a magnetic field on the surface tension of the soln. 
was examined by P . Drapier, G. Quincke, and O. Iaebknecht and A. P . Wills. 
W. L. Rolton and R. S. Troop observed t ha t a magnetic field of 16,0OO gauss had 
no perceptible influence on the surface tension of soln. of ferric chloride ; 
IJ . Abonnenc also obtained a negative result ; and D. Owen said t h a t the theoretical 
change amounts to one in 5 X 10ft of the total surface tension by the action of a field 
of 20,000 gauss. O. Lorant observed t ha t the limiting surface between ethyl 
ether, chloroform, and nitrobenzene, and an aq. soln. of ferric chloride is greater 
t han is the case with water. G. Quincke made observations on the surface tension 
and sp. cohesion of soln. in methyl alcohol. 

P . de Heen measured the fluidity of soln. of ferric chloride and the results were 
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d i scussed b y O. M o n t i g n y . A. B . Ox ley m e a s u r e d t h e ve loc i ty of flow of cone , 
so In. of ferr ic ch lo r ide a t t e m p , b e t w e e n 0° a n d 80° . A . Kani tz ob se rved t h a t 
so ln . of ferr ic ch lo r ide h a v e a g r e a t e r v i scos i ty t h a n is u s u a l w i t h soln. of o t h e r 
ch lo r ides . W . H e r z c a l c u l a t e d f rom A. K a n i t z ' s m e a s u r e m e n t s of t h e v iscos i ty , 
77, of JV-, 0-5iV-, 0-252V-, a n d 0-1252V-FeCl3 a t 25° , r e spec t ive ly O O H 4 7 , 0-01014, 
0-00949, a n d 0-00922 c.g.s. u n i t s . E . Moles a n d co-workers o b t a i n e d for soln. 
w i t h : 
FeCls(por cent.) 0-4088 
f O 0 . . 0-O18290 
J 18° . 0010750 

1 H 25° . 0-009125 
(.35° . . 0007371 

1-6975 
0019285 
0-011290 
0009555 
0007742 

8-737 
0026489 
0015380 
0013040 
0010358 

16199 
0-03937O 
0022270 
0-018550 
0014488 

25-729 
0071170 
0037440 
0030510 
0023238 

43-579 
0-35208 
013770 
0-10515 
007202 

Sat. 

0-3164 
O-1942 

A. S m i t s a n d co -worke r s o b s e r v e d t h a t , a t 40° , t h e v i scos i ty inc reased w i t h 
t h e c o n c e n t r a t i o n u p t o 55*4 p e r c e n t . FeCl 3 , i t t h e n fell t o a m i n i m u m w i t h 
62-5 t o 65*0 p e r c e n t . FeCl 3 , a n d t h e r e a f t e r i nc reased r a p i d l y a n d c o n t i n u o u s l y . 
T h e m a x i m u m a n d m i n i m u m p o i n t s c o r r e s p o n d v e r y n e a r l y w i t h t h e h e x a -
h y d r a t e a n d t h e h e m i h e p t a h y d r a t e r e spec t ive ly . T h e s u b j e c t w a s d i scussed b y 
W . P . Jo r i s s en ; a n d t h e t e m p . coefiE. of t h e v i scos i ty b y A . E . Ox ley . A . !Kanitz 
f ound t h a t t h e a d d i t i o n of i nc reas ing p r o p o r t i o n s of hyd roch lo r i c ac id t o t h e soln . 
lowers t h e v iscos i ty , d u e , i t is supposed , t o a r e d u c t i o n in t h e p e r c e n t a g e hyd ro ly s i s . 
T h e effect of h y d r o l y s i s on t h e v i scos i ty w a s d i scussed b y E . Moles a n d co-workers , 
a n d W o . O s t w a l d ; a n d Ju. A b o n n e n c f o u n d t h a t a m a g n e t i c field h a d n o per ­
cep t ib le influence o n t h e v i scos i ty of soln. of ferr ic ch lor ide . 

T h e thermal e x p a n s i o n of soln. c a n b e ca l cu l a t ed f rom t h e o b s e r v a t i o n s of 
E . Moles a n d co-workers , a n d H . H a g e r o n t h e effect of t e m p , on t h e sp . gr . of t h e 
a q . soln. O. H i i l s m a n n a n d W . Bi l tz m a d e o b s e r v a t i o n s on t h e sub jec t . W . B e e t z 
s h o w e d t h a t t h e thermal conduct iv i ty of a soln. of sp . gr . 1-126 a t 8° t o 14° 
is g r e a t e r t h a n t h a t of wa te r , a n d t h a t of a soln. of sp . gr . 1-244 a t 8° t o 14° is 
a lso g r e a t e r t h a n t h a t of w a t e r . T h e c o n d u c t i v i t y of di l . soln. b e t w e e n 28° 
a n d 36° is smal le r t h a n t h a t of w a t e r . W . B e e t z e x a m i n e d t h e t h e r m a l con­
d u c t i v i t y of soln. in e t h y l a lcohol , a n d e the r . A. B l u m c k e found t h a t t h e 
specific hea t of a n h y d r o u s ferric ch lor ide is 0-145 a t r o o m t e m p . ; a n d for 20, 
28-8, a n d 43-56 p e r c e n t . aq . soln. , r e spec t ive ly 0-813, 0-745, a n d 0-67O. G. L e m o i n e 
found t h e sp . h t . of 3JlZ-FeCl3, of sp . gr . 1-368, t o be 0-66. T h e sub jec t w a s 
s t u d i e d b y N . de Ko lossowsky . A. B l i imcke e x a m i n e d t h e sp . h t . of soln. in e t h y l 
a lcohol . 

A. B r a n n , a n d J . H . W a l t o n a n d A. B r a n n s t u d i e d t h e rate of crysta l l izat ion 
of a q . soln. of ferr ic ch lor ide . H . W . B . R o o z e b o o m said t h a t owing t o t h e low 
t e m p , of f o r m a t i o n of t h e c r y o h y d r a t e , —55° , t h e h e x a h y d r a t e shou ld m a k e a 
g o o d freezing m i x t u r e w i t h ice, a n d he o b t a i n e d —25° b y t h i s m e a n s . T h e l o w e r i n g 
Of t h e freez ing-point of w a t e r b y ferric ch lor ide is i n d i c a t e d b y t h e ice-l ine in 
F i g . 575 , w h e r e H . W . B . R o o z e b o o m found t h e f .p . of w a t e r w i t h 18-01, 34-21 , a n d 
42-68 g r m s . of FeCl 3 p e r 100 g r m s . of w a t e r t o be r e spec t ive ly —10-0°, —27-5°, 
a n d — 4 0 ° , c o r r e s p o n d i n g w i t h t h e r e spec t ive mol . lower ings of 9-0°, 13-0°, a n d 15-2°. 
H . Mosler f o u n d t h e f .p. of soln. of ferric ch lor ide t o be : 

KeCl3 . . 10-3 23-O 28-5 3 3 1 38-5 43-4 per cent . 
F . p . . . —5-7° —15-8° — 2 2 0 ° —27-2° —36-8° —47-8° 

O b s e r v a t i o n s were a lso m a d e b y F . M. R a o u l t , G. Malf i tano a n d Xi. Michel , 
A . A . N o y e s , N . Sasak i , a n d H . C. J o n e s a n d co-workers . R . P e t e r s obse rved f o r : 

FeCl . . . . 2V- 0-52V- 0-252V- 01252V- 006252V-
F . p . . . . 2 1 7 ° 1 0 2 ° 0-51° 0-263° 0-145° 
a . . . 0-82 0-76 0-74 0-80 0-84 

T h e c o r r e s p o n d i n g mo l . w t s . r a n g e f rom 49-4 t o 43-7 showing t h a t t h e ion iza t ion 
of ferr ic ch lo r ide i n a q . soln. c a n be r e p r e s e n t e d b y F e C l 3 ^ F e " " + 3 C l ' . H . C. J o n e s 
a n d F . H . G e t m a n n o t e d t h a t t h e mol . lower ing of t h e f .p. passes t h r o u g h a 

V O L . x i v . E 
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minimum form of concentration between O-1 and 0-2 molar ; thus, representing 
the concentration in mols per litre, the mol. lowerings of the f.p., A9 are : 

C 
A 

0 064 
6-05 

0-103 
5-89 

0-129 
6-87 

0-267 
6 1 4 

0-515 
7 1 6 

1-287 
10-06 

1-544 
11-40 

2-573 
19-82 

G. Malfitano, and G. Malntano and Ii. Michel discussed the influence of hydrolysis 
on the results ; they observed t h a t the lowering of the f.p., A, of a soln. of 5 grms. 
of FeCl8 per litre is „d=O200 ; after heating 15 mins. a t 115° to 120°, ^ = 0 - 3 0 0 ; 
and after being kept for a long t ime a t ordinary temp. , A =0*270. A. A. Noyes 
found t h a t the lowering of the f.p. of cone. soln. is affected additively by the 
introduction of hydrochloric acid, bu t with dil. soln. there is a deviation from the 
additive law which can be explained by the driving back of the hydrolysis by the 
acid. The raising of the boiling-point of various soln. has been discussed above 
in connection with the mol. wt. of the salt in soln. 

T. Carnelley and W. C. Williams gave 306° to 307° for the melting-point of the 
anhydrous chloride ; C. Friedel and J . M. Crafts gave 280° to 285°, and added 

t h a t i t volatilizes a t the 
same t ime ; G. Her rmann 
gave 298° ; E . Stirne-
mann, 306° ; G. Scarpa, 
302°; and K. Hachmeister, 
303°. E . Stirnemann's 
value, 306°, is a t the junc­
tion of the sublimation 
and b.p. curve, Fig. 576. 
O. Honigschmid and co­
workers observed t h a t if 

260° 300° 350° 400° 
f 111; J I ^ 

F i o . 6 7 6 . — T h e V a p o u r P r e s s u r e of F e r r i c Chloride. 
SOCP 

heated rapidly, the salt can be volatilized without melting ; and H. Arctowsky 
observed t h a t the salt softens a t 260°. H . W. B . Roozeboom's values for the m.p. 
of the hydrates are indicated in Fig. 575. J . M. Ordway gave 35-5° for the m.^>. 
of the hexahydrate ; F . A. Fluckiger, 38° ; and H . W. B . Roozeboom, 36-5° for 
the hexahydrate , 32-5° for the hemiheptahydrate , 56° for the hemipentahydrate , 
and 73-5° for the dihydrate. 

The thermal dissociation of ferric chloride, Fe 2 Cl 6 ^2FeCl 3 , has been dis­
cussed in connection with the mol. wt. of the salt. V. and C. Meyer noted t h a t 
chlorine is evolved by the thermal decomposition of ferric chloride a t a high t emp. : 
Fe2Cl6=2FeCl2-+-Cl2 ; and W. Griinewald and V. Meyer observed t h a t when ferric 
chloride is heated in an a tm. of nitrogen, the residue contains the less volatile 
ferrous chloride. Thus, a t : 

D e c o m p o s i t i o n 
448° 

O 
518° 

0-100 
606° 

0 1 2 5 
750° 

0-333 
>750° 
O-3 t o 0-5 p e r c e n t . 

C. Friedel and J . M. Crafts said t h a t the reaction is perceptible in an a tm. of nitrogen 
a t 430° ; according to P . Fireman and E . G. Portner, t h e decomposition, Fe2Cl6 
^=*Fe2Cl4+Cl2, can be detected even a t 122° ; and C. G. Maier added t h a t the salt 
cannot be sublimed in vacuo without some decomposition. B . Stirnemann 
observed some decomposition of the ferric chloride always occurs when ferric 
chloride is held a t 400° for any length of t ime ; he found the part ia l press, of the 
chlorine in the sat. vapour of ferric chloride to be 0-08 to 0-12 a tm. a t 500° ; 24-1 mm. 
a t 291-5° ; and 31-9 mm. a t 301-8°, and this is less t han 10 per cent, of the vap . 
press, of ferric chloride a t the corresponding t emp. 

When the hexahydrate is slowly heated, P . Nicolardot observed t h a t hydrogen 
chloride and steam, bu t no chlorine, are evolved ; and a t 110° the evolution of 
hydrogen chloride ceases, and there remains ferric oxychloride, FeOCl, which is 
stable in a d ry a tm. a t temp, up to 250°. At a high t emp, the oxychloride decom­
poses into ferric oxide and chloride and free chlorine. For the action of heat on 
aq. soln., vide infra. 
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M. H . Klaproth, E . L. Schubarth, F . A. C. Gren, J . Davy, H . Davy, and J . L. Gay 
Lussac noted the volatility of ferric chloride. T. Carnelley and W. C. Williams 
observed t ha t the salt begins t o sublime a t 100° ; and C. Friedel and J . M. Crafts, 
and G. Herrmann, t h a t i t volatilizes a t its m.p. W. Griinewald and V. Meyer found 
t ha t the volatilization is slow a t 450°, bu t rapid a t 600°. According to K. F . Fohr, 
W. Skey, D. H . Browne, and A. Vogel, some ferric chloride is lost by volatilization 
during the evaporation of acidified soLQ. of the s a l t ; bu t C R . Fresenius, L. !L. de 
Koninck, H . P . Talbot, R. W. Atkinson, and H . Seward consider t h a t there is no 
appreciable loss by evaporation, even a t 130°. H . P . Talbot observed a loss of 
iron when the soln. contains ammonium chloride, or aqua regia. C. H u t t n e r 
observed no loss during many hours* evaporation of a soln. on the water-bath, 
with repeated additions of hydrochloric acid, and a prolonged drying of the residue 
on the water-bath. 

E . St irnemann gave for the vapour pressure, p a tm. , of anhydrous ferric chloride 
a t : 

258" 271° 285° 301° 310° 370° 403° 493° 
p . . 0 0 4 5 4 0-131 0-283 0-676 0-855 2-04 3-31 9 1 a t m . 

v w ' < „ 1 

Sublimation curve Boiling curve 
E. Stirnemann's results are plotted in Fig. 576. The sublimation curve AO, 
Fig. 576, corresponds with log 7?=12*442—7250T—x ; and the boiling curve OJB, 
Fig. 576, with log 7>=4-138-2544T—X. The part ial press, of the chlorine in the 
reaction Fe2Cl6^2FeCl2-f-Cl2 is discussed above ; OC represents the fusion curve, 
or the assumed effect of press, in the m.p. E . Baur studied the system. IC. Jellinek 
and R. Koop gave for the vap . press., p a tm. , a t 200°, 240°, 260°, and 280°, the 
respective values p=0-0X2, 0-088, 0-237, and 0-508 a tm. , and C. G. Maier obtained 
for the dissociation and yap . pressures combined, p mm. : 

216-5° 248-7° 273-4° 286-0" 299 6° 308-8° 313 3° 318-4° 
p . . 3-9 26-6 92-6 162-5 340-9 564-2 729-6 872-6 m m . 

W. Kangro and R. Fliigge found the part ial press., p a tm., of ferric chloride, and 
the equilibrium constant, K9 when the press, of the chlorine is 1 atm., to be : 

327° 527° 727° 927° 1127° 1327° 
p . . 0-00044 0 0 0 6 1 0-030 0-086 1-8 3-3 a t m . 
K . . 7-9 X l O - 2 * 7-9 X l O 1 6 5 0 X l O - 1 1 7-9 X 10-» l - 6 x l 0 ~ 5 1 O x I O - " 

According to G. Herrmann, the vap. press, of ferric chloride is strongly depressed 
in the presence of lead and other chlorides ; as a result, the mixtures can be heated 
to a relatively high temp, without the sublimation of the ferric chloride. 

H . !Lescceur found the vap. press, of a sat. soln. of the hexahydrate is 6-5 mm. 
a t 20° ; and H . W. B. Roozeboom found the vap . press, of a soln. sat. with the 
hexahydrate a t 15° to be 6-0 mm. for BC, Fig. 575, and 1-4 mm. for CN, Fig. 575 ; 
for a soln. sat. with the hemiheptahydrate, 2*3 mm. for OD, Fig. 575 ; for a soln. 
sat. with the hexahydrate and the hemiheptahydrate , 1-8 mm. ; and for a soln. 
sat. with the hemipentahydrate , 1*3 mm. for MF, Fig. 575—vide supra, the pre­
parat ion of the hydrates . H . Lesco3ur measured the vap. press, of the different 
hydrates and found for Fe2Cl6-WH2O, the vap. press, p mm., a t about 20° : 

rv 1 3 1 1 2 - 3 5 1 2 0 1 1 - 9 8 - 4 5 7 - 4 5 5 2 3 
« . . . 6 -5 5 -6 2 -8 2 -2 2 -0 1-2 1-2 

i „ ry ^ , > , , 

Hexahydrate Hemiheptahydrate Hemipentahydrate 
The boiling-point of anhydrous ferric chloride was determined by C. Friedel 

and J . M. Crafts, KL. Hachmeister gave 307° for the b.p. ; and C. G. Maier computed 
315° from the sublimation curve, and E . Stirnemann, 317°. C. G. Maier observed 
t h a t some decomposition occurs a t the b.p. E . Stirnemann calculated the critical 
temperature to be between 650° to 700°, and the critical pressure, 45 to 50 a tm. 
E . St irnemann calculated for the heat of sublimation, 33,1OO cals. per mol. Fe2Cl6 ; 
for the heat Of vaporisation, 11,30O cals. per mol. Fe2Cl8 ; and for the heat of 
fusion, 21,800 cals. per mol. of Fe2Cl6 ; K. Jellinek and R. Koop, 24,780 cals. per 
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mol . F e 2 C l 6 for t h e h e a t of v a p o r i z a t i o n ; W . K a n g r o a n d R . Fl i igge g a v e 24,00O 
ca l s . p e r mo l . F e 2 C l 6 for t h e h e a t of v a p o r i z a t i o n ; a n d C. G. Maie r g a v e for t h e 
h e a t of v a p o r i z a t i o n i n cals . p e r mo l . : 

256-9° 270-7° 288-2° 301-4° 309-2° 316-0° 
Heat of vaporization . 29,410 30,59O 32,480 34,110 35,090 35,47O 

T . A n d r e w s o b t a i n e d a v a l u e for t h e h e a t of f o r m a t i o n of ferric ch lo r ide wh ich 
J . T h o m s e n cons ide red t oo h igh , a n d h e ca l cu l a t ed f rom t h e o b s e r v a t i o n s 2Fe-f-2Cl 2 
+ A q . - 2 F e C l 2 . A q . + 199-9 Cals . , a n d 2 F e C l 2 . A q . + C I 2 = 2 F e C l 3 . A q . + 5 5 - 5 4 Cals . 
t h a t 2 F e + 3 C l 2 + A q . = 2FeCl 3 .Aq . + 2 5 5 - 4 4 Cals . ; a n d since 2 F e C l 8 + A q . 
= 2 F e C l 3 . A q . + 6 3 - 3 6 Cals . , i t follows t h a t 2 F e + 3 C l 2 = 2 F e C l 3 + 1 9 2 - 0 8 Cals . , o r 
F e + J C l 2 = F e C I 3 + 9 6 - 0 4 Cals. M. B e r t h e l o t g a v e 96-15 Cals. ; W . Bi l t z a n d C. F e n -
d iu s , 96 Cals. ; a n d K . Je l l i nek a n d R . K o o p , 96-04 Cals. J . T h o m s e n also g a v e 
( F e C l 2 , £ C l 2 , A q . ) = 2 7 - 8 Cals . J . T h o m s e n g a v e F e + g C l 2 + A q . = F e C l 3 . A q . + 127-72 
Cals . , a r e su l t in good a g r e e m e n t w i t h T . A n d r e w s ' v a l u e . M. B e r t h e l o t g a v e 
127-85 Cals. , a n d obse rved t h a t t h e ch lo r ina t i on of i ron in t h e p re sence of w a t e r 
furnishes 5O Cals. p e r a t o m of ch lor ine for t h e first t w o a t o m s , a n d 28 Cals. for t h e 
t h i r d a t o m of ch lor ine . J . T h o m s e n o b s e r v e d t h a t , a t 18°, t h e o x i d a t i o n of 0-IM-
F e C l 2 b y ch lor ine furn ishes 2 F e C l 2 - A q . + 2 H C L A q . + C l 2 = 2 F e C l 3 . A q . + 2 H C L A q . 
+ 5 5 - 4 8 Cals. , a n d w h e n h y p o c h l o r o u s ac id , o r p o t a s s i u m p e r m a n g a n a t e is u s e d a s 
ox id iz ing a g e n t , t h e m e a n v a l u e is 55-542 Cals. M. B e r t h e l o t m a d e o b s e r v a t i o n s 
on t h i s sub jec t ; w i t h o x y g e n a s t h e ox id iz ing a g e n t , 2 F e C l 2 - A q . + J 0 2 + 2 H C 1 . A q . 
^ 2 F e C l 3 - A q . + H 2 O + 4 5 - 2 6 9 Cals. W . K a n g r o a n d R . Fl i igge g a v e for t h e r eac t ion 
2 F e 2 O 3 + 6Cl2-= 4 F e C l 3 + 3 O 2 - 8 5 Cals. ; a n d W . A. R o t h a n d co-workers g a v e 
F e 2 O 3 + 3 C I 2 = 2FeCl 3 + 3 O + 7 - 4 Cals. T h e s u b j e c t w a s d i scussed b y E . R a b i n o -
wi t sch a n d E . Thi lo . J . T h o m s e n g a v e 2 F e C l 3 - A q . + F e = 3 F e C l 2 . A q . + 44-41 Cals. ; 
a n d T . A n d r e w s , 47-6 Cals. F o r t h e h e a t of hydrat ion , P . S a b a t i e r g a v e 
F e C l 3 + 6 H o 0 8 0 i i d = F e C l s . 6 H 2 0 + 17-56 Cals. ; a n d FeCl 3 . 2 -5H 2 O-f 3-5H2O80Hd 
= F e C l 3 . 6 H 2 O + 10-36 Cals. a t 20° ; F e C l } 8 0 l i ( i + 2 - 5 H 2 O s o i i d = F e C l 3 . 2 - 5 H 2 0 + 7 - 2 
Cals. 

T . A n d r e w s g a v e 26-8 Cals. for t h e h e a t of so lu t ion of ferric ch lor ide : FeCI 3 
+ A q . = F e C I 3 . A q . A c c o r d i n g t o J . T h o m s e n , t h i s v a l u e is t o o low, a n d he o b t a i n e d 
31-68 Cals. , a n d for F e 2 C l 6 + 2 0 0 0 H 2 O he o b t a i n e d 63-4 Cals . P . S a b a t i e r g a v e 
42 Cals . for t h e h e a t of soln. of F c C l 6 in 24,000H. ,O a t 2 8 ° ; 11-28 Cals. a t 20-8° 
for F e 2 C l 6 . 1 2 H 2 O ; a n d for Fe01 3 . 2 -5H 2 O in 30O t o 60OH 2 O, 21 Cals. a t 20° . 
W . A. R o t h a n d co-workers g a v e 12-81 Cals. for t h e h e a t of soln . of c ry s t a l s of ferr ic 
ch lor ide a t 97°. G-. L e m o i n e o b t a i n e d for t h e h e a t of so ln . of a mol of F e C l 3 in 
n c.c. of w a t e r , in a b o u t 50OO c.c. of h y d r o c h l o r i c ac id , a t r o o m t e m p . : 

n . . . . 499O 1000 333-3 25O 

Q . . - . . 30-97 28-6 23-4 22-6 Cals. 

or of a mol of F e C l 3 in a b o u t 5000 c.c. of h y d r o c h l o r i c acid , a t r o o m t e m p . : 
HCl . . 0 0-5iV- JV- 3N- 6iV-
Q . . . 30-97 3112 29-80 29-23 24-92 Cals. 

H . W . 13. R o o z e b o o m sa id t h a t t h e h e a t of soln. of t h e h e x a h y d r a t e i n a n a q . so ln . 
of ferric ch lo r ide is d e p e n d e n t o n t h e cone , of t h e ferr ic ch lor ide . T h e p rocess of 
so lu t ion is e x o t h e r m a l for di l . so ln . w i th o v e r a b o u t 40 m o l s of H 2 O p e r m o l of 
FeCl 3 , a n d e n d o t h e r m a l for m o r e cone . soln. S imi la r ly w i t h soln . of t h e h e m i -
h e p t a h y d r a t e , t h e p roces s is e x o t h e r m a l for soln. w i t h m o r e t h a n a b o u t 6-5 m o l s 
of H 2 O p e r m o l of FeCl 3 , a n d e n d o t h e r m a l for c o n e . soln. ; a n d for soln. of t h e 
h e m i p e n t a h y d r a t e t h e process is e x o t h e r m a l for di l . soln. w i t h o v e r a b o u t 5 m o l s 
H 2 O p e r m o l of FeCI 3 , a n d e n d o t h e r m a l for m o r e cone . soln . G. !Lemoine f o u n d 
for t h e h e a t of d i lut ion , Q Cals . p e r m o l of F e C l 3 i n m c.c. of soln. , w i t h n c.c. of 
w a t e r , b e t w e e n 12° a n d 14° : 

m . . 2 5 0 0 3 3 3 - 3 IOOO 2 0 0 0 30OO 
n . 7 5 0 0 6 6 6 - 7 IOOO 20OO 5 0 0 0 
Q . 6 O 5-2 1-52 0 - 9 8 2-42 
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T h e g r e a t e s t e v o l u t i o n of h e a t o c c u r r e d w i t h M- a n d 3-M-soln . • a n d n o h e a t w a s 
e v o l v e d -with a 025i1dT-soln. ; b u t w h e n a 3M-soln. i s 
d i l u t e d t o 0-25.A/-, t h e h e a t e v o l v e d i s 7*7 Ca I s . g r e a t e r 
t h a n t h e h e a t of s o l n . of t h e h e x a h y d r a t e , a n d t h i s i s 
a t t r i b u t e d t o a c h a n g e i n t h e s t a t e of a g g r e g a t i o n of t h e 
w a t e r of c r y s t a l l i z a t i o n . W h e n a s o l n . w i t h 4 g r a m -
a t o m s of i r o n p e r l i t r e i s d i l u t e d w i t h w a t e r , t h e r e i s a 
c o n s i d e r a b l e e v o l u t i o n of h e a t , w h i c h i s n o t d u e t o h y ­
d r a t i o n b e c a u s e i t i s o b s e r v e d w h e n a s o l n . w i t h F e 2 C l 6 

- f - 1 0 8 H 2 O is d i l u t e d . R a t h e r i s t h e d e v e l o p m e n t of h e a t 
d u e t o t h e g r a d u a l h y d r o l y s i s of t h e f e r r i c c h l o r i d e w i t h t h e 
f o r m a t i o n of h y d r o c h l o r i c a c i d , a n d s o l u b l e h y d r a t e d f e r r i c 
o x i d e . T h e d e v e l o p m e n t of h e a t i s l e s s m a r k e d w i t h s o l n . 
of o t h e r f e r r i c s a l t s . I f M r e p r e s e n t s t h e m o l a r c o n e , of 
a s o l n . of f e r r i c c h l o r i d e , t h e p e r c e n t a g e c h a n g e s ( h y d r o l y s i s ) 
f o r d i f f e r e n t d i l u t i o n s a r e : 

0 O'Z 0-4 0-6 0-8 J-O 
/Yormalfty of solution 

Via. 5 7 7 . — H e a t s of D i ­
l u t i o n of S o l u t i o n s of 
F e r r i c Chlor ide . 

M 1-5 I O 
100 74 5O 46 

O- 5 
37 

O-25 
35 

O-10 
29 

1-029JV-
1 90-3 

0064AT-
116 

0-51 RN-
1000-8 

0-032AT-
— 191 

0-257JV-
31 

Q016N-
— 192 

0-129JV-
— 38 

0-0082Sf-
— 90 

C h a n g e 
F . L . B r o w n e a n d J . H . M a t h e w s f o u n d t h e h e a t of d i l u t i o n , Q c a l s . p e r g r a m -
e q u i v a l e n t of F e C l 3 , of a q . s o l n . of f e r r i c c h l o r i d e : 

FeCl 3 . 
Q 
FeCl 8 . 
Q 

T h e r e s u l t s a r e p l o t t e d i n F i g . 5 7 7 . T h e r e i s first a r a p i d e v o l u t i o n o r a b s o r p t i o n 
of h e a t ( d e p e n d i n g o n t h e c o n e , of t h e s o l n . ) w i t h d i l u t i o n , a n d t h e r e a f t e r a slow-
e v o l u t i o n of h e a t w h i c h o c c u p i e s m a n y h o u r s . T h i s is t a k e n t o m e a n t h a t t h e 
h y d r o l y s i s t a k e s p l a c e i n t w o s t a g e s : t h e f i r s t s t a g e i s r a p i d , t h e s e c o n d i s a s l o w 
r e a c t i o n . F . L*. B r o w n e m e a s u r e d t h e h e a t of d i l u t i o n , Q c a l s . p e r g r a m - e q u i v a l e n t 
of F e C l 3 , a n d a l s o t h e h y d r o l y s i s i n s o l n . c o n t a i n i n g t h e f o l l o w i n g p r o p o r t i o n s of 
f e r r i c c h l o r i d e , e x p r e s s e d t o s h o w t h e c o n e , of h y d r o c h l o r i c a c i d , a n d of u n c h a n g e d 
F e C l 3 . A l l c o n c e n t r a t i o n s a r e e x p r e s s e d i n g r a m - e q u i v a l e n t s p e r l i t r e : 

T o t a l FeCl 3 
H C l 
U n c h a n g e d FeCl 3 
Q . 

0-250 
0-06G 
0-J90 

3 1 

O-125 
0 0 3 5 
0-090 

— 89 

0-0625 
0 0 1 7 3 
0 0 4 5 2 

— 172 

0-0313JY 
O-0O91Ar 

00222A 7 

— 212 
E . P e t e r s e n p o i n t e d o u t t h a t in d i l u t i n g a r a t h e r m o r e t h a n 2V-FaCl3, w i t h iV-HCJ , 
t h e r e is a n e v o l u t i o n of h e a t o w i n g t o t h e h e a t of d i l u t i o n of t h e a c i d ; a f t e r m a k i n g 
a n a l l o w a n c e f o r t h i s , t h e h e a t of d i l u t i o n of t h e s o l n . i s n e g a t i v e . J . T h o m s e n 
m e a s u r e d t h e h e a t o f n e u t r a l i z a t i o n of f e r r i c h y d r o x i d e w i t h h y d r o c h l o r i c a c i d , 
a n d o b t a i n e d Q c a l s . p e r m o l of F e ( O H ) 3 , w i t h : 

M o I s H C l 1 1-5 2 3 
Q . . . . 5944 8766 11,504 16,728 cals. 

Gr. L e m o i n e a d d e d t h a t t h e h e a t of n e u t r a l i z a t i o n i s d e p e n d e n t o n t h e c o n c e n t r a t i o n 
a n d i s i n a c c o r d w i t h t h e f a c t t h a t t h e h e a t of d i l u t i o n of c o n e . s o l n . of f e r r i c c h l o r i d e 
i s l e s s t h a n i t i s w i t h d i l . s o l n . M . B e r t h e l o t g a v e ( F e 2 0 3 p p d . , 6 H C l . A q . ) = 3 3 * 2 C a l s . 
P . N i c o l a r d o t m e a s u r e d t h e h e a t of n e u t r a l i z a t i o n of d i f f e r e n t f o r m s of f e r r i c o x i d e 
w i t h h y d r o c h l o r i c a c i d . 

H . B e c q u e r e l m e a s u r e d t h e i n d e x o f r e f r a c t i o n , /x, of a q . s o l n . of f e r r i c c h l o r i d e 
a n d f o u n d fo r t h e jD- l ine a n d t h e r e d JW-line, a t 1 5 ° t o 1 8 ° e x c e p t i n t h e c a s e of t h e 
70*6 p e r c e n t . s o l n . w h e r e t h e t e m p , w a s 3 0 ° t o 3 5 ° , a n d t h e 7 5 p e r c e n t . s o l n . 
w h e r e t h e t e m p , w a s h i g h e n o u g h t o p r e v e n t t h e d e p o s i t i o n of c r y s t a l s : 

F e C l 8 . 76 70-6 60 33 16-5 8-25 4-13 2 0 6 
(JD- 1-6163 1-5964 1-5605 1-4382 1-3853 1-3594 1-3466 1-3403 

^XLi- 1-6011 1-5823 1-5493 1-4332 — — — — 



5 4 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

T h e v a l u e for w a t e r is 1*3340 w i t h t h e ZMine. G. L imann o b t a i n e d w i t h soln. of 
c o n c e n t r a t i o n JV e q u i v a l e n t s p e r l i t re a t 18° : 

jsr 
i Ha-line> 

( HB-Hno 

O 
1 33139 
1 33322 
1-33737 

0-5 
1-33859 
1-34055 
1-34502 

l-O 
1-34560 
1 34769 
1-35249 

2-O 
1-35903 
1-36138 
1-36698 

4 O 
1-38512 
1-38805 

— 

O b s e r v a t i o n s were also m a d e b y A. H a u k e , A . Heydwe i l l e r , JL. R . Ingerso l l , 
H . C. J o n e s , a n d H . C. J o n e s a n d F . H . G e t m a n . C. E . R i c h a r d s a n d R . W . R o b e r t s 
g a v e for l igh t of w a v e - l e n g t h , A, a t 17° : 

A . 
/ 1-045 sp. gr. 

^l 1167 sp. gr. 

6104 
1 -347O 
1-3904 

578O 
1-3484 
1-3916 

533O 
1-3500 
1-394O 

5218 
1-3508 
1-3959 

515O 
1-3514 
1-3969 

4958 
1-3535 

H . M. V e r n o n d iscussed t h e c h a n g e of co lour w h i c h occurs o n d i l u t i n g o r r a i s ing 
t h e t e m p , of t h e soln. T h e m o l e c u l a r refract ion w a s m e a s u r e d b y J . H . G l a d s t o n e 
w h o g a v e for a 27-95 p e r cen t . soln. 50-75 for t h e A-line, a n d 52*64 for t h e .D-line. 
J . H . G l a d s t o n e a n d W . H i b b e r t g a v e for soln. w i t h 11-87 t o 27-67 p e r cen t , of F e C l 3 
i n e t h y l a c e t a t e t h e m e a n mo l . re f rac t ion 50-36 for t h e ZMine . M e a s u r e m e n t s 
were also m a d e b y A. H a u k e A. Heydwe i l l e r g a v e for soln. of c o n c e n t r a t i o n C9 
w h e r e C r e p r e s e n t s soln. w i t h O t o 4-O g r a m - e q u i v a l e n t s p e r l i t re , a m e a n v a l u e 
of 29-97 ; a n d G. L i m a n n , 30-02. J . H . G l a d s t o n e a n d W . H i b b e r t , u n l i k e 
A . Heydwe i l l e r , f ound t h a t t h e r e su l t d e p e n d e d on t h e c o n c e n t r a t i o n , a n d i nc r ea sed 
w i t h c o n c e n t r a t i o n a t first s lowly a n d t h e n r a p i d l y . A . H a u k e also obse rved t h a t 
t h e r e su l t d e p e n d e d on t h e c o n c e n t r a t i o n . G. L i m a n n d iscussed t h e r e l a t i on 
b e t w e e n t h e i n d e x of re f rac t ion a n d t h e e lec t r ica l c o n d u c t i v i t y of t h e soln. H e 
a l so found for t h e d ispersion a t 18°, ( /Z1)—/x a) /C=26-6, a n d (/A«~-^r>)/C^=67-2. 
A . Heydwe i l l e r a lso s t u d i e d t h e op t i ca l d i spers ion of t h e soln. O b s e r v a t i o n s o n 
t h e op t i ca l p r o p e r t i e s of soln. in m e t h y l a lcohol w e r e m a d e b y H . C. J o n e s a n d 
J . A. A n d e r s o n . T h o s e of soln. in e t h y l a lcohol were e x a m i n e d b y J . Malsch , 
J . M. H i e b e n d a a l , E . Schaer , J . S. A n d e r s o n , J . H . G l a d s t o n e a n d W . H i b b e r t , 
F . G. D o n n a n a n d H . B a s s e t t , G. Pe l l in i a n d JD. Menegh in i , H . C. J o n e s a n d 
J . A . A n d e r s o n ; of soln. in e the r , b y K . A . H o f m a n n a n d K . O t t , K . O t t , a n d 
W . J . Russe l l a n d W . J . O r s m a n ; of soln. in a c e t o n e , b y H . C. J o n e s a n d 
J . A . A n d e r s o n . 

G. J . E l i a s o b s e r v e d t h a t a half s a t . soln. of ferr ic ch lo r ide e x h i b i t s n o m a g n e t i c 
birefr ingence—vide supra, t h e h y d r o s o l of ferric ox ide . L i k e soln. of t h e o t h e r 
ferr ic sa l t s , ferric ch lor ide soln . s h o w a n e g a t i v e m a g n e t i c ro ta tory power , a n d 
s ince w a t e r e x e r t s a pos i t i ve inf luence, t h e m a g n e t i c r o t a t i o n of t h e p l a n e of po la r i ­
z a t i o n of t h e soln. is o n l y a l i t t l e g r e a t e r t h a n t h e v a l u e for w a t e r . H . B e c q u e r e l 
o b s e r v e d t h e m a g n e t i c r o t a t o r y power , to, re fe r red t o w a t e r u n i t y , a t 15° t o 18° for 
so ln . w i t h less t h a n 71 p e r c en t , of FeCl 3 , a n d a t a h i g h e r t e m p , for m o r e cone , 
so ln . in o rde r t o p r e v e n t t h e depos i t i on of c ry s t a l s : 

F e C l 8 . . . 8O 70-58 60-5 5O p e r c e n t . 
ui . . . . — 2 3 1 1 — 1 9 0 7 —15-584 —8-768 
F e C l 3 . . . 3 3 16-5 8-25 2 0 6 p e r c e n t . 
o> . . . . —2-674 — O H 6 -f-0-621 + 0 - 9 3 6 

T h e n e g a t i v e v a l u e s inc rease a t a f a s t e r r a t e t h a n is p r o p o r t i o n a l t o t h e i nc r ea se 
i n t h e cone , of t h e soln. , a n d t h e m o l . m a g n e t i c r o t a t i o n w h i c h w i t h m o s t s u b s t a n c e s 
is a c o n s t a n t , i nc reases w i t h i nc rea s ing c o n c e n t r a t i o n ; o n l y i n di l . so ln . is t h e 
m a g n e t i c r o t a t o r y p o w e r c o n s t a n t . O b s e r v a t i o n s were m a d e b y H . E . J . G. d u 
Bois , G. Qu incke , P . K . P i l la i , E . Miescher , O. S c h o n r o c k , W . Stscheglajeff, a n d 
M. E . V e r d e t . C. E . R i c h a r d s a n d R . W . R o b e r t s g a v e , a t 20° : 

-{ 
1/045 ap. gr. 

6104 
0-0105 

— O-00O9 

578O 
0-0117 

— O-0Ol 9 

533O 
0-0135 

— 0-0050 

5105 
0-0145 

— 0-0099 

4958 
00154 
— 
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The magnetic rotat ion changes from positive to negative with increasing concen­
trat ion of the soln. ; and with* a soln. of sp. gr. 1*092, the rotatory dispersion curve 
changes markedly near 0-57/A—probably owing to a part ial dehydration of the 
molecule of hydra ted ferric chloride. The magnetic absorptions of ferric chloride 
and sulphate are the same. 

Ii. R. Ingersoll studied Kerr's effect* and gave for Verdet's constant, in a mag­
netic field of 12,050 gauss, with soln. of 6-3 and 47-8 per cent. FeCl3, 0-061 and 
—0-0399forA=-8,000; 0-0040and —0-0215forA=10,000 ; and0-0026and —00110 
for A = I 2,50O. The value of Verdet 's constant was found by M. E . Verdet, and 
H. E . J . G. du Bois, to be unaffected by variations in the strength of the magnetic 
field up to 2400 gauss ; and the la t ter was unable to confirm W. StscheglajefFs 
observation t h a t there is a considerable deviation with fields ranging from 90OO 
to 16,000 gauss. L. R. Ingersoll observed t h a t Verdet 's constant varies pro­
portionally with the third power of the wave-length over the range A=7000 to 
13,500 A. Observations on soln. in methyl alcohol were made by M. E . Verdet, 
G. Quincke, O. Schonrock, H . E . J . G. du Bois ; in ether, by M. E . Verdet, and 
O. Schonrock. P . K. Pillai, and P . Allison and E . J . Murphy studied the magneto-
optic properties of ferric chloride. 

O. Stelling and P . Olsson studied the X-ray spectrum. A. E . Garret t found 
t h a t ferric chloride a t 355° emits in air positive and negative ions, which make the 
ambient air a conductor. O. W. Richardson suggested t h a t the positive ions may 
be referred to the contamination of the chloride with potassium salts. The 
emission of positive ions by the salt was also discussed by O. Gossmann, H . Queren-
gasser, G. C. Schmidt, and H . Geiger and K. Scheel, and the Becquerel effect, by 
J . Lifschitz and S. B . Hooghoudt. A. Li. Hughes observed t h a t ferric chloride 
exhibits a very feeble photoelectric effect, which, according to G. Dima, is smaller 
than is the case with ferrous chloride ; and A. Pochettino, similarly with Hallwachs' 
effect. W. Zimmermann observed no perceptible photoelectric effect with aq. soln. 
of ferric chloride. M. Schneider discussed the photochemical reduction of ferric 
chloride. E. P . Perman showed t h a t a little of the chloride is reduced by exposure 
to canal rays in air or in hydrogen ; whilst K. Niederstadt found t h a t radium rays 
are without action. For the decomposition in light, vide infra. 

E. N. da C. Andrade found t h a t a flame is coloured yellow by ferric chloride, 
and t h a t the flame spectrum has bands in the red, green, and yellow. R. Zsigmondy 
showed t h a t unlike soln. of ferrous chloride, the transparency of soln. of ferric 
chloride for heat rays is only a little smaller t han is the case with water. J . S. Ander­
son observed t h a t the mol. extinction coeff., Tc, of soln. of ferric chloride, containing 
C mols of FeCl3 per litre, for ultra-red rays of wave-lengths, A, are : 

A . . 710O 7880 8370 9000 9680 10,02O 11,75OA. 
, l f = 2-0 . 0 0 8 0 0 9 0 1 1 O-12 0-1O 0 0 6 0-03 
* l c = 0-2 . 0-16 0-25 0-23 0-20 0 1 4 0 0 6 — 

No change with ageing was observed. T. Dreisch observed a band with a maximum 
a t 8300 A. Not a t en th par t of the energy is absorbed a t the maximum t h a t is 
absorbed in the maximum of the ferrous sulphate band. According to J . Kdnigs-
berger and K. Kupferer, the absorption spectrum of the yellowish-red vapour of 
ferric chloride, a t 250°, has a band in the blue" and violet ; and C. Sheard and 
O. S. Morris found a continuous band between 5900 A. and 4800 A. in the 
emission spectrum of ferric chloride. F . I . G. Rawlins and C P . Snow found in 
the anhydrous crystals, an absorption band about 5000 A., and one about 6200 A. 
V. Iu. Bohnson and A. C. Robertson observed no bands in the absorption spectrum 
of aq. soln. of ferric chloride ; H . C. Jones and J . A. Anderson said tha t the soln. 
are almost t ransparent for the whole of the visible spectrum ; and B. E. Moore 
found t h a t there is a sharp absorption band a t the short-wave end with cone, 
soln., bu t with dil. soln. the edges of the band are not so clear. From the 
records of A. Byk and H. Jaffe, H. C. Jones and J . A. Anderson, S. M. Kar im 
and R. Samuel, and G. P . Drossbach, i t follows t h a t the position of the absorption 
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b a n d var ies w i t h t h e cone, of t h e soln. C. I*epierre r e c o m m e n d e d a cone . soln. 
of ch romic ac id a n d ferric chlor ide t o r e m o v e t n e o r a n g e r a y s . O b s e r v a t i o n s 
o n t h e abso rp t i on s p e c t r u m , a n d t h e mol . ex t i nc t i on coeff. were m a d e b y 
J . v o n Koczkas , G. JLemoine, T. E w a n , a n d R . A. H o u s t o u n a n d C. Cochrane ; 
V. I J . B o h n s o n a n d A. C. R o b e r t s o n ' s resu l t s a r e s u m m a r i z e d i n F i g . 559—vide t h e 
fer ra tes . J . S. A n d e r s o n g a v e for soln. w i t h C mo l s of PeCl 3 p e r l i t re : 

A . . . 7170 6870 6530 5820 5290 499O 434O A. 
, / ( 7 = 2-0 . 0 0 8 0 0 9 0 1 1 0 1 7 0-9 5-7 — 
*\C**BO'2 . — 0 1 2 0 1 0 0-21 1-0 . 2-15 18-6 

T h e effect of hydro lys i s is s h o w n b y obse rva t i ons on freshly p r e p a r e d soln. , a n d on 
soln. aged 6 weeks , for A = 5 2 9 0 A. : 

C . . . 4 3 2 1-4 0-8 0-2 0 0 2 
, / F r e s h 3-43 1-77 0-86 0-63 0-63 0-84 1-75 
" lAged . 2-37 1-26 0-63 0-51 0-52 0-81 0-75 

G. Lernome showed t h a t Bee r ' s ru le app l i e s a p p r o x i m a t e l y for cone, soln. , 
b u t w i th decreas ing c o n c e n t r a t i o n t h e ru le fails. J . v o n K o c z k a s also n o t e d t h e 
fai lure of Beer ' s l a w a n d of L a m b a r t ' s l aw w i t h soln. of ferric chlor ide owing 
t o hydro lys i s . B . E . Moore a t t r i b u t e s t h e fai lure t o t h e b r e a k i n g d o w n w i t h 
d i lu t ion of s t rong ly a b s o r b e n t complexes i n t o feebly a b s o r b e n t ions . T h e r e a r e 
also d i s t u r b a n c e s d u e t o t h e f o r m a t i o n of i n t ense ly coloured, colloidal complexes 
b y t h e hydro lys i s of t h e aq . soln. Bee r ' s ru le also appl ies b e t t e r for l igh t of long 
wave - l eng th t h a n for l igh t of s h o r t wave - l eng th . T h e sub j ec t w a s also d iscussed 
b y J . S. Ande r son , U . A n t o n y a n d G. Giglio, T. E w a n , H . C. J o n e s a n d J . A. A n d e r ­
son, A. Mtiller, a n d S. TJ P icke r ing . W . J . Russe l l a n d W . J . O r s m a n found t h a t 
a soln. of ferric chlor ide sa t . w i t h h y d r o g e n ch lor ide h a s a n a b s o r p t i o n s p e c t r u m w i t h 
b a n d s e x t e n d i n g t o 7180, f rom 7000 t o 6800, f rom 6620 t o 6510, f rom 6310 t o 6200, 
f rom 6030 t o 5920, f rom 5500 t o 5200, 5110 t o 4970, a n d f rom a b o u t 4830 t o a b o u t 
4500. E x c e p t i n g for t h e b a n d s 6030 t o 5920, a n d 5110 t o 497O, t h e s p e c t r u m is 
s imi lar t o t h a t obse rved w i t h c o b a l t o u s chlor ide s imi la r ly t r e a t e d . S imi la r r e m a r k s 
a p p l y t o e the rea l soln. sa t . w i t h h y d r o g e n ch lor ide . H . C. J o n e s a n d J . A. A n d e r s o n 
obse rved t h a t a d d i t i o n s of ca lc ium or a l u m i n i u m chlor ide a c t s o m e w h a t s imi lar ly . 
O b s e r v a t i o n s were also m a d e b y A. B y k a n d H . Jaffe , a n d G. L e m o i n e . O. Goss-
m a n n s tud i ed t h e emission of pos i t ive ions b y h e a t e d ferric ch lor ide ; a n d 
A. P o c h e t t i n o , t h e H a l l w a c h ' s effect. 

H . Querengasse r m e a s u r e d t h e e lectrical conduct iv i ty of t h e v a p o u r of ferric 
chlor ide—vide supra. Accord ing t o W . H a m p e , ferric ch lor ide d issoc ia tes on 
h e a t i n g t o fo rm some ferrous chlor ide , a n d i t is the re fore e lec t r ica l ly c o n d u c t i n g ; 
b u t a soln. of d r y ferric chlor ide i n d r y e t h e r does n o t c o n d u c t . If a t r a c e of m o i s t u r e 
be p r e s e n t , t h e soln. is a c o n d u c t o r , a n d h y d r o g e n is evo lved a t t h e n e g a t i v e po le , 
b u t n o gas comes off f rom t h e pos i t i ve po le ; w i t h m o r e w a t e r , i ron is depos i t ed , 
b u t a l t h o u g h h y d r o g e n is evo lved n o fer rous ch lor ide forms , a s o the rwise , owing 
t o i t s inso lub i l i ty i n e the r , i t w o u l d b e depos i t ed o n t h e n e g a t i v e pole , w h i c h is 
n o t t h e case . N o chlor ine is evo lved , a s i t e n t e r s i n t o s e c o n d a r y c o m b i n a t i o n . 
F e r r i c ch lor ide is the re fo re n o t a n e lec t ro ly te , b u t w h e n m i x e d w i t h w a t e r i t becomes 
one . Th i s convers ion is a t t r i b u t e d t o t h e f o r m a t i o n of a c o m p o u n d , F e 2 . C l 6 H e . O e H 6 , 
co r r e spond ing t o t h e c o m p o u n d s u p p o s e d t o be fo rmed w i t h h y d r o c h l o r i c a c id 
a n d w a t e r . E lec t ro lys i s w o u l d b r e a k i t u p i n t o t h e g r o u p s 2 F e " ' a n d 6 ( C l H . O H ) , 
wh ich would fully e x p l a i n t h e occu r rence of m a n y s e c o n d a r y r eac t ions . M e a s u r e ­
m e n t s of t h e e lec t r ica l c o n d u c t i v i t y of a q . soln. w e r e m a d e b y C. C a t t a n e o , a n d 
E . W e r t y p o r o c h a n d I . K o w a l s k y ; a n d H . M. Goodwin g a v e for t h e eq . con­
d u c t i v i t y , A, of soln. w i t h one eq . of ferric ch lor ide in v l i t res of w a t e r , a t 2 5 ° : 

v . . 9-9O 19-80 39-6 79-2 158*4 316-8 633-6 
A . . 81-5 96-7 113-0 130-3 148-3 166-3 181-8 

R . P e t e r s o b t a i n e d ana logous r e su l t s . H . Mosler's v a lue s for t h e s p . c o n d u c t i v i t y 
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of s o l n . of f e r r i c c h l o r i d e a r e s u m m a r i z e d i n F i g . 5 7 8 . T h e d o t t e d l i n e r e f e r s t o 
t h e t e m p , coeff., a , of t h e c o n d u c t i v i t y . T h e c o n d u c t i v i t y i n c r e a s e s t o a m a x i m u m , 
w i t h a p p r o x i m a t e l y M-FeCl3, a n d i t t h e n d e c r e a s e s ; t h e m a x i m u m i s t h e m o r e 
p r o n o u n c e d t h e h i g h e r i s t h e t e m p . O b s e r v a t i o n s w e r e a l s o r e c o r d e d b y H . C. J o n e s 
a n d c o - w o r k e r s , H . M . G o o d w i n a n d F . W . G r o v e r , a n d A . H e y d w e i l l e r . E . M o l e s 
a n d c o - w o r k e r s g a v e f o r t h e m o l . c o n d u c t i v i t y , /A, m h o s , of s o l n . w i t h C m o l s of t h e 
s a l t i n a l i t r e . S i m i l a r l y a l s o f o r t h e t e m p , coeff. , ct, of t h e c o n d u c t i v i t y : 

O 
0 ° 

18° 
2 5 ° 
3 5 ° 

0° t o 18° 
18° t o 25° 
25° to 35M . 

0-0507 
1 6 3 
268-3 
312-63 
381-1 

2-71 
2-18 
J -98 

0-2009 
120-3 
190-8 
219-8 
262-6 

2-52 
2 0 2 
1-81 

0-7379 
70-0 

108-5 
128-3 
145-6 

2-4O 
1-83 
1-62 

1-4758 
36-15 

65-39 
77-91 

2-42 
1-79 
1-75 

2-9515 
8-42 

15-33 
18-42 
23-08 

3-23 
2-61 
2 1 9 

3-93 
3-O 
6 1 1 
7-59 

3-7O 
3-08 

T h e l i m i t i n g v a l u e f o r t h e m o l . c o n d u c t i v i t y of n o n - h y d r o l y z e d f e r r i c c h l o r i d e a t 
2 5 ° f o r i n f i n i t e d i l u t i o n w a s f o u n d b y N . B j e r r u m t o b e /X00 = 4 3 5 ; a n d t h e l i m i t i n g 
v a l u e f o r t h e e q . c o n d u c t i v i t y a t 1 8 ° 

0-16 w a s f o u n d b y A . H e y d w e i l l e r , a n d G . 
L i m a n n t o b e A a o = 1 2 6 - 5 . E . M o l e s 
a n d c o - w o r k e r s s h o w e d t h a t t h e t e m p , 
coeff. d e c r e a s e s w i t h i n c r e a s i n g c o n c e n ­
t r a t i o n t o a m i n i m u m , a n d t h e n i n ­
creases—t'«7iV» F i g . 5 7 8 — a n d t h e p o s i t i o n 
of t h e m i n i m u m c o r r e s p o n d s w i t h t h e 
m a x i m u m i n t h e c o n d u c t i v i t y c u r v e . 
T h e e f fec t of t e m p , o n t h e c o n d u c t i v i t y 
w a s a l s o m e a s u r e d b y C . C a t t a n e o , 
H . C. J o n e s a n d c o - w o r k e r s , G . M a i n t a n o 
a n d IJ. M i c h e l , G . M a l f i t a n o , a n d H . M o s -
l e r . J . A . F l e m i n g a n d J . D e w a r o b ­
s e r v e d t h a t b y c o o l i n g t h e s o l n . t o 
— 1 9 8 ° , i t i s a l m o s t c o m p l e t e l y n o n ­
c o n d u c t i n g , f o r t h e r e s i s t a n c e i s 10,0OO 
m e g o h m s a t — 1 9 8 ° , a n d n e a r l y t h e s a m e a t — 3 5 6 c 

c h a n g e , f o r i t b e c o m e s 0-2 m e g o h m a t — 1 1 5 ° . 
m a g n e t i c f ie ld of 3 0 0 0 g a u s s i s l e s s t h a n 
c o n d u c t i v i t y . 

H . C . J o n e s a n d C . M . S t i n e m e a s u r e d t h e e f f ec t of m i x e d s o l n . of a l u m i n i u m 
a n d f e r r i c c h l o r i d e s . L . K a h l e n b e r g a n d c o - w o r k e r s f o u n d t h e m o l . c o n d u c t i v i t y , 
/x, of s o l n . of a m o l of f e r r i c c h l o r i d e i n v l i t r e s of s o l v e n t , a t 2 5 ° , t o b e : 

M e t h y l a lcohol { v 

E t h y l a l coho l i v 

A c e t o n e 

E t h y l a c e t a t e 

Per cent. FeCL3 

FlO. 578 . T h e Specific E lec t r i ca l C o n d u c ­
t i v i t y of S o l u t i o n s of Fe r r i c Ch lo r ide . 

a n d t h e r e i s t h e n a n a b r u p t 
G . B e r n d t f o u n d t h a t t h e e f fec t of a 

0 - 0 0 4 p e r c e n t , of t h e v a l u e of t h e 

E t h y l 
a c e t o a c e t a t e 

B e n z a l d e h y d e 

N i t r o b e n z e n e 
H y d r o g e n 

c y a n i d e 
A m y l a m i n e 

{I 
[I 
I /* 

l M-
\ V 
\H 

i t , 
KfL 

3-20 
20-81 

2-89 
9-91 

14-65 
51-7O 
16-89 

0-87 
5-46 

10-82 
25-58 
14-32 

2-84 
3-76 
4-2 

. 111-7 
6-0 
0-22 

12-81 
31 09 
11-57 
13-70 
58-60 
64-65 
33-78 

1 1 2 
22-14 
14-62 
51-65 
14-58 
11-34 

6-58 
22-9 

152-4 
13-4 

0 1 6 

51-24 
49OO 
23-14 
14-50 

1 1 7 1 9 
68-68 
67-46 

1-25 
31-9O 
15-25 

117-91 
1 3 0 5 
45-4 
16-25 

4 3 1 1 
231-7 

27-1 
0-09 

204-96 
172-61 

92-56 
16 7 

234-39 
70-67 

157-98 
19-79 

1.57-79 
12-14 

181-5 
18-86 

1042O 
259-9 

— 
— 

819-83 
1 1 1 0 8 
195-1 

19-33 
937-54 

83-76 
-— 

240-51 
20-65 

2 3 7 1 4 
10-50 

7 2 6 
20-51 

• — 

1639-66 
147-08 
39O-2 

21 20 
1875-1 

91-22 
— 
-*~ 

543 06 
23-43 

- — • 

2903-9 
20-45 

— 
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The effect a t a temp, of $°, is for e thyl acetoacetate with «=5*49 a t 25°, 
E t h y l r 0 

«*cetoacetate » fj. 
i 0 B e n z a l d e h y d e < 

N i t r o b e n z e n e < 

Observations with methyl alcohol were also made by H. C. Jones and C F . Lindsay, 
and Ii. I. Shaw ; on ethyl alcohol, by A. T. Lincoln, and C. Cattaneo ; A. T. Lincoln 
found for allyl alcohol for « = 2 2 0 2 , 53-71, and 115-6 a t 25°, //.=17*42, 2 3 0 3 , and 
32-5 respectively ; and for « = 2 0 0 2 a t 25°, 50°, 73°, and 80°, /A=17-42, 34-62, 
43-63, and 45-63 respectively ; L. Kahlenberg and A. T. Lincoln, and A. T. Lincoln 
gave for soln. in benzyl alcohol for «=88-06 and 895-22 a t 25°, /x=2-62 and 6-31 
respectively ; and for «=88-06, a t 25°, 54°, 85°, and 100°, /x=2-62, 5-08, 6-46, 
and 7-19 respectively ; L. Kahlenberg and A. T. Lincoln found soln. in glycol are 
good conductors ; and for the sp. conductivity, K mho, of soln. of C mol of FeCl3 
per litre, they gave for C=O*000339 a t 0°, 2-8°, and 24-1°, K X 10»=00108 , OOH5, 
and 0-0708 respectively; for C=O00431 a t 0°, 10-8°, and 21-6°, K X 1 0 » = 0 1 3 2 , 
0-339, and 0-722 respectively; and for C = 0 0 3 3 7 a t 0°, 13*0°, and 23-1°, /c X 10« 
=0-512, 1-44, and 3-11 respectively. Observations on the conductivity of soln. 
in glycerol were also made by C. Cattaneo, and J . Timmermans. W. Hampe, and 
L. Kahlenberg and A. T. Lincoln said t h a t a soln. of dry ferric chloride in dry ether 
is non-conducting, but C. Cattaneo found t h a t the sp. conductivities of soln. of 
0-0407, 0-0079, and 0-0042 mols FeCl3 per litre are respectively 0-550, 0-068, and 
0-0377 mho. The temp, coeff. is negative between 10° and 30°. J . Timmermans 
also studied the mol. conductivity ; and H . E . Williams, the electrolysis of -wet 
ethereal soln. L. Kahlenberg and A. T. Lincoln, L. Kahlenberg, and A. T. Lincoln 
found t ha t soln. of a mol of ferric chloride in «=4-37 , 21-32, 81-88, and 575*50 
litres of paraldehyde a t 25° has the respective mol. conductivities / z=9-81 , 16-91, 
19-16, and 16-91 ; with soln. in salicylaldehyde, «=20-39, 81-38, and 220-74 when 
/x=3-76, 4-71 and 5-60 respectively ; with furfurol, «=45-60, 80-98, and 149-21 
when fM=20-78, 22-20, and 26-42 respectively ; in the soln. in methylpropylketone, 
«=13-64, 100-71, and 1074-27 when /z=28-25, 42-75, and 59-52 respectively ; 
with soln. in acetophenone, when a = 2 3 - 4 6 , 65-77, and 292-98, then /x=10-28, 
11-59, and 13-08 respectively ; with soln. in amyl nitrite, when «=21-34, 69-46, 
and 644-56, //,=1-54, 2-02, and 3-73 respectively ; with soln. in methyl thiocyanate, 
when «=2-321 , 1815 , and 24-68, //,=27-20, 39*63, and 42-52 respectively; with 
soln. in ethyl thiocyanate, for «=1-1146, 8-865, and 5-37, / / ,= 15-96, 32-44, and 42-43 
respectively ; with amyl thiocyanate, when «=2-935, 15-77, and 193-5, // ,=8-32, 
13*06, and 23-52 respectively ; with ethyl isothiocyanate, when «=3*039, 6*793, 
and 26-10, //,=10-68, 12-18, and 11*59 respectively ; with ethyl monochloroacetate, 
with ©=7-76 45-63, and 152-55, /x = 12*45, 14*78, and 17-88 respectively ; with ethyl 
cyanoacetate, with «=15-30, 44*64, and 185*22, //,=8*88, 9*80, and 11*57 respec­
tively ; with diethyl oxalate, when «=13*15, 42*29, and 342*85, //,=5*88, 5*92, and 
7-7O respectively ; with ethyl benzoate, when «=20-54, 174*28, and 517*21, 
/ A = 1 * 5 5 , 1-61, and 1-91 respectively ; with m-nitrotoluene, when «==10*86, 84*77, 
and 814-8, //,=6-86, 12-55, and 18-20 respectively ; with o-nitrotoluene, when 
v=M)-94, 74-28, and 201*4, /z=8-37, 13-32, and 15-24 respectively j with pyridine, 
when « = 6 0 6 , 24-56, and 95-35, //.=7-96, 6-85, and 6-41 respectively ; and 
Lt. Kahlenberg and O. E . Ruhoff found t h a t with amylamine, when «==5*021, 18*34, 
and 27-05, //,=0*217, 0-138, and 0*086 respectively. A. P . Jul ien measured the 
conductivity of soln. in selenium oxychloride ; and E . Wertyporoch and I. Kowalsky, 
in various non-aqueous solvents. 

When an aq. soln. of ferric chloride is evaporated, hydrochloric acid is evolved, 
and hydra ted ferric oxide or oxychloride is deposited ; H . W. B . Roozeboom 
observed t h a t when the aq. soln. is evaporated on a water-bath, it cannot be 

26° 60° 
12-O 16-8 
25° 62° 
14-3 20-6 
26° 67° 
6-2 8-8 

60° 70° 
18-2 19-9 
80° 90° 
25*9 26-4 
85° 110° 
1 1 0 14-6 

86° 100° 
21-7 21-7 

105° 125° 
24-1 2 4 0 

135° 150° 
16-7 16-9 
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concentrated much farther t h a n FeCl3.2-5H2O. The hydrolysis is represented by 
the equation : F e C l 8 + 3 H 2 O ^ F e ( O H ) 8 H-3HC1; and, according to B . Stirnemann, 
this reaction occurs a t temp, below 200°, or a t the most 350°, bu t a t higher temp, 
reactions represented by F e C l 3 + H 2 O = F e O C l + 2 H C l , and 2FeCl 3H-SH 2O=Fe 2O 3 
+ 6 H C l may occur. According to F . W. C. Krecke, all aq. soln. of ferric chloride 
are hydrolyzed when heated, and this the more the higher the temp. Soln. with 
over 4 per cent, of ferric chloride can be heated to 100° without decomposition, 
bu t in a sealed vessel, a t a higher temp. , more or less complete hydrolysis occurs. 
As the soln. becomes darker in colour, T. Graham's soluble hydrated ferric oxide 
is formed, and i t is precipitated by alkali salts ; and if the soln. with 4 to 32 per 
cent, of ferric chloride is not heated above 100°, the hydrolysis which occurs is 
reversed as the soln. cools, and with soln. having 1 to 4 per cent, ferric chloride, 
the re-combination of the products proceeds slowly as the soln. is cooled, bu t if 
the soln. has less t han 1 per cent, of ferric chloride, re-combination of the products 
of hydrolysis does not occur as the soln. cools. Tf the soln. with over 1 per cent, 
of ferric chloride be heated for a long time, or heated to a higher temp. , an insoluble 
oxychloride is precipitated, and this goes into compact, black, anhydrous, ferric 
oxide. If the soln. with less t han 1 per cent, of ferric chloride be heated for a long 
time, Li. P . de St. "Gilles' sparingly soluble hydrated oxide is formed, and this 
makes the soln. turbid. These results are summarized in Table XCl . 

TABLES X C I . — T H E A C T I O N OB- H K A T O N A Q U E O U S S O L U T I O N S O F F K K R I O C H L O M D B . 

F^a^e I** cent. 

32 
16 

8 
4 
2 
1 
0-5 
0-25 
O-125 
0-0625 

T. Graham's soluble 
hydrated ferric oxide 

a t 100°-130° I . - M 
100°-120° I 1°.S 
100°-110° f g j g 

9 0 0 - 1 0 0 ° J «*° c 

87° 

75° / ^1S » 
64° } -gSf 
54° \ I f I 
36° J S « 

T.. P. de St. GiIIeB* 
hydrated ferric oxide 

100°-130° 
100 0 -130° 
100°-130° 
100°-130° 
100°-130° 

Oxychloride 

<Cioo° 
< i o o ° 
< i o o ° 

90° 
87° 

Ferric oxide 

140° 
120° 
110° 

Observations on the hydrolysis and ageing of ferric chloride in aq. soln. were 
made by R. Phillips, H . de Senarmont, J . M. Ordway, N. N. Petin and co-workers, 
Li. Liiechti and W. Suida, Z. H . Skraup and co-workers, R. Haller, E . Lesche, 
N. Sahlbom, G. Jander and W. Scheele, E . Erlenmeyer, M. Gieseler, M. Gobley, 
B. Sandrock, A. Tian, K. Schuwirth, J . Attfield, B. de Buisson, G. C. Wittstein, 
C. B.. Fresenius, H . Ditz, H. M. Vernon, C. R. C. Tichborne, A. Vogel, W. Bach-
mann, F . W. C. Krecke, and D. Tommasi. 

W. Spring noted t h a t Tyndall's optical test—1. 13, 7—shows t h a t dil. aq. 
soln. are not optically empty, even though in diffuse daylight they seem quite 
clear. The Tyndall effect is lessened by the addition of dil. hydrochloric acid, 
and i t disappears if cone, hydrochloric acid be added. D. Vorlander, and W. Bach-
mann found with the ultramicroscope t h a t the soln. are almost free from colloidal 
particles, bu t with a dilution of 0-00052V-FeCl3, and using polarized light, a dis­
continuity can be detected. This is due to the presence of colloidal ferric hydroxide. 
These particles appear larger if sodium chloride be added, and disappear if hydro­
chloric acid is added. E . Lesche observed t h a t during the ageing of the soln. the 
particles dehydrate and become increasingly lyophobic—the change is irreversible. 

The change which occurs in the electrical conductivity of dil. aq. soln. of ferric 
chloride by ageing was a t t r ibuted by G. Vicentini to hydrolysis, and this was 
confirmed by G. Foussereau, E . Puxeddu, etc. U. Antony and G. Giglio observed 
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350 

tha t whi lst a freshly-prepared soln. wi th less t h a n 1*1 per cent , of ferric chloride, 
is colourless when v iewed in a 40-cm. tube, i t acquires a ye l low colour on s tanding 
lor some hours, and the colour becomes deeper 48 hrs. after the soln. h a s been 
prepared. Soln. wi th less than 0 0 0 0 8 3 per cent, of FeCl 3 show n o coloration wi th 
potass ium ferrocyanide. The facts are here explained b y assuming t h a t in aq. 
soln., ferric chloride is hydrolyzed : F e C l 3 + 3 H 2 O = 3 H C l - f - F e ( O H ) 3 . L.. Vanzet t i 
i l lustrated the hydrolysis by filling a tube about three-quarters of i ts l ength with 
a hot, 5 to 10 per cent . soln. of gelat in rendered faint ly pink b y a trace of alkali and 
phenolphthalein. W h e n the gelat in has " set ," a IO per cent . soln. of ferric chloride 
is added. As diffusion proceeds, t w o layers appear : (i) The lower colourless layer 
is due t o the more rapid diffusion of the hydrochloric acid produced b y the 
hydrolysis , and (ii) an upper, more or less opaque layer of brown hydra ted ferric 
oxide . E . Moles and co-workers found t h a t the conduct iv i ty of 0-IiIdT-FeCl3 
remained constant for about a month , but A. Quartaroli observed tha t a 0-07M-
soIn., a t 25°, increased about 3-5 per cent, during 1 month , and 3*9 per cent , 
during 3 months . H . M. Goodwin found that when a neutral soln. of ferric chloride 

is progressively diluted, the soln., colourless a t 
first, soon becomes yel low, and the mol. conduc­
t i v i t y increases a t t h e same t ime . The mol . con­
duct iv i ty a t first assumes a constant v a l u e — 
quiescent period—for dilutions ranging up t o 
0-00IiIZ-FeCl3, but wi th greater dilutions, the con­
duct iv i ty changes wi th t ime as i l lustrated in Fig . 
579. The curves in this diagram show t h a t (i) the 
mol. conduct iv i ty of dil. soln. increases with t ime ; 
(ii) the rate of increase rapidly increases with 
dilution ; (iii) the increase in the conduct iv i ty 
does not begin at once, but only after the lapse 
of a definite interval of t ime ; (iv) the initial lag, 
or the quiescent period, increases as the cone, of 
the soln. increases ; (v) the t ime required for 
equilibrium increases enormously wi th increasing 
concentrations ; and (vi) the reaction goes s lowly 
at first—primary hydrolysis—then proceeds w i th 
increasing rapidity — secondary hydrolysis—and 
afterwards s lowly until equil ibrium is at ta ined. 
Analogous results were obtained b y G. Bongio-
vanni , C. Cattaneo, A. D u m a n s k y , T. C. Fi tz-

patrick, G. Foussereau, A. Lottermoser and E . Lesche, E . H e y m a n n , H . C. J o n e s 
and co-workers, W. Jufereff, G. Malfitano, G. Malfitano and L. Michel, R. Peters , 
E . Puxeddu , A. Tian, G. Vicentini , and C. L». Wagner. The results of H . M. Good­
win and F . W. Grover are p lot ted in Fig. 579. W h e n the t e m p , is raised the 
quiescent period is shortened, the period of acceleration is hastened, and the 
t ime required for equilibrium is shortened. A fall of t e m p , from 25° to 10° has 
nearly the same effect in retarding the reaction as increasing the concentrat ion 
about three t imes ; lowering the t emp, to 0°, retards the reaction as m u c h as 
increasing the concentrat ion 15 t o , 2 0 t imes. A s emphasized b y G. Malfitano, 
and G. Malfitano and L. Michel, !L. Michel, E . H e y m a n n , B . E . Moore, etc. , after 
the quiescent period during which no hydrolysis occurs, the hydrolysis m a y be 
assumed to occur in t w o stages . The first s tage of the hydrolys is—or primary 
hydrolysis—is a t tended b y a change in the properties of the soln. ; for instance, 
the electrical conduct iv i ty increases far more t h a n corresponds w i th the ionizat ion 
of the ferric chloride. According t o E . H e y m a n n , t h e ferric ions begin to disappear, 
and more mobile hydrogen ions take their place. H . M. Goodwin observed that , 
according to t h e degree of dilution, the soln. are a t first more or less colourless, and 
the colour does n o t change so long as the conduct iv i ty is constant . U . A n t o n y 

2 3 4 
Time in hours 

F i o . 5 7 9 . — T h e Effect of T i m e 
o n t h e Electr ica l Conduct iv i ty 
of So lut ions of Ferric Chloride. 
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a n d G. Giglio f o u n d t h a t a f r e sh ly -p repa red 0-02 t o 000004ikf-soln . does n o t r e d d e n 
Litmus, s h o w i n g t h a t hydro lys i s , r ecognizab le b y t h i s t e s t , h a s t a k e n p lace ; i t is 
n o t r e n d e r e d t u r b i d b y c o a g u l a t i v e inf luence of s o d i u m chlor ide ; i t r e a c t s w i t h 
h y d r o g e n su lph ide ; a n d i t g ives a b l u e p r e c i p i t a t e w i t h p o t a s s i u m fe r rocyan ide . 
W . S p r i n g f o u n d t h a t w h e n a c u r r e n t of a i r is p a s s e d t h r o u g h a soln. of g r e a t e r 
c o n c e n t r a t i o n t h a n 3 / - F e C l 3 , s o m e h y d r o g e n ch lor ide pas ses off, i n d i c a t i n g t h a t 
e v e n w i t h t h e s e soln . s o m e h y d r o l y s i s h a s occu r red . G. Malf i tano a n d L . Michel 
s h o w e d t h a t w i t h v e r y di l . soln. t h e increase i n t h e p r i m a r y hydro lys i s p r o d u c e d 
b y d i lu t ion , o r b y a r ise of t e m p , c a n be r e v e r s e d b y gen t l e e v a p o r a t i o n or cool ing. 

I n t h e second s t a g e of t h e h y d r o l y s i s — o r secondary hydrolysis—there is a g r a d u a l 
c h a n g e i n t h e p r o p e r t i e s of t h e soln. u n t i l a s t a t e of e q u i l i b r i u m is a t t a i n e d . T h e 
r a t e a t w h i c h t h e s t a t e of e q u i l i b r i u m is i n a u g u r a t e d is d e t e r m i n e d b y t h e t e m p , 
a n d c o n c e n t r a t i o n of t h e soln. , a s well a s b y t h e p r e s e n c e of c e r t a i n foreign s u b ­
s t a n c e s . T h e d u r a t i o n , t, of t h e pe r iod of s e c o n d a r y h y d r o l y s i s w a s found b y 
H . M. Goodwin , H . M. G o o d w i n a n d F . W . Grove r , G. Malf i tano , C. It. W a g n e r , 
a n d G. F o u s s e r e a u t o be d e p e n d e n t o n t h e c o n c e n t r a t i o n of t h e soln . ; e x p r e s s i n g 
t h e c o n c e n t r a t i o n , O, in mols of FeCl 3 p e r l i t re , H . M. G o o d w i n f o u n d t h a t : 

C . . 0-0006 0-0012 0-0024 0 0 1 5 1 5 
t 1 rnin. 15 mir». 25 m i n . 3 d a y s 

W i t h t h e m o s t cone , soln. , t h e t i m e occup ied b y t h e second s t a g e of t h e h y d r o l y s i s 
is i n o r d i n a t e l y long. A c c o r d i n g t o G. Malf i tano , G. F o u s s e r e a u , a n d E . P u x e d d u , 
t h e t i m e is a lso a b b r e v i a t e d b y ra i s ing t h e t e m p . T h u s , H . M. G o o d w i n a n d 
F . W . G r o v e r found t h a t w i t h 0 0 0 0 4 4 M - F e C l 3 , t h e c h a n g e w a s v e r y r ap id a t 25° ; 
i t occup ied 5 mins . a t 15-5° ; a n d a d a y a t 0 ° ; wh i l s t w i t h a 0-000883/-soln . , n o 
pe rcep t ib l e c h a n g e w a s obse rved d u r i n g 4 d a y s a t 0° . T h e t i m e , t, r e q u i r e d for 
t h e soln. t o a t t a i n a s t a t e of e q u i l i b r i u m w a s f o u n d b y H . M. G o o d w i n t o be 3 h r s . 
a t 25° for a O-OOOlOTtZ-soln., a n d a b o u t a week for a 0 0 0 0 6 1 i tf-soln. ; b y H . M. Good­
win a n d F . W. Grove r , b e t w e e n 8 a n d 24 h r s . for a 0*00005M-soln. a t 0° , a n d 1-5 h r s . 
a t 24-92° ; 2 h r s . for a 0 0OO15M-soln. a t 25-12°, a n d a d a y for a 0 00030M-so ln . 
a t 15-7° ; b y A . Q u a r t a r o l i , 3 h r s . a t 25° for a O-OOOl lifef-soln. ; b y C. L . W a g n e r , 
b e t w e e n 1 a n d 3 d a y s for a 0-00042il / -soln. a t 25° ; b y E . H e y m a n n , m a n y m o n t h s 
for a 0-005 soln. a t 20°, a n d 1 t o 2 m o n t h s a t 37° ; a n d b y G. F o u s s e r e a u , for a 
0-01il / -soln. , 30 mins . a t 100°, 8O m i n s . a t 84°, a n d a b o v e 74 d a y s a t o r d i n a r y t e m p . 
G. F o u s s e r e a u , E . H e y m a n n , G. Malf i tano , a n d G. Malf i tano a n d L . Michel found 
t h a t t h e p rocess of h y d r o l y s i s is revers ib le w h e n i t h a s been s lowly a t t a i n e d . T h e 
s a m e final s t a t e c a n be o b t a i n e d b y s t a r t i n g f rom e i the r e n d of t h e s y s t e m . T h e 
hyd ro ly s i s F e C l 3 H - 3 H 2 0 ^ 3 H C l + F e ( O H ) 3 is d i sp laced f rom left t o r i gh t by ra i s ing 
t h e t e m p , or d i l u t i n g t h e soln. ; a n d w h e n t h e s t a t e of e q u i l i b r i u m h a s b e e n dis­
p l a c e d f rom left t o r i g h t b y ra i s ing t h e t e m p . , t h e or iginal s t a t e is r e s to red w h e n 
k e p t a t o r d i n a r y t e m p . G. F o u s s e r e a u o b s e r v e d t h a t t h e s t a t e of equ i l i b r i um is 
r eve r s ib ly d i sp laced in f a v o u r of inc reas ing hyd ro ly s i s b y ra i s ing t h e p r e s su re ; 
a n d A . D u m a n s k y found t h a t cen t r i fug ing t h e soln . in equ i l i b r ium, resu l t s in 
e x t e n d i n g t h e hyd ro lys i s . B . E . Moore o b s e r v e d t h a t l igh t h a d n o effect on t h e 
hyd ro ly s i s , b u t G. F o u s s e r e a u sa id t h a t s o m e of t h e hyd roso l of ferric h y d r o x i d e 
m a y be c o a g u l a t e d , a n d H . Schi ld , a n d P . R o e s e r a d d e d t h a t t h e coagu la t i on occurs 
o n l y w h e n s o m e fe r rous ch lo r ide is p r e s e n t . S. S. B h a t n a g a r a n d co-workers 
f o u n d t h a t e x p o s u r e t o X - r a y s f avou r s t h e hyd ro lys i s . H . M. Goodwin a n d 
F . W . G r o v e r o b s e r v e d t h a t a m a g n e t i c field of 185O gaus s h a d n o pe rcep t ib l e 
inf luence o n t h e hydro lys i s . 

T h e p re sence of hyd roch lo r i c ac id h i n d e r s t h e hydro lys i s , a n d , as s h o w n by 
A. B y k a n d H . Jaffe , if a soln. of ferr ic ch lor ide be d i l u t e d u n t i l i t is colourless, a n d 
cone , h y d r o c h l o r i c ac id b e a d d e d , t h e soln . a s s u m e s t h e b r o w n colour cha rac te r i s t i c 
of m o l e c u l a r ferr ic ch lor ide . G. Mal f i t ano a n d L . Michel showed t h a t t h e in i t ia l 
q u i e s c e n t p e r i o d of c o n s t a n t c o n d u c t i v i t y inc reases w i t h t h e p r o p o r t i o n of a d d e d 
h y d r o c h l o r i c ac id , a n d , o t h e r t h i n g s be ing e q u a l , t h e p r o p o r t i o n of ac id requ i red 
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£o render the soln. stable increases considerably with the temp, and varies slightly 
with the cone, of the ferric chloride. During the hydrolysis of a ferric chloride 
soln., a considerably larger quant i ty of hydrochloric acid can be formed than would 
have rendered the soln. stable if added a t first, the conductivity of hydrolyzed 
soln. rising to values greater than those of soln. initially t reated with acid. More­
over, small additions of acid only retard hydrolysis a t the beginning, they after­
wards accelerate it . The increase in conductivity on heating, and its decrease 
subsequently, diminish as the quant i ty of acid added increases. The conclusion 
is drawn t h a t the products of hydrolysis are no t constant in composition, only 
those first formed being easily reconverted into FeCl3 by the hydrochloric acid 
present, the action of t h e acid becoming more a n d more difficult as the hydrolysis 
progresses, and, further, t ha t the products of hydrolysis are rendered more resistant 
by the presence of hydrogen chloride. The amount of hydrochloric acid which, 
added a t the beginning, renders the soln. stable, when added during hydrolysis, 
not only does not restore the soln. to its original condition, bu t does not stop the 
hydrolysis. These phenomena are best explained by the hypothesis t h a t the 
colloid formed from the products of hydrolysis is composed of complex ions. The 
precipitation of ferric colloids by anions diminishes as the valency of the la t ter 
increases, and i t is inferred t h a t the anions act similarly in preventing the formation 
of the colloid. The activity of nitric, oxalic, hydrochloric, sulphuric, arsenic, or 
phosphoric acid a t cone. OQOIiV-, 0*004iV-, and 0-0IiV-, on Y^iV-FeCl3, in increasing 
the conductivity is a function of the time ; and their activity in retarding the 
progress of irreversible hydrolysis, is par t ly dependent on their degree of ionization, 
but the influence of the anion is shown by differences in the activity between equally 
ionized acids, such as hydrochloric and nitric acids, and particularly by the activity 
of oxalic acid which is much greater t han would be anticipated from its ionization 
coefF. As the concentration of the acid diminishes, the influence of the H'-ions 
becomes negligible, and tha t of the polyvalent anions preponderant—probably 
through the replacement of chlorine in ferric chloride, and the formation of molecules 
with a smaller tendency to dissociate. The increase -with t ime of the conductivity 
of the Y^-ZV-FeCl3, containing variable proportions of phosphoric acid is least when 
the cone, of the acid is 0*004iV-H3PO4 ; a t lower cone , the hydrolysis and formation 
of colloid are only slackened, and a t higher cone , the formation of colloid is definitely 
prevented, the conductivity meanwhile increasing with time. This can be explained 
only by the quant i ty of free hydrochloric acid displaced by the phosphoric acid. 
The phenomenon becomes more evident a t 100° ; soln. of ferric chloride containing 
an eq. of phosphoric acid, when heated a t this temp. , give a white positive colloid 
containing iron and phosphoric acid, which tends to disappear on cooling the more 
easily the greater is the cone, of the ferric chloride. The formation of the hydroxide 
colloid is prevented when the ratio Fe : PO 4 is 1 : 6000 a t 18° ; 1 : 200 a t 50° ; 
and 1 : 16 a t 100°. An increase in the temp, and dilution affects only the irre­
versible, not the reversible, hydrolysis. I t is concluded t ha t the ferric ions become 
less ap t to form complex ions, (Fe[Fe(OH)3]n), as the valency of the accompanying 
anions increases, and the micro-cells, conceived as complex ions of large dimensions 
(n being very great), protect the mols of the hydroxide from the hydrochloric acid. 
Consequently, if these complex ions cannot be formed, the irreversible hydrolysis 
is impeded. G. Malfitano and L. Michel conclude t ha t the phenomena of the 
colloidal state are more pronounced and appear more rapidly in soln. of ferric 
chloride to which potassium chloride has been added than in soln. of ferric chloride 
alone. The rate of hydrolysis of the ferric chloride depends on the proportion of 
potassium chloride present. The size of the micro-cells of ferric hydroxide 
is increased by the addition of this salt. The number of ferric ions being 
diminished, there are fewer centres of at tract ion for the ferric hydroxide molecules, 
and consequently the individual cells are more voluminous. The chlorides 
of sodium, ammonium, barium, and magnesium, and also potassium nitrate, 
behave in a similar manner. Mercuric chloride, on the other hand, being a 
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non-electrolyte , has n o appreciable influence o n the course of the hydrolysis . 
Salts containing po lyva lent negat ive ions, such as potass ium sulphate, behave 
l ike t h e po lyva lent acids previously studied in hindering hydrolysis . The influence 
of potass ium sulphate on the hydrolys is -was examined b y Gr. Malfltano and 
3L. Michel, A. Quartaroli, and C. Zi. Wagner ; of sodium, barium, and a luminium 
chlorides, . b y T. Katsurai ; and t h e act ion of neutral salts, b y G. Malfltano, and 
G. Malfltano and L . Michel. C. L. Wagner, A. Tian, and N . R. D h a r and 
I>. N . Chakravarti found t h a t gelat ine retards the hydrolysis ; so does g lycerol ; 
and, according t o R. Phil l ips, sugar. The a c t i o n of si l ica-gel w a s s t u d i e d b y 
A. Tian, and N . R. D h a r and D . N . Chakravarti . 

W h e n t h e dil. aq. soln. of ferric chloride is aged , or h e a t e d , a hyd roge l of ferric 
hydroxide (q.v.) is formed. H . M. G o o d w i n and F . W . G r o v e r f ound t h a t t h e effect 
of lowering t h e t e m p , is t o d iminish t h e r a t e of f o r m a t i o n of t h e col loidal h y d r a t e d 
ferric ox ide , a n d of t h e s e p a r a t i o n of t h e h y d r o g e l . Soln . of 0O22V-, a n d O002iV-
FeCl 8 r e m a i n e d q u i t e c lear w h e n k e p t on ice for 2 w e e k s ; b u t a O0075iV~-soln. 
b e c a m e very t u r b i d i n less t h a n 4 d a y s a t 25°, s l igh t ly t u r b i d in t h e s a m e t i m e a t 
15° ; a n d i t r e m a i n e d c lear a t 0 ° . T h e s u b j e c t w a s i n v e s t i g a t e d b y A. B e c h a m p , 
H . I ) e b r a y , H . W . F i sche r , H . M. G o o d w i n a n d co-workers , F . W . C. K r e c k e , 
G. Malf l tano, T . K a t s u r a i , P . N i c o l a r d o t , S. U . P i cke r ing , C. R . C. T i c h b o r n e , 
H . B . Weise r , e t c . I t w a s f o r m e r l y t h o u g h t t h a t t h e f o r m a t i o n of t h e p r e c i p i t a t e 
w a s a m e a s u r e of t h e p rogres s of t h e h y d r o l y s i s ; b u t E . H e y m a n n a n d o t h e r s 
h a v e e m p h a s i z e d t h e f ac t t h a t t h e c o a g u l a t i o n of t h e h y d r o s o l is n o t r e l a t e d w i t h 
t h e h y d r o l y s i s i n a n y s imple m a n n e r . T h e cond i t i ons nece s sa ry t o ensu re t h e 
r e p r o d u c t i o n of p h e n o m e n a h a v e n o t y e t b e e n all recognized . 

Acco rd ing t o H . M. Goodwin , t h e p h e n o m e n a which a t t e n d t h e p r i m a r y 
hyd ro ly s i s of t h e soln . of ferric ch lor ide c a n be e x p l a i n e d by a s s u m i n g t h a t a r eac t i on 
s y m b o l i z e d : F e C l 3 - f - H 2 0 = - F e ( O H ) " - f - H H - 3 C l ' , o r F e • + H 2 0 - F e ( O H ) , + H - , 
occur s . T h e ba se F e ( O H ) " m a y be fo rmed in soln. i n accord w i t h F e ( O H ) 3 
^ F e ( O H ) " + 2 O H ' , a n d t h e s u p p o s e d s t e p - b y - s t e p ion iza t ion of p o l y basic 
ac ids . T h e first r e su l t of d i l u t i n g a soln. of ferric ch lor ide , a s s h o w n b y con­
d u c t i v i t y m e a s u r e m e n t s , is t o i n a u g u r a t e t h e r e a c t i o n : F e C l 3 H - H 2 O ^ F e ( O H ) C l 2 
-f-HCl. R . E . Moore cons ide red t h a t op t i ca l o b s e r v a t i o n s s u p p o r t e d H . M. Good­
w i n ' s v i ews of t h e f o r m a t i o n of F e ( O H ) C l 2 , a s a n i n t e r m e d i a t e p r o d u c t of t h e 
hyd ro ly s i s ; b u t C. L . W a g n e r d o u b t e d t h e h y p o t h e s i s . W . C. B r a y a n d A. V. H e r -
shey s t u d i e d t h e s y s t e m : F e * " 4 - C l - = F e C l " . A c c o r d i n g t o H . M. Goodwin , 
a s s u m i n g t h a t t h e F e ( O H ) " - i o n s a r e colourless , t h e h y p o t h e s i s is in a g r e e m e n t 
w i t h t h e fac t t h a t t h e first effect of t h e d i l u t i on is t o r e d u c e t h e co lo ra t ion of t h e 
soln . T h e increase of t h e c o n d u c t i v i t y is a t t e n d e d b y a d e e p e n i n g of t h e co lour 
of t h e soln . u n t i l t h e co lour is t h e s a m e as t h a t of t h e col loidal h y d r o x i d e o b t a i n e d 
b y T, G r a h a m , wFe(OH) " + 2 w H 2 0 = { F e ( O H ) 3 } n - f 2wH - . I t is he re a s s u m e d 
t h a t t h e col loidal h y d r o x i d e is a p o l y m e r i c f o r m of t h e n o r m a l h y d r o x i d e . 
A. P . Sabaneeff f avou r s t h e a s s u m p t i o n t h a t t h e colloid h a s t h e fo rmula 
F e C l 8 . n F e ( O H ) 3 , w h e r e n is v&ry g r e a t . T h e r e a c t i o n a t t h i s s t age is a l m o s t 
i r revers ib le . 

Acco rd ing t o C. JL. W a g n e r , t h e h y d r o l y s i s is v e r y r a p i d , a n d t h e h y d r a t e d 
ox ide is l i b e r a t e d a s a h igh ly d i spe r sed p h a s e , a n d t h e l i be ra t i ng ac id is com­
p le t e ly a d s o r b e d on t h e e n o r m o u s sur face of t h i s d i spe r sed p h a s e . A s t h e 
pa r t i c l e s inc rease i n size in t h e p rocess of t i m e , t h e surface of t h e d i spersed p h a s e 
rapidly diminishes, a n d t h e a d s o r b e d ac id e n t e r s t h e soln. , a n d t h i s is t a k e n t o 
expla in the increase in c o n d u c t i v i t y which occu r s w h e n t h e r equ i s i t e d i l u t i on is 
r e a c h e d . The h y p o t h e s i s is s u p p o r t e d b y a n u l t r a -mic roscop ic e x a m i n a t i o n of 
dil. soln. of ferric chloride. According to E . H e y m a n n , w h e n a f reshly p r e p a r e d 
soln. of ferric chloride is a l lowed t o s tand, the whole of t h e products of hydro lys i s 
pass through an ultra-filter, but t h e degree of dispersion dec reases w i t h increas ing 
age, and the proportion of the iron finally in the colloidal s t a t e increases w i t h a r ise 
in t e m p , and wi th a decrease in t h e cone, of the salt . This quant i ty m a y correspond 
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wi th a n a c t u a l equ i l ib r ium because if a ferric chlor ide soln . be h e a t e d a t 80° for 
45 mins . , -whereby t h e hydrolys is is a lmos t comple t ed , a n d t h e n aged a t 20° o r 37° , 
t h e a m o u n t of colloid u l t i m a t e l y a p p r o x i m a t e s t o t h a t co r r e spond ing w i t h t h e 
final t e m p . On t h e o the r h a n d , t he r e is less chlor ine in t h e colloid p r o d u c e d a t 
80° t h a n in those p roduced a t lower t e m p . , a n d t h e a m o u n t does n o t c h a n g e o n 
cooling. T h e increase in t h e c o n d u c t i v i t y of t h e ch lor ide soln. w i t h age r u n s 
paral lel with t h e colloid c o n t e n t e x c e p t i m m e d i a t e l y a f te r t h e soln. h a s b e e n 
p repa red , when t h e c o n d u c t i v i t y increases t h e m o r e r ap id ly , a s w o u l d be e x p e c t e d 
in v iew of t h e in i t ia l h igh degree of d ispers ion of t h e p r o d u c t s of hydro lys i s . T h e 
micelles themse lves possess a m e a s u r a b l e c o n d u c t i v i t y , b u t a l t h o u g h w i t h increas ing 
age of t h e soln. t h e y increase in q u a n t i t y , t h e i r r e l a t ive c o n t r i b u t i o n t o t h e con­
d u c t i v i t y of t h e s y s t e m d imin ishes . Th i s m a y be d u e in p a r t t o changes in dis­
pers ion, y e t chemical changes a re also involved , s ince t h e a m o u n t of chlor ine falls 
a t t h e same t ime , t h e compos i t ion of t h e final p r o d u c t s of s low hydro lys i s corre­
sponding , n o t wi th a h y d r o x i d e , b u t w i th a n oxych lo r ide . As sugges ted b y 
P. Nicolardot , i t a p p e a r s l ikely t h a t t h e first p r o d u c t of hydro lys i s is a n oxych lo r ide 
of t h e t y p e FeCLwFe(OH) 3 , where n is p r o b a b l y less t h a n 9. T h e mols . of t h i s 
c o m p o u n d t e n d t o associa te , i.e. coagu la t e , a n d r e a c t w i t h w a t e r w i t h t h e e l imina­
t ion of h y d r o g e n chlor ide a n d t h e f o r m a t i o n of s e c o n d a r y oxych lo r ides w h i c h 
increase in complex i t y un t i l t he i r mols . a t t a i n colloidal d imens ions . T h e or ig inal 
s t a t e of equ i l ib r ium is consequen t ly d i s tu rbed , a n d more a n d m o r e ferric ch lor ide 
is hydro lysed—v ide supra, t h e h y d r a t e d oxide . 

K. H e y m a n n obse rved t h a t t h e re la t ion : [HCl] 3 =ls f [FeCl 3 ] is only a p p r o x i m a t e 
in t h e case of colloidal ferric h y d r o x i d e , a n d hydroch lo r i c acid , because , for a g iven 
concen t r a t i on , t h e a m o u n t of ferric chlor ide fo rmed increases w i t h t h e c o n c e n t r a t i o n 
of t h e ferric h y d r o x i d e . T h e ac t ive m a s s of t h e colloidal p r o d u c t of t h e hydro lys i s 
of ferric chlor ide is n o t c o n t a n t , b u t increases w i t h t h e c o n c e n t r a t i o n of t h e 
colloid. The reac t ion be tween colloidal ferric h y d r o x i d e a n d hydroch lo r i c ac id 
t a k e s p lace , n o t on ly on t h e surface of t h e pa r t i c les , b u t also wi th in t h e surface . 
T h e equ i l ib r ium is also influenced b y t h e degree of d ispers ion of t h e ferric h y d r o x i d e : 
t h u s , coarse ly d ispersed ferric h y d r o x i d e is in equ i l i b r ium w i t h a smal le r concen t r a ­
t ion of ferric chlor ide t h a n t h e h igh ly d ispersed colloid. T h e d i spe r s i ty va r ies w i t h 
age , a n d b y a l t e r ing th i s cond i t ion micelles of different chemica l compos i t ion can 
be p r o d u c e d . T h e micelles r iches t in chlor ine a re o b t a i n e d b y t h e ageing of ferric 
ch lor ide solu t ions a n d those poo re s t in chlor ine b y mix ing ferric h y d r o x i d e sol 
w i t h hydroch lor ic ac id . 

The hypo thes i s of C L . W a g n e r on t h e per iod of acce le ra t ion in t h e c o n d u c t i v i t y 
of t h e soln. w a s discussed b y A. Quar t a ro l i , A. T ian , E . I . S p i t a l s k y a n d 
co-workers , a n d U . A n t o n y a n d G. Giglio. T h e hypo thes i s of H . M. Goodwin , t h a t 
d u r i n g t h e p r i m a r y hydro lys i s F e ( O H ) " - ions a c c u m u l a t e in t h e s y s t e m , invo lves 
t h e fu r the r a s s u m p t i o n t h a t a s t h e hydro lys i s p roceeds , t h e r e a c t i o n : F e ( O H ) " 
4 -2H 2 O=^Fe(OH) 3 - f -2H" is i n a u g u r a t e d . T h e in i t ia l lag, a n d t h e acce le ra t ion in 
t h e r a t e of t h e r eac t ion a r e a t t r i b u t e d t o t h e r a t e of f o r m a t i o n of t h e col loidal 
h y d r o x i d e be ing d e p e n d e n t on t h e presence of a c e r t a i n a m o u n t of t h e colloid itself, 
wh ich a c t s as in t h e ana logous case w h e n t h e r a t e of c rys t a l l i za t ion is a func t ion of 
t h e n u m b e r of nuclei a b o u t which c rys t a l s c a n fo rm. T h i s h y p o t h e s i s is s u p p o r t e d 
b y t h e o b s e r v a t i o n t h a t a n a d d i t i o n of less t h a n 2 eq . p e r cen t , of t h e col loidal 
h y d r o x i d e t o 00075.ZV-FeCl3 a t 25° acce le ra tes t h e r e a c t i o n t o a m a r k e d degree . 
T h e obse rved in i t ia l lag of 20 mins ' . d u r a t i o n is a l m o s t en t i r e ly e l imina t ed . T h e 
increase in t h e in i t i a l r a t e of t h e r eac t i on is a p p r o x i m a t e l y p r o p o r t i o n a l t o t h e cone , 
of t h e a d d e d colloid. B . E . Moore found t h a t t h e h y d r a t e d ox ide p r e p a r e d b y 
d ia lys i s is less a c t i ve t h a n t h a t p r e p a r e d b y t h e hydro lys i s of ferric chlor ide . T h e 
g r e a t e r speed of t h e r eac t ion in di l . soln. is a t t r i b u t e d t o t h e p resence of a l a rge r 
p r o p o r t i o n of F e ( O H ) " - i o n s , a n d of col loidal ferric ox ide . T h e h y p o t h e s i s t h a t 
t h e s e c o n d a r y pe r iod is d u e t o t h e pas sage of F e ' " - i o n s , t o non- ionized , col loidal 
h y d r o x i d e w a s d iscussed b y U . A n t o n y a n d G. Giglio, N . R . D h a r a n d 
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D . N . C h a k r a v a r t i , H . M. Goodwin , J . T r a u b e a n d W . v o n B e h r e n , E . H e y m a n n , 
G. Malf i tano, G. Malf i tano a n d M. S igaud , M. Neid le , a n d A. T i a n . 

O t h e r i n t e r p r e t a t i o n s of t h e m e c h a n i s m of t h e hyd ro ly s i s h a v e b e e n g iven . 
W . Sp r ing , a n d W . Jufereff f a v o u r e d t h e a s s u m p t i o n t h a t t h e ferr ic ch lor ide d is ­
soc ia tes i n soln. t h e s a m e a s i t does i n t h e gaseous s t a t e , t o fo rm fer rous ch lor ide 
a n d chlor ine , F e 2 C l 6 ̂ F e 2 C l 4 + C l 2 , o r Fe 2 Cl 4 .Cl 2 , a n d t h a t t h e chlor ine t h e n r e a c t s 
'with w a t e r t o f o r m h y d r o g e n ch lo r ide a n d o x y g e n ; a n d t h a t t h e l a t t e r c o m b i n e s 
w i t h fe r rous ch lo r ide t o f o r m t h e oxych lo r ide , Fe 2 OCl 4 , u n t i l t h e e q u i l i b r i u m 
2 F e C l 2 + H 2 0 + C l 2 ^ F e 2 0 C l 4 + 2 H C l , is a t t a i n e d . T h i s is s u p p o s e d t o e x p l a i n 
t h e a u g m e n t e d c o n d u c t i v i t y of soln . of c o n c e n t r a t i o n g r e a t e r t h a n 3*6 l i t res p e r 
mo l . H . Que rengas se r m e a s u r e d t h e e lec t r ica l c o n d u c t i v i t y of t h e v a p o u r of ferr ic 
ch lo r ide . A. D u m a n s k y a n d T. A . G r a n s k a y a m e a s u r e d t h e difference of p o t e n t i a l 
e s t ab l i shed w h e n e lec t rodes of u n e q u a l surface a r e s e t u p i n a cell w i t h ferr ic ions 
t o w h i c h a q . a m m o n i a is p rogress ive ly a d d e d . 

T h e degree of hydrolys i s of a q . soln. of ferr ic ch lor ide h a s b e e n m e a s u r e d , 
b u t t h e soln. i n a l l cases h a v e p r o b a b l y n o t been in a s t a t e of e q u i l i b r i u m . 
F . W . C. K r e c k e s t u d i e d t h e p rocess of hyd ro ly s i s b y m e a s u r i n g t h e sp . g r . of t h e 
soln. ; F . I i . B r o w n e a n d J. H . M a t h e w s , a n d G. JLemoine, t h e h e a t of d i l u t i o n ; 
a n d H . M. Goodwin , t h e lower ing of t h e f .p. of t h e soln . XJ. A n t o n y a n d G. Giglio 
m a d e co lor imet r ic o b s e r v a t i o n s o n t h e p e r c e n t a g e degree of hydro lys i s , /3, w i t h 
soln. c o n t a i n i n g C mo l s p e r l i t re , a n d found , a t 12° a f te r 48 h r s . : 

a . 
B . 

B . E . Moore s t u d i e d t h e p rocess b y m e a s u r i n g t h e a b s o r p t i o n s p e c t r u m , a n d 
T . E w a n , t h e e x t i n c t i o n coeff. I n t h e l a t t e r case , w i t h soln. a g e d for m a n y weeks 
a t 15° t o 16° : 

OOOOIOI 0 0 0 0 0 2 5 2 5 
86 1OO 

H . M. G o o d w i n c a l c u l a t e d f rom t h e e lect r ical c o n d u c t i v i t y a t 25° t h e v a l u e y8, o n 
t h e a s s u m p t i o n t h a t t h e r e a c t i o n is F e C l 3 + H 2 O = F e ( O H ) " + 3 C l ' + H", a n d t h e 
v a l u e /J2 o n t h e a s s u m p t i o n t h a t t h e r e a c t i o n is F e C I 3 - H S H 2 O - F e ( O l I ) 3 - I - S I I C l — 
vide infra. T h e r e su l t s were a lso r e -ca lcu la t ed b y N . B j e r r u m . G. W i e d e m a n n 
b a s e d h i s ca l cu l a t ions o n h is m e a s u r e m e n t s of t h e mo lecu l a r m a g n e t i s m of t h e soln. 
Ca lcu la t ions b a s e d o n m e a s u r e m e n t s of t h e ac t i on of t h e soln. on iodides were m a d e 
b y N . Sasak i ; on t h e a c t i v i t y of chlor ides , b y F . L . B r o w n e ; o n t h e decompos i t i on 
of d i azoace t i c e the r , b y A. Q u a r t a r o l i ; o n t h e hyd ro ly s i s of m e t h y l a c e t a t e , b y 
G. C a r r a r a a n d G. B . Vesp ignan i ; on t h e inve r s ion of cane-sugar , b y A. F o d o r 
a n d A. R o s e n b e r g , a n d !L. B r u n e r ; a n d on t h e p r o d u c t s of u l t ra - f i l t ra t ion , b y 
E . H e y m a n n . J . N . B r o n s t e d a n d K . V o l q v a r t z s t u d i e d t h e ac id hydro lys i s of t h e 
sa l t . 

A t t e m p t s h a v e been m a d e b y F . L . B r o w n e , N . R . D h a r a n d G. U r b a i n , 
H . M. Goodwin , H . C. J o n e s a n d co-workers , R . Lo renz , R . P e t e r s , a n d N . Sasak i 
t o ca l cu l a t e t h e degree of i on iza t ion , <x, of t h e s a l t in soln. T h e resu l t s a r e com­
p l i c a t e d b y t h e ion iza t ion of t h e p r o d u c t s of t h e hydro lys i s . O n t h e a s s u m p t i o n 
t h a t t h e ion iza t ion a n d hyd ro ly s i s p roceed i n acco rd w i t h t h e reac t ions (i) FeCl 3 
^ F e - + 3 C l ' ; a n d (ii) F e C l 3 + H 2 O ^ F e ( O H ) * * + H * + 3 C l ' , H . M. Goodwin showed 
t h a t for equ i l i b r ium, t h e soln. c o n t a i n s 1—a-/3 m o l of FeCl 3 ; a. mol of Fe"** ; 3<x 
m o l s of Cl ' ; fi m o l of Fe(OH)** ; p m o l of H* ; a n d 3 £ mol of Cl ' . M e a s u r e m e n t s 
of t h e e lec t r ica l c o n d u c t i v i t y on t h e f .p. of t h e soln. show t h a t w i t h soln. of eq . 
c o n c e n t r a t i o n C : 

O 0-30 O-15 0-075 0-030 0-015 0-0075 0-0030 0-0015 
a . . . 73 77 74 50 35 24 10 5 
B . . . —3 2 11 37 53 67 84 91 
fi' . — 1 1 4 12 18 22 28 31 
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where /T denotes the percentage degree of hydrolysis on the assumption t h a t t h e 
reaction is FeCl34-3H2O=Fe(OH)3-}-3H-f-3Cl ' . The values of fi' are t aken t o 
show tha t the assumed reaction is absurd since the hydrolysis would remain 
nearly constant with increasing dilution. The values of £ are taken to be in agree­
ment with the assumption t h a t the hydrolysis proceeds in accord with equations 
(i) and (ii). W. Hittorf gave 0-254 for the transport number of the Fe '"- ion in 
6022V-FeCl3, and 0-400 in 0-705JV-FeCl3 ; whilst K. Hopfgartner gave 0-384 for 
0-13TiV-FeCl3, and 0-359 for 0-4442V-FeCl3, and calculated for infinite dilution 0-396. 
The acidity of the soln. had no perceptible influence on the results. 

H . C. Jones and co-workers calculated the degree of hydration, t h a t is, t he 
solvation, of the salt in aq. soln., and found t h a t if n denotes the number of mols 
of H 2 O taken up by a mol of FeCl3, in soln. with C mols of FeCl3 per litre, a t 0° : 

O . . 0-2 0-4 0-6 OS I O 1-2 1-3617 
n . 61-O 50-7 44-8 39-6 3.1-4 32-1 29-5 

From his observations on the t ransport numbers, K. Hopfgartner calculated t h a t 
in a feebly acidified soln. of 0-1372V-FeCl3, the Cl'-ions are each loaded with 6 mols. 
of H 2O, and each Fe"""-ion with 64 mols. ; the observations of W. Manchot and 
co-workers on the solubility of acetylene, indicate t h a t each molecule of FeCl3 
in soln., with 1-3433 to 21558 grms. FeCl3 per litre, is loaded with 20-2 to 16-8 
mols. of H 2 O. A. E . Oxley's, and A. Smits and co-workers' observations on the 
viscosity ; P . P . von Weimarn's observations on the cooling of the soln. to liquid 
air temp. ; A. Brann's , and J . H . Walton and A. Brann 's observations on the 
velocity of freezing ; and H. Gr. Byers and C. H . Walter 's , on electro-endosmosis, 
all agree tha t the salt is hydrated in aq. soln. L. W. Elder studied the electro-
metric t i trat ion of soln. of ferric chloride by soln. of sodium hydroxide. 

The electrolysis of soln. of ferric or ferrous chloride has been discussed in con­
nection with the preparation of iron. Observations were made by H . !Buff, 
A. Geuther, W. Hampe, W. Hittorf, S. I . Levy and G. W. Gray, T. P . McCutcheon 
and FJ. F . Smith, J . H . Paterson, etc. F . G. Donnan and H . Bassctt found t h a t 
with soln. of ferric chloride in cone, hydrochloric acid, a brownish-yellow liquid 
accumulated about the anode indicating the existence of complex iron anions. 
Z. Karaoglanoff studied the influence of diffusion currents on the electrolytic 
reduction ; H . G. Byers and C. H. Walter, the electro-endosmose, t h a t is, the 
motion of the electrolyte apar t from the movements of the ions ; A. Schukareff, 
the magnetic effect which occurs when the electrolysis occurs in a magnetic field 
of 2000 to 70OO gauss ; M. Ie Blanc, the polarization ; C. Baillod, the depolarizing 
action of ferric chloride in the cell Al a m a i g a m | iV-H2S04,NaClsat. soln. | C ; L. Riety, 
the potential difference between a soln. in a capillary a t 25 a tm. press., and the 
emerging soln. ; and A. Finkelstein, the decomposition voltage, where with 
0-IiV-, 0-0IiV-, and 000IiV-FeCl3 , the voltages were respectively - 0 - 8 2 , —0-97, 
and —0-75. E . Baur observed t ha t the difference in the potential of a soln. against 
plat inum when illuminated and when in darkness is really the result of a small 
temp, effect. N . Kameyama and K. Takahashi studied the electro-reduction of 
the salt. 

The electromotive force, etc., of various cells with an electrolyte containing ferric 
chloride have been described. Thus, W. E. Case studied the cell C IFeCl3IPt; H . Buff, 
the cells Zn | H 2 SO 4 | FeCl3 | C, and Zn I NaCl I FeCl3,HCl I C ; A. von Eccher, 
Zn)H2SO4 I FeCl3 | C, and ZnFH2SO4 | FeCl3 [ P t ; T. Moore, Zn H2SO41 FeCl31 P t or C ; 
E . Duchemin, Zn | FeCl3(Br) | H 2 SO 4 I C ; E . Petersen, Zn I NaCl I FeCl3 I C l ; 
H . N. Warren, Zn | FeCl3,Br | C; L». Kahlenberg, P t I 0-32V-FeCl3 I 2V-KCl,Hg2Cl2 [Hg, 
and P t I 0-32V-FeCl3 | 0-3752V-FeCl3 in amyl alcohol I P t ; N. Sasaki and K. Nakamura , 
P t I KI,FeCl3 ,NaCl | KCl | 2V-KCl,HgoCL, | H g ; and W. D. Bancroft, P t | FeCl3 | Solu­
t ion ! P t , where the " solutions " employed were KC1,C1; KBr9Br ; K O H , C l ; 
K O H , B r ; K I , I ; KC10 3 ,H 2 S0 4 ; KC10 4 ,H 2 S0 4 ; K I 0 3 , H 2 S 0 4 ; NaSO 3 ; N a H S O 3 ; 
K N 0 2 , H 2 S 0 4 ; H N O 8 ; K M n 0 4 , H 2 S 0 4 ; MnO 2 ,HCl ; H 2 C r 2 O 7 ; and K 2Cr 2O 7 . 
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H . N . W a r r e n o b s e r v e d t h a t if b r o m i n e a n d a cone . soln. of ferric chlor ide be used 
in p l ace of t h e d i c h r o m a t e i n t h e d i c h r o m a t e cell, t h e e.m.f. is g r ea t e r . L . K a h l e n -
b e r g f o u n d t h a t w i t h a cell P t | A \ C | P t , w h e r e A r e p r e s e n t s a soln. of 1*4:508 g r m s . 
of FeCl 3 i n 77*6 c.c. of n i t r o b e n z e n e , a n d C, a 0-3752V-FeCl3 soln. in e t h y l a lcohol , 
t h e e.m.f. is 0-792 v o l t a t 20° ; a n d w i t h t h e cell P t | B \ C | P t , w h e r e B d e n o t e s a 
soln . of 0-1473 g r m s . of FeCl 3 i n 10 c.c. of o -n i t ro to luene , t h e e.m.f. is 0-623 vo l t . 
G. T a m m a n n a n d E . J e n c k e l o b s e r v e d t h a t in t h e cell P d ( H 2 ) | 0-IiV-HCIjFeCl3 | 0-1N-
H C l , H g 2 C l 2 I H g , a t 18°, w h e n t h e ferr ic ch lor ide soln . is u n d e r a press . , p k g r m s . 
p e r sq . cm. , t h e e.m.f., E vo l t s , is : 

V 
E 
dISjp X 1 0 8 . 

1 1OO 
0 - 4 9 1 O 0 - 4 9 0 1 

— 9 0 

5OO 
0 - 4 8 6 7 

— 8-6 

10OO 
0 - 4 8 3 1 

- 7 9 

1 5 0 0 
0 - 4 7 9 4 

- 7 - 7 

2 0 0 0 
0 - 4 7 5 9 

- 7 - 6 

2 5 0 O 
4 7 2 - 4 
— 7-4 

3 0 0 0 
0 - 4 6 9 0 

— 7-3 

— 170-4° 
2 5 2 0 « 

— 1470° 
1 9 5 - 5 

— 62-5° 
1 2 1 - 0 

— 3-7° 
9 4 - 5 

2 0 ° 
8 6 - 2 

C9 7° 
7 3 - 8 

134 8 ' 
6 0 - 9 

194 0 ' 
5 0 - 4 

2« I 3 
3 5 - 6 

G. E . Gibson a n d W . A. N o y e s found t h e spark potent ia l i n t h e v a p o u r of ferr ic 
ch lor ide is g r e a t e r t h a n i t is in a i r . J . A . F l e m i n g a n d J . D e w a r found t h e dielectric 
c o n s t a n t ( v a c u u m u n i t y ) for a s a t . soln. of f rozen ferric ch lor ide a t —198-8°, 
—162-7°, —144-9°, a n d —333-8° t o be r e spec t ive ly 3-34, 3-56, 3-91, a n d 4-23. 
O. Mil icka a n d A . S l a m a , a n d R . F u r t h m e a s u r e d t h e d ie lec t r ic c o n s t a n t of soln. 
of t h e sa l t . 

Accord ing t o M. F a r a d a y , a n h y d r o u s ferric ch lor ide is p a r a m a g n e t i c a n d , a d d e d 
C. Ma t t eucc i , n e i t h e r t h e h e x a h y d r a t e n o r t h e a n h y d r o u s s a l t shows r e m a n e n t 
m a g n e t i s m . G. W i e d e m a n n found t h a t t h e m a g n e t i s m of a n h y d r o u s ferric ch lor ide 
is r a t h e r g r e a t e r t h a n is t h a t of fe r rous ch lor ide w i t h a n e q u i v a l e n t p r o p o r t i o n of 
i ron , a n d is b u t l i t t l e different f rom t h e v a l u e for t h e s a l t in a q . soln. A. Heydwe i l l e r 
o b s e r v e d t h a t t h e e q u i v a l e n t m a g n e t i s m of ferric ch lor ide is scarce ly a n y g r e a t e r 
w h e n in soln. t h a n w h e n i t is in t h e fo rm of t h e h e x a h y d r a t e ; t h e r a t i o is 1 -006 : 1. 
E . F e y t i s g a v e for t h e mo lecu l a r m a g n e t i c susceptibi l i ty , 1 4 , 6 5 2 x 1 0 - » a t 13°, 
a n d for t h e m a g n e t i c suscep t ib i l i t y x—102-5 X 10—6 m a s s u n i t ; G. Meslin g a v e 
^ = 1 0 2 - 5 x 1 0 - 0 ; a n d T . I s h i w a r a , x = 9 3 - 4 x 10 -6 . T . I s h i w a r a ' s va lues for t e m p , 
be low 44-6°, a n d K.. H o n d a a n d T . I s h i w a r a ' s va lues for h ighe r t e m p . , in fields of 
a b o u t 2000 gaus s , a r e : 

x x 10« 

T h e decrease f rom —190° t o 200° is a p p r o x i m a t e l y i n accord w i t h ^ T = c o n s t a n t , 
b u t a t h ighe r t e m p , t h e r e a r e d e v i a t i o n s w h i c h a r e a t t r i b u t e d t o t h e d i s t u r b i n g 
effects of s u b l i m a t i o n , or t h e f o r m a t i o n of a n 
oxych lo r ide . H . R . WoI t j e r a n d E . C. W i e r s m a 
found t h a t t h e sp . suscep t ib i l i t y of t h e a n h y d r o u s 
sa l t d e p e n d s o n t h e a b s o l u t e t e m p . , T, in t h e 
fo rmula x(T—0)= c o n s t a n t , d o w n t o —210° . T h e 
inve r s ion t e m p . , o r Curie p o i n t , is 6—252-6°. 
A b o v e —180° , t h e suscep t ib i l i t y is i n d e p e n d e n t 
of t h e i n t e n s i t y of t h e m a g n e t i c field. A n o m a l i e s 
occur a t t h e t e m p , of l iquid h y d r o g e n , for t h e 
suscep t ib i l i t y t h e n becomes i n d e p e n d e n t of t h e 
i n t e n s i t y of t h e m a g n e t i c field, a n d t h e r e l a t i o n 
w i t h t e m p , is t h e o p p o s i t e t o w h a t i t is a t h ighe r 
t e m p . H . Mosler f ound t h a t t h e t e m p , coeff. of 
t h e suscep t ib i l i t y b e t w e e n 0° a n d 40° is 0 0 0 3 2 6 , 
a v a l u e a l i t t le g r e a t e r t h a n t h a t of t h e h y d r a t e d 
sa l t . Gt. B e r n d t g a v e for t h e m a g n e t i c suscep­
t i b i l i t y ^ = 4 7 - 5 x 1 0 — ° m a s s u n i t , a n d for t h e 
h e x a h y d r a t e , 76-1X10— 6 . Li. A . WeIo m e a s u r e d t h e t e m p , coeff. of t h e sus­
cep t ib i l i ty , t h e m a g n e t i c suscep t ib i l i t y , a n d t h e Curie p o i n t of t h e l iquid a n d 
solid h e x a h y d r a t e . T h e r e su l t s a r e p l o t t e d in F ig . 580 . I n t h e fo rmula 
X(T—#) = c o n s t a n t , Cur ie ' s c o n s t a n t for t h e solid is 4-82, a n d for t h e l iquid , 

"290° 330° 370* 0K 
F i o . 5 8 0 . — T h e M a g n e t i c S u s c e p ­

t i b i l i t y o f H y d r a t e d F e r r i c S a l t s 
— M o l t e n a n d S o l i d . 
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3*79; whilst the Curie point, or the inversion t emp. , 0, is —36° for the solid, 
and 34° for the liquid. G. Berndt observed that the hysteresis of the hexahydrate 
in a field of 200 to 400 gauss cannot be detected. 

M. Faraday observed that cone. aq. soln. of ferric chloride are paramagnetic . 
Li. Kii lp showed that a glass tube filled wi th the aq. soln. which has been mag­
netized in a definite direction for a long t ime requires for magnet izat ion in t h e 
opposite direction less magnet ism than before. This, said S. Henrichsen, does n o t 
mean that the soln. has a remanent magnetism,- because the phenomenon is 
exhibited by evacuated tubes . C. Matteucci could detect n o remanent magnet i sm ; 
and Li. Lombardi, no hysteresis, a l though P . Drapier observed a slight effect. 
J . Pliicker found t h a t strongly paramagnet ic soln. on the poles of a strong m a g n e t 
exhibit changes on the surface of the liquid. The subject was s tudied b y 
P . Drapier, H . R. Woltjer and E . C. Wiersma, C. Marangoni, and A. Quartaroli. 
C. Statescu observed changes in the cone, of a cone. soln. of ferric chloride near 
a strongly magnetic p o l e ; and the phenomenon was studied b y L. Abonnenc , 
G. Falckenberg, P. Drapier, F . Ehrenhaft and E . Wasser, J . Jamin , J . Pliicker, 
A. Quartaroli, W. Rathert , A. Righi , and W. Voigt and C. Statescu. P . W. Se lwood 
observed a slow decrease in the paramagnet i sm of the soln. on exposure t o l ight. 
G. Jager and S. Meyer found that the magnetic susceptibil i ty of an aq. soln. of ferric 
chloride is x=73 X 1 0 ~ 6 mass unit a t 18° ; J. S. E . Townsend gave 92 x 10~« at 10° ; 
G. Quincke, 9 1 x 1 0 - « at 1 9 ° ; O. Liebknecht and A. P. Wills, 8 3 x l 0 ~ 6 a t 1 8 ° ; 
J . Konigsberger, 8 8 x 1 0 - 6 a t 18°, and 9 2 x 1 0 - « a t 2 1 ° ; and G. Falckenberg, 
87x10—° at 15°. Observations were also made b y A. Arndtsen, H . Becquerel , 
H . E . J . G. du Bois, J . Borgmann, H. W. Eaton , A. v o n Ett inghausen, G. G. Gerosa 
and G. Finzi, S. Henrichsen, A. Lal lemand, L. Lombardi, P . Pascal , G. Piaggesi , 
J. Pliicker, S. Prakash, A. Quartaroli, J . Schuhmeister, P . Siloff, T. Wahner, and 
G. Wiedemann. According to B . Cabrera and E . Moles, the sp. susceptibi l i ty 
X mass units, and the molecular susceptibil ity, x m ° l mass units , a t t emp, between 
18-37° and 19-95°, are : 

FeCl 3 . 
XX 10" 
Xmol. X 10« 
FeCl 3 

X X 10« 
Xmol. X 10« 

O-2105 
— 0-5545 

12,700 
2-3864 
1-3022 
13,700 

0-4162 
-0-3865 

13,000 
4-8260 
3-467O 
14,050 

0-8247 0-2351 per cent . 
- 0 0 5 4 1 0-2924 

13,130 13,260 
9 0 7 I O 14-8630 per cent . 
7-2547 12-44O 
14,210 14,310 

For soln. of ferric chloride with [HCl] mol of HCl per mol of FeCl3 , a t 18-62° 
2 1 1 2 ° : 

t o 

FeCl8. 
[ H C l ] . 
XX 10« 
Xmol. X 10« 

FeCl 8 . 
[ H C l ] . 
x x 10« 
Xmol. X 10« 

0-8431 
1-54 

- 0 0 1 2 8 8 
13,54O 
3-3060 
0 0 2 9 4 
2-1448 
13,99O 

0-8610 
0-480 
0 0 4 8 3 2 
14,410 

0-3046 
0 1 5 2 1 
2-2618 
14,580 

0-8221 
1-224 
0 0 2 7 8 1 
14,740 

0-32290 
0-3116 
2-2393 
14,790 

O-8007 per cent . 
6-923 
0 0 1 2 3 4 0 
14,780 
0-3119 per cent . 
1-6120 
2-2227 
15 ,210 

The vol . susceptibil i ty was also measured b y A. Quartaroli ; and t h e mol . 
susceptibi l i ty b y A. Heydweiller, G. Falckenberg, P . Pascal , and A. Quartaroli. 
B . Cabrera and E . Moles noticed that the addition of hydrochloric acid drives 
back the hydrolysis , and raises the susceptibility. A. Quartaroli found the sus­
ceptibi l i ty is independent of the age of the soln., a l though the electrical conduct iv i ty , 
colour, and turbidi ty change. G. Wiedemann observed t h a t t h e mol . magne t i sm 
decreases s lowly as cone. soln. are diluted in consequence of hydrolysis ; and if 
hydrochloric acid be added, the mol. magnet ism is raised. A . Quartaroli found 
for soln. of C grms. of FeCl3 in 100 c.c. of methy l alcohol, between 17° and 22°, for 
field-strengths of H gauss, the mol. susceptibil ity Xmol. mass uni ts : 
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31-89 63-78 
9,000 9,000 

18,708 16,836 

127-56 
9,0OO 

16,544 

FeCl8(C) . 2 1 3 5 4-271 4-271 16-85 25-39 25-39 50-78 101-56 
H . . 32,000 32,000 32,000 14,100 14,100 9,700 9,700 9,700 
Xmol. X 10« . 14,789 16,066 16,098 17,883 18,846 19,058 19,064 18,479 

Observations were also made by G. Quincke, R. Blondlot, and T. Wahner on soln. 
in methyl alcohol; by M. Faraday, G. Wiedemann, A. E . Oxley, and J . S. E . Towns-
end, in ethyl alcohol. A. Quartaroli found for soln. with C grms. of FeCl3 in 
100 c.c. of ethyl alcohol, between 17° and 22° : 

FeCl8(C) . 1 8 4 3 
H . . 32,000 
Xmol. X 10« . 14,748 

Similarly with soln. 
FeCl3. . 4-411 
H . . 25,0OO 
Xmol. XlO6 . 17,064 

with isoamyl alcohol : 
FeCl8. . 4-12 
H . . 25,000 
Xmol. XlO" . 16,092 

with allyl alcohol : 
FeCl3. . 4-062 
U . . 23,3OO 
Xmol. X 10° . 1 5,94O 

with ethyl ether : 
FeCl3. . 2-262 
H . . 25,000 
Xmol. X 10« . 17,878 

3-986 7-972 15-945 
32,000 18,40O 18,40O 
16,175 16,848 18,643 

in isohutyl alcohol : 
8-223 8-223 16-647 

25,000 17,000 17,00O 
17,038 17,203 17,20O 

8-24 16-48 32-96 
25,000 11,700 11,70O 
16,298 17,855 18,364 

8123 
23,30O 
16,110 

16-25 
23,000 
17,541 

16-25 
6,0OO 

18,045 

15-945 
9,0OO 

18,853 

16-647 
11,40O 
17,392 

32-96 
8,600 

18,687 

32-5O 
6,000 

17,608 

31-295 
9,6OO 

17,592 

70-59 
9,600 

16,992 

65-92 131-84 
8,600 8,60O 

17,252 17,395 

6 5 0 0 130-00 
6,000 6,0OO 

17,525 17,333 

4-255 9 1 5 
25,00O 25,000 
19,183 18,697 

18-30 
15,50O 
18,222 

18-30 
8,2OO 

18,679 

36-60 
8,2OO 

17,343 

73-20 
8,200 

16,282 

Observations were also made by G. Wiedemann, and P . Drapier. 
found for soln. in acetone : 

A. Quartaroli 

FeCl3. . 1-786 3-573 
H . . 32,00O 32,00O 
Xmol. X 10« . 14,795 15,606 

with soln. in formic acid : 
FeCl3. . 6-67 13-34 
H . . 25,000 25,000 
Xmol. X 10« . 1,528 15,736 

with soln. in acetic acid : 
FeCl3. 
H 
Xmol. X 10° 

3-035 
32,000 
17,397 

3 0 3 5 
25,000 
17,387 

3-573 
25,0OO 
15,707 

26-68 
18,400 
16,576 

6-07 
25,000 
17,485 

14-293 
11,800 
18,009 

26-68 
10,000 
16,696 

12-14 
25,000 
16,905 

28-587 
11,800 
16,878 

53-37 
10,000 
16,599 

24-28 
12,000 
18,204 

28-587 
7,200 

17,574 

51175 
7,200 

17,073 

114-35 
7,200 

16,271 

53-37 106-74 
7,500 7,500 

17,408 17,598 

48-56 
12,000 
17,364 

48-56 
9,2OO 

17,509 

97-12 
9,2OO 

17,017 

with a soln. of 6*870 grms. of paramagnetic ferric chloride in a litre of diamagnetic 
methyl acetate, A. Quartaroli observed t h a t the soln. is magnetically inactive ; 
and with ethyl acetate : 

FeCl8. . 2-327 4-658 4-658 9-716 38-867 38-867 77-735 155-47 
H . . 32,000 32,000 25,000 25,000 10,000 6,000 6,0OO 6,000 
Xmol. X l O 8 . 14,700 15,733 15,764 16,250 18,357 18,395 17,740 16,695 

The magnetic rotation of soln. of ferric salts was studied by H. E . J . G. du Bois, 
H . Becquerel, M. E . Verdet, G. Quincke, A. Cotton, C. E . Richards and 
R. W. Roberts , and C. V. R a m a n and S. W. Chinchalkar. G. Wiedemann found 
t h a t the temperature coefficient of the magnetization is smaller with soln. of ferric 
chloride which are hydrolyzed, t han is the case with acidified soln. which are not 
hydrolyzed. The temp, coeif. of a 3O per cent, soln., between 10-45° and 60-8°, 
was found by P . Plessner to be 0-003542 ; G. Jager and S. Meyer observed tha t the 
coeff. ranges between 0*0022 and 0-0029 for 6 to 42 per cent. soln. between 0° and 
90° ; G. Piaggesi gave 0-00277, 0-00283, and 0-00281 respectively for 12-86, 21-14, 
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a n d 4 4 O p e r cen t . soln. be tween 24° a n d 85°. O b s e r v a t i o n s w e r e a lso m a d e b y 
A. E . Oxley, G. Quincke, J . S. E . Townsend , a n d R . H . W e b e r . H . Mosler ' s r e s u l t s 
a r e summar ized in F ig . 5 8 1 . T h e sp. 
soln. was found b y A. Quar t a ro l i 

C-O(MOx 

0-0035 

' 0-0030 

0-0025t 
/0 /S 2O 

ra 
40 45 ZS 30 35 

Per cent. FeCL3 

K I Q . 581.—Temperature Coefficient of the 
Magnetic Susceptibility of Solutions of 
Ferric Chloride. 

m a g n e t i c suscep t ib i l i t y of t h e p a r a m a g n e t i c 
t o increase w i t h inc reas ing c o n c e n t r a t i o n . 

B . Cab re r a a n d E . Moles f o u n d t h a t t h e 
specific suscep t ib i l i ty of t h e soln. inc reases 
•with inc reas ing c o n c e n t r a t i o n r a t h e r m o r e 
t h a n is p r o p o r t i o n a l t o t h e i ron c o n t e n t of 
t h e soln. O b s e r v a t i o n s o n t h e s u b j e c t 
were m a d e b y H . E . J . G. d u Bo i s , 
H . B r e t e r n i t z , G. F a l c k e n b e r g , A . H e y d -
weiller, G. J a g e r a n d S. Meyer , J . Kxmigs-
berger , O. L i e b k n e c h t a n d A. P . Wil ls , 
P . P h i l i p p , J . S. E . T o w n s e n d , R . H . W e b e r , 
a n d G. W i e d e m a n n . T h e soln. is m a g -

FeCl 3 p e r l i t re of e t h y l a c e t a t e ; a n d w i t h 
A. Heydwe i l l e r obse rved 

net ica l ly inac t ive w i t h 6-875 g r m s . of 
py r id ine a s solvent , w i t h 14,160 g r m s . of FeCl 3 p e r l i t re . 
t h a t t h e m a g n e t i c suscept ib i l i ty is i n d e p e n d e n t of t h e field-strength u p t o / / — 4 0 , 0 0 0 
gauss ; a n d th i s conclus ion is in t h e m a i n in a g r e e m e n t w i t h t h e o b s e r v a t i o n s of 
A. A r n d t s e n , H . E . J . G. d u Bois , H . W . E a t o n , A. v o n E t t i n g h a u s e n , H . F a h l e n -
b rach , G. G. Gerosa a n d G. F inz i , S. H e n r i c h s e n , G. J a g e r a n d S. Meyer , 
J . Konigsberger , L.. L o m b a r d i , P . Ph i l i pp , P . Siloff, J . S. E . T o w n s e n d , T . W a h n e r , 
R . H . W e b e r , a n d O. W y l a c h . D . M. Bos a n d P . K . R a h a n o t e d t h a t t h e p a r a ­
m a g n e t i s m decreased in l ight of a su i t ab le wave - l eng th . 

K . H o n d a a n d T. I sh iwa ra ca l cu la t ed t h e s a t u r a t i o n va lue for t h e m a g n e t i z a t i o n 
of a mol of FeCl 3 t o be 32,07O, a n d hence gave 5-23 X1023 for the m a g n e t i c m o m e n t 
of t h e molecule . E . F e y t i s gave 28-83 for t h e m a g n e t o n n u m b e r , a n d va lues were 
also g iven b y B . Cabre ra a n d E . Moles, L). M. Bose , P . Weiss , P . P h i l i p p , a n d 
A. Quar ta ro l i . A. H u b e r discussed t h e t h e o r y of t h e p a r a m a g n e t i c molecule . 

The chemical properties of ferric chloride.—According to F. Wohler, when 
ferric chlor ide is h e a t e d in d r y hydrogen , i t is first r e d u c e d t o ferrous chlor ide , a n d 
t h e n t o i ron (q.v.). A . B . B a g d a s a r i a n also s h o w e d t h a t t h e r educ t i on p roceeds 
FeCl 3 ->FeCl 2—>Fe—vide supra, fer rous chlor ide . F . S c h m i t z sa id t h a t t h e m e t a l 
is p u l v e r u l e n t if o b t a i n e d a t 300° t o 400°, b u t E . Pe l igo t , a n d W . Spr ing o b t a i n e d 
c rys t a l s a t a h igher t e m p . A. B . B a g d a s a r i a n a d d e d t h a t some r e d u c t i o n of t h e 
ferric chlor ide is percep t ib le a t 100°. C. B r u n n e r obse rved t h a t if h y d r o g e n be 
p a s s e d for 48 h r s . t h r o u g h a dil . a q . soln. of ferr ic chlor ide , i n d a r k n e s s , some 
ferrous chloride is formed ; b u t J . A. W a n k l y n a n d W . J . Cooper, a n d S. Cooke cou ld 
n o t de t ec t a n y r educ t i on w i t h a cone . soln. k e p t 48 h r s . i n a n a t m . of h y d r o g e n . 
F . C. Phi l l ips observed n o r e d u c t i o n a t r o o m t e m p . , a n d o n l y a v e r y s l igh t r e d u c t i o n 
w h e n t h e soln. w a s k e p t a t 100° for severa l h o u r s . W . IpateefE a n d A. I . Kisseleff, 
a n d J . H . Weibel o b t a i n e d a wh i t e , easi ly ox id izab le p r e c i p i t a t e , by t h e a c t i o n of 
h y d r o g e n a t a h igh press , on a soln. of ferric ch lor ide a t 350° . Accord ing t o 
F . O. S c h m i t t a n d co-workers , soln. of ferric sa l t s a r e n o t affected b y h y d r o g e n 
s imu l t aneous ly exposed t o u l t r a son ic waves . N a s c e n t h y d r o g e n i n ac id soln . 
zinc, i ron , a l u m i n i u m , m a g n e s i u m , e tc .—reduces soln . of ferric ch lor ide t o fe r rous 
chlor ide ; t h e r educ t i on also occurs in n e u t r a l soln. , b u t in t h a t case s o m e 
h y d r a t e d ferric ox ide is fo rmed. A. C. C u m m i n g a n d H . S m i t h s h o w e d t h a t a n 
excess of ac id r e t a r d s t h e r eac t ion . Accord ing t o D . J . Carnegie , t h e r e d u c t i o n 
does n o t d e p e n d on n a s c e n t h y d r o g e n because i t occurs w i t h ease i n a b s o l u t e a lcohol , 
a n d i t is en t i r e ly i n d e p e n d e n t of occ luded h y d r o g e n in t h e z inc . T h e a r g u m e n t i s 
n o t conclus ive . A . C. C h a p m a n r e p o r t e d t h a t h y d r o g e n occ luded i n p a l l a d i u m 
r a p i d l y r educes a soln. of ferric t o fer rous chlor ide ; t h e p a l l a d i u m is n o t a t t a c k e d , 
whi l s t p a l l a d i u m free f rom h y d r o g e n is read i ly a t t a c k e d b y a soln. of ferric ch lo r ide . 
Th i s r e d u c t i o n w a s d iscussed b y X). J . Carnegie , W . F re sen ius , T . G r a h a m , 
A. Haenig, H . Gal l a n d W . M a n c h o t , a n d L,. K r i t s c h e w s k y . D . J . Ca rneg ie o b s e r v e d 
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t h a t h y d r o g e n occ luded in p l a t i n u m is i n a c t i v e , a n d !B. N e u m a n n a d d e d t h a t 
h y d r o g e n does n o t r e d u c e t h e soln. i n t h e p re sence of p l a t i n u m , a l t h o u g h S. Cooke 
obse rved t h a t t h e r e d u c t i o n p roceeds r a p i d l y a n d regu la r ly , a n d H . Gal l a n d 
W . M a n c h o t f o u n d t h a t a hyd roch lo r i c ac id soln. of ferric ch lor ide i n t h e p resence 
of p l a t i n u m s p o n g e is q u a n t i t a t i v e l y r e d u c e d a t r o o m t e m p . ; a n d A. P ickles , t h a t 
t h e soln. is r a p i d l y r e d u c e d b y h y d r o g e n i n t h e p resence of fine coppe r g a u z e . 
W . B i l t z a n d F . M e y e r g a v e F e C l 3 . A q . + £ H 2 = F e C l 2 . A q . H - H C l . A q . + 1 6 - 0 CaIs. 
T h e r e a c t i o n w a s a lso s t u d i e d b y H . Wol f r am, a n d K . J e l l i nek a n d co-workers . 
W . Bi l t z a n d W . H o l v e r s c h e i t g a v e for t h e t h e r m a l va lue of t h e r eac t ion : FeCl 3 -Aq. 
- J - ^H 2 =FeCl 2 -Aq .H-HCl .Aq . - f - lO-3 CaIs. S. R e i c h a n d H . O. Se rpek sa id t h a t 
w h e n c a l c i u m hydride is a d d e d t o a n e t h e r e a l soln. of ferric ch lor ide , h y d r o g e n is 
evo lved a n d a b r o w n p r e c i p i t a t e , Ca 3 FeCl 5 (C 4 H 1 0 O) 3 , is fo rmed . 

J . L . G a y L u s s a c , a n d A. S. Miller o b s e r v e d t h a t t h e c rys t a l s of a n h y d r o u s 
ferric ch lor ide a r e v e r y de l iquescen t w h e n e x p o s e d t o air , fo rming , acco rd ing t o 
M. K i n a s t , a n d B . S a n d r o c k , p a l e o range-ye l low c rys t a l s of t h e h e m i p e n t a h y d r a t e . 
P . N i c o l a r d o t a d d e d t h a t w h e n t h e c rys t a l s of ferr ic chlor ide a r e e x p o s e d t o a i r for 
a long t i m e a t o r d i n a r y t e m p . , some hydroch lo r i c ac id is g iven off, a n d a d i r t y 
ye l low hyd ro ly s i s p r o d u c t r e m a i n s . C. F . M o h r obse rved t h a t t h e h e x a h y d r a t e 
is hygroscop ic , a n d J . F r i t z s c h e o b s e r v e d t h a t w h e n exposed t o d r y air , t h e sa l t 
becomes d a r k e r in colour , -with a n a p p a r e n t de l iquescence , wh ich w a s found b y 
J . J . Berze l ius , a n d H . LescoDur t o b e a t t e n d e d b y a loss a n d n o t a ga in of w a t e r . 
H . W . B . R o o z e b o o m sa id t h a t t h e h e x a h y d r a t e c a n be k e p t a long t i m e in a i r 
-without c h a n g e , b u t i t is hygroscop ic , a n d de l iquesces in a i r w h e n t h e v a p . press , 
of w a t e r exceeds 6 m m . H . W . H a k e m a d e some o b s e r v a t i o n s o n t h e sub jec t . 
H . W . B . R o o z e b o o m obse rved t h a t t h e h e m i h e p t a h y d r a t e is m i d w a y b e t w e e n 
t h e h e x a h y d r a t e a n d t h e h e m i p e n t a h y d r a t e i n i t s t e n d e n c y t o del iquesce in a i r ; 
t h e h e m i p e n t a h y d r a t e is s t ab l e o v e r cone , su lphu r i c ac id a t r o o m t e m p . J . F r i t z s c h e 
sa id t h a t t h e h e m i p e n t a h y d r a t e is v e r y de l iquescen t , a n d , a d d e d F . A. F luck ige r , 
i t is m u c h m o r e de l iquescen t t h a n t h e h e x a h y d r a t e . 

J . Li. G a y L u s s a c obse rved t h a t w h e n ferric ch lor ide is h e a t e d in o x y g e n , ch lor ine 
a n d ferr ic ox ide a r e fo rmed ; a n d K . H a c h m e i s t e r a d d e d t h a t a s imi lar r eac t i on 
occurs w h e n t h e sa l t is h e a t e d in air . H . Schulze found t h a t in oxygen , t h e r eac t i on 
beg ins a t du l l r edness , a n d t h a t a l a rge p r o p o r t i o n of t h e ferric chlor ide sub l imes 
u n c h a n g e d ; hence , a d d e d G. F . H u t t i g a n d H . Gars ide , t h e r eac t i on i n d r y 
o x y g e n is n o t q u a n t i t a t i v e . E . W . W e s c o t t a d d e d t h a t t h e v a p o u r of ferric 
ch lor ide a t 700° t o 800° is r a p i d l y a n d c o m p l e t e l y t r a n s f o r m e d b y a i r o r o x y g e n 
i n t o ch lor ine a n d ferric ox ide . E . W . W e s c o t t o b t a i n e d ferric ox ide a n d chlor ine 
b y b u r n i n g a s p r a y of ferric ch lor ide in a i r o r o x y g e n a t 800° . T h e b lue ing of 
t i n c t u r e of g u a i a c u m or of p o t a s s i u m iodide a n d s t a r c h b y ac t ive o x y g e n is c a t a l y z e d 
b y ferric ch lor ide , a n d M. J . G r a m e n i t z k y found t h a t if t h e soln. of ferric ch lor ide 
be boi led a n d t h e n cooled, t h e b lue ing r eac t i on is inh ib i t ed , a n d r e g e n e r a t e d if 
t h e soln . be left t o s t a n d for s o m e t i m e . T h e effect is a t t r i b u t e d t o t h e lower ing 
of t h e d i ssoc ia t ion b y h e a t . T h e b lue ing r e a c t i o n w a s s t u d i e d b y A. S i m o n a n d 
K . K o t s c h a u . 

T h e so lub i l i ty of ferric ch lor ide in water ; t h e hydro lys i s of t h e sa l t in aq . 
soln. ; a n d t h e a l leged vo la t i l i za t ion of i ron ch lor ide w h e n t h e a q . soln. is e v a p o r a t e d 
h a v e b e e n p r ev ious ly discussed. T h e hyd ro ly s i s of t h e sa l t a c c o u n t s for t h e 
evo lu t i on of m o r e o r less hyd roch lo r i c ac id w h e n t h e a q . soln. is e v a p o r a t e d . 
J . P e r s o n n e sa id t h a t a n e u t r a l soln . of ferric ch lor ide of s p . gr . 1*26 loses some 
ch lor ine w h e n i t is boi led , a n d t h i s t h e m o r e a s t h e soln. becomes m o r e c o n c e n t r a t e d . 
R . S t u m p e r s h o w e d t h a t t h e p re sence of ferric chlor ide h a s n o apprec iab le effect 
o n t h e r a t e of d i s t i l l a t ion of w a t e r . C. S t . P i e r r e obse rved t h a t w h e n a di l . soln. 
acidified w i th h y d r o c h l o r i c ac id is boi led, ferr ic ch lor ide is n o t r educed t o ferrous 
ch lor ide , b u t J . C. H o s t e t t e r a n d H . S. R o b e r t s obse rved t h a t s o m e r educ t i on occurs 
w h e n a IO p e r c e n t . soln. is boi led for a s h o r t t i m e . M. Schne ide r could d e t e c t 
n o r e d u c t i o n w h e n a cone , a n d s t r o n g l y acidified soln. is exposed for a m o n t h i n 
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d a r k n e s s a t 20°, b u t a t 10O°, some sa l t w a s r e d u c e d i n t h e course of 12 h r s . 
J . M. E d e r could d e t e c t n o r e d u c t i o n w h e n t h e solid s a l t o r t h e a q . so ln . is e x p o s e d 
t o l ight , a l t h o u g h H . Her i s sey sa id t h a t some r e d u c t i o n occur s i n a soln. e x p o s e d 
t o d a y l i g h t for a long t i m e . F . K o h n also sa id t h a t t h e soln . u n d e r g o e s a s low, 
v e r y incomple t e r e d u c t i o n w h e n i t is exposed t o l igh t ; a n d M. S c h n e i d e r a d d e d 
t h a t a t 20°, t h e r a t e of r educ t ion is a u g m e n t e d b y inc reas ing t h e p e r i o d of i l l umina ­
t ion , a n d b y increas ing t h e cone, of t h e soln. T h e r e d u c t i o n i s n o t d u e t o t h e 
presence of dus t , b u t r a t h e r t o t h e p h o t o c h e m i c a l r e a c t i o n 2Fe" " + 2 0 1 ' ^ 2 F e * * + C l 2 . 
R . A u d u b e r t , a n d K . N i e d e r s t a d t a lso obse rved t h a t a r e d u c t i o n occurs in u l t r a ­
viole t l ight—vide supra. J . Lt. G a y Liussac o b s e r v e d t h a t w h e n ferric ch lo r ide is 
h e a t e d in s t eam, ferric oxide (haemati te) a n d h y d r o g e n ch lor ide a r e fo rmed . T h e 
reac t ion was s tud i ed b y A. IDaubrce, a n d E . P u x e d d u . P . N i c o l a r d o t o b s e r v e d 
a s imi lar r eac t ion w h e n t h e h y d r a t e d s a l t is h e a t e d . 

F . K . Cameron a n d W . O. R o b i n s o n a g i t a t e d for 3 m o n t h s a n excess of f reshly 
p r e c i p i t a t e d h y d r a t e d ferric ox ide w i t h a soln . of ferr ic ch lor ide , a t 25°, a n d f o u n d 
t h e solid phases t o be t h o s e i n d i c a t e d in T a b l e X C I I . T h e c o m p o s i t i o n of t h e 

T A B L E X C I I . — E Q U I L I B R I U M O F S O L U T I O N S I N T H E S Y S T E M : F o 8 O 3 - H C l - H 8 O a t 25° . 

Grms. per 1OO 
grms. eat. soln. 

Fe8O3 

34-61 
32-78 
31-95 
34-42 
34-21 
34-44 
3 3 0 4 
24-42 

HCl 

59-88 
54-71 

I 58-2O 
54-12 
55-47 
51-11 
46-72 
33-42 

Solid phase 

F e C l 3 . H C 1 . 2 H a O 
i F e C l 8 . H C 1 . 2 H 2 0 + 

F e C l 3 + K o C l 3 . 2 M 2 O 
F e C l 8 . 2 H 2 O 
F e C l 3 . 2 H 8 O + 
F e C l 3 . 3 £ H 2 0 + F e C l 3 . 2 £ H 2 0 
F e C l 3 . 3 £ H 8 0 + F e C l 3 . 6 H 2 O 
F e C l 3 . 6 H 2 0 

Sp. gr. 

1-485 
1-349 
1-284 
1-242 

1 1 1 9 5 
1 1 58 
1-070 
1-047 

Orms. per 100 
grms. sat. soln. 

Fe2O3 

21-84 
16-82 
14-62 
10-56 
8-60 
8-60 
4-04 
2-85 

HCl 

29-33 
22-55 
19-53 
13-76 
11-24 
11-24 

5-36 
3-66 

Solid phase 

F e C l 3 . 6 H 8 O + 
F e a 0 3 . n H C l . r / * H 2 0 

solids i n equ i l i b r ium w i t h soln. w i t h hyd roch lo r i c ac id r a n g i n g f rom 3-66 t o 30-20 
p e r cen t . , a n d ferric oxide from 2-85 t o 21-84 p e r cen t . , were of v a r y i n g c o m p o s i t i o n 
a n d g a v e n o ind ica t ion of t h e fo rma t ion of a defini te ferric oxychlor ide a t 25° . 
T h e s t a b l e solid p h a s e is one of a series of solid soln. c o n t a i n i n g ferr ic ox ide , h y d r o ­
chlor ic acid , a n d w a t e r . T h e solubi l i ty of f reshly p r e c i p i t a t e d h y d r a t e d ferric 
ox ide in soln. of ferric chlor ide led R . Phi l l ips , J . M. O r d w a y , a n d o t h e r s t o a s s u m e 
t h a t a soluble ferric oxych lo r ide is fo rmed . M. P e t t e n k o f e r t h o u g h t t h a t 
F e 2 C l 6 . 5 F e 2 0 3 is f o r m e d ; J . J e a n n e l , F e 2 C l 6 . 9 F e 2 O 3 ; a n d A . B e c h a m p , 
Fe 2 Cl 6 . 12Fe 2 O 3 . G. C. W i t t s t e i n exposed a soln. of fe r rous ch lo r ide in a i r a n d 
o b t a i n e d a p r e c i p i t a t e a p p r o x i m a t i n g F e 2 C l 6 . 6 F e 2 0 3 . 9 H 2 0 w h e n d r i e d a t 50° ; 
a n d A. B e c h a m p e v a p o r a t e d a t 100° a soln. of fe r rous ch lor ide , a n d g r a d u a l l y a d d e d 
n i t r i c ac id a n d o b t a i n e d a yel low p r e c i p i t a t e , a s imi la r p r e c i p i t a t e a p p r o x i m a t e d , 
w h e n d r i ed a t 100°, 2 F e 2 C l 6 . 2 5 F e 2 0 3 . 4 1 H 2 0 . T h i s w a s o b t a i n e d b y boi l ing for 
a l ong t i m e a soln . of ferric ch lor ide in t e n t i m e s i t s w e i g h t of w a t e r . W h e n 
A. B e e h a m p ' s p r o d u c t w a s t r e a t e d w i t h w a t e r , F e 2 C l 6 . 1 7 F e 2 O 3 w a s f o r m e d ; a n d 
w i t h a q . a m m o n i a , F e 2 C l 6 . 7 2 F e 2 0 3 . These p r o d u c t s a r e o b v i o u s l y s t ages i n t h e 
hyd ro ly s i s of ferric ch lor ide , a n d t h e r e is n o t h i n g t o s h o w t h a t a n indef in i te ly l a rge 
n u m b e r of a n a l o g o u s p r o d u c t s w o u l d n o t be o b t a i n e d b y a r r e s t i n g t h e h y d r o l y s i s 
a t different s t ages of i t s p rogress . T h e sub jec t w a s a lso d i scussed b y D . T o m m a s i , 
J . B o h m , P . N i c o l a r d o t , F . W . C. K r e c k e , a n d H . W . F i sche r , a n d a lso i n 
c o n n e c t i o n w i t h t h e hyd roso l s of ferr ic ox ide . 

G. R o u s s e a u h e a t e d a m i x t u r e of ferric ch lor ide w i t h IO t o 20 p e r cen t , of w a t e r 
i n b o m b s a l o n g w i t h l ime t o r e m o v e t h e h y d r o g e n ch lor ide , a n d o b s e r v e d t h a t a t 
150° t o 220° , t h e p r o d u c t of t h e r e a c t i o n is 2 F e 2 0 3 . F e 2 C l 6 . 3 H 2 0 , o r t h e henrihydrate 
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of ferr ic oxych lo r ide , F e O H C L ^ H 2 O , w h i c h a p p e a r s in d o u b l y ref rac t ing , redd ish-
b r o w n c rys t a l s , so lub le i n di l . ac ids , a n d pas s ing i n t o g o e t h i t e w h e n boi led for 100 
t o 15O h r s . w i t h w a t e r . If t h e w a t e r a c t s o n t h e ferric ch lor ide a t 220° t o 280°, 
t h e a n h y d r o u s ch lo r ide , FeOCl , is f o r m e d ; a n d a t 300° t o 340° , t h e complex 
3 F e 2 O 3 - F e 2 C l 6 , w a s sa id t o b e p r o d u c e d . T h e h i g h e r t h e t e m p , of t h e r eac t ion , 
t h e sma l l e r is t h e y ie ld of t h e oxych lo r ide . T h e r eac t i on a t a h igh t e m p , m a y t h u s 
i n v o l v e (i) F e 2 C l 6 + 3 H 2 0 = F e 2 0 3 H - 6 H C l ; (ii) F e 2 C i 6 + 2 H * 0 = 2 F e O C l - + - 4 H C l ; 
(iii) ( w + l ) F e 2 C l 6 H - 3 w H 2 0 = w F e o 0 3 . F e 2 C l 6 4 - 6 n H C l ; a n d (iv) F e 2 C l 6 + 6 H 2 0 
= 2 F e ( O H ) 3 + 6 H C l ; a s well a s (v) F e 2 C l 6 = 2 F e C l 2 + C l 2 ; a n d (vi) F e 2 C l 6 = 2 F e C l 3 . 
T h e a c t i o n of h e a t o n ferric ch lo r ide a lone h a s b e e n p r ev ious ly d iscussed. E . S t i rne -
m a n n s t u d i e d t h e a c t i o n of s t e a m on ferr ic ch lor ide a t h i g h t e m p . , a n d verified 
G. R o u s s e a u ' s o b s e r v a t i o n s o n t h e f o r m a t i o n of t h e oxych lo r ide b y h e a t i n g in a 
s tee l b o m b , 3 5 t o 4 5 g r m s . of ferr ic ch lor ide w i t h 1 t o 1-5 g r m s . of -water ; af ter 
b e i n g h e a t e d for 1 t o 2 h r s . , t h e b o m b w a s cooled i n r u n n i n g w a t e r . T h e r h o m b i c 
p l a t e s v a r y f rom p a l e t o d a r k b r o w n , acco rd ing t o t h e i r t h i c k n e s s , a n d t h o s e p r e ­
p a r e d a t 450° t o 480° h a v e a d e e p v io le t l u s t r e . T h e sp . gr . is 3*1. T h e c rys t a l s 
b e c o m e d e e p v io le t a t 450° t o 480° . E . W e d e k i n d a n d W . A l b r e c h t g a v e 
X = 3 5 x l O ~ 6 for t h e m a g n e t i c suscep t ib i l i t y . T h e d r i ed sa l t c a n b e k e p t i n a i r 
for a l ong t i m e , b u t i n t h e m o i s t s t a t e , t h e r e is hyd ro ly s i s : 6 F e O C l - f - 6 H 2 0 
- 4 F e ( O H ) 3 - J - F e 2 C I 6 ; a n d t h e m o i s t sa l t in a few d a y s is c o m p l e t e l y l imoni t i zed . 
A t a b o u t 200°, in a i r , a m i x t u r e of ferric ox ide a n d h y d r o x i d e is fo rmed . W h e n 
t h e d r y sa l t is h e a t e d i n a sea led t u b e a t 350°, t h e v a p o u r of ferric ch lor ide a p p e a r s ; 
a n d s imi la r ly a t 450° , w h e n t h e g rey i sh -b l ack r e s idue cons is ts of h e x a g o n a l p l a t e s 
of haemat i t e , so t h a t t h e r eac t i on is : 6 F e O C l — 2 F e 2 O 3 4 F e 2 C l 6 . N . Cos tachescu a n d 
G. S p a c u s t u d i e d t h e c o m p l e x w i t h p y r i d i n e , F e O C I 2 . C 5 H 5 N ; a n d K . A . H o f m a n n 
a n d G. "Bugge, t h e c o m p l e x e s w i t h e t h y l c a r b y l a m i n e , Fe 2 OCl 4 . 4C 3 H 5 N, a n d 
F e 2 O C l 4 . 5 C 3 H 5 N . 

E . S t i r n e m a n n s t u d i e d t h e e q u i l i b r i u m cond i t i ons for t h e t e r n a r y s y s t e m : 
F e 2 C l 6 - F e O C l - F e 2 O 3 , a n d t h e r e su l t s for t h e p ress , a n d t e m p , v a r i a t i o n s a re 
s u m m a r i z e d i n F i g . 582 . A, B, a n d C r e p r e s e n t q u a d r u p l e p o i n t s : A, at a b o u t 

F i o . 582 .—Equi l ibr ium D i a g r a m s of the S y s t e m : F e a C l 6 - H a O — P h a s e s . 

110°, a n d 5 x 1 0 - 8 a t m . , refers t o F e 2 C l 6 8 0 i i d , F e O C l , F e 2 0 3 , a n d g a s ; B, a t 305° 
a n d 0-81 a t m . , refers t o Fe2Cl6.HOiid,FeOClsoiid, me l t , a n d gas ; whi l s t C, a t 525° 
a n d 11 '7 a t m . , refers t o FeOCl s o i i t i ,Fe 2 O 3 , solid, me l t , a n d gas . R is ing from 
t h e s e t h r e e p o i n t s a r e t h e a l m o s t ve r t i ca l c u r v e s r ep re sen t ing t h e effect of p ress . ; 
for A, dt/dp—0-05 a t m . (nea r ly ) . T h e r e is t h e c u r v e of t h e v a p . p ress , of ferric 
ch lo r ide o v e r t h e oxych lo r ide ; t h e boi l ing c u r v e of ferric ch lor ide in t h e presence 
of t h e oxych lo r ide , a n d t h e s u b l i m a t i o n c u r v e of ferric chlor ide in t h e p resence of 
t h e oxych lo r ide . W i t h i n t h e a r e a ABC t h e s y s t e m is I nva r i an t , w i t h t h e solid 
p h a s e FeOCl , a n d t o t h e r i g h t of t h e c u r v e AC, t h e s y s t e m is also b i v a r i a n t w i t h t h e 
sol id p h a s e F e 2 O 3 . T h e c u r v e AB r e p r e s e n t s u n i v a r i a n t sy s t ems , w i t h t h e solid 
p h a s e s Fe2Cl6BOiId a n d F e O C l ; c u r v e BC l ikewise, b u t w i th m o l t e n ferric ch lor ide 
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F i a . 583.—Solid P h a s e s in 
t h e S y s t e m : F e C l 8 - H 8 O . 

a n d t h e solid oxyehlor ide , whi ls t cu rve AC l ikewise, b u t w i t h t h e sol ids F e 2 O 8 

T h e r e a re t h ree condi t ions of equ i l ib r ium : F e 2 C l 6 + 3 H 2 0 = F e 2 0 8 + 6 H C l 
for which ^ 1 [ H C l J e = [ H 2 O ] S [ F e 2 C l 6 ] , where t h e b r a c k e d s y m b o l s refer to 

p a r t i a l press . , s imi lar ly for F e 2 C l 6 + 2 H 2 O = : 2 F e O C l 
+ 4 H C l , where JT 2 [HCl ]*= [H 2 O]2[Fe 2 Cl 6 ] ; a n d for 
2 F e O C l + H 2 0 - = F e 2 0 3 + 2 H C l , w h e r e ^ 3 [ H C l ] S = [ H 2 O ] . 
E . S t i r n e m a n n s t u d i e d t h e second of t h e s e s y s t e m s a n d 
o b t a i n e d for /T2 , 4 - 4 0 x 1 0 - 3 a t 274° o r 547° K . , b u t t h e 
resu l t s a t 292° were n o t sa t i s fac tory . A p p l y i n g t h e 
s t a n d a r d e q u a t i o n log K2—log I f 2 = ( O 2 | R ) ( ^ i - 1 

— T , - 1 ) , whe re Q 2 = 5 4 0 0 cals. , K2 is 4 - 4 O x I O - * a t 
294°~, a n d 2-08 X 1 0 - 2 a t 525° 798° K . I t also follows 
f rom k n o w n d a t a , t h a t K1=8-77 a t 525°, w h e n 
Q 1 = —4500 c a l s . ; a n d J T 3 = 3 - 9 3 x 1 0 - 2 w h e n Q3 
= —9900 cals . T h e r e l a t ive p r o p o r t i o n s of t h e solid 
p h a s e s a t different t e m p , a r e i n d i c a t e d in t h e d i a g r a m , 
F ig . 583 . T h e sub jec t w a s also d i scussed b y E . B a u r . 
R . B . S m i t h a n d P . M. Giesy o b t a i n e d a c o n t i n u o u s 

curve i n t h e e lec t romet r ic t i t r a t i o n of soln. of ferric ch lor ide w i t h s o d i u m 
h y d r o x i d e , a n d infer red t h a t n o oxychlor ides a r e formed. S. Go ldsz t aub found t h e 
space- la t t ice h a s a = 3 - 7 5 A., 6 = 7 - 9 5 A., a n d c = 3 - 3 A . ; a n d t h e r e a re t w o mol s . 
p e r u n i t cell. T h e r e a re t w o l aye r s of Cl -a toms, w i t h t w o each of a l t e r n a t e F e -
a n d O-a toms , cor responding w i t h t h e perfect c leavage para l le l t o (010). 

F o r t h e ac t ion of hydrogen dioxide, vide t h e i ron pe rox ides . V. L . B o h n -
son r ep resen ted t h e reac t ion : (i) 2 F e C l 3 + 3 H 2 O 2 + 2 H 2 O ^ 2 H 2 F e O 4 + 6 H C l ; 
(ii) 2 H 2 F e 0 4 + 3 H 2 0 2 ^ 2 F e ( O H ) 3 + 2 H 2 0 + 3 0 2 ; a n d (iii) 2 F e ( O H ) 3 + 6 H C l ^ 2 F e C l 3 
+ 6 H 2 O , whe re t h e second r eac t ion is measu rab l e , a n d furnishes c o n s t a n t s for 
a un imolecu la r process . V. I J . B o h n s o n a n d A. C. R o b e r t s o n obse rved t h a t a 
ferric acid, H 2 F e O 4 , is p r o b a b l y formed as a n i n t e r m e d i a t e p r o d u c t ; t h a t t h e 
t e m p , coeff. shows t h a t t h e cr i t ical i n c r e m e n t of t h e reac t ion is 23,96O cals . , a n d 
t h a t t h e f requency of t h e ac t ive r a d i a t i o n is 2-5 X 10 1 4 when t h e w a v e - l e n g t h is 
l'2fM. E . I . Sp i t a l sky a n d co-workers , I . S. Teletoff a n d co-workers , J . H . W a l t o n 
a n d C. J . Chr is tensen, W . JLimanowsky, J . v o n Be r t a l an , J . D u c l a u x , C. S. M u m ­
m e r y , a n d A. v o n Kiss a n d F . E . Liederer also s tud ied t h e r e a c t i o n ; a n d 
A. C. R o b e r t s o n , t h e p r o m o t o r ac t ion of cupr ic sa l t s on t h e c a t a l y t i c d e c o m ­
pos i t ion of h y d r o g e n d ioxide b y ferric sa l t s . H . Wie l and a n d W . F r a n k e s t u d i e d 
t h e ca t a ly t i c ac t ion of ferric sa l t s on t h e decompos i t ion of h y d r o g e n pe rox ide , a n d 
found i t t o be less t h a n w i t h ferrous sa l t s . G. Pel l ini a n d D . Meneghini o b s e r v e d 
t h a t a well-cooled soln. of ferric chlor ide in a n h y d r o u s alcohol does n o t p e r c e p t i b l y 
influence chemical ly a 30 p e r cen t . soln. of h y d r o g e n d ioxide ; a n d t h e c a t a l y t i c 
effect is v e r y feeble. Tn alcoholic soln. of p o t a s s i u m h y d r o x i d e , a n d h y d r o g e n 
d iox ide , pe rox ides a re formed. A. Brann , ' a n d J . H . W a l t o n a n d D . O . J o n e s found 
t h a t h y d r o g e n d ioxide reac t s w i t h a n e the rea l soln. of ferric ch lor ide fo rming a 
p r e c i p i t a t e ; a n d wi th a quinol ine soln. of ferric chlor ide , t h e h y d r o g e n d iox ide 
is v igorous ly decomposed . H . K w a s n i k found t h a t bar ium dioxide r e ac t s w i t h 
ferr ic chlor ide soln. in accord w i t h 4 F e C l 3 + 6 B a O 2 + 6 H 2 O = 3 O 2 + 4 F e ( O H ) 3 
+ 6 B a C l 2 . 

O. Ruff, a n d O. Ruff a n d E . Ascher obse rved t h a t w h e n fluorine is pa s sed o v e r 
h e a t e d ferric ch lor ide , ferric fluoride is fo rmed. C. F r iede l a n d J . M. Craf ts sa id 
t h a t t h e p resence of chlor ine h i nde r s t h e d issocia t ion of ferric ch lor ide i n t o fer rous 
ch lo r ide a n d chlor ine a t 440°, b u t W . Gr i inewald a n d V. Meyer obse rved n o differ­
ence a t 440° . K . H . B u t l e r a n d D . M c i n t o s h found t h a t ferric ch lor ide is insoluble 
in liquid ch lor ine ; a n d J . T i m m e r m a n s said t h a t t h e so lub i l i ty is less t h a n 0*5 p e r 
c e n t . . W . JJ. G o o d w i n obse rved t h a t chlor ine is less soluble in a soln. of ferric 
chlor ide t h a n i t is in w a t e r . M. C. S c h u y t e n cou ld d e t e c t n o r e a c t i o n b e t w e e n a 
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soln . of ferric ch lo r ide a n d bromine o r iodine ; b u t W . D . B o n n e r a n d H . R o m e y n 
f o u n d t h a t t h e ferr ic s a l t s a r e r e d u c e d b y iod ides t o t h e fer rous s t a t e . T h e reac t ion 
w a s s t u d i e d b y A . v o n K i s s a n d I . B o s s a n y i , a n d H . M. D a w s o n a n d E . Sp ivey . 
K . S c h a u m a n d W . Sch leussne r f o u n d t h a t i n t h e r eac t i on b e t w e e n ferric ions 
a n d iod ine t h e revers ib le p h o t o c h e m i c a l r e a c t i o n p r e d o m i n a t e s ove r t h e Bec-
que re l effect. ~Li. V. P i s a r s h e v s k y a l so s t u d i e d t h e r e a c t i o n : Fe"**- j - I '=Fe" - f - I . 
J . S c h r o d e r o b s e r v e d t h a t ferr ic ch lo r ide i n p y r i d i n e soln. does n o t r e a c t w i t h t h e 
h a l o g e n s . T h e r e a c t i o n -was s t u d i e d b y M. R o s e n b e r g . C. P o u l e n c found t h a t 
ga seous h y d r o g e n fluoride d e c o m p o s e s ferric ch lor ide in t h e cold t o fo rm ferric 
fluoride ; E . P e t e r s e n o b s e r v e d t h a t hydrofluoric ac id a c t s on a soln. of ferric 
ch lo r ide w i t h t h e d e v e l o p m e n t of m u c h h e a t . K . F r e d e n h a g e n found t h a t ferric 
ch lo r ide does n o t d issolve i n hydrof luor ic ac id . R . S c h w a r z a n d G. Meyer could 
n o t g e t d r y o r m o i s t h y d r o g e n chlor ide t o u n i t e w i t h ferr ic ch lo r ide u n d e r p ress , 
a n d a t a Iow t e m p . , b u t h y d r o c h l o r o - a c i d s a r e fo rmed w h e n t h e h y d r a t e s of 
ferr ic ch lor ide a r e s imi la r ly t r e a t e d . R . E n g e l , a n d H . W . B . R o o z e b o o m a n d 
F . A . H . S c h r e i n e m a k e r s obse rved t h a t w h e n d r y h y d r o g e n ch lor ide is p a s s e d ove r 
t h e h e x a h y d r a t e , a t o r d i n a r y t e m p . , l iquefac t ion occurs ; a n d s imi la r r e su l t s were 
o b t a i n e d w i t h t h e h e m i h e p t a h y d r a t e , t h e h e m i p e n t a h y d r a t e , a n d t h e d i h y d r a t e . 
T h e r e t a r d a t i o n of t h e hyd ro ly s i s of a q . soln. of ferric ch lo r ide b y hydrochloric ac id 
h a s b e e n p r e v i o u s l y d iscussed . J . S c h r o d e r obse rved t h a t ferric ch lor ide i n 
p y r i d i n e soln. does n o t r e a c t w i t h t h e ha l ide ac ids . T h e inc rease in t h e so lub i l i ty 
of ferric ch lor ide w h e n h y d r o c h l o r i c a c id is a d d e d t o t h e soln. f avou r s t h e a s s u m p t i o n 
t h a t c o m p l e x h y d r o c h l o r o - c o m p o u n d s a r e f o r m e d ; F . G. D o n n a n a n d H . B a s s e t t 
f r om t h e s e o b s e r v a t i o n s on t h e e lec t royls is of soln . of ferr ic ch lor ide conc luded 
t h a t c o m p l e x a n i o n s a r e f o r m e d in t h e hyd roch lo r i c ac id soln. ; E . Miiller c a m e 
t o t h e s a m e conc lus ion b e c a u s e a m m o n i u m t h i o c y a n a t e does n o t g ive t h e c h a r a c t e r ­
i s t ic r e d w i t h soln . of ferric ch lor ide i n concf h y d r o c h l o r i c ac id ; S. R . Ca r t e r a n d 
F . H . Clews, b e c a u s e of t h e fall i n t h e o x i d a t i o n p o t e n t i a l of soln. of ferric ch lor ide 
•when h y d r o c h l o r i c ac id is a d d e d ; a n d S. R . C a r t e r a n d N . J . L . Megson, because 
of t h e effect of h y d r o c h l o r i c ac id a n d ferric ch lor ide on t h e cr i t ica l soln. t e m p , of 
i s o b u t y r i c ac id a n d w a t e r . H . W . B . R o o z e b o o m a n d F . A. H . S c h r e i n e m a k e r s ' 
o b s e r v a t i o n s on t h e t e r n a r y s y s t e m F e C l 3 - H C l - H 2 O i n d i c a t e t h e ex is tence of ferric 
h y d r o t e t r a c h l o r i d e , FeCI 3 .HCI , or H F e C l 4 , i n t h e t h r e e h y d r a t e d fo rms di , - t e t r a - , 
a n d h e x a - h y d r a t e s — v i d e infra ; a n d R . S c h w a r z a n d G. Meye r ' s e x p e r i m e n t s on 
t h e d i ssoc ia t ion p ress , s h o w t h a t t h e r e is a p r o b a b i l i t y of t h e ex i s tence of ferric 
hemi tr ihydrohemie imeach lor ide , FeCl 3 - I -5HC1.4-5H 2 O, a s a g reen sa l t me l t i ng 
a t —30° ; of ferric d ihydropentachlor ide , FeCl 3 . 2HC1 .5 -5H 2 0 , as a pa l e g reen 
s a l t m e l t i n g a t a b o u t —35° ; of ferric hennpentahydrohemihennach lor ide , 
FeCl 3 . 2 -5HC1 .6H 2 0 , a s a ye l lowish-green s a l t m e l t i n g a t —36° ; a n d of yel lowish-
g reen ferric tr ihydrohexachlor ide , F e C l 3 . 3 H C 1 . 7 H 2 0 . 

A c c o r d i n g t o H . W . B . R o o z e b o o m a n d F . A. H . S c h r e i n e m a k e r s , t h e solu­
bi l i t ies , S mols p e r 100 mols of w a t e r i n soln. of hyd roch lo r i c acid , a r e 

« 5 HCi 
^ IFoCl 8 

« 5 HCl 
d I F e C l 8 . 

a IFeCl 8 

* 
O 

. 12-7O 

O 
8 - 2 6 

O 
. 25 -2O 

Solid phase 
33° 

5 - 9 2 
1 6 0 7 

o° 

7 - 5 2 
6 5 1 

Solid phase 
30° 

1 • * - • • s 

4 - 2 5 
27-8O 

: Fe8Cl6 .12H8O 
20° 

O 6-6O 
IO 23-6O 

20-4O O 
15-4O 7 - 4 0 

i: Fe 8 Cl 8 ^H 8 O 
20° 

0 5 -6 
2 2 - 5 0 2 3 - 6 0 

O 
9- IO 

- i o ° 

2 0 - 4 8 
2 0 - 5 4 

1 1 - 0 5 
29-2O 

io° 

8 - 7 5 
8-0O 

O 
6 - 5 6 

1 8 - 0 5 
23-4O 

16-7O 
1 6 - 6 5 

— 20J 

2O-56 
7 -08 

0° 

1 9 - 5 0 
2 5 - 9 3 
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Solid phase : Fe8Cl6-SH8O 
50° 40° 20° 

„ K H C l 
* > FeCL1 

O 
3 5 O O 

3 - 2 5 
3 9 - 9 5 

O 
3 2 - 4 O 

1 3 - 4 0 
3 7 - 4 5 

O 
2 7 - 9 0 

10° 

1 1 - 0 5 
29-2O 
— 10° 

1 1 - 2 5 
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S , S H C l 
i F e C l 3 

17-8O 
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24-5O 
3 2 - 7 5 

2 4 - 1 2 
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3 2 1 6 

2 4 - 9 5 
2 9 - 6 0 

Solid phase : Fe8Cl8.4H8O 
70° 50° 

2 6 - 0 5 
3 0 - 5 0 

30° 

27-3O 
3 2 0 5 

.V t S H C l 
i FeCl 3 

O 
44-OO 

6-75 
5O-OO 

O 
3 9 - 9 2 

2 1 - 2 4 
4 9 - 3 3 

1 7 - 1 5 
3 6 - 7 5 

3 1 - 2 0 
4 3 - 4 9 

3 3 - 8 0 
4 7 - 8 O 

10° — 20° 

« \ H C l S i Ft C 

S 

CU 

>HC1 
[ F e C l 3 

2 4 - 5 0 
3 2 - 7 5 

3 5 0 4 
3 9 - 9 5 

26-O0 
3 2 - 1 6 

34-6O 
3 8 - 1 1 

3 0 0 8 
3 2 - 7 6 

3 2 - 6 5 
3 5 - 4 4 

Solid phase : Fc8CI6 
4 5 30° 

O 
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4O-65 
4 8 - 6 0 

O 
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O 
5 8 - 0 0 

3 4 - 4 
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Solid phase : Fe2Cl6.2HC1.4HaO 
40° 20° — 20° 

« S H C l 
* 7 F e C l 3 

4 2 - 5 0 
4 7 - 5 2 

4 2 O l 
4 8 - 6 4 
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3 9 - 2 5 

35-4O 
4 3 1 6 
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— 4-J 
Solid phase : Fe2Cl6.2IIC1.8HaO 

—10° — 20° 

, S H C l 
F e C l 8 

- J 

20-5O 
2 4 - 5 0 

2 3 - 4 O 
2 7 - 4 0 

2 0 - 4 8 
2 0 - 5 4 

3 1 - 4 2 
2 8 - 5 3 

1 9 - 4 4 
12-1O 

3 4 - 1 3 
12-9O 

Solid phase 
— 10° 

Fe8Cl6.2HCl. 12H8O 
— 15° — 20° 

H C l 
F e C l 3 

1 2 0 1 
1 1 - 9 9 

2 0 - 2 5 
20-2O 

2 1 - 3 0 
9 -65 

2 4 - 5 0 
1 5 - 8 3 

9 - 9 6 
9 - 9 4 

2 5 - 5 9 
1 3 - 3 9 

60 HCL 

P . S a b a t i e r p r e p a r e d ferric hydrotetrachloride, FeCl 3 .HCl .2H 2 O, or, accord ing t o 
A. Werner , [Fe(H 2 O) 2 Cl 4 ] . T h e dihydrate w a s o b t a i n e d b y s a t u r a t i n g h e m i p e n t a -

h y d r a t e d ferric chlor ide w i t h h y d r o g e n chlor ide 
a t 25°, a n d cooling t h e resu l t ing l iquid a t 0° . 
T h e resu l t ing yel low p l a t e s were found b y R . E n g e l 
t o be m o r e soluble in w a t e r t h a n ferric ch lor ide . 
H . W . B . R o o z e b o o m a n d F . A. H . Schre ine-
m a k e r s found t h a t t h e p l a t e s a r e genera l ly six-
s ided, a n d p r o b a b l y r h o m b i c ; t h e doub le refrac­
t i on is p o s i t i v e ; t h e dispers ion for t h e v io le t is 
g r e a t e r t h a n for t h e r e d ; t h e c rys t a l s a r e p leo-
chroic ; a n d t h e m . p . is 4:5*7°. T h e s a l t loses 
h y d r o g e n chlor ide on exposu re t o a i r . T h e 

F io . 584.—Phases in the Ternary d o m a i n of s t ab i l i t y is i l l u s t r a t ed b y t h e t r i a n g u l a r 
System : FeCl 8 -HCl-H 8 O. d i a g r a m , V I , F ig . 584. Zone I refers t o solid 

p h a s e , F e 2 C l 6 . 1 2 H 2 O ; I I , F e 2 C l 6 . 7 H 2 0 ; I I I , 
F e 2 C l 6 . 5 H 2 0 ; I V , F e 2 C l 6 . 4 H 2 O ; V, F e 2 C l 6 ; V I , F e 2 C l 6 . 2 H C 1 . 4 H 2 0 ; V I I , 
F e a C l 6 . 2 H C 1 . 8 H 2 0 ; V I I l , F e 2 C l 6 . 2 H C 1 . 1 2 H 2 0 ; I X , H 2 O ; X , H C l . 3 H 2 O ; X I , 
HC1 .2H a O ; a n d X I I , H C L H 2 O . T. N i s h i m u r a a n d T . T o y a m a t r i e d unsuccessful ly 
t o s e p a r a t e t h e i so topes of chlor ine b y c o n v e r t i n g t h e chlor ine i n t o h y d r o g e n 
ch lor ide , a n d t h e n a l lowing t h a t gas t o a c t o n h e m i h e p t a h y d r a t e d ferric ch lor ide . 
T h e tetrahydrcUe, FeC l 3 .HC1 .4H 2 0 , o r H F e C l 4 . 4 H 2 0 , w a s o b t a i n e d b y w a r m i n g t h e 
h e x a h y d r a t e , F e C l 3 . 6 H 2 0 , on a w a t e r - b a t h u n t i l i t h a d los t t w o mols . of w a t e r , 

/00HxO 
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a n d t h e n pas s ing h y d r o g e n ch lor ide ove r t h e p r o d u c t ; a n d cooling t h e d a r k 
g reen l iqu id be low —20° . T h e green , c o l u m n a r c rys t a l s m e l t a t —3° . T h e hexa-
hydrate, F e C l 3 . H C 1 . 6 H 2 0 , o r H F e C l 4 ^ H 2 O , is o b t a i n e d b y pass ing h y d r o g e n 
ch lor ide over t h e h e x a h y d r a t e , F e C l 3 . 6 H 2 O , a n d cooling t h e l iqu id wh ich is fo rmed 
a t —10° t o —20° . T h e s t r aw-ye l low c rys t a l s m e l t a t — 6 ° . If t h e sa l t b e k e p t 
a t i t s m . p . for a long t i m e , i t fo rms t h e sa l t F e C l 3 . 6 H 2 O . M. B o b t e l s k y s t u d i e d 
t h e c a t a l y t i c a c t i o n of ferric ch lor ide o n t h e o x i d a t i o n of hydroch lo r i c ac id b y 
c h r o m i c ac id . 

F e r r i c ch lor ide r ead i ly r e a c t s w i t h m a n y m e t a l fluorides fo rming complex 
fluorides wh ich m a y b e p r e c i p i t a t e d , or, if t h e ferric ch lor ide b e in excess, t h e y 
m a y p a s s i n t o soln. T h e sub j ec t w a s s t u d i e d b y J . Nickles , R . P e t e r s , A. B y k 
a n d H . Jaffe, J . K n o b l o c h , a n d L*. Szebel ledy . S imi lar ly , ferric chlor ide un i t e s 
w i t h m a n y m e t a l chlorides f o rming c o m p l e x salts—-vide infra. C. F . Schonbe in 
obse rved t h a t w h e n a m i x t u r e of a n h y d r o u s ferric ch lor ide a n d p o t a s s i u m bromide 
is h e a t e d , b r o m i n e is evo lved a n d p o t a s s i u m a n d fer rous ch lor ides a r e formed. 
*T. W . R e t g e r s , R . P e t e r s , a n d N . Sasak i obse rved t h a t a lka l i b r o m i d e s r e a c t w i t h 
ferric ch lor ide soln. fo rming orange-ye l low or d e e p - b r o w n ferric b romide . F . K r a u s s 
a n d T . v o n H e i d e l b e r g n o t e d t h a t w i t h boil ing, s a t . soln., feebly acidified, rubid ium 
and caesium bromides give respectively rubidium ferric chlorobromide, and 
caesium ferric chlorobromide. J . M. Eder discussed the action of ferric chloride 
on t h e s i lver bromide p h o t o g r a p h i c p l a t e . C. F . Schonbe in found t h a t , e v e n in t h e 
cold, a m i x t u r e of a n h y d r o u s ferric ch lor ide a n d po tas s ium iodide gives off iodine 
fo rming p o t a s s i u m a n d fer rous chlor ides , a n d t h e sa l t l i be ra tes iodine f rom solid 
p o t a s s i u m or a m m o n i u m iodide . P . Schulz , a n d A . N a u m a n n a n d P . Schulz repre­
s e n t e d t h e r eac t ion of ferric ch lor ide i n a c e t o n e soln. w i t h a soln. of p o t a s s i u m iodide : 
F e C l 3 + K I = F e C l 2 + K C l + I , a n d F e C l 2 + 2 K I = F e I 2 + 2 KCl . D . J . Carnegie 
obse rved t h a t ferr ic ch lor ide r e a c t s w i t h p o t a s s i u m iod ide in accord w i t h 
2 F e C l 3 + 2 K I = 2 F e C l 2 + 2 K C l + I 2 . T h e r eac t i on w a s s t u d i e d b y E . I . Orloff, 
Ti. V . P i s a r s h e v s k y , H . T o m i n a g a a n d S. Tora i sh i , N . Sasaki , A. v o n Kiss , A. v o n Ki s s 
a n d I . B o s s a n y i , a n d K . S e u b e r t a n d co-workers , a n d t h e y sugges t t h a t a n in te r ­
m e d i a t e ferric dichloroiodide, F e C l 2 I , m a y be f o r m e d : 2FeCl2(Cl) + 2 K I = 2 F e C l 2 1 
H-2KCl, followed b y 2 F e C l 2 I = 2 F e C l 2 + I 2 . T h e p h o t o c h e m i c a l r educ t i on was 
s t u d i e d b y S. F . R a v i t z a n d R . Gr. Dick inson . T h e complex po tass ium ferric 
difluotrichloride, 2 K F . F e C l 3 , r e p o r t e d b y P . Ghiyot, could n o t be p r e p a r e d b y 
A. Greeff. Acco rd ing t o M. J . G r a m e n i t z k y , t h e ox ida t i on of g u a i a c u m , a n d t h e 
l i be ra t ion of iod ine f rom p o t a s s i u m iodide , b y ferric ch lor ide a re m u c h de l ayed if 
t h e ferr ic ch lor ide soln. h a s been r ecen t ly boi led ; w h e n k e p t , t h e cooled soln. 
g r a d u a l l y rega ins i t s or ig inal oxid iz ing a c t i v i t y . T h e effect m a y be d u e t o d i m i n u t i o n 
of t h e d i ssoc ia ted ferric ch lor ide molecules on boil ing—vide infra, ferrous iodide . 
A. J i i r g e n s obse rved t h a t t h e r eac t i on b e t w e e n s i lver iodide a n d a soln. of ferric 
ch lor ide is n o t q u a n t i t a t i v e ; s o m e iod ine is l ibe ra ted . A. E n g e l h a r d t r ep resen ted 
t h e r eac t ion w i t h l ead iodide : P b I 2 + 2 F e C l 3 = P b C l 2 + 2 F e C l 2 + I 2 . N . M. Bell 
f ound t h a t a q . soln. of ferric chlor ide decompose b leaching powder ; w i t h cone, 
soln.—e.g. , 0-I iV-FeCl 3—chlorine is g iven off, a n d w i t h m o r e di l . soln., oxygen . 
F e r r a t e s m a y a lso be formed. H . Schulze found t h a t m o l t e n potass ium chlorate 
r e a c t s v igorous ly w i t h ferric ch lor ide fo rming ferric ox ide . M. Her schkowi t sch 
found t h a t w h e n a m i x t u r e of p o t a s s i u m ch lo ra t e a n d ferric chlor ide is mois tened , 
h e a t is deve loped a n d chlor ine a n d chlor ine d ioxide a re p r o d u c e d . 

A . Vogel obse rved t h a t su lphur does n o t fo rm i ron su lph ide w h e n i t is h e a t e d 
w i t h ferr ic ch lor ide . J . B . C a m m e r e r found t h a t when a 3 p e r cen t . soln. of ferric 
ch lor ide is boi led w i t h finely-divided su lphur , some gas is evolved, a n d a b o u t 5 p e r 
cen t , of t h e ferric ch lor ide is r e d u c e d ; a n d W . W a r d l a w a n d F . H . Clews found 
t h a t w h e n a 5 t o 8 p e r cen t . soln. of ferric chlor ide in hydroch lor ic acid is boiled 
w i t h col loidal su lphu r , a l i t t le su lphur i c ac id is fo rmed a n d on ly a b o u t 1 p e r cen t , 
of t h e s a l t is r e d u c e d . Accord ing t o A . W . R a l s t o n a n d J . A. Wilkinson, ferric 
ch lor ide fo rms a ye l low soln. w i t h l iqu id hydrogen sulphide, t h e soln. is n o t s t ab le 
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since a chemical r eac t ion se ts in resu l t ing i n t h e f o r m a t i o n of a w h i t e p r e c i p i t a t e . 
T h e r eac t ion js v e r y fast a t r o o m t e m p . T h e sp . c o n d u c t i v i t y of a s a t . soln. , 
a t t h e t e m p , of t h e e the r -ca rbon d ioxide m i x t u r e , is 209-9 X 10—• m h o . J . D u r o c h e r 
obse rved t h a t t h e v a p o u r of ferric chlor ide r e a c t s w i t h h y d r o g e n s u l p h i d e p r o d u c i n g 
i ron d isu lphide . As shown b y H . Rose , a n d H . W . F . W a c k e n r o d e r , h y d r o g e n 
su lph ide reduces ferric sa l t s t o fer rous sa l t s w i t h t h e d e p o s i t i o n of s u l p h u r , a n d 
even in t h e cold some su lphur i c ac id is fo rmed . T h e r e a c t i o n w a s s t u d i e d b y 
E . Mischke. W. Moldenhaue r a n d E . Mischke obse rved t h a t i n n e u t r a l o r feebly 
ac id soln., t h e speed of t h e r e d u c t i o n of ferr ic sa l t s b y h y d r o g e n s u l p h i d e is t o o 
large t o be measured , b u t i t is m e a s u r a b l e in t h e p re sence of hyd roch lo r i c , su l ­
p h u r i c or phosphor ic acid. I n su lphu r i c ac id , a t 0° a n d 20° , a n d in hyd roch lo r i c , 
a t 0C, i t is a t e rmolecu la r r eac t ion . I n h y d r o c h l o r i c a n d p h o s p h o r i c ac id soln. , 
a t 20°, i t is a b imolecular r eac t ion . I n al l cases , t h e ve loc i ty d imin i shes r a p i d l y 
w i th a n increase in t h e cone, of ac id , t h e ve loc i ty c o n s t a n t be ing a l o g a r i t h m i c 
funct ion of t h e n o r m a l i t y of t h e ac id . T h e i n h i b i t i n g influence of p h o s p h o r i c ac id 
on t h e r a t e of reac t ion is v e r y m u c h g r e a t e r t h a n t h a t of e i t he r of t h e o t h e r ac ids , 
a n d when these a re a d d e d t o t h e fo rmer t h e y inf luence t h e v e l o c i t y o n l y t o a s l igh t 
e x t e n t . T h e inh ib i t ing ac t ion of ac ids is a t t r i b u t e d t o t h e f o r m a t i o n of a c o m p l e x 
c o m p o u n d t h e n a t u r e of w h i c h also influences t h e o r d e r of t h e r e a c t i o n . T h e 
p rec ip i t a t e of i ron su lph ide fo rmed in feebly ac id , n e u t r a l , o r s l igh t ly a lka l ine soln. 
c o n t a i n s on ly fer rous i ron , t h u s sugges t ing t h a t t h e r e d u c t i o n p r o c e e d s w i t h e v e n 
g r e a t e r r a p i d i t y t h a n p rec ip i t a t i on . B y t h e a c t i o n of h y d r o g e n . su lph ide o n 
f resh ly-prec ip i ta ted ferric h y d r o x i d e , o r of s t r o n g l y a m m o n i a c a l a m m o n i u m s u l p h i d e 
on ferric s u l p h a t e soln. , exac t ly t w o - t h i r d s of t h e i ron a p p e a r s t o b e r e d u c e d t o t h e 
fe r rous s t a t e . Th i s is p r o b a b l y a c c o u n t e d for b y t h e fo rma t ion of a ferrous SUl-
phoferrite, 4 F e S , F e 2 S 3 . A. W a s s e r m a n n s t u d i e d t h e effect of ferric ch lor ide a s 
c a t a l y s t on t h e ox ida t ion of h y d r o g e n su lph ide b y h y d r o g e n d iox ide . A l k a l i 
sulphides or hydrosulphides p r e c i p i t a t e b l a c k i r on su lph ide—v ide supra, t h e 
chemica l r eac t ions of i ron. P . Schulz , a n d A. N a u m a n n a n d P . Schulz o b s e r v e d 
t h a t ferric chlor ide in a c e t o n e soln. is p a r t i a l l y r e d u c e d b y h y d r o g e n su lph ide w i t h 
t h e s epa ra t i on of su lphur . J . Sch rode r o b s e r v e d t h a t h y d r o g e n su lph ide does 
n o t a c t on ferric ch lor ide in p y r i d i n e soln. ; A . Schier , t h a t w i t h a soln. i n ace ton i t r i l e , 
s u l p h u r b u t n o su lph ide is p r e c i p i t a t e d ; a n d E . B u s c h obse rved a n i n c o m p l e t e 
r eac t i on in m e t h y l a l soln. P . T. W a l d e n found t h a t l iquid su lphur dioxide fo rms a 
ye l lowish-brown soln. w i t h a n h y d r o u s ferric ch lor ide ; w h i c h g ives a d e e p b lood- red 
co lour wi th a m m o n i u m t h i o c y a n a t e , a n d a v io l e t -b rown w i t h sal icylic ac id . 
H . P . C a d y a n d R . Taf t obse rved t h a t t h e ferric sa l t is s lowly r e d u c e d t o fe r rous 
s a l t ; a n d on electrolysis , a b l ack depos i t a p p e a r s on t h e c a t h o d e , a n d a r e d o n e 
on t h e a n o d e ; some gas is a lso deve loped o n t h e a n o d e . F. E p h r a i m a n d 
J . K o m b l u m obse rved n o s u l p h u r d iox ide gas is a d s o r b e d b y a n h y d r o u s ferr ic 
chlor ide . Aq . soln. of t h e sa l t a r e r e d u c e d t o fer rous sa l t s b y s u l p h u r d iox ide , o r 
b y a lkal i sulphides or hydrosulphites i n t h e p re sence of a l i t t l e free ac id ; if t h e 
soln. b e a lka l ine t o l i tmus , t h e r eac t ion is slow. J . P i n n o w f o u n d t h a t a low H*-ion 
c o n c e n t r a t i o n f avour s t h e r e d u c t i o n of ferric ch lor ide b y s o d i u m su lph i t e—v ide 
1 0 . 57 , 16. T h e r eac t i on w a s s t u d i e d b y P . T . A u s t e n a n d Gr. B . HurfE, T . W . H o g g , 
R . W . A t k i n s o n , B . G l a s m a n n , a n d A. C. C u m m i n g a n d E . W . H a m i l t o n . J . S c h r o d e r 
o b s e r v e d t h a t s u l p h u r d iox ide does n o t a c t o n ferric ch lo r ide i n p y r i d i n e so ln . 
O. Ruff a n d H . E i n b e c k found t h a t su lphur tetrachloride f o rms ferric s u l p h o -
heptachloride , FeCl3-SCl4 , i n c o n t a c t w i t h ferric ch lor ide ; a n d t h e c o m p l e x s a l t 
i s v e r y sens i t ive t o w a r d s h e a t a n d m o i s t u r e . Acco rd ing t o E . B e c k m a n n , ferr ic 
ch lor ide dissolves in sulphuryl chloride t o fo rm a greenish-ye l low soln. P . T . W a l d e n 
f o u n d t h e mol . c o n d u c t i v i t y of soln. w i t h a mo l of ferric ch lo r ide in 125, 25O, a n d 
375 l i t res t o be respec t ive ly 1-74, 2-31, a n d 3-Ol a t 25° . H . B . N o r t h a n d 
A. M. H a g e m a n f o u n d t h a t ferric chlor ide is r e a d i l y so luble in h e a t e d th iony l 
chloride . J . T i m m e r m a n s o b s e r v e d t h a t ferric ch lor ide is n o t so luble i n su lphur 
trioxide. A. Vogel sa id t h a t su lphur ic ac id p r o d u c e s a f ro th ing w h e n i t a c t s o n 
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ferr ic ch lor ide , a n d h y d r o g e n ch lo r ide is evo lved ; A. W . D a v i d s o n , a n d H . F r i ed -
r i ch o b s e r v e d t h a t w i t h 1OO p e r cen t , ac id , ye l lowish-whi te ferric s u l p h a t e is fo rmed. 
T h e r e a c t i o n i s s low in t h e cold, b u t r a p i d w h e n t h e m i x t u r e is h e a t e d . M. B e r t h e l o t , 
a n d F . L . B r o w n e a n d J . H . M a t h e w s s t u d i e d t h e h e a t deve loped on m i x i n g di l . 
so ln . of ferr ic ch lo r ide a n d di l . s u l p h u r i c ac id . V . Maori f o u n d t h a t ferric ch lor ide 
soln . a r e i n s t a n t l y decolor ized b y di l . s u l p h u r i c a c i d a n d t h e co lour is r e s t o r e d b y 
s o d i u m ch lo r ide . E . P i e t s c h a n d co -worke r s s t u d i e d t h e r e d u c i n g a c t i o n of s o d i u m 
th iosu lphate o n a n e t h e r e a l so ln . of ferric ch lo r ide ; a n d H . S c h m i d , K . J e l l i nek 
a n d co -worke r s , J . H o l l u t a a n d A. M a r t i n i s t u d i e d t h e a c t i o n of ferric ch lor ide o n 
a n a q . soln . of s o d i u m t h i o s u l p h a t e : 2 F e C l 3 + 2 N a 2 S 2 O 3 = = 2FeCl 2 - [ -2NaCl 
-4-Na 2 S 4 O 0 ; a n d J . M i k a s t u d i e d t h e r e a c t i o n b y e l ec t rome t r i c t i t r a t i o n . H . D e b u s 
o b s e r v e d t h a t a q . so ln . of t r i th ionates , t e tra th ionates , penta th ionates , a n d 
h e x a t h i o n a t e s a r e n o t p e r c e p t i b l y c h a n g e d b y soln . of ferr ic ch lor ide . 

C. F a b r e r e p r e s e n t e d t h e r e d u c i n g a c t i o n of ga seous h y d r o g e n se lenide on soln . 
of ferr ic ch lo r ide a t o r d i n a r y t e m p , b y H 2 Se-J -2FeCl 3 . A q . = S e - J - 2 F e C l 2 . A q . 
-+-2HCLAq.-f-41-94 CaIs. C. R . Wise o b s e r v e d t h a t 100 g r m s . of s e l e n i u m o x y d i -
ch lor ide d i sso lve 23*40 g r m s . of a n h y d r o u s ferric ch lor ide , a n d ferr ic d i se l en ium-
d i o x y h e p t a c h l o r i d e , FeCl 3 .2SeOCl 2 , is fo rmed . A . P . J u l i e n f o u n d t h e m o l . 
c o n d u c t i v i t i e s of soln . w i t h a m o l of ferric ch lor ide in 1-372, 10-97, a n d 351-2 
l i t res a r e r e spec t i ve ly 3-164, 5-41, a n d 11*90 a t 25° . T h e low v a l u e of t h e con­
d u c t i v i t y i n d i c a t e s t h a t s o m e c o m p l e x sa l t is fo rmed , a n d t h a t n o h y d r o l y s i s 
occu r s . M. M. S m i t h a n d C. J a m e s o b s e r v e d t h a t a p r e c i p i t a t e is fo rmed w h e n 
s e l e n i o u s ac id is a d d e d t o a feebly ac id soln. of ferr ic ch lor ide , b u t if t h e soln. c o n t a i n s 
m o r e t h a n 5 p e r c en t , of h y d r o c h l o r i c ac id , no p r e c i p i t a t i o n occurs . V . L e n h e r 
o b s e r v e d t h a t t e l l u r i u m r e a c t s w h e n h e a t e d w i t h a n h y d r o u s ferric ch lor ide i n 
a c c o r d w i t h 4 F e C l 3 - f - T e = T e C l 4 H - 4 F e C l 2 ; a s imi la r r e a c t i o n occurs in a q . soln. 
w h e r e t h e r e a c t i o n is revers ib le . M. B e r t h e l o t a n d C. F a b r e r e p r e s e n t e d t h e 
a c t i o n of h y d r o g e n tel luride on a soln. of ferr ic ch lor ide free f rom o x y g e n b v 
H 2 T e + 2 F e C l 3 . A q . = = T e + 2 F e C l 2 . A q . - h 2 H C l . A q . 4 - 5 8 - 2 4 CaIs. C. A. T i b b a l s f ound 
t h a t s o d i u m tel luride r e d u c e s a n ace t i c ac id soln. of ferr ic ch lor ide t o fe r rous 
ch lo r ide w i t h t h e s e p a r a t i o n of some t e l l u r i u m a n d t h e f o r m a t i o n of t e l l u r i u m 
t e t r a c h l o r i d e . A c c o r d i n g t o W . P e t h y b r i d g e , a n d V. L e n h e r , a soln. of ferric ch lor ide 
e x t r a c t s t e l l u r i u m f rom t h e go ld-s i lver tel luride ores : (Au 5 Ag)Te 2 - I -SFeCl 3 
— 2 T e C l 4 - 4 - 8 F e C l 2 + A u , Ag . T h e r e a c t i o n is s low in t h e cold, r a p i d w h e n h e a t e d . 

F e r r i c ch lo r ide is n o t a t t a c k e d b y n i t rogen . A . G u n t z found t h a t l i t h i u m 
ni tr ide a c t s so v igo rous ly o n ferric ch lor ide t h a t i t is adv i sab l e t o slow d o w n t h e 
r e a c t i o n b y a d m i x e d s o d i u m chlor ide . S o m e i ron n i t r i de is fo rmed . A. S m i t s 
o b s e r v e d t h a t w i t h m a g n e s i u m nitr ide , a t a h igh t e m p . , s o m e i ron n i t r i de is fo rmed , 
a n d d e c o m p o s e d a t t h e h i g h t e m p , of t h e r e ac t i on . F . F i c h t e r a n d A . Spenge l 
o b s e r v e d t h a t a l u m i n i u m nitr ide a c t s on a boi l ing, 4 p e r cen t . a q . soln. of ferric 
ch lo r ide f o r m i n g h y d r a t e d ferr ic ox ide , a n d a m m o n i u m chlor ide e q u i v a l e n t 
t o t w o - t h i r d s t h e n i t r o g e n . T . C u r t i u s a n d J . R i s s o m o b t a i n e d ferric az ide b y 
t h e a c t i o n of s o d i u m az ide o n a soln. of ferric c h l o r i d e ; a n d I*. M. D e n n i s 
a n d A . W . B r o w n e o b t a i n e d a r e d co lo ra t ion on a d d i n g s i lver az ide t o a p y r i d i n e 
soln . of ferr ic ch lor ide . J . N . B r o n s t e d a n d K . V o l q v a r t z s t ud i ed t h e ca ta lys i s of 
nitramide b y ferr ic i ons . 

T h e t e n d e n c y of t h e ch lor ide t o fo rm c o m p l e x e s w a s s t u d i e d b y I I . H a n s e n . 
H . Buff, A . W . F . R o g s t a d i u s , C. S t a h l s c h m i d t , a n d G. J . Fowle r no t iced t h a t a 
n i t r i d e is f o r m e d w h e n a m m o n i a a c t s o n ferric ch lor ide a t a n e l e v a t e d t e m p . 
A c c o r d i n g t o H . R o s e , a n d J . Pe r soz , ferric ch lor ide s lowly a b s o r b s a m m o n i a a t 
o r d i n a r y t e m p , w i t h t h e e v o l u t i o n of a sma l l a m o u n t of h e a t , a n d t h e p r o d u c t a p ­
p r o x i m a t e s F e C l 3 : N H 3 ; b u t A . S. Miller s h o w e d t h a t t h e reac t ion i s v igorous , a n d 
m u c h h e a t is d e v e l o p e d so t h a t if t h e c u r r e n t of a m m o n i a be n o t c o n d u c t e d slowly a t 
first , s o m e s a l t m a y b e d e c o m p o s e d , a n d a m m o n i u m chlor ide fo rmed . T h e a m o u n t 
of g a s a b s o r b e d a t o r d i n a r y t e m p . , s a y 18° t o 23° , co r r e sponds w i t h t h e fo rma t ion 
of ferric h e x a m m i n o c h l o r i d e , F e C l 3 . 6 N H 3 . T h i s r e su l t w a s confi rmed b y 
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G. F . H u t t i g . C. J . G o r t e r s t u d i e d t h e sub jec t . T h e ac t ion of a m m o n i a o n ferr ic 
ch lor ide w a s also s t ud i ed b y O. T . Chr i s tensen . A. S. Miller o b t a i n e d t h e 
hexammine a s a r edd i sh -b rown p o w d e r b y t h e d i r ec t a c t i on of a m m o n i a o n ferr ic 
ch lor ide , a n d G. F . H u t t i g r e c o m m e n d e d a l lowing t h e a m m o n i a t o a c t o n ferr ic 
ch lor ide for 2 h r s . a t r o o m t e m p . , t h e n 3 h r s . a t —79° , a n d finally a l lowing t h e 
a m m o n i a t o escape a t o r d i n a r y t e m p , a n d a t m . p re s s . T h e f o r m a t i o n of t h e 
h e x a m m i n e w a s found b y F . E p h r a i m a n d S. Mi l lmann t o b e a t t e n d e d b y a g r e a t 
increase i n v o l u m e . T h e yel lowish p o w d e r w a s found b y W . B i l t z a n d E . B i r k 
t o h a v e a sp . gr . of 1-54 a t 25°/4°. T h e h e x a m m i n e is s t ab l e a t r o o m t e m p . , i n a n 
a t m . of a m m o n i a , a n d w h e n g e n t l y h e a t e d , b u t in a h igh v a c u u m i t loses a m o l . of 
a m m o n i a a t r o o m t e m p . ; A . S. Miller said t h a t i t fo rms a p r o d u c t a p p r o x i m a t i n g 
3 F e C l 3 : 2 N H 3 . F . Muller g a v e 36° t o 115° for t h e d issoc ia t ion t e m p , of t h e 
h e x a m m i n e . T h e h e x a m m i n e is insoluble in w a t e r , b u t H . R o s e obse rved t h a t h i s 
p r o d u c t was de l iquescen t in air , a n d dissolved i n w a t e r w i t h a hiss ing noise , a n d t h e 
fo rma t ion of a d a r k red , t r a n s p a r e n t soln. F . E p h r a i m f o u n d t h e d i ssoc ia t ion 
press , a t 27-5°, 49°, 65°, a n d 7 0 5 ° t o be r e spec t ive ly 112, 324, 586 , a n d 714 m m . 
F . Muller gave 115° t o 190° for t h e d issocia t ion t e m p , of ferric p e n t a m m i n o c h l o r i d e , 
F e C l 3 . 5 N H 3 ; 190° t o 230° for t h a t of ferric t r iamminoch lor ide , F e C l 3 . 3 N H 3 ; 
a n d ove r 300° for t h e ferric d iamminoeh lor ide , FeCI 3 . 2NH 3 . R . S a m u e l a n d 
A. R . R . D e s p a n d e s t u d i e d t h e a b s o r p t i o n s p e c t r a of t h e c o m p l e x ch lor ides . 
Accord ing t o G. F . H u t t i g , if t h e h e x a m m i n e b e p l aced in l iqu id a m m o n i a a t —79° , 
i t fo rms ferric dodecamminoch lor ide , F e C l 3 . 1 2 N H 3 , whose d issoc ia t ion p res s , 
a t —79° is 9 m m . Accord ing t o A. W . F . R o g s t a d i u s , a n d A. S. Miller, if a m m o n i a 
a c t s o n ferric ch lor ide a t a h ighe r t e m p . , r e d u c t i o n t o fe r rous ch lor ide occur s , 
a n d a m m o n i u m chlor ide is fo rmed . H . Buff, a n d C. S t a h l s c h m i d t f ound t h a t a t 
h ighe r t e m p , some i ron n i t r ide m a y be fo rmed . A . F o r s t e r a n d co-workers n o t e d 
t h e fo rma t ion of a p r e c i p i t a t e w h e n a m m o n i a a c t s o n a n e the rea l soln. of ferr ic 
chlor ide . P . F i r e m a n obse rved t h a t w h e n a m m o n i u m chloride is m e l t e d w i t h 
a d m i x e d ferric chlor ide a c o m p l e x sa l t is fo rmed , b u t a t 400° t o 420°, in a sea led 
t u b e , t h e r eac t ion p roceeds : 3 F e C l 3 - J - N H ^ C l = S F e C l 2 + 4 H C l - J - N . Af te r 4 8 h r s ' . 
h e a t i n g , a b o u t 95 p e r cent , of t h e theo re t i ca l y ie ld of gas is deve loped . F o r t h e 
ac t i on of a m m o n i a o n t h e aq . soln. of ferric chlor ide , vide infra, t h e a n a l y t i c a l 
r eac t ions of i ron sa l t s . G. F . H u t t i g a n d H . Gars ide p a s s e d d r y a m m o n i a i n t o a 
soln. of ferric chlor ide in d r y a lcohol a n d o b t a i n e d a yel low p r e c i p i t a t e w h i c h r a p i d l y 
d a r k e n s , a n d t h e soln. s imu l t aneous ly depos i t s a m m o n i u m ch lor ide . P . Schu lz 
no t i ced t h a t d r y a m m o n i a pas sed i n t o a n a c e t o n e soln. of ferr ic ch lor ide g ives a 
p r e c i p i t a t e of ferric oxych lo r ide a n d a m m o n i u m chlor ide , b u t n o a m m i n e is f o r m e d ; 
a n a q . soln. of a m m o n i a p rec i ju t a t e s h y d r a t e d ferric ox ide w h i c h t h e n dissolves in 
t h e excess of ferric chlor ide . J . Sch rode r obse rved t h a t d r y a m m o n i a p r e c i p i t a t e s 
a n insoluble complex sa l t f rom ferric chlor ide in p y r i d i n e soln. ; E . B u s c h o b t a i n e d 
a s imi la r resu l t w i t h soln. in m e t h y l a l . T. Cur t iu s a n d F . Sch rade r , a n d H . F r a n z e n 
a n d O. v o n Meyer o b t a i n e d a b r o w n p r e c i p i t a t e o n a d d i n g h yd raz in e hydrate t o a 
soln. of ferric chlor ide ; t h e p r e c i p i t a t e d ferric hydraz ine chlor ide q u i c k l y pa s se s 
i n t o F e C l 2 ^ N 2 H 4 . P . P u r g o t t i r e p r e s e n t e d t h e r e a c t i o n w i t h ferr ic sa l t s : 
5 N 2 H 4 + 4 F e 2 0 3 = 8 F e O - h 4 N H 3 - | - 3 N 2 - | - 4 H 2 0 . A . H a n t z s c h a n d C. H . D e s c h 
o b s e r v e d t h a t w h e n pheny lhydraz ine is a d d e d t o a n e t h e r e a l soln . of ferric ch lor ide , 
a n a d d i t i o n p r o d u c t is p r e c i p i t a t e d w i t h o u t t h e evo lu t i on of a g a s . L . Kahlenberg 
a n d A. T . L inco ln sa id t h a t t h e soln. of ferric ch lor ide i n p h e n y l h y d r a z i n e is n o t a n 
e lec t r ica l c o n d u c t o r . F . H a b e r showed t h a t h y d r o x y l a m i n e ox id izes fe r rous s a l t s 
in a lka l ine soln. o r in suspens ions , a n d r educes ferr ic sa l t s i n ac idic soln . H e 
e x p l a i n e d t h e p h e n o m e n o n b y a s s u m i n g t h a t h y d r o x y l a m i n e h a d t w o different s t r u c ­
t u r e s , N 3 N : O, a n d H 2 N . O H . A. D . Mitchel l a n d co-workers s t u d i e d t h e d y n a m i c s of 
t h e a c t i o n of h y d r o x y l a m i n e o n ferric sa l t s a n d showed t h a t t h e speed of t h e r e a c t i o n 
a f t e r t h e e a r l y s t a g e s is d i rec t ly p r o p o r t i o n a l t o t h e cone , of t h e h y d r o x y l a m i n e , 
t o t h e s q u a r e of t h a t of t h e ferric ch lor ide , a n d inve r se ly p r o p o r t i o n a l t o t h e cone , 
of t h e fe r rous sa l t , a n d t o t h e s q u a r e of t h e H ' - i o n cone . H e a s s u m e s t h a t t h e 
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r e a c t i o n is c o m p l e x : 2 F e " + N H 2 O H V F e " + 2 H ' 4 - ( N O H ) F e , H ) " ' - ^ N 2 O , e t c . 
T h e t e m p , coeff. of t h e r eac t i on is 6-5 for 10°. T h e speed of t h e r eac t ion is depressed 
b y t h e a d d i t i o n of n e u t r a l s a l t s . E . E b l e r a n d E . S c h o t t f o u n d t h a t w i t h a 5 p e r 
cent. , so ln . of h y d r o x y ! amine i n a soln. of ferr ic ch lor ide in a b s o l u t e alcohol , a t 
—18° , a b r o w n p r e c i p i t a t e c o n t a i n i n g hydroxy lamiz ie is d e p o s i t e d — p r o b a b l y 
ferric h y d r o x y l a m i n o c h l o r i d e . R . W e b e r o b s e r v e d t h a t n i tr ic ox ide a c t s o n 
ferr ic ch lo r ide , a n d A . Besson o b t a i n e d t w o p r o d u c t s — a ye l low p o w d e r a t a low-
t e m p . , a n d a b r o w n p r o d u c t a t a h igh t e m p . V. T h o m a s showed t h a t w i t h d r y 
ferr ic ch lo r ide a n d d r y n i t r i c ox ide , ferric hemini trosy lch lor ide , 2FeCl 3 -NO, is 
f o r m e d a s a ye l lowi sh -b rown p o w d e r ; if t h e t e m p , a p p r o a c h e s 60°, d a r k r e d ferric 
te tranitrosylchlor ide , 4FeCl 8 -NO, i s fo rmed—v ide 8 . 49 , 35 . W . M a n c h o t s t u d i e d 
soln . of n i t r i c ox ide i n a lcohol ic soln . of ferr ic ch lor ide . A. Besson obse rved t h a t 
a t r o o m t e m p . , ferr ic ch lor ide a b s o r b s n i t rogen peroxide gas , fo rming a c o m p o u n d 
w h i c h , a c c o r d i n g t o V . T h o m a s , is ferric n i troxylchlor ide , FeC l 3 -NO 2 . A t a h ighe r 
t e m p . , ferric ox ide is fo rmed . P . F . F r a n k l a n d a n d R . C. F a r m e r found t h a t t h e 
d r y s a l t is inso lub le i n a n d n o t a t t a c k e d b y l i qu id n i t r o g e n p e r o x i d e , b u t if t r a c e s 
of m o i s t u r e b e p r e s e n t , t h e sa l t is r a p i d l y a t t a c k e d a n d d isso lved . V. T h o m a s , 
a n d I . Bel lucci s t u d i e d t h e a c t i o n of n i t r i c ox ide o n a n e t h e r e a l soln. of ferr ic 
ch lo r ide , a n d f o u n d t h a t fe r rous ch lor ide is f o rmed ; if some w a t e r b e also p r e s e n t , 
t h e r e a c t i o n is symbo l i zed : 3 F e " + N O + 2 H 2 0 ^ 3 F e ' - h N O ' 3 H - 4 H ' . W . M a n c h o t 
f o u n d t h a t n i t r i c ox ide p a r t i a l l y r educes t h e ferric ch lor ide in soln. in a c e t o n e t o 
fe r rous ch lor ide . R . W e b e r o b s e r v e d t h a t if ferric ch lor ide be w a r m e d in t h e 
v a p o u r of n i trosy l Chloride, a c o m p l e x sa l t is f o r m e d ; H . R h e i n b o l d t a n d 
R . W a s s e r f u h r o b s e r v e d t h a t t h e clear , d a r k r e d l iqu id f o r m e d b y t h e a c t i o n of 
d r y n i t r o s y l ch lo r ide v a p o u r o n d r y ferric ch lor ide a t r o o m t e m p . , furnishes ferric 
n i trosy l tetrachloride , FeCl 3 -NOCl, w h e n t h e excess of n i t ro sy l ch lor ide is 
e v a p o r a t e d off. T h e c o m p l e x sa l t w a s s t u d i e d b y R . W e b e r , J . J . S u d b o r o u g h , 
H . Gal l a n d H . Mengdeh l , a n d W . J . v a n H e t e r e n . D r y ferric ch lor ide w a s found 
b y W . J . v a n H e t e r e n t o be soluble in l iqu id n i t ro sy l ch lor ide fo rming ferric n i t r o s y l 
t e t r a c h l o r i d e . I J . Pesc i r e p r e s e n t e d t h e r e a c t i o n of p o t a s s i u m nitrite on a soln . 
of ferr ic ch lor ide b y t h e e q u a t i o n : 2 F e C l 3 + 6 K N 0 2 + 2 H 2 0 = 2 F e O ( O H ) + 6 K C l 
- f - 2 H N O 3 + 4 N O ; a n d J . M a t u s c h e k , t h e r e a c t i o n w i t h s o d i u m nitrite b y 2FeCI 3 
H - 6 N a N 0 2 = - 2 F e ( N 0 2 ) 3 - f - 6 N a C l , followed b y 2 F e ( N 0 2 ) 3 + 3 H 2 O = 2 F e ( O H ) 3 + 3 N O 2 
4 - 3 N O ; h e a lso f o u n d t h a t a suspens ion of t h e h e x a h y d r a t e in c a r b o n d i su lph ide 
r e a c t s w i t h s o d i u m n i t r i t e fo rming n i t r i c ox ide w h i c h escapes , a n d n i t r o g e n p e r o x i d e 
wh ich dissolves in t h e c a r b o n d i su lph ide . H . W u r t z obse rved t h a t t h e r e p e a t e d 
e v a p o r a t i o n of a soln. of ferr ic ch lo r ide w i t h n i tr ic ac id , m i x e d w i t h a l i t t le p o t a s s i u m 
c h l o r a t e , u l t i m a t e l y y ie lds ferric n i t r a t e free f rom chlor ine . V. Macr i found t h a t 
t h e soln . is deco lor ized b y di l . n i t r i c ac id , a n d t h a t t h e colour is r e s to red b y s o d i u m 
ch lor ide . 

J . H . G l a d s t o n e o b s e r v e d t h a t phosphorus a c t s on a n h y d r o u s ferric ch lor ide 
f o r m i n g p h o s p h o r u s t r i ch lo r ide ; a n d A. G r a n g e r a d d e d t h a t a t a dul l r e d - h e a t , 
i r o n p h o s p h i d e , F e 2 P 3 , is fo rmed . L . R o s e n s t e i n f o u n d t h a t r e d p h o s p h o r u s w h e n 
bo i led w i t h a n acidified soln. of ferr ic ch lor ide r a p i d l y r educes i t q u a n t i t a t i v e l y 
t o f e r rous ch lo r ide . H . R o s e f o u n d t h a t w h e n phosph ine a c t s on d r y ferric chlor ide 
i n t h e cold, h y d r o g e n ch lo r ide i s e v o l v e d a n d i ron p h o s p h i d e is formed ; a n d 
P . K u l i s c h s h o w e d t h a t i n a q . soln. , p h o s p h o r i c ac id a n d ferrous chlor ide a r e 
p r o d u c e d . R . W e b e r , a n d A . B . B a u d r i m o n t f o u n d t h a t phosphorus pentachloride 
r e a c t s w i t h ferr ic ch lo r ide fu rn i sh ing d a r k b r o w n ferric phosphoctochlor ide , 
FeCl 3 .PCl 6 , m e l t i n g a t a b o u t 98°, a n d b o n i n g a b o v e 280° ; t h e sa l t is decomposed b y 
w a t e r o r m o i s t a i r . A . W . C r o n a n d e r s t u d i e d t h i s c o m p o u n d . P . T . W a l d e n found 
t h a t ferr ic ch lo r ide is s l igh t ly so luble i n phosphorus tr ichloride—IJ. K a h l e n b e r g 
a n d A . T . L i n c o l n sa id i n s o l u b l e — a n d soluble in phosphorus tribromide, a s well 
a s i n phosphory l ch lor ide . H . P . C a d y a n d R . Ta f t sa id t h a t t h e soln. in p h o s p h o r y l 
ch lo r ide b e c o m e s g e l a t i n o u s in a few m o n t h s ; a n d w h e n t h e soln. is e lectrolyzed, a 
b l ack depos i t a p p e a r s o n t h e c a t h o d e . G. O d d o sa id t h a t soln. of 0 5 3 0 7 , 1*8426, 
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a n d 2-8633 g r m s . of ferric ch lor ide i n 100 g r m s . of p h o s p h o r y l ch lo r ide lower t h e 
f .p . r e spec t ive ly 0-575°, 0-942°, a n d 1-548°. O- Ruff a n d H . E i n b e c k o b t a i n e d 
ye l low, c rys ta l l ine ferric hemiphosphorylchlor ide , 2FeCl 8 -POCl 3 . C. R e i n h a r d t 
o b s e r v e d t h a t a w a r m soln. of ferr ic ch lor ide is r a p i d l y r e d u c e d b y s o d i u m h y p o -
phosphi te ; T . Salzer o b t a i n e d a w h i t e p r e c i p i t a t e on a d d i n g h y p o p h o s p h o r o u s ac id 
t o a soln. of ferr ic ch lor ide ; a n d C. R e i n h a r d t f ound t h a t a h y d r o c h l o r i c a c id so ln . 
of ferric ch lor ide is decolor ized b y phosphoric ac id owing t o t h e f o r m a t i o n of a 
ferric p h o s p h a t e . V . Maori s t u d i e d t h e ac t i on of p h o s p h o r i c ac id . E . Glatzel 
r e p r e s e n t e d t h e r e a c t i o n w i t h phosphorus pentasulphide : 6 F e C l 3 + 2 P 2 S 5 = 3 F e C l 2 
+ 3 F e S 2 + 4 P S C l 3 . 

Accord ing t o J . N a p i e r , H . Schi ld , a n d Xi. K a h l e n b e r g a n d J . V . S te in le , ar sen ic 
dissolves i n a n a q . soln . of ferric chlor ide , a n d fer rous ch lor ide is f o r m e d : 6 F e C l 3 
+ 2 A s + 3 H 2 0 = A s 2 0 3 + 6 F e C l 2 + 6 H C l . P - Schulz s a id t h a t a r sen ic does n o t a c t 
o n ferric ch lor ide in a c e t o n e soln. , a n d J . S c h r o d e r obse rved t h a t ferr ic ch lo r ide 
is r e d u c e d t o fe r rous chlor ide in p y r i d i n e soln . R . N a p o l i r e p r e s e n t e d t h e a c t i o n 
of ars ine on a soln. of ferric ch lor ide b y 3 F e C l 3 + A s H 3 = : 3 F e C l 2 + A s C l 3 + 2 H 2 , 
a n d t h e a rsenic t r i ch lo r ide is h y d r o l y z e d t o a r s e n i o u s ac id . T h e r e a c t i o n "with 
a r s ine is slow in n e u t r a l soln. , b u t m o r e r a p i d in ac id ic soln. , b u t i t is n o t q u a n t i t a ­
t i ve . H . R e c k l e b e n a n d co-workers sa id t h a t t h e a r sen ious a d d i s ox id iz ied t o 
a r sen ic ac id . C. F . S c h o n b e i n f o u n d t h a t arsenic tr ioxide in tens i f ied t h e co lour 
of a d i l . a q . soln. of ferric ch lo r ide . L . Winogradoff , a n d K . J e l l i n e k a n d 
Xi. Winogradoff obse rved t h a t ferr ic ch lor ide i s r e d u c e d b y a r sen ious ac id : 
2 F e C l 3 + H 3 A s 0 3 + H 2 0 ^ 2 F e C l 2 + H 3 A s 0 4 + 2 H C l i n t h e p r e s e n c e of 1-52V-
t o 4iV-HCl, a t 107° t o 127°, i n sea led t u b e s . A t 107°, t h e c o n s t a n t 
[H 3 ASOa]-[FeCl 3 ]V[H 3 AsO 4 ] [FeCl 2 ]S[HClP is 3 - 5 4 x 1 0 - 2 ; a t 127°, i t is 1 - 1 7 x 1 0 - 1 . 
T h e t h e r m a l v a l u e of t h e (—>) r e a c t i o n is -f-18,000 ca l . B o t h r e a c t i o n s a p p e a r t o 
be t e rmolecu la r , a n d a r e s t r o n g l y c a t a l y z e d b y h y d r o c h l o r i c ac id . T h e k i n e t i c s 
of t h e r e a c t i o n were s t u d i e d b y J . C. S a r m a . P . T . W a l d e n f o u n d t h a t ar sen ic 
trichloride d issolves ferric ch lor ide fo rming a ye l low soln . w h i c h , a c c o r d i n g t o 
L . K a h l e n b e r g a n d A. T . !Lincoln, is a good e lec t r ica l c o n d u c t o r . P . T . W a l d e n 
also f o u n d t h a t ferr ic ch lor ide is s p a r i n g l y so luble in arsen ic tr ibromide ; t h e so ln . 
w i t h a m o l of ferr ic ch lor ide p e r 100 l i t res h a s a m o l . c o n d u c t i v i t y of 1*325 a t 33° ; 
t h e lower ing of t h e f .p . of a 0-129 p e r c e n t . soln . is 0-170°. T h e s e r e su l t s be ing 
different f rom w h a t a r e o b t a i n e d w i t h soln. of o t h e r s u b s t a n c e s i n t h i s s o l v e n t a r e 
a t t r i b u t e d t o a chemica l r eac t i on b e t w e e n s o l v e n t a n d so lu te . T . R i e c k h e r f o u n d 
t h a t w h e n arsenic sulphide is boi led w i t h a soln . of ferric ch lor ide , a r sen ic ch lo r ide 
is fo rmed a n d vola t i l i zed q u a n t i t a t i v e l y , a n d J . B . C a m m e r e r r e p r e s e n t e d t h e 
r e a c t i o n w i t h a 3 p e r c e n t . soln. of ferric ch lor ide : A s 2 S 3 + 1 0 F e C I 3 + 5 H 2 O = A s 2 O 5 
+ 1 0 F e C l 2 + 1 0 H C l + 3 S , on ly t r a c e s of su lphu r i c ac id a n d a r sen ious ac id a r e f o r m e d . 
J . N a p i e r obse rved t h a t a h o t , n e u t r a l o r feebly ac idic , cone . soln. of ferric ch lo r ide 
a t t a c k s a n t i m o n y , f o rming fer rous a n d a n t i m o n o u s ch lor ides ; a n d a n a l o g o u s 
r e su l t s were o b t a i n e d b y J . Attf ield, T . R i e c k h e r , H . Schi ld , a n d N. W e l w a r t . 
P . Schulz sa id t h a t a n t i m o n y s lowly reduces ferric t o fe r rous ch lor ide i n a c e t o n e 
soln. , a n d J . Sch rode r o b t a i n e d a s imi lar r e su l t i n p y r i d i n e so ln . S. To l loczko 
f o u n d t h a t ferr ic ch lor ide fo rms a b r o w n soln. w i t h a n t i m o n y tr ichloride . 
R . F . W e i n l a n d a n d H . S c h m i d o b t a i n e d a c o m p l e x w i t h a n t i m o n y pentachlor ide , 
n a m e l y , a n t i m o n y ferric octochloride , S b C l 5 . F e 0 1 3 . 8 H 2 0 . W . L i n d n e r , a n d 
T . R i e c k h e r f o u n d t h a t p o w d e r e d a n t i m o n y sulphide is eas i ly a t t a c k e d b y a boi l ing, 
feebly acidic soln. of ferric c h l o r i d e : 6 F e C l 3 + S b 2 S 3 = 6 F e C l 2 + 2 S b C l 3 + 3 S . 
J . R. C a m m e r e r sa id t h a t w i t h a 3 p e r cen t . soln. of ferr ic ch lo r ide s o m e a n t i m o n y 
o x y c h l o r i d e is fo rmed . D . J . Carnegie a d d e d t h a t a n t i m o n y s u l p h i d e does n o t 
r e d u c e ferric ch lor ide soln . Acco rd ing t o J . N a p i e r , b i s m u t h r e a d i l y d i sso lves 
i n a soln . of ferric ch lor ide , w i t h a q u a n t i t a t i v e r e d u c t i o n t o fe r rous ch lor ide , a n d 
t h e f o r m a t i o n of b i s m u t h ch lor ide : B i + 3 F c C l 3 = B i C l 3 + 3 F e C l 2 . H . Schi ld , 
A . K u r t e n a c k e r a n d F . W e r n e r , a n d W . S t r ecke r a n d A. H e r r m a n n o b t a i n e d con­
firmatory r e s u l t s ; a n d P . Schulz sa id t h a t b i s m u t h s lowly r e d u c e s ferr ic t o fe r rous 
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chloride in acetone soln., and J. Schroder obtained a similar result in pyridine soln. 
!K. Someya observed that the reduction is quantitative with bismuth amalgam. 
J. Aloy studied the action of bismuth trioxide, on the soln. of ferric chloride. 
G. Herrmann observed that ferric chloride and bismuth, chloride have a eutectic 
at 171-5° and 23 per cent, of ferric chloride, Fig. 585, 
but no compound is formed. J. B. Cammerer found 
that the reaction with bismuth sulphide resembles 
that with antimony sulphide. 

According to C. F. Schonbein, and E. Heymann 
and co-workers, when a soln. of ferric chloride is 
shaken up with powdered carbon, it is reduced to 
ferrous chloride ; the action is quicker the finer is 
the grain-size of the carbon. "Wood charcoal and 
lamp-black act faster than sugar charcoal. Powdered F l ° / 585*—TF,r 0J? . z i n S^P ° J"n * 
coke acts similarly. Washing the powdered coke 
with hydrochloric acid and water was found by 
A. Tingle to reduce its activity. N. Schiloff and B. Nekrassoff studied 
this subject. V. S. Krym and S. J. Pantschenko, and G. Stadnikoff and 
N. F. Proskurnina examined the reducing action of coke, coal, anthracite, and 
lignite. The reaction is represented: 4FeCl3+2H2O-+-C=4FeCl2-f 4HCl+CO2. 
E. Heymann found the reducing value, expressed in milligram atoms of iron per 
gram of carbon or wood charcoal purified by hydrochloric acid and water, is 0*75, 
and when the charcoal is de-gassed at 800° in vacuo for 3 days, 1 *48 ; Ceylon graphite 
washed with hydrochloric acid and water, and de-gassed at 300°, 0-007 ; Acheson 
graphite, similarly treated, 0*007 ; carbonized haemoglobin heated 5 hrs. in vacuo 
at 800°, 0*79 ; and carbon obtained from carbon tetrachloride, 1*23 to 1*40. The 
adsorption of ferric chloride from aq. soln. by carbon was studied by A. Tingle, 
K. Heymann and co-workers, N. Schiloff and L. Lepin, H. Leunig, N. Schiloff, 
D. J. W. Kreulen, T. Sabalitschka and W. Erdmann, and A. W. Thomas and 
T. R. Ie Compte ; and from its soln. in acetone, and ethyl acetate, by 
W. F. O. de Coninck. The reducing action of animal charcoal was studied by 
W. Heintz, W. F. O. de Coninck, and R. Kuhn and A. Wassermann. E. Baur 
and A. Rebmann studied the effect of ferric chloride on the photolysis of carbon 
dioxide ; and W. Mang, the action of thiocarbonates. W. Manchot and co-workers 
found that soln. of 0, 13*433, and 21*558 grms. of FeCl3 per 100 c.c. dissolve, 
respectively, 95*7, 63*0, and 51*6 c.c. of acetylene at 25°. L. Kahlenberg and 
A. T. Lincoln found that ferric chloride is soluble in heptane, amylene, toluene, 
menthene, xylene, and cymene, and that the soln. do not conduct the electric 
current. R. Schmalz said that ferric chloride is insoluble in cyclohexane. 
J. Timmermans observed that benzoyl-jo-xylene dissolves less than 0-5 per cent, 
of ferric chloride. R. Colley, and E. Busch observed that ferric chloride is sparingly 
soluble in benzene, forming a yellow soln. which becomes brown. L. Kahlenberg 
and A. T. Lincoln said that the soln. is a poor electric conductor. J. Timmermans 
observed that ferric chloride is soluble in ethylbenzene, and in naphthalene. 

The complex with trimethylethylene was studied by W. C. Gangloff and 
W. E. Henderson ; with stilbene, and with diphenylbutadiene, by H. von Euler 
and H. Willstadt. M. C. Boswell and R. R. McLaughlin observed that in Friedel-
Crafts' reaction, the presence of ferric chloride stimulates the catalytic action of 
aluminium chloride although ferric chloride alone has only one-third the activity 
of aluminium chloride—a subject studied by W. A. Riddell and C. R. Noller. 
J. Timmermans observed that the solubility of ferric chloride in methyl chloride 
is less than 0*5 per cent., likewise methyl bromide, and in ethyl chloride and 
bromide ; i t is soluble in methylene chloride ; and chloroform dissolves over 0*5 
per cent. FeCl8. E. Busch said that the soln. in chloroform is yellow which, with 
time, changes to brown. K. Ott studied the reaction between ferric chloride in 
chloroform soln. and benzyl sulphide. L. Kahlenberg and A. T. Lincoln observed 
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t h a t soln. of ferric chloride in chloroform, and carbon tetrachloride a re non-conduct­
ing ;- J.. Timmermans said t ha t the salt is insoluble in carbon tetrachloride ; and 
t h a t bromoform dissolves over 0-5 per cent. FeCl3. K. O t t observed t h a t t he 
salt is soluble in acetylene tetrachloride, ethylene trichloride, and ethylene 
dichloride. L. Kahlenberg and A. T. Lincoln found t h a t soln. of ferric chloride in 
ethylene chloride and bromide are non-conducting ; likewise also are soln. in 
methylene iodide, in trichlorobenzene, in bromobenzene, in benzyl chloride, and 
in benzal chloride. Soln. of ferric chloride in acetyl chloride were found by 
L. Kahlenberg and A. T. Lincoln, and L. I.. Shaw to be good conductors, likewise 
also soln. in benzoyl chloride, whilst soln. in epichlorhydrin are fair conductors. 
The complex salt with benzoyl chloride was studied by M. Nencki, and J . Boeseken. 
The complex with phenyl bis-methylchloride was studied by M. Gomberg and 
L. H. Cone; with phenyl tris-methylchloride, with phenyl-bromotrismethyl 
chloride, and with phenyl-iodo-trismethylchloride, - by A. Bayer and H . Aickelin; 
tri-^-tolylchloromethane, by M. Gomberg ; with the phenylpyrylium chlorides, 
by W. Dilthey ; with the benzopyrylium chlorides, by H. Decker and co-workers, 
W. Dilthey, W. Borsche and K. Wunder, and W. H . Per kin and co-workers ; with 
naphthopyrylium chloride, by H . Decker and co-workers, and R. Fosse and 
L. Lesage ; with xanthylium Chlorides, by H . Decker and co-workers, A. "Werner, 
M. Gomberg and L. H . Cone, M. Gomberg and C. J . West, L. H . Cone and C. J . West , 
F . Kehrmann and J . Knop, and J . von Braun and E. Aust ; with COeroxonium 
chloride, by H. Decker and co-workers ; with benzocoeroxonium chloride, by 
E . Laube, and H. Decker and E . Laube ; with coerbioxonium chloride, by H. Decker 
and co-workers ; with tribenzylsulphonium chloride, and cyanide, by A. Forster and 
co-workers, and K. A. Hofmann and K. O t t ; with methylthioxanthylium chloride, 
by H. Decker and co-workers ; with coerthonium chloride, and methylcoerthonium 
chloride, by H. Decker and co-workers ; with coerbithonium chloride, and 
dimethylcoerbithonium chloride, by H. Decker and co-workers ; with thianthrene-
dithonium chloride and methoxythianthrenedithionium chloride, by K. Fries 
and co-workers ; and with various phenazthonium chlorides, by F . Kehrmann 
and L. Schild, R. Mitsugi and co-workers, and R. Mohlau and co-workers. Soln. 
in methyl or ethyl sulphide were found by J . Timmermans to dissolve more 
than 0*5 per cent, of FeCl3 ; P . C. R a y and P . C. Mukherjee discussed complexes 
with ethyl sulphide, H[FeCl4(C4H10S)(H2O)], and with methylene sulphide, 
HFeCl 4(C 2H 4S) 2^H 2O. The complex with benzyl sulphide was studied by 
A. Forster and co-workers ; with j?-toIylsulphoxide, by K. A. Hofmann and 
K. Ott ; and with tribenzylphosphine oxide, by F . Fleissner. A. Benrath observed 
a reaction with trioxymethylene occurs in benzene soln. 

G. Gore said t h a t a soln. of ferric chloride is no t reduced by carbon monoxide 
admixed with the dioxide. A. Mittasch found t h a t ferric chloride is almost insoluble 
in nickel carbonyl. J . Timmermans said t h a t ferric chloride is insoluble in carbon 
disulphide ; bu t H. Arctowsky, and E . Busch said t h a t i t forms a pale yellow soln. 
L. Klein, and H. Stolzenberg observed t ha t anhydrous ferric chloride unites with 
hydrogen cyanide with a hissing noise, and then dissolves in an excess of the 
solvent. When the excess of solvent is evaporated, there remain brownish-red 
crystals of ferric dihydrocyanidochloride, FeCl8 .2HCN. The complex was studied 
by L. Klein. L. Kahlenberg and H . Schlundt found the mol. conductivities of 
soln. with a mol of ferric chloride in 4-17, 33-12, 431-1, and 1042-O litres of solvent 
to be respectively 111-7, 154-O, 213-7, and 259-^. Observations were also made 
by K. Fredenhagen and J . Dahmlos. E . Pietsch and co-workers studied the action 
of potassium ferrocyanide on ferric chloride in ethereal soln. L. Klein found t h a t 
cyanogen chloride is taken up by ferric chloride with the evolution of heat. 
J . H , Gladstone, G. Magnanini, J . Clarens, and G. Kruss and H . Moraht studied 
t h e reversible reaction with thiocyanates : FeCl s - f -3KCyS^Fe(CyS) 8+3KCl. 
A. K. Bhat tacharya and N, R. Dhar found t h a t the reaction with potassium 
thiocyanate i» favoured by light of wave-length 85OO A. K. C. Bailey observed 
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t h a t i n t h e e x t r a c t i o n of soln. of p o t a s s i u m t h i o c y a n a t e a n d ferric chlor ide w i t h 
e t h e r , i n t h e case w h e r e t h e t h i o c y a n a t e p r e d o m i n a t e s , a n d w h e r e t h e co lour is 
pa l e r , t h e e t h e r e x t r a c t s p r a c t i c a l l y p u r e t h i o c y a n a t e , wh i l s t w h e n t h e ferric 
ch lo r ide is i n excess a n d t h e soln . is sufficiently c o n c e n t r a t e d t o i m p a r t some 
co lou r t o t h e e t h e r , h y d r o c h l o r i c a c id fo rmed b y hydro lys i s of ferric ch lor ide 
l i b e r a t e s t h i o c y a n i c ac id , a n d t h e e x t r a c t c o n t a i n s b o t h ferr ic ch lor ide a n d 
t h i o c y a n i c ac id . I n H . L a c h s a n d H . F r i e d e n t h a l ' s p rocess t h e e x t r a c t i o n of 
s m a l l q u a n t i t i e s of i r o n w i t h e t h e r b e c o m e s p rogress ive ly m o r e difficult a s t h e 
p r o p o r t i o n of i r on i n t h e soln . is r e d u c e d . 3£. C. B a i l e y a n d J . D . K i d d found 
t h e f .p . c u r v e of p o t a s s i u m t h i o c y a n a t e a n d ferric ch lor ide does n o t h a v e b r e a k s 
i n d i c a t i v e of t h e f o r m a t i o n of c o m p l e x sa l t s . J . F . D u r a n d a n d K . C. Ba i l ey 
s t u d i e d t h e r e a c t i o n w i t h s i lver t h i o c y a n a t e . J . Clarens sa id t h a t t h e t h i o c y a n i c 
ac id l i b e r a t e d in ac id ic soln . does n o t r e a c t w i t h ferric ch lor ide b u t is s lowly 
p o l y m e r i z e d . E . S c h a e r o b s e r v e d t h a t t h e r e a c t i o n w i t h t h i o c y a n a t e s is m o r e 
sens i t ive in a lcohol ic t h a n in a q . soln. J . S c h r o d e r o b t a i n e d r e d co lo ra t ions 
w i t h s i lver a n d p o t a s s i u m t h i o c y a n a t e s a n d a p y r i d i n e soln. of ferr ic ch lor ide ; 
a n d w i t h a m m o n i u m t h i o c y a n a t e , a m m o n i u m chlor ide is a lso p r e c i p i t a t e d . A . Sch ie r 
o b s e r v e d b lood- red co lo ra t ions a r e p r o d u c e d b y t h i o c y a n a t e s in soln. of ferric 
ch lo r ide i n ace ton i t r i l e . K . A . H o f m a n n a n d co-workers f ound t h a t d r y ferrous 
c y a n i d e i n a soln. of ferr ic ch lo r ide in d r y a lcohol g a v e a d a r k b lue p r e c i p i t a t e . 

E . L l o y d a n d co -worke r s g a v e for t h e so lub i l i ty of a n h y d r o u s ferric ch lor ide in 
m e t h y l a l c o h o l a t 0° , 15°, a n d 30° , r e spec t ive ly 1-31, 1-43, a n d 1-61. Accord ing 
t o A. B e n r a t h , ferr ic ch lor ide in m e t h y l a lcohol soln. is r a p i d l y r e d u c e d t o fer rous 
ch lo r ide , on e x p o s u r e t o sun l igh t . T h e l igh t supp l ies t h e e n e r g y neces sa ry for t h e 
f o r m a t i o n of a l d e h y d e , e tc . , a s p r o d u c t s of p r i m a r y r eac t i on : 2 F e C J 3 4 - C H 3 O H 
= 2 F e C I 3 4 - H . C O . H - f - 2 H C l , a n d 2FeCl 3 - | -C 2 H 5 OH=-2FeCl 2 - { -CH 3 .CO.H- f -2HCl ; 
cone . soln. depos i t c r y s t a l s of F e C l 2 . 4 C H 3 O H , a n d if a n y w a t e r is p r e s e n t c rys t a l s of 
F e C l 2 . 4 H 2 O a r e f o r m e d . O b s e r v a t i o n s were a lso m a d e b y W . F . O. de Coninck . 
F . K u h l m a n n e x a m i n e d t h e a c t i o n of h e a t o n t h e soln. , a n d E . Liloyd a n d co-workers 
f o u n d t h a t w h e n t h e a lcohol ic soln. is w a r m e d a b o v e 50° for a long t i m e , ch loroform 
a n d a r e d p r e c i p i t a t e a r e p r o d u c e d ; if t h e soln. is boi l ing, h y d r o g e n ch lor ide is 
evo lved . F e r r i c ch lo r ide is so luble in e thy l a l coho l ; l ikewise also t h e h y d r a t e s , 
a s o b s e r v e d b y G. C. W i t t s t e i n ; a n d , a c c o r d i n g t o F . L . Winckle r , t h e soln. in 
96 p e r c en t , a l coho l r e m a i n s l iqu id w h e n cooled t o —7-5°, b u t w h e n s t i r r ed w i t h a 
glass r o d , t h e ye l low l iqu id solidifies, a n d t h e t e m p , rises t o 19°. W . Schne l lbach 
a n d J . R o s i n f o u n d t h a t 100 g r m s . of e t h y l a lcohol dissolve 51*45 g r m s . of ferric 
ch lo r ide . M. P r a s a d a n d P . S. Liimaye s t u d i e d t h e p h o t o c h e m i c a l r e d u c t i o n of t h e 
a lcohol ic soln. E . Liloyd a n d co -worke r s o b s e r v e d t h a t ferric d ie thyla lcohol 
ch lor ide , F e C l 3 . 2 C 2 H 5 O H , is fo rmed , a n d t h e d o m a i n of ex i s t ence is i n d i c a t e d in 
F i g . 586 . T h e so lub i l i ty , S g r m s . of FeCl 3 p e r g r a m of d r y a lcohol , is : 

0° 15° 30° 40° 50° 40° 30° 20-6° 30° 
£? . . 1-36 1-41 1-49 1-55 1-76 1-87 1-94 1-99 2 0 3 

< v /> v— 
FeCIa^C8HaOH PeCl3 

T h e r e su l t s a r e p l o t t e d in F i g . 586 ; t h e r e is a e u t e c t i c a t 20-6° ; a n d t h e m . p . 
of t h e c o m p l e x , F e C l 3 . 2 C 2 H 2 O H , is a b o u t 50° . T h e ra i s ing of t h e b . p . of t h e alcoholic 
so ln . w a s f o u n d b y P . T . Miiller, a n d E . B e c k m a n n t o b e in h a r m o n y w i t h t h e 
a s s u m p t i o n t h a t t h e m o l . of t h e so lu t e is FeCl3-. E . XJoyd a n d co-workers found 
t h a t w h e n t h e so ln . is k e p t a t a t e m p , ove r 50° for some t i m e , ch loroform a n d a 
r e d p r e c i p i t a t e a r e f o r m e d a s in t h e case of m e t h y l a lcohol ; t h e boil ing soln. gives 
off h y d r o g e n ch lor ide . H . J . H . F e n t o n , a n d J . H . W a l t o n a n d C. J . Chr i s tensen 
s t u d i e d t h e o x i d a t i o n of a lcohol b y h y d r o g e n d iox ide w i t h fe r rous or ferric sa l ts a s 
c a t a l y s t s . R . Ph i l l ips , W . F . O. d e Coninck , a n d H . Mosler obse rved t h a t a soln. 
of ferr ic ch lor ide i n e t h y l a lcohol is h y d r o l y z e d w i t h t h e s epa ra t i on of h y d r a t e d 
ferr ic o x i d e ; t h e h y d r o l y s i s does n o t p r o c e e d so r ead i ly a s in a q . soln. T h e 
t i n c t u r e tonico-nervina, m e n t i o n e d i n connec t i on w i t h t h e h i s t o ry of t h e i ron 

40° 
2-07 
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yel low c o W of the, soln. w a s r e s ^ r e d ^ n ^ S S u ^ W S ^ G° K e J e T 
G r o t t h u s s , n o t comple te ly . A

T ^ e ^ ™ ^ s e r v a t i o n 8 on t h e a c t i o n of l i g h t o n 
t h e soln. a r e i n d i c a t e d i n c o n n e c t i o n w i t h soln . i n 
m e t h y l a lcohol ; t h e s u b j e c t w a s a l so i n v e s t i g a t e d b y 
E P u x e d d u . O b s e r v a t i o n s o n t h e m a g n e t i c suscep t i ­
bi l i ty a n d e lec t r ica l c o n d u c t i v i t y of soln . in m e t h y l , 
ethyl, isobutyl, isoamyl, allyl, and benzyl alcohols, 
glycol , a n d g lycerol , a r e i n d i c a t e d a b o v e . M. P r a s a d 
a n d N . V . Sohon i s t u d i e d t h e p h o t o c h e m i c a l d e c o m ­
pos i t ion of soln. in e t h y l , p r o p y l , b u t y l , a n d a m y l 
a lcohols . T h e p h y s i c a l a n d chemica l p r o p e r t i e s of 
t h e s e soln. a r e also d i scussed a b o v e . L.. K a h l e n b e r g a n d 

A T Lincoln obse rved t h a t ferr ic ch lor ide is so luble in pheno l , a n d in ^ c r e s o l , 
a n d t h e soln. a r e e lectr ical ly a c o n d u c t o r ; t h e so lub i l i ty in p h e n o l w a s f o u n d b y 
J T i m m e r m a n s t o exceed 0-5 p e r cen t . , a n d l ikewise w i t h pheneto l , a n d a^e tho l , 
whi ls t L . K a h l e n b e r g a n d A. T . L inco ln obse rved t h a t t h e soln. m a m s o l is 
e lect r ical ly a c o n d u c t o r . T h e a b s o r p t i o n s p e c t r a of soln. of ferric ch lor ide a n d 
X n o l were i n v e s t i g a t e d b y E . F . W e s p a n d W . R B o o d e . T P a v o l m i s t u d i e d 
t h e ac t ion of t h e sa l t o n pheno l ox ide ; a n d J . V D u b s k y a n d co-workers , o n 
glycocol l ; a n d K . K i m u r a a n d H . Sueda , on d imet h y lg lyox ime . 

A F Gehlen sa id t h a t a n h y d r o u s ferric ch lor ide dissolves in e ther w i t h t h e 
evo lu t i on of h e a t ; H . E . Wi l l i ams , t h a t t h e h e x a h y d r a t e dissolves in d r y e t h e r ; 
G C. W i t t s t e i n , t h a t t h e h e m i h e p t a h y d r a t e dissolves m e t h e r ; a n d E P i n e r u a , 
t h a t i t s imilar ly dissolves in e t h e r s a t u r a t e d w i t h h y d r o g e n chlor ide J - W . KotJio 
obse rved t h a t some of t h e e t h e r is decomposed , a n d E . B u s c h n o t e d t h a t t h e soln . 
a t first yel low soon becomes d a r k b r o w n . W h e n t h e e t h e r e a l soln. i s e v a p o r a t e d , 
A F o r s t e r a n d co-workers obse rved t h a t ferric ch lor ide is d e c o m p o s e d . E . Beck-
m a n n P T Muller , a n d R . L e s p i e a u s t u d i e d t h e mo l . w t . of t h e sa l t f rom t h e effect 
on t h e b . p . of e the r , a n d found re su l t s in a g r e e m e n t w i t h FeCl 3 for dil soln. , a n d 
in cone . soln. a p a r t i a l po lymer i za t i on t o Fe 2 Cl 6 . Acco rd ing t o A. Vogel , ferric 
ch lor ide is p e r c e p t i b l y vola t i le f rom a n e the r ea l soln. even a t t e m p , below JU , 
b u t H P T a l b o t sa id t h a t t h e vo la t i l i t y c a n n o t be g r e a t e r s ince t h e e t h e r d is t i l led 
f rom t h e soln. on a w a t e r - b a t h c o n t a i n s o n l y t r a c e s of i ron . Th i s t r a c e m a y h a v e 
been mechan ica l ly car r ied over , a n d n o t t h e r e su l t of vo la t i l i ty—v tde supra, t h e 
vo la t i l i t y of ferric chlor ide . F . Myl ius and O. H n t t n e r n o t e d t h a t t h e e t h e r e a l 
soln suffers some decompos i t ion a t a h igher t e m p . A . F . Geh len o b s e r v e d t h a t 
w h e n a n e therea l soln. of ferric chlor ide is d e c o m p o s e d b y e x p o s u r e t o l ight , 
t h e ferric chlor ide is r educed t o l h e fer rous sa l t ; a n d o b s e r v a t i o n s o n t h e s u b j e c t 
were m a d e b y F . J a h n , A. B e n r a t h , L . E . J o n a s , a n d J . W . R o t h e . P . C h a s t a i n g 
s t u d i e d t h e re la t ion be tween t h e r a t e of t h e r e d u c t i o n a n d t h e w a v e - l e n g t h of t h e 
l igh t violet l ight is t h e m o s t ac t i ve , whi l s t ye l low l igh t a n d r e d l igh t a c t v e r y 
slowly. E . P u x e d d u , a n d E . P u x e d d u a n d F . L . V o d r e t f o u n d t h a t t h e c h a n g e 
occurs m o r e slowly in a rc- l igh t t h a n i n sunl igh t , a n d t h e y s h o w e d t h a t some ch lor ine 
is c o n s u m e d in ch lo r ina t ing t h e e t h e r so t h a t t h e r e a c t i o n is n o t revers ib le m t h e 
d a r k . Cone e the rea l soln. y ie ld fer rous chlor ide a n d a b l a c k o rgan ic c o m p o u n d 
c o n t a i n i n g i ron . U p t o a ce r t a in s t age of p rogress , t h e r e a c t i o n a p p e a r s u n i -
molecu la r . O n e fo rm of t h e ttnctura tonico-nervina, m e n t i o n e d a b o v e , w a s a so ln . 
of ferric chlor ide in a m i x t u r e of a lcohol a n d e the r , a n d i t w a s k n o w n t o T . v o n 
G r o t t h u s , E . L . S c h u b a r t h , G. Suckow, a n d A . F . Geh len t h a t i t f o rms fe r rous 
ch lo r ide o n e x p o s u r e t o sun l igh t , a n d some e t h y l ch lor ide is p r o d u c e d a t t h e s a m e 
t i m e . J . F i ed l e r s t u d i e d t h e r eac t ion . E . G. T h o r i n f o u n d t h a t e t h e r is less 
soluble i n 0-SiV-FeCl3 t h a n i t is in w a t e r ; a n d F . N . Snel ler t h a t e t h e r is less so luble 
i n a h y d r o c h l o r i c ac id soln. of ferric chlor ide t h a n i t is in a q . h y d r o c h l o r i c ac id 
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a lone . H e found t h a t S c.c. of e t h e r a r e d isso lved b y 1OO c.c. of a q . hydroch lor ic 
ac id w i t h ferric ch lo r ide in soln. a t 16° t o 19° : 

S p . gr. HCl . 1 1 7 7 114O 1 1 2 3 1 1 1 5 1 0 9 3 1 0 7 5 1 0 5 5 
S 139 71-5 43-3 35 21-5 16 12 

W . S k e y p r o p o s e d t o s e p a r a t e ferr ic ch lor ide f rom m a n y as soc ia t ed chlor ides b y 
s h a k i n g t h e a q . soln . w i t h e t h e r . T w o l aye r s a r e f o r m e d — a n e the rea l soln. of 
ferr ic ch lor ide , a n d a n a q . soln . of o t h e r ch lor ides below. T h e p rocess was e x a m i n e d 
b y J . W . R o t h e , M. H a n r i o t , a n d J . W . Mellor . F . Myl ius a n d C. H i i t t n e r , a n d 
N . d e K o l o s s o w s k y s t u d i e d t h e d i s t r i b u t i o n of ferr ic ch lor ide b e t w e e n w a t e r a n d 
e t h y l e t h e r a t ] 8° ; a n d F . N . Spel le r f ound t h a t w h e n a g r a m of i ron a s ferric 
ch lo r ide is d i s so lved i n 1OO c.c. of a q u e o u s hyd roch lo r i c ac id of different concen­
t r a t i o n s , a t 18°, a n d s h a k e n w i t h 1OO c.c. of e t h e r , t h e d i s t r i b u t i o n of t h e ferric 
ch lo r ide b e t w e e n t h e t w o l aye r s is a s follows : 
S p . gr. HCl 1-193 1-158 1-151 1-123 1-111 1 1 0 3 1 0 8 2 5 1 0 6 1 0 4 2 4 
v / A q . . 9 9 0 92-84 7 4 O 7-2 2-O 1-95 1OO 87-O 99-6 per cont . 
^ l E t h e r . 1-0 7 1 6 26-O 92-8 98-O 98-05 9OO 13O 0-4 

T h e c o m p l e x w i t h e t h y l e t h e r w a s s t u d i e d b y A. F o r s t e r a n d co-workers . R . Ph i l l ips 
o b s e r v e d t h a t t h e p resence of sugar i n t h e a q . soln. h inde r s t h e hydro lys i s of ferr ic 
ch lo r ide ; a n d R . M. P u r k a y a s t h a s t u d i e d t h e r e d u c t i o n of ferr ic ch lor ide b y suga r s . 
A . D u m a n s k y a n d L . G. K r a p i w i n a s t u d i e d t h e t e r n a r y s y s t e m : F e C l 3 - H 2 O - s u g a r . 
A . B e n r a t h f o u n d t h a t ferric ch lor ide dissolves i n formaldehyde , a n d t h e soln. is 
d e c o m p o s e d w i t h t h e f o r m a t i o n of fe r rous ch lor ide in l ight , a n d w h e n h e a t e d . L . K a h -
l e n b e r g a n d A. T . L inco ln n o t e d t h a t ferric ch lor ide dissolves in ace ta ldehyde w i t h t h e 
d e v e l o p m e n t of h e a t , a n d , a c c o r d i n g t o A. B e n r a t h , t h i s l iquid fo rms a b lack, s p o n g y 
m a s s . C. Dufra i sse a n d R . Horc lo i s s t u d i e d t h e c a t a l y t i c a c t i o n of ferric ch lor ide 
on v a r i o u s o rgan i c c o m p o u n d s . !L. K a h l e n b e r g a n d A. T. L inco ln obse rved t h a t 
ferr ic ch lo r ide is so luble i n chloral , b u t t h e soln . is n o n - c o n d u c t i n g ; a n d i t is 
a lso so luble in paraldehyde , a n d t h e soln. is a good e lect r ical c o n d u c t o r , a s o b s e r v e d 
b y L . K a h l e n b e r g a n d A. T . L inco ln—v ide supra ; t h e sa l t is soluble in c i n n a m i c 
a ldehyde , a n d t h e soln . is a fair e lec t r ica l c o n d u c t o r . P . T . W a l d e n found t h a t 
benza ldehyde f o rms a b r o w n soln. w i t h ferr ic chlor ide , a n d obse rva t i ons on t h e 
e lec t r ica l c o n d u c t i v i t y (q.v.) were m a d e b y P . T . W a l d e n , a n d L . K a h l e n b e r g a n d 
A. T . L inco ln . E . R a y m o n d s t u d i e d t h e c a t a l y t i c o x i d a t i o n . L . I . S h a w found 
t h e soln . of ferric ch lor ide i n sa l icy la ldehyde is a good c o n d u c t o r (q.v.), a n d obser­
v a t i o n s were m a d e b y L . K a h l e n b e r g a n d A. T . L inco ln , a n d A. T. L inco ln . S imi la r 
o b s e r v a t i o n s w e r e m a d e w i t h r e s p e c t t o soln. in furfurol. W . C. Gangloft a n d 
W . E . H e n d e r s o n s t u d i e d t h e c o m p l e x w i t h furfuraldehyde. W . E i d m a n n obse rved 
t h a t ferr ic ch lor ide is so luble i n a c e t o n e ; a n d P . Schulz , a n d A. N a u m a n n a n d 
P . Schu lz a d d e d t h a t a g r a m of t h e F e C l 3 d issolves in 1-5888 g r m s . of a c e t o n e a t 
18°, a n d t h e s p . g r . is 1*1603. T h e soln. w e r e s t u d i e d b y W . H . K r u g a n d 
K . P . M c E l r o y . J . T i m m e r m a n s o b s e r v e d t h a t t h e soln. decomposes on keep ing 
a n d d e p o s i t s a p r e c i p i t a t e ; P . Schu lz a d d e d t h a t w i t h t h e purif ied ace tone , m u c h 
of t h e ferr ic ch lor ide is r e d u c e d t o fe r rous ch lor ide , b u t if t h e a c e t o n e be sa t . w i t h 
h y d r o g e n ch lor ide , n o r e d u c t i o n occurs . W . F . O. de Coninck observed t h a t a 
v e r y di l . soln. is s t a b l e i n l igh t , b u t n o t so if t r a c e s of m e t h y l a lcohol a re p r e sen t . 
T h e so ln . a r e r a p i d l y decolor ized w h e n filtered t h r o u g h a n i m a l charcoa l . T h e 
soln . w i t h s o m e m e t h y l a lcohol , un l i ke t h e soln. w i t h purified ace tone above , g ives 
a p r e c i p i t a t e w i t h s i lver n i t r a t e a f t e r filtration t h r o u g h t h e cha rcoa l . Th i s is t h e 
r e s u l t of a p a r t i a l d e c o m p o s i t i o n of t h e a c e t o n e soln. c o n t a i n i n g t h e m e t h y l a lcohol . 
L . K a h l e n b e r g a n d A . T . L inco ln , a n d A. T . L inco ln found t h a t ferric chlor ide is 
so luble i n m e t h y l p r o p y l k e t o n e , a n d t h e soln . is e lect r ica l ly c o n d u c t i n g (q.v.) ; 
l ikewise w i t h so ln . in a c e t o p h e n o n e . J . T i m m e r m a n s obse rved t h a t benzophenone 
disso lves m o r e t h a n 0-5 p e r c en t , of ferr ic ch lor ide . T h e complex wi th benzophenone 
w a s s t u d i e d b y J . B o e s e k e n ; w i t h pheny l - cyc lopentene , b y W . Borsche a n d 
W . M e n z ; w i t h d ibenza lace tone , b y F . S t r a u s , a n d A. R o s e n h e i m a n d W . L e v y ; 
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with cinnamylideneacetophenone, and dicinnamyidideneacetone, b y A. Rosenheim 
a n d W . L e v y ; w i t h phenanthrenequ inone , b y K . H . M e y e r ; w i t h 2 . 4 - d i m e t h o x y -
i<*-oxybenzalacetophenone, b y W . H . P e r k i n a n d co -worke r s ; w i t h d i m e t h y l -
Chromone a n d d imethy l tn iochromone , b y H . S imon i s a n d A . E h a s ; a n d w i t h 
i iaphthodiox ime, a n d n a p h t h o t h i o x i m e , b y B . Ghose a n d S. Smi les . G. C h a m p e t i e r 
r ep re sen t ed t h e r e a c t i o n of pheny l m a g n e s i u m bromide o n ferr ic ch lo r ide b y 
t h e e q u a t i o n s : (i) 6 C 6 H 6 M g B r - h 2 F e C l 3 - > 3 ( C 6 H 6 ) 2 H - 2 F e + 3 M g B r 2 - h 3 M g C l 2 ; 
(ii) 2 C 6 H 5 M g B r + 2 F e C l 3 - > ( C 6 H 5 ) 2 + 2 F e C l 2 + M g B r 2 4 - M g C l 2 . a n d ( i i i ) 2 C 6 H 5 M g B r 
+ F e C l 2 - > F e 4 - M g B r 2 -[-MgCl2 . E . B e c k m a n n f o u n d t h a t t h e s a l t is so lub le i n 
benzi l . T h e complex w i t h u r e a w a s s t u d i e d b y G. A . B a r b i e r i ; a n d w i t h t e t ra -
phenylurea , b y R . H . P i c k a r d a n d J . K e n y o n . S. C. D e a n d T . K . C h a k r a v o r t y 
s t u d i e d t h e ac t ion of ferric ch lor ide a n d h y d r o g e n d iox ide o n t h i o s e m i c a r b a z o n e s . 

A. B e n r a t h found t h a t ferric ch lor ide d isso lves i n f ormic ac id , a n d -when t h e 
soln. is w a r m e d , h y d r o g e n ch lor ide escapes , a n d o n cool ing, c r y s t a l s of ferric 
chloroformate , FeCl (H.COO) 2 -0*5H 2 O, a r e d e p o s i t e d . A . R o s e n h e i m a n d P . Mul le r 
s t ud i ed th i s r eac t ion ; V . Macr i , t h e deco lo r i za t ion of a so ln . of ferr ic ch lo r ide 
b y formic ac id ; A. B e n r a t h , t h e d e c o m p o s i t i o n of t h e soln . i n s u n l i g h t w i t h 
t h e evo lu t ion of c a r b o n d iox ide ; a n d A. Q u a r t a r o l i , t h e m a g n e t i c p r o p e r t i e s 
(q.v.) of t h e soln. J . T i m m e r m a n s , a n d A. W . D a v i d s o n f o u n d t h a t ferr ic ch lo r ide 
is soluble i n ace t i c ac id , a n d t h e soln. s lowly depos i t s a r e d d i s h - b r o w n p r e c i p i t a t e . 
R . W e i n l a n d a n d co-workers s t u d i e d t h e c o m p l e x sa l t s f o r m e d b y t h e a c t i o n of 
ferric ch lor ide o n ace t i c ac id . A . B e n r a t h o b s e r v e d t h a t t h e soln. of ferric ch lo r ide 
i n ace t i c ac id is s t a b l e in l igh t . A . Q u a r t a r o l i s t u d i e d t h e m a g n e t i c p r o p e r t i e s 
(q.v.) of t h e soln. ; V . Macr i , t h e a c t i o n of ace t i c ac id ; a n d R . W e i n l a n d a n d 
A. H o h n , R . W e i n l a n d a n d H . H a c h e n b u r g , a n d R . G r t i n b e r g - K r a s n o w s k a j a , t h e 
c o m p l e x ch lo roace t a t e s . L . K a h l e n b e r g a n d A . T . !Lincoln o b s e r v e d t h a t ferr ic 
ch lor ide forms w i t h ace t ic anhydride a soln. w h i c h is e lec t r ica l ly a c o n d u c t o r . 
A. B e n r a t h found t h a t ferric ch lor ide , o r i t s h e x a h y d r a t e , f o rms a d a r k b r o w n so ln . 
w i t h propionic ac id , a n d t h e soln. s lowly depos i t s c r y s t a l s of ferrous c h l o r o p r o -
pionate , FeCl (C 2 H 5 COO) . R . W e i n l a n d a n d A . H o h n s t u d i e d t h e c o m p l e x s a l t s 
w i t h p rop ion ic acid . J . T i m m e r m a n s o b s e r v e d t h a t ferr ic ch lo r ide is inso lub le i n 
stearic acid. J . W . Dobere ine r , J . M. E d e r , a n d G. L e m o i n e s h o w e d t h a t oxa l i c 
ac id d isplaces m o s t of t h e hyd roch lo r i c ac id f rom ferric ch lo r ide , a n d t h a t u n d e r 
t h e influence of l ight , t h e oxal ic ac id is ox id ized t o c a r b o n d i o x i d e . I n d a r k n e s s , 
t h e r eac t i on beg ins a t 50°, a n d increases i n speed u p t o 100°. T h e r e a c t i o n w a s 
s t u d i e d b y F . V. J o d i n , A. J o d b a u e r , E . B a u r , M. Roloff, J . F ied le r , M. P a d o a , 
M. P a d o a a n d N . V i t a , A. J . A l l m a n d a n d W . W . W e b b , E . M e n k e , G. K o r n f e l d a n d 
E. Mencke , A. K . S a n y a l a n d N . R . D h a r , A. B e n r a t h a n d co -worke r s , E . S h p o l s k y , 
H . K u n z - K r a u s e a n d P . Manicke , R . F . W e i n l a n d a n d F . W . S ie rp , E . M a r c h a n d , 
A . J . A l l m a n d a n d K . W . Y o u n g , a n d B . K . Muker j i a n d N . R . D h a r . A c t i n o m e t e r s 
ba sed on t h e r eac t ion were dev i sed b y J . W . D r a p e r , H . N . D r a p e r , L*. W a r n e r k e , 
E . M a r c h a n d , G. Kornfe ld a n d E . Mencke , A. Liipowitz, a n d T . W o o d s . J . C. G h o s h 
a n d R . M. P u r k a y a s t h a , a n d R . M. P u r k a y a s t h a s t u d i e d t h e a c t i o n of l i gh t o n 
soln. of ferric ch lor ide in lact ic , tartaric , and m a n d e l i c ac ids ; A . B e n r a t h a n d 
K . Schaffganz, t h e p h o t o c h e m i c a l r e a c t i o n b e t w e e n t a r t a r i c acid a n d ferric ch lo r ide ; 
S . H a k o m o r i , t h e f o r m a t i o n of complexes w i t h t a r t a r i c ac id ; a n d J . C. G h o s h 
a n d B . N . Mi t r a , t h e e x t i n c t i o n coeff. of soln. of ferr ic ch lo r ide in formic , a ce t i c , 
p rop ion ic , oxal ic , l ac t ic , t a r t a r i c , m a n d e l i c , m a l o n i c , succ in i c , g lyco l l i c , a n d c i tric 
ac ids . C. V. S m y t h e found t h a t a m i x t u r e of ferric ch lor ide w i t h lac t ic , glycoll ic , 
oxal ic , t a r t a r i c , c i t r ic , o r m a l i c ac id , is m o r e ac id ic t h a n is t h e case w i t h t h e ac id 
a l o n e . T h i s is e x p l a i n e d b y t h e f o r m a t i o n of c o m p l e x e s a n d t h e h y d r o x y l i c ions . 
T h e r e a c t i o n s w i th c i t r ic a n d ma l i c ac ids were s t u d i e d b y R . M. P u r k a y a s t h a . 
T h e o r g a n i c ac id is ox id ized b y e x p o s u r e t o l igh t . T h e r e s u l t s m a y be e x p l a i n e d 
b y s u p p o s i n g t h a t t h e r e is a n e q u i l i b r i u m i n soln . b e t w e e n ferric ch lo r ide a n d ac id 
a s r e a c t a n t s a n d a n i n t e r m e d i a t e c o m p l e x fo rmed b y t h e loose c o m b i n a t i o n of o n e 
m o l . of e a c h of t h e r e a c t a n t s , a n d b y a s s u m i n g a def ini te v a l u e of t h e m o l e c u l a r 
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e x t i n c t i o n coeff., for each w a v e - l e n g t h , for t h e i n t e r m e d i a t e complex so formed. 
V . Macr i s t u d i e d t h e a c t i o n of t a r t a r i c ac id . W . D . T readwe l l a n d W . F i sch s tud i ed 
t h e c o m p l e x e s f o r m e d w i t h d icarboxyl ic ac ids ; a n d C. Mor ton , w i t h sal icyl ic acid. 
J. H . W a l t o n a n d D . P . G r a h a m s t u d i e d t h e o x i d a t i o n of t h e d ica rboxy l ic ac ids 
w i t h ferr ic ch lor ide a n d h y d r o g e n d iox ide . T h e complex w i t h benzhydroxamic 
a d d w a s s t u d i e d b y R . W e i n l a n d a n d G. B a i e r ; a n d w i t h c i n n a m i c acid , b y 
A. R o s e n h e i m a n d W . L e v y . 

P . C. R a y a n d P . C. Mukhe r j ee o b t a i n e d c o m p l e x sa l t s w i t h e thy l sulphide a n d 
w i t h 1 : 4 -d i th ian . L . I . S h a w f o u n d t h a t ferr ic chlor ide is soluble in d imethy l 
su lphate . L . K a h l e n b e r g a n d A. T . L inco ln , a n d A. T . L inco ln s t u d i e d t h e electr ical 
c o n d u c t i v i t y (q.v.) of soln. of ferr ic ch lor ide in a m y l nitrite ; in e thy l n i t ra te— 
good c o n d u c t o r ; i n e thy l ch lorocarbonate—good c o n d u c t o r ; a n d e thyl carbonate 
— n o n - c o n d u c t o r ; L . K a h l e n b e r g , soln. in m e t h y l th iocyanate , i n e thy l t h i o ­
c y a n a t e , in a m y l t h i o c y a n a t e , a n d in e thy l i so th iocyanate . L . K a h l e n b e r g said 
t h a t ferr ic ch lor ide is soluble in a l ly l i so th iocyanate . J . Ri l l , a n d A. N a u m a n n 
a n d J . Ri l l obse rved t h a t ferric ch lor ide is so luble in m e t h y l ace ta te , fo rming a 
ye l low soln. , wh ich E . B u s c h sa id becomes deepe r in co lour a n d finally b r o w n . 
A. Q u a r t a r o l i s t u d i e d t h e m a g n e t i c p r o p e r t i e s (q.v.). J. Allain Ie C a n u , 
E . A l e x a n d e r , A. N a u m a n n a n d E . A l e x a n d e r found t h a t ferric ch lor ide is 
so luble in e thy l ace ta te . T h e m o l . re f rac t ion (q.v.) of t h e soln. w a s s t ud i ed b y 
J . H . G l a d s t o n e ; t h e e lec t r ica l c o n d u c t i v i t y (q.v.) b y L . I . S h a w , a n d L . Kah len ­
b e r g a n d A. T . L inco ln ; a n d t h e m a g n e t i c p r o p e r t i e s (q.v.) b y A. Qua r t a ro l i . 
W . F . O . de Con inck obse rved t h a t t h e yel low, di l . soln. is s t ab l e in l ight ; a n d i t is 
decolor ized b y filtration t h r o u g h a n i m a l cha rcoa l . L . K a h l e n b e r g a n d 
A. T . L inco ln , L . K a h l e n b e r g , a n d E . P i e t s c h a n d co-workers s t u d i e d t h e ac t ion of 
s o d i u m a c e t a t e o n ferric ch lor ide i n e the r ea l soln. W . D . Treadwel l a n d W . F isch 
s t u d i e d t h e c o m p l e x e s f o r m e d w i t h a c e t a t e s . A. T. L inco ln obse rved t h e e lectr ical 
c o n d u c t i v i t i e s of soln. of ferric ch lor ide in propyl a c e t a t e — p o o r c o n d u c t o r ; in 
butyl acetate—poor conductor ; in amyl butyrate and amyl valerianate—poor 
conductors ; and in ethyl monochloroacetate, ethyl cyanoacetate, diethyl oxalate, 
e thy l ace toace ta te , a n d e thy l benzoate . L . Lete l l ie r s t u d i e d t h e r eac t ion w i t h 
e t h y l a c e t o a c e t a t e . T h e c o m p l e x wi th e thy l c i n n a m a t e w a s s t ud i ed b y A. Rosen­
h e i m a n d W . L e v y ; a n d w i t h t r imethyl th iophosphate , b y P . P i s t s c h i m u k a . 
K . Char i t schkoff sa id t h a t n a p h t h e n i c ac id r educes ferric t o fer rous chlor ide ; a n d 
E . S. Hi l l s t u d i e d i r on a s a c a t a l y s t in t h e o x i d a t i o n of dialuric acid. 

L . K a h l e n b e r g a n d A. T . L inco ln found t h a t ferric ch lor ide dissolves in n i t ro ­
b e n z e n e , a n d t h e lower ing of t h e f .p . i nd i ca t e s a decrease in t h e mol . w t . w i t h in­
c reas ing cone . ; t h e y also m e a s u r e d t h e e lect r ical c o n d u c t i v i t y (q.v.) of t h e soln. ; 
a n d L . K a h l e n b e r g , t h e e.m.f. of cells w i t h t h i s soln. (q.v.). S imi lar ly also w i th 
soln. of ferric ch lo r ide in m-ni troto luene , a n d in o-ni trotoluene. F . L . Sh inn found 
t h a t a s a t . soln. of ferr ic ch lor ide in e t h y l a m i n e h a s a sp . c o n d u c t i v i t y of 13-5 X l ( ) -« 
m h o a t 0° ; a n d H . M c K e e E l s e y sa id t h a t a c o m p l e x sa l t is fo rmed . L . K a h l e n b e r g , 
L . K a h l e n b e r g a n d O. E . RuhofF found t h a t ferric ch lor ide dissolves s lowly in 
a m y l a i n i n e , a n d t h e soln. a r e e lec t r ica l ly c o n d u c t i n g (q.v.). J. Schroder , a n d 
A . N a u m a n n a n d J . Sch rode r o b s e r v e d t h a t t h e soln. of ferric chlor ide in pyridine 
is r edd ish-ye l low, a n d p r o b a b l y c o n t a i n s a complex sa l t . A. W e r n e r and 
W . Schmujloff s t u d i e d t h e mo l . r a i s ing of t h e b . p . T h e electr ical c o n d u c t i v i t y — 
vide supra—was s t u d i e d b y L . K a h l e n b e r g a n d A. T. Lincoln , a n d A. T. Lincoln ; 
A . Quartaroli f o u n d t h a t p a r a m a g n e t i c ferric ch lor ide a n d d i a m a g n e t i c py r id ine 
g ive a m a g n e t i c a l l y i n a c t i v e soln. w i t h 14*160 g r m s . FeOl 3 p e r l i t re . J . Schroder 
o b s e r v e d t h a t t h e redd i sh-ye l low soln. becomes d a r k e r w i th t i m e ; a n d when h e a t e d 
i n a sea led t u b e , F . H e i n a n d W . R e t t e r obse rved a c o n d e n s a t i o n of t h e pyr id ine 
t o a a ' - d i p y r i d y l occurs . W a t e r a d d e d t o t h e soln. p r ec ip i t a t e s t h e i ron a s ferric 
h y d r o x i d e . T h e c o m p l e x w i t h p y r i d i n e w a s s t u d i e d b y G. Spacu , N . Costachescu 
a n d G. S p a c u , R . F . W e i n l a n d a n d O. Schmid , a n d R . F . W e i n l a n d and A. Kiss lmg ; 
w i t h aa' -dipyridyl , b y F . B l a u ; w i t h ant ipyrine, b y R . F . W e i n l a n d a n d O. Schmid , 
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Ii. A. WeIo, F . Hasse, Knoll and Co., A. Astruc and J . Bouisson, and M. C. Schuyten ; 
and with pyramidon, by R. F . Weinland and O. Schmid; E . Beckmann observed t h a t 
ferric chloride is soluble in boiling quinoline, and L. Kahlenberg and A. T. Lincoln 
added tha t the soln. is electrically conducting. The complex with quinoline was 
studied by R. Weinland and co-workers; and W. Franke studied the system ferric 
iron and quinol. E . F . Wesp and W. R. Brode studied the spectra of compounds of 
ferric chloride and phenol. J . Timmermans observed t ha t dipropylamine dissolves 
less than 0-5 per cent, of ferric chloride; and, added O. Stephani, the solvent and 
solute react chemically; he also found t ha t aniline dissolves over 0-5 per cent, of 
ferric chloride, and L. I. Shaw, and L. Kahlenberg and A. T. Lincoln said t h a t the 
soln. is a poor conductor of electricity. A. Forster and co-workers observed t h a t a 
compound is formed with aniline and ferric chloride in ethereal soln. Y. Osaka 
and co-workers studied the system : ferric chloride, water, and aniline a t 25°. 
The complex with aniline was studied by A. R. Leeds, and J . L. C. Schroder van 
der KoIk; with ^-nitrosodi-n-butylaniline, by J . Reilly, and J . Reilly and 
W. J . Hickinbottom. J . Timmermans said t ha t piperidine dissolves over 0 5 per 
cent, of ferric chloride, but L. Kahlenberg and A. T. Lincoln said t h a t the salt is 
insoluble in piperidine, and in xylidine—both meta, and asymmetric ; the soln. in 
monomethylaniline, dimethylaniline, o-toluidine, m-toluidine, and in benzylamine 
are poor conductors. W. H . Pat terson studied the action of ferric chloride on o-, 
m-, and p-toluidine. E . Busch, A. Schier, and A. Naumann and A. Schier observed 
t ha t the soln. of ferric chloride in acetonitrile is blood-red when cone , and yellowish-
red when dil. ; the presence of dry hydrogen chloride makes the soln. pale yellow. 
The complex with hexamethylenetetramine was studied by L. Vanino and 
A. Schinner, and J. C. Duff and E. J . Bills observed tha t with boiling soln., ferric 
hydroxide is precipitated. Complex salts with benzidine were studied by G. Spacu, 
and A. Simon and T. Ree t z ; with te t ramethyldiaminotr iphenylamine, by 
W. Madelung and co-workers ; with ethyl carbylamine, and phenylcarbylamine, 
by K. A. Hofmann and G. Bugge. J . Kammerer, and A. Naumann observed t h a t 
yellow soln. are formed by ferric chloride in benzonitrile, and Tt. Kahlenberg and 
A. T. Lincoln, and L. I . Shaw found tha t soln. are good electric conductors. 
G. Kornfeld found tha t ferric chloride dissolves in formamide like i t does in water. 
He measured the mol. lowering of the f.p., and observed t h a t the soln. may be 
kept unchanged a t 0°, bu t not a t room temp. T. Murayasu found t h a t the electrical 
conductivity of ferric chloride soln. is increased by the addition of glycocoll. 
W. Eidmann found tha t ferric chloride is soluble in dry methylal, and E . Busch 
added tha t a t 18°, the sat. soln. contains 20-28 grms. FeCl3 in 1OO grms. of soln. 
He measured the mol. raising of the b.p. The dark green soln. does not decompose 
in dayl ight ; and i t becomes reddish-brown when treated with a small proportion 
of water ; the soln. absorbs hydrogen chloride and becomes intensely green. The 
solubility of ferric chloride in methylal saturated with water a t 18° is 47-35 grms. 
FeCl3 per 100 grms. of soln. J . Timmermans found t ha t sulphonal dissolves over 
0-5 per cent, of ferric chloride ; T. Chakrabarti and S. De studied the action of ferric 
chloride on thiocarbamides ; G. Fuseya and K. Murata, and T. Murayasu studied 
the complexes formed by iron salts with glycine ; R. M. Purkayastha , with sugars ; 
and W. Franke, with hydroquinone. W. D. Bancroft and co-workers studied the 
photochemical reduction of soln. of ferric chloride in the presence of organic dyes. 

G. Klose observed t ha t 1OO grms. of lanolin* of m.p. 46°, dissolve 4-1T grms. of 
FeCl8 a t 45°. M. Scholtz observed the formation of complexes with many alkaloids. 
The action of ferric chloride on albumin was studied by H . Bechhold, G. Buchner, 
A. Brossa and H. Freundlich, H . J . M. Creighton, G. Grasser, E . Heymann and 

F . Oppenheimer, I . G. Oberhard, W. Pauli and L.. Flecker, H . Schorn, and 
A. W. Thomas ; on casein, by H. Palme ; on haemoglobin, by H . Freundlich and 
G. Iiindau ; on gelatin, by H . J . M. Creighton, R. E . Liesegang, L. Cramer, and 
M. Schneider; on soap soln., by P . Verbeck; W. Thomson and F . Lewis, india-
rubber ; T. Katsura i , milk ; and on wool* by N. Schiloff. The retard in in g fluence 
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of ge la t in on t h e hydro lys i s of t h e a q . soln. of ferric chlor ide w a s observed b y 
C. I i . W a g n e r , A. T i a n , N . R . D h a r a n d D . N . C h a k r a v a r t i , a n d R . E . Liesegang ; 
a n d o n ce l lu lose , b y W . K o p a c z e w s k y a n d M. R o s n o w s k y . T h e ac t ion of ferric 
ch lor ide in t h e t a n n i n g of a n i m a l sk ins w a s descr ibed b y J . J e t t m a r ; in t h e 
classif ication of s e w a g e , b y L . H . Ens low, F . F i scher , a n d A. G a r t n e r ; a n d in t h e 
p r e c i p i t a t i o n of bacteria , b y O. Schwarz . 

H . Moissan sa id t h a t boron r educes ferric ch lor ide in a q . soln. t o ferrous chlor ide ; 
b u t P . L e b e a u o b s e r v e d no r e d u c t i o n w h e n finely-powdered s i l icon is boi led for a 
long t i m e w i t h a 10 p e r c e n t . so ln .—nor is t h e silicon p e r c e p t i b l y a t t a c k e d . 
H . Moissan a n d S. Smiles f ound t h a t a soln. of ferric chlor ide is read i ly a t t a c k e d 
b y s i l i coe tnane . O. H o n i g s c h m i d a n d co-workers obse rved t h a t a t a h igh t e m p . 
quartz is a t t a c k e d b y a n h y d r o u s ferric ch lor ide . A. T ian , a n d N . R . D h a r a n d 
D . N . C h a k r a v a r t i d i scussed t h e a c t i o n of silica gel on t h e soln. J . R . G laube r , 
G. J . Mulder , a n d E . J o r d i s a n d W . H e n n i s obse rved t h e f o r m a t i o n of a n " i ron 
t r e e ** w h e n a c r y s t a l of t h e h e x a h y d r a t e is a d d e d t o a cone. soln. of s o d i u m si l icate ; 
a n d R . C R a y a n d P . R. G a n g u l y , t h e f o r m a t i o n of silica gels b y t h e ac t ion of 
ferric ch lor ide on a lka l i s i l icate soln. M. Schne ide r found t h a t w h e n ferric chlor ide 
soln. a r e boi led i n g las s vessels, a p r o d u c t of t h e hydro lys i s a d h e r e s t o t h e wal ls of 
t h e vessel ; n o such a d s o r p t i o n occurs if t h e soln. is acidified. P . R o h l a n d , a n d 
J . J . Shukoff a n d M. N . Soko lova n o t e d t h e a d s o r p t i o n of ferric chlor ide f rom i t s 
a q . soln. b y c lays . L . W u n d e r obse rved t h a t u l tramarine is decomposed in t h e 
cold b y a soln. of ferr ic chlor ide , a n d h y d r o g e n su lph ide is evo lved . O. C. Magis tad 
s t u d i e d t h e e x c h a n g e of bases in zeol i tes . 

Accord ing t o H . P l a u s o n a n d G. T i s ch t s chenko , a n h y d r o u s ferric chlor ide is 
r e d u c e d t o fe r rous ch lor ide w h e n i t is fused 'with sod ium. P . N ico la rdo t , a n d 
W . Bi l t z a n d W . H o l v e r s c h e i t f ound t h a t s o d i u m dissolves in a cone, hydroch lo r i c 
ac id soln. of ferric ch lor ide , h y d r o g e n is evolved , b u t l i t t le or n o r e d u c t i o n of t h e 
ferric ch lor ide occurs . P . J a n n a s c h a n d T. W . R i c h a r d s obse rved t h a t v e r y l i t t le 
r e d u c t i o n of t h e soln. occurs w i t h s o d i u m a m a l g a m , a n d I ) . T o m m a s i found t h a t 
s o m e ferric h y d r o x i d e is p r e c i p i t a t e d b y t h e ac t i on of t h e a m a l g a m . J . N . v o n 
F u c h s , L.. S to rch , E . B e u t e l a n d A. K u t z l n i g g , A. P ick les , T . W . H o g g . F . F ischer , 
D . Miklosich, a n d W . C. B i r ch obse rved t h a t ferric ch lor ide is r e d u c e d t o ferrous 
ch lo r ide b y finely-divided copper. T h e d i sso lu t ion of c o p p e r b y soln. of ferric 
ch lor ide w a s obse rved b y W . Weissenberger , a n d M. Maye r . E . Bek ie r a n d 
S. T rzec i ak o b s e r v e d t h a t in t h e p resence of a n excess of a m m o n i u m chlor ide , t h e 
a c t i o n of coppe r on a soln. of ferric chlor ide c a n be symbol ized : C u 4 - 2 F e C l 3 - ^ C u C l 2 
-1-2FeCl2 , followed b y C u + C u C l 2 - > 2 C u C l . T h e ve loc i ty c o n s t a n t of t h e reac t ion 
Jc={\oge(a—^x1)—loge(a — i&2)W&(£2—*i)> w h e r e a d eno t e s t h e ini t ia l cone, of 
ferric a n d cupr i c ch lor ides ; ^ r 1 , a n d ^ r 2 , t h e cone, of t h e ferric a n d cupr ic chlor ides 
a t t h e t i m e s Z1 a n d t2 r e spec t ive ly ; a n d S, t h e surface a r e a of t h e p l a t e . W i t h 
t h e r a t e of s t i r r ing 150O p e r min . , Jc is 0-1508 a t 15°, a n d 0*2044 a t 25°, so t h a t t h e 
t e m p , coeff. is 1-35 b e t w e e n 15° a n d 25° ; t h e v a l u e of Jc is i n d e p e n d e n t of t h e 
c o m p o s i t i o n of t h e soln. s t a r t i n g w i t h ferric ch lor ide a n d end ing w i t h cupr ic chlor ide 
a s t h e sole a c t i v e c o n s t i t u e n t s ; a n d i t increases w i t h t h e r a t e of s t i r r ing. T h e 
v a l u e of Jc inc reases u p t o a l imi t ing v a l u e as t h e cone , of t h e a m m o n i u m chlor ide 
increases , b u t b e y o n d t h a t s t age i t is i n d e p e n d e n t of t h e cone , of t h e a m m o n i u m 
ch lor ide . P . Schulz obse rved t h a t in a c e t o n e soln. , coppe r s lowly reduces ferric 
ch lor ide t o fe r rous ch lor ide ; a n d J . Sch rode r o b t a i n e d a s imi lar resu l t in pyr id ine 
soln. G. W e t z l a r f ound t h a t p o w d e r e d s i lver r educes a n aq . soln. of ferric t o ferrous 
ch lor ide . T h e r e a c t i o n w a s s t u d i e d b y N . A. Tananaeff , E . B e u t e l a n d A. K u t z e l -
n igg , a n d S. A . Voznesensky a n d V. SkvorzofE. P . Schulz obse rved no r educ t ion 
in a c e t o n e soln. , b u t J . Sch rode r obse rved t h a t t h e r educ t ion occurs in py r id ine 
so ln . C. S t . P i e r r e , a n d J . N a p i e r found t h a t a dil . , feebly acidic soln. of ferric 
ch lor ide dissolves t r a c e s of go ld , b u t J . Nick les sa id t h a t n o d issolu t ion occurs w i th 
cold o r h o t soln. P . N ico l a rdo t , a n d D . J . Carnegie said t h a t t h e soln. of ferric 
ch lor ide is n o t r e d u c e d b y gold, b u t G. W e t z l a r said t h a t some ferric chlor ide 
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is r e d u c e d b y t h e gold. H . Schi ld sa id t h a t O- l iV-Feds a t o r d i n a r y t e m p , 
s lowly a t t a c k s gold forming a u r e u s a n d fer rous chlor ides . P . C. M c l l h i n e y p o i n t e d 
o u t t h a t a dil . soln. of ferric ch lor ide in cone , hyd roch lo r i c a c i d does n o t a t t a c k 
gold if h e a t e d in a sealed t u b e p r o v i d e d a i r be exc luded , b u t in t h e p r e sence of a i r , 
t h e ferric chloride ac t s a s a car r ie r of ch lor ine t o t h e gold . H . N . S t o k e s u s e d a 
20 pe r cen t . soln. of ferric ch lor ide i n half i t s vo l . of 2O p e r cen t , h y d r o c h l o r i c ac id , 
free from n i t r ic acid, a n d obse rved t h a t a t 200° t h e r e is a s low r e a c t i o n Au- f -3FeCl 8 
^=*AuCl3+3FeCl2 , which is r eve r sed i n t h e cold. 

L . Hacksp i l l found t h a t a t a du l l r e d - h e a t , c a l c i u m r e d u c e s a n h y d r o u s ferr ic 
chlor ide : 2 F e C l 3 + 3 C a = 3 C a C l 2 + 2 F e + 3 1 7 - 4 CaIs. W . B i l t z a n d W . H o l v e r s c h e i t 
obse rved no r educ t ion of ferric ch lor ide dissolved in cone , h y d r o c h l o r i c ac id , a l t h o u g h 
m u c h hydrogen is deve loped . H . P l a u s o n a n d G. T i s c h t s c h e n k o o b s e r v e d t h a t 
w h e n ferric chlor ide is m e l t e d w i t h m a g n e s i u m in a n a t m o s p h e r e of h y d r o g e n , 
ferrous chlor ide is fo rmed ; a n d K . S e u b e r t a n d A . S c h m i d t f o u n d t h a t a t a d u l l 
redness , t h e m i x t u r e becomes v e r y h o t , a n d t h e r e a c t i o n p r o c e e d s v io l en t ly f o r m i n g 
m a g n e s i u m a n d fer rous chlor ides , a n d i ron . J . Micha j l enko a n d P . M u s c h i n s k y 
found t h a t w h e n a m i x t u r e of m a g n e s i u m a n d h e x a h y d r a t e d ferric ch lo r ide is 
t r i t u r a t e d a t r o o m t e m p . , some h y d r o g e n is evo lved . S. K e r n r e p r e s e n t e d t h e 
r eac t ion in a q . soln. b y 2 F e C l 3 + 3 M g + 6 H 2 O = 2 F e ( O H ) 3 + 3 M g C l 2 + 3 H 2 O , w h e n 
t h e soln. is free f rom dissolved a i r , a n d n o r e d u c t i o n w a s o b s e r v e d b y D . T o m m a s i . 
W . Bi l t z a n d W . H o l v e r s c h e i t obse rved n o r e d u c t i o n in cone , h y d r o c h l o r i c ac id 
soln. a l t h o u g h h y d r o g e n is copious ly evo lved ; P . J a n n a s c h a n d T . W . R i c h a r d s 
obse rved a v e r y i ncomple t e r educ t i on ; a n d D . J . Carnegie , a n d H . N . W a r r e n 
sa id t h a t r educ t i on is comple t e . K . S e u b e r t a n d A. S c h m i d t obse rved t h a t i n 
w a r m , n e u t r a l soln. , some ferrous h y d r o x i d e is p r e c i p i t a t e d ; a n d D . Vi ta l i o b t a i n e d 
h y d r o g e n , h y d r a t e d ferrosic ox ide , fe r rous ch lor ide , a n d i r o n a s p r o d u c t s of t h e 
reac t ion . K . S e u b e r t a n d A. S c h m i d t , a n d A . H o n i g also obse rved t h e p rec ip i t a ­
t i on of i ron in acidic soln. P . Schulz f ound t h a t m a g n e s i u m s lowly r educes ferr ic 
t o fer rous chlor ide in ace tone soln. , a n d J . Sch rode r o b t a i n e d s imi lar r e su l t s i n 
py r id ine soln. K . Schwenzer s t u d i e d t h e r e d u c t i o n in e t h e r e a l soln. M. A. P a r k e r 
a n d H . P . A r m e s obse rved t h a t t h e r e d u c t i o n of ferr ic ch lo r ide i n ac id ic soln. b y 
m a g n e s i u m is n o t inf luenced b y a m a g n e t i c field. G. W e t z l a r , a n d J . N a p i e r f o u n d 
t h a t z i n c reduces ferric t o fer rous chlor ide in a q . soln. D . J . Carnegie—vide supra, 
n a s c e n t h y d r o g e n — s u p p o s e d t h a t t h e r e d u c t i o n b y zinc d u s t is d i rec t , a n d n o t 
via n a s c e n t h y d r o g e n . If ac id be n o t p r e sen t , h y d r a t e d fe r rous a n d ferric ox ides 
a r e fo rmed . Accord ing t o E . B e u t e l a n d A. K u t z l n i g g , a soln. of ferric ch lor ide 
c o n t a i n i n g less t h a n 100 g r m s . p e r l i t re h a s n o effect oh a b r i g h t surface of z inc , 
b u t m o r e cone . soln. g ive a depos i t c o n t a i n i n g i ron . T h e r a t e of depos i t i on inc reases 
w i t h t h e cone, of t h e soln. un t i l a n o p t i m u m cone , of 5OO g r m s . p e r l i t re is a t t a i n e d . 
A m a t t surface of z inc, o b t a i n e d b y a s and -b l a s t , is s lowly d a r k e n e d b y soln. w i t h 
5O g r m s . of FeCl 3 p e r l i t re . T h e spongy , n o n - a d h e r e n t , g r e y l a y e r h a s a me ta l l i c 
l u s t r e , a n d con ta ins i r regular , microscopic g r anu l e s of z inc a n d i ron . T h e t r e a t m e n t 
of t h e depos i t w i t h dist i l led w a t e r gives n o r u s t , b u t m i n u t e filaments of z inc 
h y d r o x i d e a re formed. If shee t zinc be exposed for a long t i m e t o t h e a c t i o n of 
soln. con t a in ing 5OO t o 1000 g r m s . of ferric ch lor ide p e r l i t re , t h e p r i m a r y depos i t 
of i ron is c o n v e r t e d i n t o c o m p a c t , d a r k b r o w n , h y d r a t e d ferric ox ide . T h e 
hydro lys i s of ferric chlor ide soln. furnishes hyd roch lo r i c ac id w h i c h a t t a c k s t h e z inc , 
depos i t i ng a q u a n t i t y of ferric h y d r o x i d e c o r r e s p o n d i n g w i t h t h e ac id u s e d i n t h e 
p r o d u c t i o n of z inc chlor ide . S o m e fer rous ch lor ide is fo rmed . T h e p r i m a r y i r o n 
depos i t f o r m e d in cone , ferric ch lor ide soln. a p p e a r s t o u n d e r g o , m o r e o r less 
r a p i d l y acco rd ing t o t h e degree of c o n c e n t r a t i o n , a c h a n g e g iv ing a b r i l l i an t , l u s t rous , 
b u t e x t r e m e l y b r i t t l e me ta l l i c layer , wh ich b r e a k s u p s p o n t a n e o u s l y on r e a c h i n g a 
c e r t a i n t h i c k n e s s ; t h i s is found t o be a b o u t 9 X 1 0 ~ 3 Tain. T h e d e p o s i t c o n t a i n s 
z inc , a n d i t s c o m p o s i t i o n var ies w i t h t h e c o n c e n t r a t i o n of t h e ferr ic ch lor ide soln . 
G r e y depos i t s a r e a lso o b t a i n e d w i t h alcoholic ferr ic ch lor ide soln. , a n d w i t h d i l . 
o r cone . a q . fe r rous s u l p h a t e . A cohe ren t , t enac ious , d o v e - g r e y depos i t is s imi l a r ly 
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p r o d u c e d in t h e p r e s e n c e of fluoride ions , wh i l s t a d d i t i o n of a colloid (glue) y ie lds 
a so ln . w h i c h a p p e a r s t o c o n t a i n s i r on a s a d i spe r sed p h a s e , s ince af ter r e m o v a l of 
a b l a c k d e p o s i t i t possesses a d u l l g r e y colour . P . Schulz o b s e r v e d t h a t zinc 
r e d u c e s ferr ic t o f e r rous ch lor ide i n a c e t o n e soln. T h e r e d u c t i o n of ferric t o fer rous 
s a l t s b y z inc is u t i l i zed i n a n a l y t i c a l c h e m i s t r y . D . I J . R a n d a l l , L . M o y a u x , a n d 
A. Hi. B e e b e r e c o m m e n d e d a m a l g a m a t e d z inc , o r a m a l g a m a t e d z inc i n c o n t a c t w i t h 
p l a t i n u m ; G. T . M o r g a n , a n d J . H . G l a d s t o n e , a copper -z inc c o u p l e ; a n d 
A. Gemmel l , a z i n c - m a g n e s i u m o r z i n c - a l u m i n i u m al loy . S. S. B h a t n a g a r a n d 
co -worke r s sa id t h a t t h e r e d u c t i o n of ferric sa l t s b y zinc is r e d u c e d b y a m a g n e t i c 
field ; b u t M. JLoeb, a n d F . A . Wolff o b t a i n e d n e g a t i v e r e su l t s i n t h e i r e x a m i n a t i o n 
of t h e inf luence of a m a g n e t i c field on t h e o x i d a t i o n a n d r e d u c t i o n of i ron sa l t s . 
E . B e u t e l a n d A . K u t z l n i g g s t u d i e d t h e film of i r on s o m e t i m e s p r e c i p i t a t e d on zinc 
i n soln. of o v e r 100 g r m s . F e C l 3 p e r l i t re . J . N a p i e r f ound t h a t c a d m i u m r educes 
a n a q . so ln . of ferr ic t o fe r rous ch lor ide ; a n d W . He l l e r s t u d i e d t h e ve loc i ty of 
d i s so lu t ion of c a d m i u m in a n a q . soln. of ferr ic ch lor ide . P . Schulz obse rved t h a t 
t h e r e d u c t i o n occu r s s lowly in a c e t o n e soln. ; a n d J . Schrode r , in p y r i d i n e soln. 
L.. Wolf, D . T o m m a s i , D . J . Carnegie , a n d P . N i c o l a r d o t o b s e r v e d t h a t a di l . 
acidified soln. of ferr ic ch lor ide is r e d u c e d t o fe r rous ch lor ide b y m e r c u r y ; a n d 
I J . Meyer , a n d D . B o r a r sa id t h a t i n a q . soln. s o m e m e r c u r o u s ch lor ide is fo rmed . 
JLi. Q. McCay a n d W . T . A n d e r s o n , a n d P . Siiss found t h a t w i t h v igorous shak ing , 
t h e r e d u c t i o n F e C I 3 + H g = F e C l 2 - J - H g C l is c o m p l e t e i n a few m i n u t e s . H . Schi ld 
a d d e d t h a t a t o r d i n a r y t e m p . , 0-I iV-FeCl 3 f o rms m e r c u r o u s chlor ide , a n d a t h ighe r 
t e m p . , m e r c u r i c ch lo r ide is f o r m e d . S. Popoff a n d co -worke r s f o u n d for t h e r eac t ion 
2 F e " " - f - 2 H g ^ 2 F e " - f - H g 2 " * t n e e q u i l i b r i u m c o n s t a n t 0-0180. A m a l g a m a t e d zinc is 
also u s e d for r e d u c i n g ferric ch lor ide . 

E . B e r g e r o b s e r v e d t h a t a v igo rous r e d u c t i o n occur s once t h e t e m p , of a m i x t u r e 
of* p o w d e r e d a l u m i n i u m a n d a n h y d r o u s ferric ch lor ide h a s b e e n raised h igh e n o u g h 
t o s t a r t t h e r e a c t i o n . D . J . Carneg ie , C. L . S c h u m a n n , F . J . R . Carul la , a n d 
W . H . S c a m o n r e d u c e d a q . soln . of ferr ic ch lor ide t o fer rous ch lor ide . J . M. W e e r e n 
o b s e r v e d t h a t t h e r e a c t i o n p roceeds m o r e r a p i d l y i n v a c u o t h a n a t o r d i n a r y p ress . 
H . Schi ld sa id t h a t w i t h n e u t r a l 0-IiV-FeCI3 , t h e soln. becomes d a r k red , a n d l a t e r 
a bas ic ch lor ide is depos i t ed , a n d fer rous ch lor ide a n d h y d r o g e n a re p r o d u c e d . 
A . H o e n i g a d d e d t h a t t h e r e d u c t i o n is c o m p l e t e , a n d t h a t , a s in t h e case of mag­
n e s i u m a n d z inc , s o m e i ron is depos i t ed . T h e so lub i l i ty of a l u m i n i u m in soln. of 
ferr ic ch lo r ide w a s s t u d i e d b y W . Hel le r . P . Schulz o b s e r v e d a s low r e d u c t i o n of 
ferr ic ch lo r ide i n a c e t o n e soln. ; a n d J . Sch rode r , in p y r i d i n e soln. F . B u r k e r t , a n d 
H . H . P o t t e r a n d W . S u c k s m i t h u s e d a soln. of ferr ic ch lor ide for p r o d u c i n g a film 
o n a l u m i n i u m , a n d a lso for e t c h i n g t h e m e t a l . M. A. P a r k e r a n d H . P . A r m e s said 
t h a t t h e r e d u c t i o n of ferr ic ch lo r ide i n h y d r o c h l o r i c ac id soln. b y a l u m i n i u m is 
inf luenced b y a m a g n e t ; a n d S. S. B h a t n a g a r a n d co -worke r s sa id t h a t , un l ike t h e 
case w i t h z inc , t h e r e d u c t i o n b y a l u m i n i u m is acce l e r a t ed i n a m a g n e t i c field. 
M. I i oeb , a n d F . A . Wolff o b t a i n e d n e g a t i v e r e s u l t s i n s imi la r cases of r e d u c t i o n . 

G. W e t z l a r , a n d J . N a p i e r o b s e r v e d t h a t a soln. of ferric ch lor ide is r e d u c e d b y 
t in t o fe r rous ch lo r ide a t o r d i n a r y t e m p . H . Schi ld sa id t h a t t h e cond i t ions de te r ­
m i n e w h e t h e r s t a n n i c o r s t a n n o u s ch lor ide is f o rmed . W . He l l e r s t ud i ed t h e r a t e 
of d i s so lu t ion of t i n i n a n a q . soln. of ferr ic ch lo r ide . R . K r e m a n n a n d F . Noss 
d i scussed t h e r e a c t i o n S n - i - 2 F e C l 3 = S n C l 2 - + - 2 F e C l 2 . W . Bi l t z a n d W . Ho lve r sche i t 
f o u n d t h a t w i t h a 6 p e r c e n t . so ln . of FeCl 3 , a n d 25 p e r cen t , of HCI , n o h y d r o g e n 
i s d e v e l o p e d , a n d t h e r e a c t i o n p r o c e e d s S n + 4 F e C l 3 = S n C I 4 H - 4 : F e C I 2 , w i t h h ighe r 
c o n c e n t r a t i o n s of ac id , h y d r o g e n is deve loped , a n d w i t h h ighe r c o n c e n t r a t i o n s of 
ferr ic ch lo r ide , t h e speed of t h e r e a c t i o n is r e d u c e d . P . Schulz obse rved t h a t t i n 
s lowly r e d u c e s a so ln . of ferr ic ch lo r ide i n a c e t o n e ; a n d J . Schroder , a soln. in 
p y r i d i n e . I . A . L o s n e r sa id t h a t a s a t . a q . soln . of ferric ch lor ide dissolves t in , a n d 
W . H e l l e r s a id t h a t t h e r a t e of soln . is p r o p o r t i o n a l t o t h e t e m p . , a n d t o t h e r a t e 
of s t i r r i ng , b u t t h e t e m p , coeff. of t h e r e a c t i o n is i n d e p e n d e n t of t h e r a t e of s t i r r ing . 
T h e d e - t i n n i n g of i r on b y soln. of ferric ch lor ide w a s discussed b y B . Schul tze , a n d 
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R . Garc ia . G. W e t z l a r , J . Nap ie r , H . Schi ld, a n d G. J . H o u g h f o u n d t h a t l e a d 
r e d u c e s a soln. of ferric t o fer rous chlor ide . J . N a p i e r a d d e d t h a t t h e a c t i o n i n a 
n e u t r a l soln. of ferric chlor ide is soon h i n d e r e d b y t h e f o r m a t i o n of a p r o t e c t i v e 
c r u s t of l ead c h l o r i d e ; a boi l ing soln. a c t s m o r e v igo r ous ly fo rming a d e p o s i t 
of h y d r a t e d ferric ox ide . F . S t o l b a s h o w e d t h a t t h e r e d u c t i o n of t h e ferr ic ch lo r ide 
p roceeds r ap id ly w i t h a hyd roch lo r i c ac id soln . of ferr ic ch lo r ide c o n t a i n i n g s o m e 
s o d i u m chlor ide . P . Schulz sa id t h a t l ead does n o t a c t o n a n a c e t o n e soln. of ferr ic 
chlor ide . 

E . F . S m i t h a n d H . C. B u r r o b s e r v e d t h a t m o l y b d e n u m r a p i d l y r e d u c e s a so ln . 
of ferric t o fer rous chlor ide , a n d m o l y b d e n u m h e x a c h l o r i d e is f o rmed , 6FeCl 3 - f -Mo 
=6FeCl 2 - J -MoCl 6 . C. H . E h r e n f e l d sa id t h a t t h e r e a c t i o n i n v e r y di l . , f eeb ly 
acidified soln. of ferric ch lor ide is c o m p l e t e . O. J o c h e m n o t i c e d t h a t co l lo ida l 
m o l y b d e n u m reduces ferric ch lor ide soln. C. H . E h r e n f e l d f o u n d t h a t t u n g s t e n 
a t t a c k s t h e soln. of ferr ic ch lor ide w i t h difficulty. H . Schi ld o b s e r v e d t h a t 
m a n g a n e s e r educes 0 I j V - F e C l 3 a t o r d i n a r y t e m p , f o r m i n g fe r rous a n d m a n g a n o u s 
chlor ides . 

G. W e t z l a r , a n d J . N a p i e r o b s e r v e d t h a t i ron r e d u c e s a n a q . soln . of ferr ic 
chlor ide ; a n d J . T h o m s e n g a v e for t h e r e a c t i o n 2 F e C l 3 - f - F e = 3 F e C l 2 + 4 4 - 4 1 CaIs. 
O b s e r v a t i o n s were a lso m a d e b y T . A n d r e w s , a n d M. B e r t h e l o t ; a n d M. Tro i l ius 
f o u n d t h a t w i t h c o m m e r c i a l i ron , t h e i ron ox ide , s u l p h i d e , a n d p h o s p h i d e , si l ica, 
a n d c a r b o n r e m a i n a s a res idue , w h i l s t t h e i r o n dissolves i n t h e cone . soln. of ferr ic 
ch lor ide . W . S p r i n g t h o u g h t t h a t a l t h o u g h ferric ch lor ide soln. r e a d i l y a t t a c k 
o r d i n a r y i ron , i t will p r o b a b l y n o t dissolve pur i f ied i r on . T h e speed of t h e r e a c t i o n 
increases w i t h inc reas ing d i lu t ion of t h e soln. , a n d w i t h less t h a n 80 g r m s . of ferr ic 
ch lor ide t o 100 of w a t e r , t h e r e a r e t w o different r e a c t i o n s i n v o l v e d : (i) t h e d i r e c t 
d i sso lu t ion of i ron , a n d (ii) t h e a c t i o n of h y d r o c h l o r i c acid, p r o d u c e d b y h y d r o l y s i s , 
o n t h e i r o n — t h e l a t t e r r eac t ion is a c c o m p a n i e d b y t h e e v o l u t i o n of h y d r o g e n . 
W i t h 0-IiV^-FeCl3, H . Schi ld o b t a i n e d a depos i t of a bas ic ch lor ide . T h e r e a c t i o n 
w a s also s t u d i e d b y T. A . Losner , W . Jufereff, D . J . Carnegie , W . H . C a r o t h e r s a n d 
R . A d a m s , a n d R . G. v a n N a m e a n d D . TJ. Hi l l . D . A. M c l n n e s a n d A. W . Cont ie r i 
o b s e r v e d t h a t b y dec reas ing t h e e x t e r n a l p res s . , t h e r e is a s lowing d o w n of t h e 
r e a c t i o n a t t e n d e d b y t h e l i be ra t i on of h y d r o g e n , a n d a n inc rease in t h e y ie ld of 
f e r rous ch lor ide ; in a feebly ac id ic soln. , r e d u c i n g t h e p ress , f rom 760 t o 8O m m . 
inc reased t h e y ie ld of fe r rous ch lor ide five t i m e s . A. F . Geh len o b s e r v e d t h a t i r o n 
r e d u c e s ferric t o fe r rous ch lor ide in e t h e r e a l soln . M. A. P a r k e r a n d H . P . A r m e s 
s h o w e d t h a t t h e r e d u c t i o n of a n hyd roch lo r i c ac id soln. of ferr ic ch lor ide , b y me ta l l i c 
i r o n o r a l u m i n i u m , a n d t h e r e d u c t i o n of p e r m a n g a n a t e in ac id soln . b y me ta l l i c i r on , 
a r e h a s t e n e d i n t h e m a g n e t i c field, t h e r e b e i n g a defini te r e l a t i o n s h i p b e t w e e n t h e 
e x t e n t of r e d u c t i o n a n d t h e s t r e n g t h of t h e field. T h e p h e n o m e n a o b s e r v e d d u r i n g 
t h e r e d u c t i o n of ferr ic ch lor ide in hyd roch lo r i c ac id soln . b y m a g n e s i u m a r e a t t r i b u t e d 
t o t h e f o r m a t i o n of a m a g n e t i c depos i t o n t h e m e t a l . T h e effect of s t i r r ing t h e so ln . 
d u r i n g r e d u c t i o n d imin i shes t h e difference i n t h e e x t e n t of r e d u c t i o n i n a g iven 
t i m e in a n d o u t of t h e field. S. S. B h a t n a g a r a n d co -worke r s f o u n d t h a t t h e r e d u c ­
t i o n of ferr ic ch lor ide soln. b y i ron , a n d a l u m i n i u m is a cce l e r a t ed b y a m a g n e t i c 
field. M. L»oeb, a n d F . A . Wolff o b t a i n e d n e g a t i v e r e s u l t s i n e x a m i n i n g t h e effect 
of a m a g n e t i c field o n t h e r e d u c t i o n a n d o x i d a t i o n of i r on sa l t s . J . N a p i e r f o u n d 
t h a t a n e u t r a l , a q . so ln . of ferr ic ch lor ide is q u a n t i t a t i v e l y r e d u c e d b y coba l t o r 
n i c k e l t o fe r rous c h l o r i d e ; a n d s imi la r r e su l t s were o b t a i n e d b y H . Schi ld , 
H . H . P o t t e r a n d W . S u c k s m i t h , H . N. H u n t z i c k e r a n d Li. K a h l e n b e r g , a n d 
H . S. R a w d o n a n d M. G. L o r e n t z . P . Schulz f o u n d t h a t c o b a l t a n d n icke l d o n o t 
a c t on ferric ch lor ide i n a c e t o n e soln. . 

C. S t . P i e r r e , a n d R . B o t t g e r f o u n d t h a t a di l . , feebly ac id soln . of ferric ch lo r ide 
i s r e d u c e d t o fe r rous ch lo r ide b y boi l ing w i t h pa l l ad ium r a t h e r m o r e q u i c k l y t h a n 
i s t h e case w i t h p l a t i n u m : P d + 2 F e C l 3 = P d C l 2 + 2 F e C l 2 . T h e t r a n s f o r m a t i o n is 
q u a n t i t a t i v e ; a n d A . C. C h a p m a n o b s e r v e d t h a t if t h e p a l l a d i u m b e c h a r g e d w i t h 
h y d r o g e n , t h e r e d u c t i o n o c c u r s w i t h o u t *the p a l l a d i u m disso lv ing—v ide supra, 
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h y d r o g e n . A c c o r d i n g t o A. B e c h a m p a n d C. S t . P i e r r e , C. S t . P i e r r e , D . T o m m a s i , 
H . Schi ld , a n d P . N i c o l a r d o t , p l a t i n u m is d i sso lved b y a soln . of ferric c h l o r i d e : 
P t - f -2FeCl 8 —PtCl^ - J -FeCl 2 . F r e s h l y p r e c i p i t a t e d p l a t i n u m , i ndeed , is c o m p l e t e l y 
d i s so lved i n IO m i n s . b y t h e bo i l ing soln. , p l a t i n u m sponge w h i c h h a s b e e n h e a t e d 
t o r e d n e s s d i sso lves g r a d u a l l y i n a h y d r o c h l o r i c a c id soln . of ferric ch lor ide . 
J . N a p i e r , D . J . Ca rneg ie , a n d C. Mar i e r e p o r t e d t h a t ferric ch lor ide is n o t r e d u c e d 
b y p l a t i n u m — v i d e supra, h y d r o g e n . E . B a u r n o t e d t h a t 5 t o 10 c. m m . of gas , 
p r o b a b l y o x y g e n , is d e v e l o p e d -when p l a t i n u m g a u z e is d i p p e d i n 10 c.c. of -M-FeCl3 . 
B . H . B u x t o n a n d O. T e a g u e , a n d H . D . M u r r a y s t u d i e d t h e coagu la t ion of col loidal 
so ln . of p l a t i n u m b y ferr ic ch lo r ide . C. R . A . W r i g h t a n d C. T h o m p s o n found t h a t 
a cell w i t h p l a t i n u m p l a t e s r e spec t i ve ly i n a n a lka l ine soln . a n d i n a n ac id soln. 
of ferr ic ch lo r ide furn ishes a c u r r e n t , a n d o x y g e n is g iven off f rom t h e a lka l ine 
soln. , a n d h y d r o g e n f r o m t h e ac id soln . 

F o r t h e a c t i o n of a lkal i hydrox ides , vide supra, t h e a n a l y t i c a l r e a c t i o n s of i ron . 
TJ. JJ. d e K o i i m c k f o u n d t h a t c u p r o u s ox ide r e a c t s w i t h a n acidified soln. of ferric 
ch lo r ide : C u 2 O + 2 F e C l 3 + 2 H C l = = 2 C u C l 2 + 2 F e C l 2 + H 2 O ; a n d R . K . M e a d e 
o b t a i n e d a n a n a l o g o u s r e su l t w i t h cuprous hydroxide . O. Ruff a n d B . H i r s c h , 
K . L i s t , a n d E . K o p p o b s e r v e d t h a t cupric ox ide r a p i d l y d e c o m p o s e s a n e u t r a l , a q . 
soln. of ferr ic ch lo r ide fo rming a b r o w n , cupr i f e rous p r e c i p i t a t e . 

E . K o t h n y f o u n d t h a t a n h y d r o u s ferr ic ch lor ide r e a c t s r a p i d l y w i t h cupr i c o x i d e , 
3 C u O + 2 F e C l 3 = 3 C u C l 2 + F e 2 O 3 ; a n d a t 600°, t h e r e a c t i o n is c o m p l e t e d in 15 m i n s . 
A . B e c h a m p o b s e r v e d t h a t "with cupric hydrox ide d i s so lved i n t h e soln. of 
ferr ic ch lor ide , h y d r a t e d ferr ic o x i d e is p r e c i p i t a t e d , a n d s u b s e q u e n t l y d issolved. 
A soln . w i t h a m o l of ferr ic ch lo r ide t a k e s u p 1*25 m o l of cup r i c ox ide . T h e 
a d d i t i o n of c u p r i c ch lo r ide t o t h e s a t . soln. p r e c i p i t a t e s t h e i ron . N . P a p p a d a 
a lso n o t e d t h e p e p t i z a t i o n of c u p r i c h y d r o x i d e b y a soln . of ferr ic ch lor ide . 
P . N i c o l a r d o t f o u n d t h a t s i lver ox ide p r e c i p i t a t e s h y d r a t e d ferric ox ide f rom a 
di l . so ln . of ferr ic ch lo r ide . A . D a u b r e e f o u n d t h a t t h e v a p o u r of ferric ch lor ide 
p a s s e d o v e r c a l c i u m ox ide y ie lds c ry s t a l s of h a e m a t i t e ; a n d J . M. v a n B e m m e l e n 
a n d E . A . K l o b b i e sa id t h a t t h e p r o d u c t is ca l c ium ferr i te , n o t haemat i t e . A . B e c h a m p 
o b s e r v e d t h a t z i n c ox ide b e h a v e d v e r y m u c h l ike cupr i c h y d r o x i d e . J . V o l h a r d 
n o t e d t h a t z inc o x i d e c o m p l e t e l y p r e c i p i t a t e s h y d r a t e d ferr ic ox ide m i x e d w i t h 
s o m e z inc ox ide f r o m a soln . of ferr ic ch lor ide a t o r d i n a r y t e m p . P . N ico l a rdo t 
f o u n d t h a t a so ln . of ferr ic ch lo r ide d i sso lved a l i t t l e ove r 1 p e r cen t , of z inc ox ide , 
a n d t h e soln . g a v e a ye l low p r e c i p i t a t e w h e n w a r m e d . O. Ruff a n d B . H i r sch , 
a n d N . P a p p a d a n o t e d t h e p e p t i z a t i o n of z i n c hydroxide b y a soln. of ferric 
c h l o r i d e ; a n d s imi l a r ly also w i t h c a d m i u m hydroxide . N . G. Cha t t e r j i a n d 
N . R . D h a r f o u n d t h a t a n a lka l i ne so ln . of a lka l i z inca te p r e c i p i t a t e s f rom ferric 
ch lo r ide h y d r a t e d ferr ic o x i d e c o n t a m i n a t e d w i t h z inc h y d r o x i d e . H . R o s e 
o b s e r v e d t h a t m e r c u r i c ox ide i n excess p r e c i p i t a t e s al l t h e i r on a s h y d r a t e d 
ferr ic o x i d e f rom a soln . of ferr ic ch lor ide , a n d m e r c u r i c oxych lo r ide is f o r m e d a t 
t h e s a m e t i m e ; J . V o l h a r d a lso f o u n d t h a t t h e r e a c t i o n is q u a n t i t a t i v e a t o r d i n a r y 
t e m p . , a n d u t i l i zed i t i n t h e s e p a r a t i o n of i r o n f rom m a n g a n e s e ; a n d t h e process 
w a s s t u d i e d b y P . N i c o l a r d o t , C. Meineke , E . F . S m i t h a n d P . H e y l , B . F inz i , 
O. Ruff a n d B . H i r s c h , a n d C. Z i m m e r m a n n . A . Mai lhe a d d e d t h a t t h e p r e c i p i t a t e 
i s ferr ic o x y c h l o r i d e , n o t h y d r o x i d e . N . P a p p a d a s t u d i e d t h e p e p t i z a t i o n of 
mercuric hydroxide by soln. of ferric chloride. 

A. B e c h a m p f o u n d t h a t n e u t r a l , a q . soln . of ferric ch lor ide s lowly dissolve 
f r e sh ly p r e c i p i t a t e d a l u m i n i u m hydrox ide ; h y d r a t e d ferric ox ide is p r ec ip i t a t ed , 
a n d t h e soln . is g r a d u a l l y decolor ized . T h e r e a c t i o n w a s s t u d i e d b y 
E . A . Schen ide r , a n d N . P a p p a d a . T h e so-cal led ferric-alumina used as a c o a g u l a n t 
i n wa t e r - so f t en ing is e s sen t i a l ly a col loidal soln. of a l u m i n a p e p t i z e d b y ferric 
ch lo r ide . I t w a s d i scussed b y W . D . Ha t f i e ld , A . R . Moberg , A . R . Moberg a n d 
E . M. P a r t r i d g e , !L. B . Miller, E . J . T h e r i a u l t a n d W . M. Clark . N . G. Cha t te r j i 
a n d N . R . D h a r o b s e r v e d t h a t a n a lka l i soln. of a lkal i a l u m i n a t e p r ec ip i t a t e s 
h y d r a t e d ferr ic o x i d e m i x e d w i t h h y d r a t e d a l u m i n a f rom a soln. of ferric chlor ide . 
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P . N i c o l a r d o t obse rved t h a t l ead ox ide p r e c i p i t a t e s h y d r a t e d ferric o x i d e . 
A . B e c h a m p sa id t h a t c h r o m i c hydroxide does n o t d issolve i n a n e u t r a l soln . of 
ferric chlor ide , a l t h o u g h a dil . soln. m a y b e co lou red o l ive-green, o r b r o w n i s h -
g reen ; b u t N . P a p p a d a found t h a t c h r o m i c h y d r o x i d e i s d i s so lved b y cone . so ln . 
of ferric chlor ide . A. G e u t h e r o b s e r v e d t h a t w h e n a m i x t u r e of a n h y d r o u s fer r ic 
chlor ide a n d c h r o m i u m trioxide is h e a t e d , c h r o m y l ch lo r ide is f o r m e d : 2 F e C l 8 
+ 3 C r O 3 ^ F e 2 O3-+-3CrO2Cl2 ; a n d E . C o m a n d u c c i o b s e r v e d t h a t c h r o m y l ch lo r ide 
is o b t a i n e d b y h e a t i n g a m i x t u r e of p o t a s s i u m d i c h r o m a t e , ferr ic ch lo r ide , a n d 
cone, su lphur i c ac id . N . Gr. C h a t t e r j i a n d N . R . D h a r o b s e r v e d t h a t w i t h a n 
a lka l ine soln. of alkali c h r o m i t e , h y d r a t e d ferr ic ox ide m i x e d w i t h h y d r a t e d 
ch romic oxide is p r e c i p i t a t e d . A . G e u t h e r f o u n d t h a t t h e r e a c t i o n of m o l y b d e n u m 
trioxide resembles t h a t w i t h c h r o m i u m t r i o x i d e ; a n d l ikewise a l so w i t h t u n g s t e n 
trioxide. O. Ruff a n d B . H i r s c h n o t e d a r e a c t i o n w i t h m a n g a n o u s hydrox ide ; 
a n d W . Spr ing a n d G. d e B o e c k f o u n d t h a t h y d r a t e d m a n g a n i c o x i d e d issolves i n 
a q . soln. of ferric ch lor ide . T h e a c t i o n of ferric ox ide a n d hydrox ide o n soln . 
of ferric chlor ide is d iscussed in connec t i on w i t h t h e h y d r o s o l , a n d h y d r o g e l of 
ferric oxide . M. K u h a r a found t h a t w h e n p r e c i p i t a t e d ferric h y d r o x i d e is boi led 
for a long t i m e in 2O p e r c e n t . soln . of ferr ic ch lor ide , haemat i t e is f o r m e d . 
C. A. O. Rosel l o b s e r v e d t h a t ferric ch lor ide is c o m p l e t e l y d e c o m p o s e d b y b a r i u m 
ferrate, g iv ing off ch lor ine , a n d o x y g e n , a n d fo rming ferric h y d r o x i d e a n d b a r i u m 
chlor ide . O. Ruff a n d B . H i r s c h , a n d N . P a p p a d a f o u n d t h a t cobal t hydrox ide , 
l ike ferr ic h y d r o x i d e , is p e p t i z e d b y a soln. of ferr ic ch lor ide ; a n d s imi la r ly w i t h a 
soln. of n i cke l hydroxide . E . M. W a l t o n o b s e r v e d t h a t w h e n t h e h e x a h y d r a t e is 
t r i t u r a t e d w i t h h e x a h y d r a t e d c a l c i u m c h l o r i d e l iquefac t ion occurs . J . S c h r o d e r 
f ound t h a t in p y r i d i n e soln. ferric ch lor ide is c o m p l e t e l y r e d u c e d t o fe r rous ch lor ide 
b y c u p r o u s chloride. R . R o s e n d a h l s t u d i e d t h e r eac t i on . G. H e r r m a n n , a n d 
S. G. R a w s o n found t h a t c u p r o u s ch lor ide r ead i l y dissolves i n a feebly acidified 
soln. of ferric chlor ide—vide infra ; a n d C. W i n t h e r o b s e r v e d t h a t t h e r e d u c t i o n 
CuCl+FeCl 3-^= FeCl 2 - I -CuCl 2 is q u a n t i t a t i v e ; h e also f o u n d t h a t mercUTOUS 
Chloride dissolves in a w a r m soln. of ferric ch lor ide fo rming fe r rous a n d m e r c u r i c 
ch lor ides . T h e r e a c t i o n is c o m p l e t e b u t s low a t r o o m t e m p . , a n d in u l t r a -v io l e t 
l ight , t h e r eac t i on is revers ib le . T h e r e a c t i o n w a s found b y J . W o o s t t o b e 
acce l e ra t ed b y hydroch lo r i c ac id . G. Ca robb i f ound t h a t m o l y b d e n u m trichloride 
r educes ferric t o fe r rous sa l t s ; a n d W . W a r d l a w a n d R . Ia. W o r m e l l o b t a i n e d a 
s imi la r r e su l t w i t h m o l y b d e n u m o x y c h l o r i d e , MoOCl . F . B e c k m a n n sa id t h a t 
ferr ic chlor ide is inso luble in c h r o m y l chlor ide ; a n d F . E . B r o w n a n d J . E . S n y d e r , 
inso lub le in v a n a d i u m oxytrichloride . F e r r i c ch lor ide i n a q . soln. is r e d u c e d b y 
s t a n n o u s chloride : 2FeCl 3 - J - S n C l 2 = 2 F e C l 2 -J-SnCl4 . L . K a h l e n b e r g said t h a t t h e 
r eac t i on is b imolecu la r in ac idic soln. , a n d A. A . N o y e s found i t t o be t r imo lecu l a r . 
T h e r eac t ion S n " + 2 F e * " w a s s t u d i e d b y F . G. Soper , W . C. B r a y a n d M. H . Gor in , 
I J . V. P i s a r h e v s k y , a n d M. A. R o s e n b e r g ; a n d W . F . Timofeeff a n d co -worke r s 
i n v e s t i g a t e d t h e acce le ra t ing a c t i o n of n e u t r a l s a l t s o n t h e r e d u c t i o n of ferr ic 
ch lor ide b y s t a n n o u s ch lor ide . W . S c h l u t t i g t i t r a t e d so ln . of s t a n n o u s ch lo r ide 
w i t h ferric chlor ide , us ing ind igo -ca rmine a s i n t e r n a l i n d i c a t o r . E . M. W a l t o n 
f o u n d t h a t w h e n t h e h y d r a t e S n C l 2 . 2 H 2 O is t r i t u r a t e d w i t h t h e h e x a h y d r a t e l ique­
fac t ion occurs . T h e a c t i o n of s t a n n o u s chlor ide o n ferric ch lo r ide i n a c e t o n e soln . 
w a s found b y P . Schu lz t o be s imi lar t o t h a t i n a q . so ln . ; l ikewise b y A. Schier , i n 
ace ton i t r i l e soln. ; b y E . B u s c h , i n m e t h y l a l soln. ; a n d b y J . Sch rode r , i n p y r i d i n e 
soln. , fo rming a c o m p l e x sa l t . Li. F . Ni l son o b s e r v e d t h a t hydrochloroplatinOUS 
ac id r educes ferr ic t o fe r rous chlor ide ; a n d hydrochloroplat i i i i c a d d f o rms a 
c h l o r o p l a t i n a t e . P . Schulz o b s e r v e d a d i r t y w h i t e p r e c i p i t a t e of s i lver ch lo r ide is 
p r o d u c e d w h e n s i lver n i trate is a d d e d t o a n a c e t o n e soln . of ferr ic ch lo r ide ; a n d 
E . B u s c h , a w h i t e p r e c i p i t a t e i n soln. of ferric ch lo r ide in m e t h y l a l . E . M. W a l t o n 
f o u n d t h a t w h e n t h e h e x a h y d r a t e , o r t h e h e m i p e n t a h y d r a t e is t r i t u r a t e d w i t h 
enneahydrated ferric nitrate* liquefaction occurs. 

A q . soln . of ferr ic ch lor ide d issolve su lph ide s of t h e h e a v y m e t a l s w h e n as s i s t ed 
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b y h e a t . T h e a c t i o n of a lkal i su lph ides h a s been d iscussed prev ious ly—v ide supra, 
t h e ' a n a l y t i c a l r e a c t i o n s of i ron . E . K o t h n y found t h a t t h e a n h y d r o u s chlor ide 
a t 230° i n a n indi f ferent gas r e a c t s c o m p l e t e l y w i t h cuprous sulphide i n acco rd w i t h 
4 F e C l 3 + C u 2 S = 4 F e C l 2 + 2 C u C l 2 + S . J . B . C a m m e r e r found c u p r o u s su lph ide is 
a t t a c k e d a t o r d i n a r y t emp, b y a n a q . soln. of ferric ch lor ide , a n d a l i t t l e gas is 
g iven off b y w a r m so ln .—ei the r a t 100°, o r in a sea led t u b e a t 120°—the r e a c t i o n 
occu r s i n t w o s t a g e s : C u 2 S + 2 F e C l 3 = C u C l 2 + 2 F e C l 2 + C u S , a n d CuS-+-2FeCl3 
— C u C l 2 + 2 F e C l 2 + S . J . B . C a m m e r e r sa id t h a t n o c u p r o u s ch lor ide is fo rmed , b u t 
L.. G a b b a r e p r e s e n t e d t h e r e a c t i o n : 2 F e C l 3 + C u 2 S = - 2 F e C l 2 - f - 2 C u C l 4 -S . T h e 
r e a c t i o n w a s s t u d i e d b y E . F . A n t h o n , E . Bursche l l , a n d J . H a n u s . J . B . C a m m e r e r 
r e p r e s e n t e d t h e r e a c t i o n of a 3 p e r c e n t . soln. of ferr ic ch lor ide on cupric sulphide a t 
o r d i n a r y t e m p . , C u S + 2 F e C l 3 = C u C l 2 + 2 F e C l 2 + S ; w i t h a boi l ing soln. , some h y d r o ­
g e n s u l p h i d e a n d s u l p h u r d iox ide a r e fo rmed . S imi la r r e su l t s were o b t a i n e d in a sealed 
t u b e a t 120°. T h e r e a c t i o n w a s s t u d i e d b y E . F . A n t h o n , E . Bursche l l , a n d J . H a n u s . 
T h e u t i l i z a t i o n of t h e r e a c t i o n s in t h e e x t r a c t i o n of c o p p e r f rom u n r o a s t e d su lph ide 
ores w a s d i scussed b y O. C h a l a n d r e , E . C u m e n g e a n d R . W i m m e r , F . N . F l y n n 
a n d R . H . H a t c h e t t , E . K o p p , a n d G. P . S c h w e d e r ; J . B . C a m m e r e r r e p r e s e n t e d 
t h e a c t i o n of a 3 p e r c e n t . soln. of ferr ic ch lo r ide on s i lver su lphide b y t h e e q u a t i o n : 
A g 2 S + 2 F e C l 3 = = 2 A g C l + 2 F e C l 2 + S . E . F . A n t h o n also s t u d i e d t h e r e a c t i o n of 
t h e soln. o n s i lver su lph ide , a n d on c a d m i u m sulphide . F . F i e ld found t h a t 
n e u t r a l o r ac id ic soln . of ferr ic ch lor ide w h e n boi led for a long t i m e w i t h 
mercur ic su lphide f o r m m e r c u r i c a n d fer rous chlor ides , a n d su lphu r , a n d , a d d e d 
J . B . C a m m e r e r , w i t h t h e i n t e r m e d i a t e f o r m a t i o n of 2 H g S - H g C l 2 . J . B . C a m m e r e r 
r e p r e s e n t e d t h e a c t i o n of a boi l ing, n e u t r a l soln. of ferric ch lor ide on s t a n n o u s 
Sulphide b y t h e e q u a t i o n : S n S + 4 F e C l 3 - S n C l 4 + 4 F e C l 2 + S ; a n d o n s t ann ic 
su lphide : S n S 2 + 4 F e C l 3 = S n C l 4 + 4 F e C l 2 + 2S . T r a c e s of su lphu r i c ac id a re a lso 
f o r m e d ; a n d s o m e s t a n n i c h y d r o x i d e a p p e a r s a s a resu l t of t h e hydro lys i s of 
t h e s t a n n i c ch lo r ide . E . F . A n t h o n obse rved t h a t p r e c i p i t a t e d l ead su lph ide 
r e a c t s w i t h a boi l ing soln . of ferric ch lor ide . T h e r e a c t i o n w a s s t u d i e d b y 
J . B . C a m m e r e r , D . J . Carnegie , A . Leval lo is , a n d T . R i e c k h e r ; a n d L . G a b b a 
r e p r e s e n t e d t h e r e a c t i o n b y t h e e q u a t i o n : 2 F e C l 3 + P b S = ^ 2 F e C l 2 + P b C l 2 + S . 
E . F . A n t h o n s t u d i e d t h e a c t i o n of a soln. of ferric ch lor ide on m a n g a n e s e sulphide ; 
a n d J . B . C a m m e r e r r e p r e s e n t e d t h e a c t i o n of a 3 p e r cen t . soln. b y t h e e q u a t i o n : 
M n S + 2 F e C l 3 = M n C l 2 + 2 F e C l 2 + S ; a n d w i t h ferrous s u l p h i d e : F e S + 2 F e C l 3 
= 3 F e C l 2 + S . If t h e fe r rous su lph ide h a s been o b t a i n e d b y a h igh t e m p , process , 
t h e r a t e of d i s so lu t ion is s low ; a n d M. Troi l ius a d d e d t h a t w h e n a cold, n e u t r a l , 
cone . so ln . of ferr ic ch lo r ide is u s e d a s a n e t c h i n g l iqu id for i ron o r s teel , t h e pa r t i c l e s 
of i n c l u d e d fe r rous s u l p h i d e a r e n o t a t t a c k e d . J . B . C a m m e r e r r e p r e s e n t e d t h e 
a c t i o n of a boi l ing, 3 p e r c e n t . soln . of ferric ch lor ide o n i ron disulphide, or p y r i t e , 
b y t h e e q u a t i o n : F e S 2 + 2 F e C l 3 = 3 F e C l 2 + 2 S ; chalcopyri te is also p a r t i a l l y 
d e c o m p o s e d . H . N . S tokes , a n d W . W a r d l a w a n d F . H . Clews found t h a t h o t soln. 
of ferr ic ch lor ide a r e r e d u c e d b y p y r i t e o r marcas i t e , a n d s o m e su lphur i c ac id is 
f o r m e d . L . L . d e K o n i n c k r e p r e s e n t e d t h e r e a c t i o n w i t h finely-powdered p y r i t e , 
in a sea led t u b e , a t 170° t o 200°, b y t h e e q u a t i o n : F e S 2 + 1 4 F e C l 3 + 8 H 2 O - 1 5 F e C I 2 
+ 2 H 2 S O 4 + 1 2 H C l . S. I . L e v y a n d G. W . G r a y r e p r e s e n t e d t h e r eac t ion wi th 
a n h y d r o u s ferric ch lor ide a n d p y r i t e a t 500° t o 1000° b y t h e e q u a t i o n : 8FeCl 3 
+ 4 F e S 2 = 1 2 F e C l 2 + 8 S — v i d e p y r i t e a n d p y r r h o t i t e . E . F . A n t h o n , a n d J . B . Cam-
m e r e r s t u d i e d t h e a c t i o n of t h e soln . of ferr ic ch lor ide on cobal t sulphide : CoS 
+ 2 F e C l 8 = C o C l 2 + 2 F e C l 2 + S ; a n d s imi la r r e su l t s were o b t a i n e d w i t h n icke l 
su lphide . 

F . L . B r o w n e , a n d F . L . B r o w n e a n d J . H . M a t h e w s d iscussed t h e t h e r m a l 
v a l u e of t h e r e a c t i o n b e t w e e n s o d i u m su lphate a n d ferric ch lor ide . F . Nico la rdo t 
o b s e r v e d t h a t t h e a d d i t i o n of a lka l i su lphate t o a di l . n e u t r a l , aq . soln. of ferric 
ch lo r ide r e s u l t s i n t h e p r e c i p i t a t i o n of a bas ic s u l p h a t e , b u t t h e r eac t ion is comple te 
o n l y w h e n t h e a c i d i t y of t h e soln . is v e r y sma l l . A boi l ing soln. of a g r a m of i ron 
a s F e C l 8 p e r l i t r e is c o m p l e t e l y p r e c i p i t a t e d b y a g r a m of a m m o n i u m su lphate . 

V O L . x i v . H 
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J . W . R e t g e r s found t h a t a m i x e d soln. of ferr ic ch lor ide a n d a m m o n i u m s u l p h a t e 
depos i t s colourless a m m o n i u m s u l p h a t e on e v a p o r a t i o n . G. L u n g e s t u d i e d t h e 
so lub i l i ty of c a l c i u m sulphate i n soln. of ferr ic ch lo r ide . A c c o r d i n g t o 
Z. KaraoglanofF, bar ium su lphate exh ib i t s a m a r k e d so lub i l i ty in soln. of ferr ic 
ch lor ide which d e p e n d s on t h e cone , of t h e soln. of t h e ferr ic s a l t ; b u t b a r i u m 
s u l p h a t e is insoluble i n soln. of ferr ic ch lor ide c o n t a i n i n g b a r i u m chlor ide . T h e 
adso rp t i on of ferric ch lor ide b y t h e a lka l ine e a r t h s u l p h a t e s w a s s t u d i e d b y 
N . R . D h a r a n d co-workers , a n d L . d e B r o u c k e r e ; a n d J . W . Mellor d iscussed t h e 
bea r ing of th i s in ana ly t i ca l c h e m i s t r y . L . de B r o u c k e r e also s t u d i e d t h e a b s o r p t i o n 
of ferric chlor ide b y b a r i u m s u l p h a t e ; G. L u n g e , t h e so lub i l i ty of l ead su lphate i n 
ferric chlor ide soln. ; M. B e r t h e l o t , t h e t h e r m a l c h a n g e w h i c h a t t e n d s t h e a d m i x t u r e 
of a soln. of ferric chlor ide w i t h m a n g a n e s e su lphate a n d ferrous su lphate ; a n d 
F . G. Be rend , t h e ac t i on of a n e t h e r e a l soln. of ferr ic ch lor ide o n m a n g a n i c a l u m . 
E . M. W a l t o n found t h a t if t h e h e m i p e n t a h y d r a t e is t r i t u r a t e d w i t h h e p t a h y d r a t e d 
fer rous s u l p h a t e , l iquefac t ion occurs . 

T h e ac t ion of t h e frlVftH carbonates o n soln. of ferr ic ch lor ide h a s b e e n discussed 
i n connec t ion w i t h t h e a n a l y t i c a l r e a c t i o n s of i ron . K . F e i s t obse rved t h a t if t h e 
h e x a h y d r a t e b e t r i t u r a t e d w i t h p o w d e r e d c r y s t a l s of s o d i u m c a r b o n a t e , s o m e 
b u b b l i n g occurs , c a r b o n d iox ide is evo lved , a n d a bas ic ferric c a r b o n a t e is f o r m e d . 
H . M e y e r r e p r e s e n t e d t h e r e a c t i o n w i t h copper carbonate b y t h e e q u a t i o n : 
3 C u C O 3 + 2 F e C l 8 + 3 H 2 O = 3 C u C l 2 + 2 F e ( O H ) 3 H-3CO2 , t h e c o p p e r a n d ch lo r ine a r e 
r e t a i n e d v e r y t enac ious ly b y t h e p r e c i p i t a t e . H . R o s e o b s e r v e d t h a t s i lver 
carbonate p r e c i p i t a t e s t h e i ron q u a n t i t a t i v e l y a s ferric h y d r o x i d e m i x e d w i t h 
s i lver ch lor ide . H . Meye r found t h a t c a l c i u m c a r b o n a t e p r e c i p i t a t e s ferr ic 
h y d r o x i d e q u a n t i t a t i v e l y in t h e cold ; a t h i g h t e m p . , i n a sea led t u b e , H . de Sena r -
m o n t , E . S t i r n e m a n n , a n d M. K u h a r a obse rved t h a t c ry s t a l s of ferric ox ide (q.v.) 
a r e fo rmed . C. Meineke s t u d i e d t h e ana logous p r e c i p i t a t i o n of ferric h y d r o x i d e 
with barium carbonate. H. Meyer found t h a t magnesium, zinc, and lead 
carbonates a lso decompose a n a q . soln. of ferr ic ch lor ide ; a n d N . C. Chr i s t ensen 
discussed t h e so lubi l i ty of l ead c a r b o n a t e ores i n a soln. of ferric ch lor ide . M. K u h a r a 
o b t a i n e d m a g n e t i t e a n d haemat i te b y t h e p r o l o n g e d boi l ing of s ide r i t e o r ferrous 
carbonate in a 20 p e r cen t . soln. of ferric ch lor ide . 

T h e c o m p l e x sa l t s of ferric c h l o r i d e . — J . Nickles , a n d P . T . W a l d e n obse rved 
t h a t t h e t e n d e n c y of t h e ferr ic ha l ides t o f o r m c o m p l e x sa l t s w i t h o t h e r ha l ides 
increases a s t h e a t . w t . of t h e h a l o g e n decreases . F . G. D o n n a n a n d H . B a s s e t t 
s t u d i e d t h e t e n d e n c y of ferric ch lor ide t o fo rm c o m p l e x an ions . H . R e m y a n d 
H . J . R o t h e s t u d i e d h o m o p o l a r c o m b i n a t i o n s w i t h t h e co -o rd ina t i on n u m b e r s 
5 a n d 7 ; a n d t h e y a d d e d t h a t t h e co -o rd ina t i on n u m b e r of a n ion r e p r e s e n t s t h e 

n u m b e r of e l ec t rons wh ich m u s t be a d d e d t o t h e 
o u t e r s p h e r e t o b r i n g t h e t o t a l u p t o a v a l u e w h i c h 
r e p r e s e n t s a s t a b l e e lec t ron ic conf igura t ion . 

T h e s e v e n t e e n t h - c e n t u r y w r i t i n g s of Bas i l u s 
V a l e n t i n u s 3 s a id t h a t w h e n a m i x t u r e of r ed v i t r io l 
a n d sal a m m o n i a c is h e a t e d , a s u b l i m a t e is o b t a i n e d 
wh ich de l iquesces i n t o a n oi ly l iqu id . T h i s p r o d u c t 
w a s p r o b a b l y a c o m p l e x s a l t of ferr ic a n d a m ­
m o n i u m chlor ides . C. W . Scheele a lso o b t a i n e d a 
c o m p l e x sa l t of t he se t w o ch lor ides . P . TJ. Geiger , 
C. A. W i n k l e r , a n d C. M. M a r x m a d e a t t e m p t s t o 
o b t a i n a sa l t of u n i f o r m c o m p o s i t i o n f rom m i x e d 
soln . of a m m o n i u m a n d ferric ch lo r ides . T h e y n o t e d 
t h a t t h e c rys ta l l i z ing p o w e r of t h e a m m o n i u m ch lo r ide 

w a s f a v o u r e d b y t h e p r e s e n c e of ferr ic ch lor ide so t h a t i n s t e a d of d e n d r i t e s , cub i c 
c r y s t a l s w e r e f o r m e d . T h e m i x t u r e o b t a i n e d b y e v a p o r a t i n g a soln . of t h e t w o s a l t s 
w a s for a t i m e ca l led fiores salts amrnoniaci martiales. O . L e h m a n n o b s e r v e d t h a t 
t h e t w o s a l t s o n s low c ry s t a l l i z a t i on f o r m a ser ies of solid soln. ; a n d t h i s w a s 

6 & /0 /? /4 /6 18 
MoIs NH,CL per MO molsHg0 

F I G . 587.—Equilibrium in the 
Mixed Solutions of Ammo­
nium and. Ferric Chlorides. 
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conf i rmed b y J . W . R e t g e r s . . A c c o r d i n g t o J . F r i t z s c h e , t h e e v a p o r a t i o n of a soln. 
of a m m o n i u m ch lo r ide w i t h a l a rge excess of ferr ic ch lor ide , o v e r s u l p h u r i c acid , 
furn ishes red , r h o m b i c c ry s t a l s of a m m o n i u m ferric pentachlor ide , or ammonium 
pentachloroferrctie, (NH 4 J 2 FeCl 5 -H 2 O* "which m i g h t be m i s t a k e n for o c t a h e d r a . 
T h e s a l t is n o t d e c o m p o s e d b y w a t e r l ike t h e c o r r e s p o n d i n g p o t a s s i u m sa l t . T h e 
c r y s t a l s were p r e p a r e d b y P . T . W a l d e n , a n d G. N e u m a n n . C. H e n s g e n o b t a i n e d i t 
b y t h e a c t i o n of h y d r o g e n ch lor ide o n a soln. of a m m o n i u m i ron a l u m . F . A . G e n t h 
o b s e r v e d t h a t o n e v a p o r a t i n g t h e m i x e d soln. a t 15° t o 20°, r egu l a r o c t a h e d r a were 
fo rmed , b u t a t 25° t o 40°, t h e s e c r y s t a l s a r e t r a n s f o r m e d i n t o h e m i p r i s m a t i c c ry s t a l s , 
wh ich , on e x p o s u r e t o a i r , r e t u r n t o t h e i r o r ig ina l fo rm. F . W . J . C lend innen cou ld 
n o t conf i rm t h e ex i s t ence of t h i s sa l t , 2 N H 4 C l . F e C l 3 . H 2 O . R . C. W a l l a c e d i scussed 
t h e sa l t s i s o m o r p h o u s w i t h ( N H 4 ) . ,FeCl5 . H 2 O ; a n d G. Ca robb i , t h e i s o m o r p h i s m 
of t h e sa l t w i t h ( N H 4 ) 2 MoCl 5 . H 2 O . ' E . C. F e y t i s , T . I s h i w a r a , a n d K . H o n d a a n d 
T . I s h i w a r a g a v e for t h e m a g n e t i c suscep t ib i l i t y of 2 N H 4 C l . F e C l 3 . H 2 O : 

— 179-8° —108-4° —21-9° 0° 53-6° I86 0 0 392 9° 
X X 1 0 G . . 1 3 2 - 7 79-,r> 5 4 - 3 4 9 9 4 3 - 2 3 2 - 6 2 2 - 8 

J . I J . C Schroede r v a n d e r K o I k supposed t h a t t h e solid soln. of t h e t w o sa l t s 
a r e i s o m o r p h o u s m i x t u r e s of a m m o n i u m ch lor ide w i th a r egu l a r modi f ica t ion of 

Via. 5 8 8 . — K q u i l i b r i u m in t h e T e r n a r y F i a . 589 .— !Equi l ib r ium in t h e T e r n a r y 
S y s t e m : N I T 4 C l - F e C l 8 - H 2 O , a t 25° . S y s t e m : N H 4 C l - F e C l 3 - H a O , a t 60°.* 

ferric ch lor ide , poss ib ly F e C l 3 . 4 H 2 O ; b u t t h i s h y p o t h e s i s w a s c o n t e s t e d b y 
J . W . R e t g e r s . A. R i t z e l a lso r e g a r d e d t h e p r o d u c t a s a solid soln. of a m m o n i u m 
a n d ferr ic ch lor ides , a n d a d d e d t h a t p o t a s s i u m s u l p h a t e o r s o d i u m n i t r a t e i n t h e 
soln . does n o t a p p e a r in t h e c r y s t a l s . D . Balareff also d iscussed t h e s u b j e c t . 
E . C. J . M o h r i n v e s t i g a t e d t h e m u t u a l solubil i t ies a t 15°, 25°, 35° , a n d 45° . F o u r 
p h a s e s were o b s e r v e d : (i) h y d r a t e d ferric ch lor ide ; (ii) J . F r i t z s c h e ' s doub le sa l t ; 
(iii) a series of solid soln . ; a n d (iv) a m m o n i u m chlor ide . T h e a m m o n i u m chlor ide 
c o n t e n t a t t h e t r i p l e p o i n t (1*2), a n d t h e ferr ic ch lo r ide a t t h e t r ip le p o i n t (2*3) 
a r e r e spec t ive ly a l m o s t unaffec ted b y t e m p . , so t h a t t h e t r i p l e p h a s e c u r v e s c u t 
a t a b o u t —15° , p r o b a b l y w h e r e t h e d o u b l e s a l t p h a s e m u s t d i s appea r . N o definite 
conc lus ions were o b t a i n e d w i t h r e spec t t o t h e solid soln. , b u t t h e y a r e r e g a r d e d as 
i s o m o r p h o u s m i x t u r e s of a m m o n i u m chlor ide a n d J . F r i t z s c h e ' s doub le sa l t . T h e 
solid soln . we re d i scussed b y A. C. D . R i v e t t a n d F . W . J . C lend innen , Gr. B r u n i , 
A . R i t ze l , a n d W . E i t e l . O l ive -b rown needles of a m m o n i u m ferric tetrachloride, 
or ammonium tetrachloroferrate, N H 4 C L F e C l 3 , were p r e p a r e d b u t t h e y soon c h a n g e d 
i n t o t h e o r d i n a r y d o u b l e sa l t . F . W . J . C lend innen o b t a i n e d t h i s sa l t a s a s t ab le 
p h a s e a t 60°, b u t n o t a t 45°—vide infra ; a n d K . H a c h m e i s t e r f ound t h a t i t boils 
a t 386° . B . C. J . M o h r also sa id t h a t t h e r e g u l a r c rys t a l s of J . L . C. Schroeder 
v a n d e r K o I k a r e p r o b a b l y p r o d u c e d w h e n s o m e a m m o n i a is p r e s e n t . T h e c rys ta l ­
l i za t ion of soln. of ferr ic ch lor ide w i t h inc reas ing q u a n t i t i e s of a m m o n i u m chlor ide 
fu rn i shed i so t rop ic , r egu l a r c ry s t a l s of a m m o n i u m ferric heptachloride , o r 
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ammonium heptachlorodiferrate, NH4Cl.2FeCJ3.4H2O. . F . W. J . Clendinnen could 
not confirm the existence of this compound a t 60°, and E. C. J . Mohr s own d a t a 
a t 45° do not agree with the existence of this compound as a stable solid phase. 
The solid soln. of the compound salts were studied by K. Spangenberg and 
A. Neuhaus, A. Neuhaus, and D. Balareff. 

H . W. B. Roozeboom observed t ha t a t 15°, the solid phases in mixed soln. 
of the two salts are hexahydrated ferric chloride, J . Fritzsche's double salt, and 
solid soln. of ammonium chloride, with ferric chloride rising to 7 per cent. The 
results are illustrated by E. C. J . Mohrs curves for 15°, 25°, 35°, and 45°, Fig. 587, 
where the first curve for soln. in equilibrium with FeCl3 .6H2O, lies between the 
limits 9-30 to 9-93 mols FeCl3 and O to 1-36 mols of NH4Cl per 1OO mols of water ; 
the second curve for soln. in equilibrium with the complex salt 2NH4CLFeCl3-H2O, 
has the limits 9-93 to 6-8 mols FeCl3 and 1 -36 to 7-8 mols NH4Cl per 100 mols H 2 O ; 

I1ABLB X C l I I . — T H E T E E N A B Y S Y S T E M : N H 4 C l - F e C l 3 - H 2 O . 

Sr 

25°« 

6 0 0 ^ 

>. gr. 

r 1 1 3 2 
1-327 

I 1-358 
1-356 
1-513 
1-536 

L 1 - 5 2 5 

f l - 1 3 3 
! 1-268 

1-298 
1-310 

I 1-639 
I 1-643 
J — I 1-62O 

1-745 

I 
I — 
^ 1 - 7 9 8 

Percentage composit ion 

Solution 

NH 4 Cl 

2 4 1 4 
16-OS 
1 6 - 6 3 
1 5 - 5 9 

2 - 9 3 
2 - 2 9 
1-3O 

3 1 - 3 7 
25-4O 
2 4 - 7 3 
2 2 - 4 9 

8 - 8 5 
9 -51 
9 - 4 8 
8-57 
1-57 
1 1 5 
O-25 
O-l 8 

" 

FcCl 9 

7 6 4 
2 8 - 9 7 
3 0 - 4 5 
3 1 - 6 1 
4 7 - 6 3 
49 -5O 
48-8O 

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

I 6 5 - 2 0 
6 5 - 4 0 
65-7O 
7 5 - 3 7 
7 6 - 3 1 
7 8 - 1 0 
7 8 - 2 0 
7 8 - 4 2 

Residue 

NH 4 Cl 

8 7 - 2 2 
8 4 - 3 6 
3 1 - 3 1 
3 3 - 6 5 
3 2 11 

3 - 2 7 
0 - 7 3 

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

I 1 6 - 6 1 
2 4 - 2 1 
1 4 - 4 9 

9 - 9 9 
3 - 5 5 

I 1 - 1 2 

FeCl 3 

2 - 5 7 
7 - 3 6 

4 6 - 2 7 
5 1 - 9 3 
5 5 - 2 5 
5 5 - 8 7 
53 -6O 

3 - 2 1 
9 - 4 5 

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

I 7 5 1 4 
7 7 - 5 4 

7 9 - 2 0 

Solid phases 

j -So l id s o l n . AB 

B a n d V 
J s o l i d s o l n . VU 

U a n d 0 . 1 . 6 
0 . 1 . 6 

J S o l i d s o l n . A. B 

B a n d C 

J S o l i d s o l n . VU 

\JJ a n d 1 .1 .0 

ijl.1.0 
ijl.4.6 

1 . 4 . 6 a n d 0 . 1 . 2 
1-2 

and the third curve for soln. in the presence of the solid soln. lies between the limits 
6-8 to 0 mols FeCl3 and 7-8 to 11-88 mols NH4Cl per 100 mols of water. The soln. 
a t the point of intersection of the two first curves is stable in presence of the 
hydrated ferric chloride and the double salt : t h a t a t the intersection of the second 
and third curves can exist in presence of the double salt and the mixed crystals 
containing the maximum amount of iron. The composition of the soln. a t these 
points is independent of the quant i ty of the two solid phases. Whilst, however, 
the soln. a t the first intersection is not further altered by any addition of ferric 
chloride, or by the addition of ammonium chloride up to the point where all the 
solid ferric chloride is converted in to the double salt, the soln. a t the second inter­
section is changed by the addition of one or other component, for each of these 
transforms one solid phase into the other. The curve for the double salt shows 
t h a t this salt cannot be dissolved without undergoing decomposition. The mixed 
crystals contain t he ferric chloride as Fe2Cl6 with 7 to 8 mols. H 2 O ; bu t whether . 
as an isotropic or aeolotropic admixture remains undecided. The relation between 

NH4Cl.2FeCJ3.4H2O
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the quant i ty of iron in the solid soln. mixed crystals and t h a t in the soln". is not well 
known. 

F . W. J . Clendinnen studied the te rnary system NH 4 Cl-FeCl 3 -H 2 O a t 25° 
and 60°, and selections from his results a t 25°, and 60° are given in Table XCI I I , 
and plot ted in Figs. 588 and 589. The difficulties a t tending the drying of the 
solid soln. near the ammonium chloride end, AB, introduce errors which explain 
how H . W. B . Roozeboom gave for the molar ratio H 2 O : F e C l 3 = 4 : 1, and 
J . W. Retgers 1 : 1 . The series of solid soln. CD have this rat io very near 1 : 1 . 
For solids in equilibrium with soln. on the curve FG, both H . W. B. Roozeboom, 
and E . C. J . Mohr consider t h a t the solid is 2.1.1, bu t the results of F . W. J . Clendin­
nen do not support this hypothesis, the results, indeed, show t h a t every soln. on 
the solubility curve is in equilibrium with a different solid. When the proportion 
of ammonium chloride in the sat . soln. falls below 2-29 per cent., hexahydrated 
ferric chloride is the solid in equilibrium with the soln. a t 25°. There is probably 
a series of solid soln. here, bu t i t has not been detected. At 60°, in addition to the 
two series of solid soln. jus t indicated, three other solids appear, namely, 1.1.0, 
1.4.6, and 0.1.2. E. C. J . Mohr mentioned the 1.1.0 salt, NH4CLFeCl3 , and its 

existence is here confirmed ; bu t his salt 1.2.4 could not have been in stable 
equilibrium a t 45°. The solid in equilibrium with the curve HJ, Fig. 589, was 
shown by F . W. J . Clendinnen to be ammonium ferric tridecachloride, or 
ammonium tTidecachlorotetrcifeTrate, NH4Cl.4FeCl3 .6H2O. The solid in equilibrium 
with the soln. along JK is FeCl3 .2H2O, and both here and in the cases of 1.1.0 
and 1.4.6 salts, solid soln. are probably formed. C. E . Richards and R. W. Roberts 
found t h a t the magnetic rotat ion of a soln. of ammonium ferric chloride of sp. gr. 
1*091 is positive and there are indications of absorption bands for O-57/A and O-53/u,. 

H . Hemy, and H. Remy and H . J . Rothe argued t h a t by analogy with osmium 
and ruthenium, chloroferrates of the type [FeCl4]', [FeCl5]", [FeCl6] '" , and [FeCIi7] '" ' 
should be possible with the chloroferrates if they are capable of existence a t all. 
They prepared the chloroferrates of the subst i tuted ammonium bases : methyl-
ammoninm tetrachloroferrate, ((CH3)NH3)[FeCl4], melting about 211° ; methyl-
ammoniam heptachlaroferrate, ((CH3)NH3J4[FeCl7]H2O, melting at 161°; 
dimethylammonium tetrachloroferrate, ((CHg)2NH2)[FeCl4], melting at 97° to 
104° ; dimethylammonium pentachloroferrate, ((CHa)2NHa)2[FeCl5], melting at 
98°; dimethylammonium heptachloroferrate, ((CHg)2NH2)[FeCl7], melting at 
about 48°; trimethylammonium tetrachloroferrate, ((CH3)3NH) [FeCl4] ; tri-
methylammonium pentachloroferrate, ((CH3)3N H)2[FeCl5), melting at 143°; 
tetramethylammonium tetrachloroferrate, ((CHg)4N)[FeCl4], melting above 308° ; 
ethylammonium tetrachloroferrate, ((C2H5)NH3)[FeCl4], melting about 85°; 
ethylammonium heptachloroferrate, ((C2H5)NHg)4[FeCl7], melting at 117°; 
propylammonium tetrachloroferrate, ((C3H7)NH3)[FeCl4J; propylammonium 



1 0 2 I N O K G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

heptachloroferrate, ( (C 3 H 7 )NHa) 4 [FeCl 7 ] , me l t ing a t 118° a n d sof tening a t 110° ; 
a n d butyl tetraehloroferrate, ( (C 4 H 9 )NH 3 ) [FeCl 4 ] , me l t i ng a t 6 0 5 ° . F . E p h r a i m 
a n d S. Weibe rg ob ta ined b lack oc t ahed ra of a m m o n i u m ferric a n t i m o n y chlor ide , 
9NH 4Cl.2FeCl 3 .3SbCl 4 , from a soln. of t h e c o n s t i t u e n t chlor ides in h y d r o c h l o r i c 
acid. 

H . St . C. Devil le observed t h a t m i x t u r e s of s o d i u m a n d ferric ch lor ides c a n be 
ob t a ined mel t ing t o a mobile liquid a t 200°. G. N e u m a n n w a s u n a b l e t o p r e p a r e 

lithium ferric chloride ; nor 
could sodium ferric chloride be 
p r e p a r e d . F . W . H i n r i c h s e n a n d 
E . Sachsel f o u n d t h a t t h e solu­
b i l i ty c u r v e F i g . 592 , a t 21°, 
r evea l ed t h e ex i s t ence of a series 
of solid soln. of t h e c o m p o n e n t 
sa l t s . N o r is t h e r e a n y ev idence 
of t h e f o r m a t i o n of a c o m p l e x 
s a l t a t t e m p , b e t w e e n 3° a n d 63°. 
Gr. N e u m a n n c a m e to a s imi la r 
conclus ion . T h e c o r r e s p o n d i n g 
cu rves for p o t a s s i u m a n d ferric 
ch lor ides a re s h o w n in F i g . 592 . 
T h e y revea l t h e ex i s t ence of a 
region, BC, w h e r e solid soln. a r e 
fo rmed , a n d a n o t h e r region, AB, 
where the potassium ferric pen-
tachloride, o r potassium penla-
chloroferratc, K 2 F e C l 5 - H 2 O , is 

MoIs A/ciCl, KCL or /?6 Cl per /00mols Nz0 
F i a . 5 9 2 . — S o h i b i l i t y C u r v e s of S o l u t i o n of A l k a l i 

a n d F o r r i c C h l o r i d e s . 

t h e s t ab le solid phase . C. H e n s g e n o b t a i n e d t h i s sa l t b y p a s s i n g h y d r o g e n ch lor ide 
in to a cone. soln. of p o t a s s i u m i ron a lum. I n a g r e e m e n t w i t h J . F r i t z s c h e , a n d 
G. N e u m a n n , b u t n o t P . T. W a l d e n , F . W. H i n r i c h s e n a n d E . Sachsel found t h a t 
th i s sa l t separa tes from a mixed soln. of t h e c o m p o n e n t sa l t s w h e n ferric ch lor ide 
is in excess. T h e curve CB, F ig . 592, r ep resen t s t h e effect of ferric ch lor ide on 
t h e solubi l i ty of t h e ^alkali chlor ide. G. Ma lquor i ' s s t u d y of t h e t e r n a r y s y s t e m 
K C l - F e C l 3 - H 2 O , a t 0°, showed t h a t w i th soln. c o n t a i n i n g t h e following p e r c e n t a g e 
p r o p o r t i o n s of t h e cons t i t uen t s 

K C l 
F e C l 3 . 

Solid phase 

21-6O 
O 

1O-1» 
1 6 - 3 8 

6 /S3 
2 7 - 2 8 

6 0 3 
3 5 - 6 7 

2 - 8 5 
5 8 - 6 0 

1-07 
42-53 

0 
4 - 2 6 6 

K C l Solid solution SKCl.Fe01, .HB0 FeCl 8 . 6H a O 

T h e zone of solid soln. does n o t a p p e a r a t 25° w h e n t h e compos i t i ons of t h e soln 
a r e : 

K C l 
F e C l 3 . 

Solid phase 

2 6 0 2 
0 

17-4O 
14-9O 

1 4 - 9 9 
2 2 1 4 

1 1 - 9 7 
3 5 - 8 8 

5 - 6 5 
4 7 - 2 7 

1-22 
4 9 - 3 3 

K C l 2KCl.FeCl 8 .H aO F e C l 8 . 6 H t O 

A t 35°, t h e solid p h a s e for ferric ch lor ide is t h e p e n t a h y d r a t e , a n d a t 60° t h e 
d i h y d r a t e : 

K C l . 
FeCl3 . 

Solid phase 

31-3O 
0 

16-3O 
2 8 - 7 3 

K C l 

1 4 - 4 1 
3 6 - 7 8 

4 - 9 6 
5 3 - 9 8 

2 - 2 5 
7 4 0 8 

2KCl.FeCl a .H 80 

1-90 
7 7 - 1 3 

0 
7 8 - 8 6 

FeCl 3 . 2H 4 0 
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HlGl 
1 1 - 9 7 

1-5O 
1-22 

1 1 O 
— 

1 1 5 

1-27 

1-71 

FeCl3 
3 5 - 8 8 

1-15 
4 9 - 3 3 
6 7 1 3 
6 6 - 9 1 
6 9 - 9 3 
6 9 1 0 
6 9 - 4 7 
6 8 - 8 7 
70-3O 
7 0 - 1 0 

HCl 

39 -2O 

1-48 
1-27 
3 - 9 6 
3 1 5 
8 - 6 3 
8 - 2 0 

12-3O 
1 1 - 8 5 

H a O 
5 2 1 5 
5 8 1 5 
4 9 - 4 5 
3 1 - 3 9 
3 0 - 7 2 
2 6 - 1 1 
2 6 - 6 0 
21-9O 
2 1 - 6 6 
1 7 - 4 0 
1 6 - 3 4 

Gr. Ma lquor i s t u d i e d t h e q u a t e r n a r y s y s t e m : F e G l 3 - K C l - H C l - H 2 O a t 25° , 
a n d he found t h a t : 

PKROBNTAQR COMPOSITION OF SOLUTION SOLID PHASKS 

KCl, a n d FeCl a . 2KCl .H a O 
d i t t o . 

FeCl 8 . 2KCl .H 8 O a n d FeCl 8 . 6H a O 
FeCl 8 . 6H a O a n d F eC l a . 3 £ H a O 
FeCl8-GH8O, F e C l 8 . 3 | H a O , a n d FeCl 8 . 2KCl .H a O 
F e C l 8 . 3 i H a O , a n d FeCl 8 . 2^H 8 O 
F e C l 8 . 3 i H a O , F e C l 8 . 2 £ H 8 0 , a n d FeCl 8 . 2KCLH 1 O 
F e C l 8 . 2 | H 8 O , a n d FeCl 8 . 2H a O 
F e C l 8 . 2 | H a O , F e C l 8 . 2 H s O , a n d FeCl 8 . 2KCl .H a O 
FeCl 8 . 2H a O, a n d FeCl 8 .HC1.2H a O 
F e C l 8 . 2 H a O , F e C l a . H C 1 . 2 H 8 0 a n d FeCl 8 . 2KCl .H 8 O 

T h e r e su l t s a r e p l o t t e d in F i g . 5 9 1 . T h e p o i n t h r e p r e s e n t s a so ln . s a t . -with H C l ; 
/ , o n e s a t . w i t h K C l a n d F e C l 3 . 2 K C l . H 2 0 . T h e p o i n t s b'c'd'e' refer t o d a t a of 
H . W . B . R o o z e b o o m for t h e h y d r a t e s of ferric ch lo r ide . T h e reg ion fghi r e p r e s e n t s 
a soln. s a t . w i t h K C l ; hfa'b'c'd'ef, one s a t . w i t h F e C l 3 . 2 K C l . H 2 0 ; aa'bb'', o n e 
s a t . w i t h F e C l 3 . 6 H 2 O ; bb'cc'', one s a t . w i t h F e C l 3 . 3 £ H 2 0 ; cc'dd'', one s a t . w i t h 
F e C l 3 . 2 £ H 2 0 ; dd'ee\ one s a t . w i t h F e C l 3 . 2 H 2 0 ; a n d ee'l, o n e s a t . w i t h 
F e C l 3 - H C L H 2 O . J . F r i t z s c h e , a n d C. H e n s g e n p r e p a r e d r e d c r y s t a l s of t h i s s a l t ; 
a n d G. N e u m a n n o b t a i n e d i t in r e d d i s h - b r o w n o c t a h e d r a a n d r h o m b i c d o d e c a h e d r a 
b y a d d i n g p o t a s s i u m ch lor ide t o a h o t , cone . soln . of ferr ic ch lo r ide i n h y d r o c h l o r i c 
ac id of sp . gr . 1*19. R . C. W a l l a c e d i scussed t h e sa l t s w h i c h a r e i somorphouR 
w i t h K 2 F e C l 5 - H 2 O ; a n d G. C a r o b b i , t h e i s o m o r p h i s m of R 2 F e C l 5 - H 2 O w i t h 
R 2 M o C l 5 - H 2 O , w h e r e R = N H 4 o r K . A c c o r d i n g t o F . W . H i n r i c h s e n a n d E . Sachse l , 
t h e t e m p , of f o r m a t i o n f rom i t s c o m p o n e n t s is 22° t o 22*5° ; a n d u n l i k e J . F r i t s c h e , 
a n d P . T . W a l d e n , t h e y d id n o t find t h e s a l t t o be de l iquescen t , n o r were t h e y a b l e 
t o conf i rm A. W e r n e r ' s p r o d u c t 3KCLFeCl 3 . O. S te l l ing a n d F . Olsson s t u d i e d 
t h e X - r a y s p e c t r u m of t h e p e n t a c h l o r i d e . 

G. a n d P . S p a c u o b s e r v e d t h e f o r m a t i o n of t h e p o t a s s i u m ferric a m m i n o -
Chlorides, K 2 [ F e C l 5 ] . 1 1 N H 3 w i t h t h e v a p . p re s s . 145 m m . a t —30° , a n d t h e h e a t 
of f o r m a t i o n 8-83 CaIs. p e r m o l of N H 3 ; K 2 [ F e C l 5 ] . 6 N H 3 — w i t h t h e v a p . p r e s s . 
37 , 37, a n d 39 m m . , r e spec t ive ly , a t 0° , 14-9°, a n d 34-8°, a n d t h e h e a t of f o r m a t i o n 
11*75 CaIs. p e r m o l of N H 3 ; K 2 [ F e C l 5 ] . 6 N H 3 — w i t h t h e v a p . p r e s s . p = 4 7 m m . 
a t 78° , a n d t h e h e a t of f o r m a t i o n 15-51 CaIs. p e r m o l of N H 3 ; a n d K 2 [ F e C l 5 ] . 2 N H 3 
— w i t h t h e v a p . p r e s s . 7 a n d 2 m m . for t h e sa l t , r e spec t ive ly , w i t h 2-15 a n d 2-06 
mols N H 3 , a t 120° . 

P . T . W a l d e n p r e p a r e d rub id ium ferric pentachlor ide , o r rubidium penta-
chloroferrate, R b 2 F e C l 5 - H 2 O , b y c rys t a l l i z a t i on f rom a soln . c o n t a i n i n g 5O g r m s . 
of r u b i d i u m ch lo r ide a n d IO g r m s . of ferric ch lo r ide . T h e r h o m b i c c r y s t a l s a r e 
eas i ly so luble in w a t e r , a n d a r e i den t i ca l w i t h t h o s e t o -which R . Godef roy ass igned 
t h e f o r m u l a R b 3 F e C l 6 . T h e sa l t R b 2 F e C l 5 - H 2 O , w a s first p r e p a r e d b y G. N e u m a n n 
in sma l l yel low c r y s t a l s by a d d i n g t h e a lka l i ch lo r ide t o a h o t , cone . soln. of ferric 
ch lo r ide i n h y d r o c h l o r i c ac id of s p . gr. 1-19. P . T . W a l d e n p r e p a r e d caes ium ferric 
pentachlor ide , o r ccesium pentachloroferrate, C s 2 F e C l 5 - H 2 O , a n d a lso caes ium ferric 
hezach lor ide , o r ccesium hexachloroferrate, b y c rys t a l l i za t ion f rom a q . soln. of t h e 
c o m p o n e n t sa l t s . F . W . H i n r i c h s e n a n d EJ. Sachsel's o b s e r v a t i o n s o n t h e r a n g e of 
s t a b i l i t y of t h e s e t w o sa l t s i n a q . so ln . a r e i l l u s t r a t e d i n F i g . 592 . O. S te l l ing 
a n d F . Olsson s t u d i e d t h e X - r a y s p e c t r u m of t h e p e n t a c h l o r i d e . P . T . W a l d e n 
de sc r i bed caes ium ferric tetrachloride , ccesium tetrcuMoroferrate, C s F e C l ^ H 2 O , 
b u t F . W . H i n r i c h s e n a n d E . Sachse l w e r e u n a b l e t o conf i rm i t s ex i s t ence . 
E . H . D u c l a u x r e p o r t e d caes ium ferric oc toch lor ide , 2FeCl 3 . 2CsCl .H 2 O ; caes ium 
ferric decachloride, 2FeCl3.4CsC1.2H20; and caesium ferric dodecachloride, 
2FeCl 8 . 6CsCl .2H 2 O, b u t t h e i r ex i s t ence h a s n o t been conf i rmed. 

A c c o r d i n g t o G. H e r r m a n n , t h e c rys t a l l i za t ion of a n a q . soln. of c u p r o u s a n d 
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ferric chlorides furnishes green crystals of cuprous ferric tetrachloride, or cuprous 
letrachloroferrate, C u F e 0 4 . 4 H 2 0 . Besides the tetrahydrate, the anhydrous salt can 
be obtained by fusion. The thermal diagram, Fig. 593, shows t h a t t h e anhydrous 
salt melts a t 320°, and there are two eutectics a t 306° and 263° with respectively 
5O and 88 per cent, of ferric chloride. H. Meyer observed t h a t when basic copper 
chloride is dissolved in a soln. of ferric chloride, a precipitate of hydra ted ferric 
oxide, contaminated with copper and chlorine, is formed. O. Lehmann studied 
solid soln. of ferric, cupric, and ammonium chlorides. G. Neumann could^ no t 
prepare silver ferric chloride ; G. Neumann could not prepare calcium, 
strontium, or barium ferric chlorides. I . Baschiloff and J . Wilniansky 
found t ha t barium chloride can be salted out of i ts aq. soln. by ferric chloride. 
G. Malfitano and L.. Michel discussed the effect of bar ium chloride on the 
hydrolysis of ferric chloride. J . W. Retgers studied the solid soln. of silver 
and ferric chlorides. He obtained beryllium ferric pentachloride, or beryllium 
-pentacJiloroferrate, BeFeCl6 .H2O, in small, orange-yellow crystals, by adding 
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F I G . 5 9 3 . — F r e e z i n g - p o i n t C u r v e s of 
t h e S y s t e m : C u C l - F e C ] 3 . 

F i O . 5 9 4 . F r e e z i n g - p o i n t C u r v e s o f 
t h e S y s t e m : Z n C l 2 - F o C l 3 . 

beryllium chloride to a hot, cone. soln. of ferric chloride in hydrochloric acid of 
sp. gr. 1-19, he also obtained large, brownish-yellow, hygroscopic crystals of 
magnesium pentachloride, or magnesium pentacfiloroferrate, MgFeCl5-H2O ; hu t 
he could not prepare zinc ferric chloride, and cadmium ferric chloride by this 
process. G. Malfitano and "L. Michel discussed the effect of magnesium chloride 
on the hydrolysis of ferric chloride ; and T.I . Saslawsky studied the changes in vol. 
on mixing soln. of ferric and magnesium chlorides. G. Herrmann found t h a t zinc 
and ferric chlorides have a eutectic a t 214° with 7O per cent, of zinc chloride 
—Fig. 594—and tha t solid soln. are formed a t both ends of the series. G. Malfitano 
and Ii. Michel discussed the effect of mercuric chloride on the hydrolysis of ferric 
chloride. G. Malquori studied the ternary system : AlCl3-FeCI3-H2O a t 25°, bu t 
found neither compound—aluminium ferric chloride—nor solid soln.—Fig. 599. 
When associated with potassium chloride, G. Malquori observed : 

PERCENTAGE COMPOSITION OV SOLUTION 
KCl 

1 1 - 9 7 
2 O 
1-22 
6 - 5 0 

3 - 9 1 

AlCl3 

2 9 - 2 1 

1O-80 
5 -21 

3 0 - 1 5 

FcCl3 
3 5 - 8 8 

3-0O 
4 9 - 3 3 
38-5O 
3 8 - 2 5 

— 

H 8O 
5 2 - 1 5 
6 7 - 7 9 
4 9 - 4 5 
4 4 - 2 0 
5 5 - 5 4 
6 5 - 9 4 

SOIiID PHASES 

K C l , ar id F e C l 8 . 2 K C l . H a O 
K C l , F e C l 8 . 2 K C l . H a O , a n d A l C l 8 . * ! - O 
F e C l a . 2 K C l . U a O , a n d F e C l 8 . 6 H a O 
F e C l 3 . 2 K C l . H a O , F e C l 8 - G H 8 O , a n d A l C l 8 - G H 2 O . 
F e d 3 . 6 H a O , a n d A l C l 8 - H 2 O 
K C l , a n d A l C l 3 . 6 H a O 

The results are plotted in Fig. 595. The point e represents soln sat 
with FeCl3 .6H20,FeCl3 .2KCl.H20, and AlCl3.6H2O ; and i, soln. sat. with 
AlCl3 .6H20,KC1, and FeCl3 .2KCl.H2O. The region fgie represents soln. sat. with 
K C l ; bcei, soln. sat. with FeCl3 .2KCl.H20 ; abed, with FeCl 3 .6H 2 0 ; and edihq, 
with A1C13.6H20. In the case of the quinquinary system : FeCl3-AlCIo-KCl-
HCl -H 2 O a t 25°, i t was observed t h a t : 
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PKRCENTAGB COMPOSITION OF SOLUTION 
FeCl3 AlCJ9 KCl HCl H 3 O 

SOLID PHASES — 

AlCl 3 . 6H 3 O, a n d KCl 
F e C l 3 . 2 K C l . H t O , KCl , a n d AlCl8-GH8O 
FeCl 3 . 2KCl .H g O, KCl , a n d AlCl8-CH8O 
F e C l 8 . 2 K C l . H 8 0 , a n d K C l 
F e C l 8 . 2 K C l . H 8 0 , FeCl3-GH8O, a n d AlCl8-OH8O 
F e C l 8 . 2 K C L H 8 0 , FeCl 3 .HC1 .2H 8 0 , AlCl 8 . 6H 8 O, 

a n d F e C l 8 . 2 H 8 O 
F e C l 3 . H C 1 . 2 H 8 0 , FeCl 8 . 2H a O, a n d A1C1 3 .6H 80. 
F e C l 8 . H C 1 . 2 H 8 0 , FeCl 3 . 2KCl-H 8 O, a n d FeCl 8 . 2H 8 O 

T h e resu l t s a r e p l o t t e d in F i g . 596 . T h e a r e a aelm r e p r e s e n t s soln. s a t . Math 
A l d 3 . 6 H 2 0 a n d K C l ; ebmn, w i t h K C l a n d F e C I 3 . 2 K C l . H 2 0 ; mefg, w i t h 
F e C l 3 . 2 K C l . H 2 0 a n d A l d 3 . 6 H 2 0 ; fdgh, w i t h A1C1 3 .6H 20, a n d solids of t h e s y s t e m 
F e C l 3 - H C l - H 2 O ; a n d icfg, w i t h F e C l 3 . 2 K C l . H 2 0 , a n d sol ids of t h e s y s t e m F e C l 3 -
H C l - H 2 O . Gr. N e u m a n n , a n d F . W o h l e r a n d A. A h r e n s r e p o r t e d red , p r i s m a t i c 
c r y s t a l s of t h a l l o u s ferr ic ch lor ide t o be f o r m e d f rom a q . soln . of t h e c o m p o n e n t 
s a l t s , b u t t h e y a r e d e c o m p o s e d b y w a t e r . Acco rd ing t o Gr. S c a r p a , w h e n a m i x t u r e 

3 0 
0-98 
1 1 5 

38-5O 
69-91 

69-81 
70-01 

0 0 9 
29-21 
0-25 

— 
1O-80 

1-31 

1 0 2 
— 

1-18 
2 O 
1-87 
1-6O 
6-5O 
1-01 

1-71 

33-21 

38-25 
39- 2O 

— 
l l -O 

11-75 
11-85 

65-52 
66-79 
58-65 
5 8 1 5 
44-2O 
16-77 

17-42 
16-34 

FeCl3-ZKCl 
Hz0 -AlCUeHtO 

F i « . 5 9 5 . — T h e Quaternary S y s t e m 
F e C l 3 - A l C l 3 - K C l - H 8 O at 25° . 

AlCl3 

F i o . 596.— The Quinquinary S y s t e m 
F e C I 3 - A l C l 3 - K C l - H C l - H 8 O a t 25°. 

of t h e t h a l l o u s a n d ferric ch lor ides is fused, some of t h e l a t t e r is vola t i l ized , a n d t h e 
t h e r m a l d i a g r a m cou ld n o t be c o m p l e t e d w h e n m o r e t h a n 62 m o l a r p e r cen t , is 
p r e s e n t . T h e d i a g r a m , F i g . 597 , shows t h a t t h e r e is a eu t ec t i c a t 266° w i t h 26 
m o l a r p e r cen t , of ferr ic ch lo r ide a n d a m a x i m u m a t 290° co r r e spond ing w i t h 
tha l lous ferric pentachlor ide , o r thallous pentachloroferrate, T l 2 FeCl 5 , w h i c h is 
s t ab l e o n fusion. T h e r e is a n o t h e r eu t ec t i c a t 220° . W i t h h igh p r o p o r t i o n s of 
ferr ic ch lor ide , c ry s t a l l i z a t i on se t s in on ly a t a r e l a t ive ly h igh t e m p . , so t h a t w i t h 
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F i o . 597 .—Freexing-point Curves of 
the S y s t e m : TlCl-FeCl 3 . 

20 40 W 80 /M 
Per CeZTt-SeCl3 

F I G . 598 .—Freez ing-point Curves of 
t h e S y s t e m : FeCl 3 -PbCl 3 . 

62 p e r cen t , ferr ic ch lor ide , c rys t a l l i za t ion begins a t 299° which is n e a r t h e m . p . 
of ferric ch lor ide . I t i s hence infer red t h a t t h e r e is a second m a x i m u m b e y o n d th is -
t e m p . G. N e u m a n n w a s u n a b l e t o p r e p a r e l ead ferric chloride , a n d m a n g a n o u s 
ferric Chloride in ac id ic soln . O. H e r r m a n n obse rved t h a t lead a n d ferric chlor ides 
h a v e a e u t e c t i c a t 178° w i t h 50 p e r c en t , of ferric ch lo r ide—Fig . 598 . K . J o h a n s s o n 
o b s e r v e d a mineral of t h e c o m p o s i t i o n P b ( C l , O H ) 2 . 4 P b 0 . 2 F e 2 0 3 , a t J a c o b s b e r g , 
S w e d e n . I t w a s ca l led hffftmntophanittt, in a l lus ion t o i t s d a r k r edd i sh -b rown co lour 
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—thin plates are blood-red. The crystals are tetragonal with the axial ratio 
a - c = l • 1-95 The sp. gr. is 7-70 ; the hardness 2 to 3 ; and the optical character 
is negative. The cleavage is micaceous. For the complex with antimony penta-

" " A S S ^ chloride, Fe3Cl8-ISH2O, or FeCl2.2FeCl3.18H2O 
-according to H. Chandra, the formula should be Fe3Cl8.10H2O—-is formed when 

ferric oxide is dissolved in cone, hydrochloric acid, and 
u n the soln. evaporated over cone, sulphuric acid. The yellow, 

crystalline mass is very deliquescent, it melts at 48° ; 
loses water at 50°, and hydrogen chloride at 90°. (J. Neu­
mann doubted the existence of this salt, but H. Chandra 
confirmed J. Lefort's deductions. J. W. Retgers observed 
no evidence of the formation of solid soln. when a mixed 

-Tfn soln. of ferrous and ferric chlorides is crystallized ; and 
ACU3 j j Remy and H. J. Rothe observed no sign of the forma-

FJO.500.—Kquilibrium in t i o n 0 f a double salt. According to A. Werner's co-

Airi 1 S C T H Ô tSSS""" ordination scheme, the salt is formulated Fe"[Fe'"Cl4]2, 
AlCl3-KeCl3-H2O at 25 . ^ ^ d e c a h y d r a t e > [Fe"(H20)fl][Fe"'Cl4].4H2O. 

C. Hensgen reported an intermediate chloride, Fe3Cl4.5H20, to be formed in 
green needles by dissolving ferrous sulphate in cone, hydrochloric acid, and treating 
the soln. with hydrogen chloride and air. H. Chandra also obtained a product 
Fe3Cl7.10H2O, by evaporating in the absence of air a hydrochloric acid soln. of 
the basic carbonate NH4[Fe2^Fe'".(C03)30]2H20. He said that the salt is the 
chloride of a base Fe2"Fe"'(OH)7.wH20. 
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§ 38. The Iron Bromides 
Iron forms ferrous bromide, FeBr 2 , and ferric bromide, FeBr3 , and their 

hydrates ; and there is also a ferrosic bromide* Fe3Br8 , and its hydrates ; as well 
as a mixed chlorobromide. According to P . Hofer,1 the commercial iron bromide 
approximates in composition to ferrosic bromide, Fe 3 Br 8 .nH 2 O, bu t with rather 
less t h a n this proportion of bromine. I t s preparat ion and properties were described 
by K. Kubierschky, F . Chemnitius, and W. Hii t tner . 

The preparation Of ferrous bromide. According to J . B. Berthemot, bromine 
does not act on iron in the cold, but , as shown by C. Lowig, J . von Iaebig, and 
J . B . Berthemot, if iron be heated to dull redness in bromine, ferrous bromide, 
FeBr2 , is formed, and i t solidifies to a yellow, crystalline mass. A. Scheufelen said 
t h a t the anhydrous bromide is most readily prepared by passing a current of carbon 
dioxide and bromine vapour through a hot porcelain tube containing metallic iron. 
Ferrous bromide sublimes forming greenish-yellow scales, which deliquesce on 
exposure to air. A. E . Nordenskjold obtained ferrous bromide by passing hydrogen 
bromide over heated iron ; and G. P . Baxter and co-workers heated iron in a current 
of dry nitrogen and hydrogen bromide a t a temp, high enough to sublime the 
product . The product was contaminated by some phosphate—derived possibly 
from an impuri ty in the hydrogen bromide. . The sublimate was heated in a current 
of dry nitrogen and hydrogen bromide unti l i t showed no trace of ferric bromide 
when tested with ammonium thiocyanate. The anhydrous salt can also be obtained 
by heating one of t he hydra tes in a current of nitrogen and hydrogen bromide a t 
about 400°. F . Chemnitius, and A. Ferrari and F . Giorgi used this process ; and 
W. Biltz and G. F . Hiittig added t h a t the temp, of dehydrat ion must be kept low. 
W. Biltz and B . Birk recommended purifying the salt by resublimation in a current 
of hydrogen bromide. C Lowig said t h a t ferrous bromide is formed when iron 
filings are heated with ammonium bromide, when ammonia and hydrogen are 
evolved. L. Hackspill and R. Grandadam obtained ferrous bromide by heating 
an alkali bromide with iron a t a high temp. : Fe4-2NaBr=2Na-+-FeBr 2 . P . Hofer 
obtained ferrous bromide by heat ing hydrated ferrosic bromide to 400° or 500° in 
the absence of air ; and W. Hieber and Q. Bader obtained i t by the photochemical 
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decomposition of ferrous tetracarbonyl bromide. F. W. Bergstrom obtained the 
salt by the action of a soln. of ammonium bromide m liquid ammonia on iron wire. 

The hydrates of ferrous bromide.—According to C. LSwig, an aq. soln. of 
ferrous bromide is formed when the anhydrous salt is dissolved in water ; and when 
iron is dissolved in bromine water, or in hydrobromic acid. Similar processes 
were employed by J. B. Berthemot, C. Chojnacky, H. Lescoeur, J. H. Long, 
F. A. Volkmann, and C. R. A. Wright and C. Thompson. When the aq. soln. 
is evaporated, it deposits crystals of the hexahydrate, FeBr2-GH2O. A. Etard 
found the percentage solubility, S9 of ferrous bromide in water to be : 

— 20° 
47 0 

O" 
50-3 

i o ° 
52-4 

20° 
5 3 - 5 

3 0 ° 
5 5 O 

4 0 ° 
56-2 

6 0 ° 
5 9 O 

8 0 ° 
6 1 - 5 

100° 
6 4 0 >S' 

According to F. A. Volkmann, the solid phase between 10° and 47° is the hexahy-
drate, and above 47°, the tetrahydrate, FeBr2.4H20, so that the transition point is 
47°. If the cone. soln. approximating FeBr-+-9-5H2O, be cooled to —10° to 30°, 
small, green, bilky crystals of the hexahydrate are formed. F. Schimmel studied 
the solubility curves of ferrous bromide, and found for the solubility S grms. of 
FeBr2 in 100 grms. of soln. 

i t f 

— 6 1 ° —250° —43 0° —370" 
18-5 35-2 42-25 43-5 

— 2D 3° 
47-65 

30° 
5 5 - 4 

4tt0° 
58-45 

57-° 
5 8 - 8 

83-0° 
63-3 

132-0° 
70-2 

I c e FeBr2 .9H2O FeBr2OH2O FeBr 24H aO FeBr 2 .2H 2O 

8 /6 24 32 40 48 56 64 72 
Percent. FeBr2 

T h e re su l t s a r e p l o t t e d in F ig . 60O. T h e e u t e c t i c t e m p , is —43-6°^ w i t h 42-25 p e r 
cen t , of fer rous b r o m i d e . T h e r e is a t r a n s i t i o n t e m p , a t —29-3° c o r r e s p o n d i n g 

w i t h t h e pa s sage of t h e e n n e a h y d r a t e , F e B r 2 . 9 H 2 O , t o 
/40°—,—,—i—i—,—i—i—i—3 the hexahydrate. The hexahydrate was studied by 

J. B. Berthemot, J. Eggert and J. Reitstotter, 
H. Lescoaur, C. Lowig, and F. A. Volkmann. F. Schim­
mel found that at 49°, the hexahydrate passes to the 
tetrahydrate studied by G. P. Baxter and co-workers, 
and F. A. Volkmann. F. Schimmel found that the 
tetrahydrate passes to the dihydrate, FeBr2.2H2O, at 
83°. H. Lescoeur's measurements of the vap. press, 
also agreed with the existence of the dihydrate, as 
well as of a rnonohydrate, FeBr2.H2O. 

The physical properties of ferrous bromide.— 
J. von Liebig, C. Lowig, and A. Scheufelen said that 

™ *™ ™. a i i.-I-* * the colour of the salt crystallized from the molten state 
^ ^ T - B ^ t w r ' is greenish-yellow ; w/Bi l tz and G. F Huttig said 

the salt obtained from the dehydration of the hydrate 
is ochre-yellow ; G. P. Baxter and co-workers said the colour of the salt is light 
yellow or dark brown. F. Schimmel said that all the hydrates of ferrous 
bromide are green, and that the " red, hygroscopic powder " of commerce owes 
its colour to contamination with ferric bromide. W. Biltz and E. Birk said 
that the sublimed salt forms yellow, transparent scales ; A. E. ETordenskjold 
found that the sublimed crystals are white, six-sided, hexagonal, and uniaxial. 
A. Ferrari and F. Giorgi observed that the X-radiogram corresponds with a 
hexagonal space-lattice of the cadmium iodide type, being composed of three 
orthogonal prisms with rhombic bases, each containing a mol. of FeBr2. The 
parameters a=3-740 A., and c=6-171 A., or a : c = l : 1-65. W. Hieber and 
E. L>evy studied the lattice energy. G. P. Baxter found the specific gravity to be 
4-636 at 25°/4° ; W. Biltz and E. Birk gave 4-624 at 25°/4° ; and A. Ferrari and 
F. Giorgi calculated 4-790 from the vol. of the elementary cell. W. Biltz gave 
46-65 for the mol. vol. at 25° ; F. Ephraim and co-workers, W. Biltz, and 
I. I. SaSIa1WsIrJr studied the change in vol. which attends the formation of the 
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compound from its elements. A. Heydweiller found t ha t soln. with C mol of 
FeBr 2 per litre have a sp. gr. a t 18°/4°, reduced t o a v a c u u m : 

0-25 
104692 

O-5O 
10932 

IO 
11850 

1-5 
1-2756 

2-0 
1-366O 

2-5 
1-4560 Sp. gr. . 

F . Schimmel found t h a t the boiling-point of a sat . soln., with 70-2 per cent, of 
FeBr2 , is 132° ; and H . Lescoeur gave for the vapour pressure, p mm., of the sat . 
soln. : 

40° 50° 60° 70° 80° 90° 
<p . . 24 33 53 85 118 18O 

For the vap. press, of the dihydrate a t 110°, 120°, and 210°, he gave 9O, 12O, and 
21O mm. respectively ; and for the monohydrate a t 160°, j»=195 mm. C. Lowig, 
and A. Scheufelen observed t h a t the salt melts and volatilizes a t a high t emp. 
A. Ferrari and F . Giorgi gave 684° for the melting-point of the anhydrous salt . 
A. Ferrari discussed the relation between the m.p. and the space-lattice. The 
transition-points of the different hydrates are indicated above ; and J . Eggert and 
J . Rei ts tot ter discussed the transition : F e B r 2 . 6 H 2 O ^ F e B r 2 . 4 H 2 0 - f - 2 H 2 0 in soln. 
M. Berthelot gave for the heat of formation (Fe,Br2 g a f l ,Aq.)=85-9 CaIs., and 
(Fe,Br2 l l q . ,Aq.)=78-5 CaIs. ; J . Thomsen, 78-07 a t 18° ; W. Hieber and A. Woerner, 
59-87 CaIs. ; and T. Andrews, 80-8 CaIs. J . Thomsen gave (Fe,2HBr,Aq.) = 24-81 
CaIs. Observations were also made by P . A. Favre and J . T. Silbermann. 
F . TSphraim and O. Schiitz discussed some relationships of the heat of formation. 
J . Thomsen measured the heat of soln. of iron in hydrobromic acid : and 
M. Berthelot, t he heat of neutralization. G. Beck studied the free energy and the 
entropy of the salt. W. Hieber and E . Levy studied the lattice energy of the 
crystals. 

G. Limann measured the index of refraction of aq. soln. of C eq. of ferrous 
bromide per litre, and obtained : 

a . 

4 Ha '. 
JD 
Hfi . 
Hy 

O 
1-33139 
1-33322 
1-33737 
1-34060 

O-5 
1-34042 
1-34237 
1-34681 
1-35032 

l-O 
1-34931 
1-35137 
1-35609 
1-35982 

2-O 
1-36679 
1-36910 
1-37439 

— 

4-O 
1-40043 
1 40314 
1-41035 

5-O 
1-41686 
1-41982 
1-42671 

Observations were also made by A. Heydweiller, who also gave for the molecular 
refraction of cone, up to 52V-FeBr2, 26-1O; and G. Limann, 26-06 on the /x2-formula 
a t 18° with Na-light. There is a small increase in the dispersion "with decreasing 
concentration. A. Heydweiller gave for the eq. electrical conductivity of soln., 
A mho, with an eq. of FeBr 2 per litre, a t 18° : 

V . . . 0 5 l-O 2-O 3O 4O 5 0 
A . . . 72-3 64-3 5 0 0 41-94 33-65 26-25 

with the limiting value A 0 0 = I l S a t 18°. G. Limann discussed the relations 
between the electrical conductivity and the refraction of the soln. W. IsbekoiT 
measured the decomposition potential of soln. of ferrous bromide in fused zinc 
bromide. L. Pauling and M. L. Huggins studied the magnetic properties. 

The chemical properties of ferrous bromide.—G. P. Baxter observed that 
when anhydrous ferrous bromide is heated in moist hydrogen, i t is slowly reduced ; 
the reduction is complete a t a high temp. The anhydrous salt is stable in dry air ; 
bu t in ordinary air, A. Scheufelen observed t h a t the salt gradually acquires a 
brown crust, and is deliquescent. C. Lowig observed t ha t when heated in air, 
some of the salt volatilizes, and some ferric oxide is formed, bu t P . Hofer was 
unable t o detect the formation of ferric bromide. C. Lowig, and G. P . Baxter 
and co-workers observed t h a t the aq. soln. is oxidized by air, becoming darker in 
colour, and depositing a basic s a l t ; H . Lescoeur added t h a t the bromide soln. 
oxidizes more rapidly t han the chloride soln. C. Lowig observed t h a t water vapour 
a t a red-heat converts ferrous bromide into hydrogen bromide and ferric oxide. 
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The solubility in water is discussed above. J . H . Long found t h a t the degree of 
hydrolysis of 0-54.ZV^FeBr2, calculated from the ra te of inversion of cane-sugar, is 
O-109 per cent. G. J . Fowler observed t ha t ferrous bromide is decomposed when 
heated in ammonia, as in the case with ferrous chloride. Ammonia is absorbed by-
ferrous bromide forming hexa-, di-, and monoammines. The ranges of existence 
observed by W. Biltz and co-workers are summarized in Fig. 6Ol. W. Biltz and 

E. Rahlfs were unable to prepare ferrous 
decamminobromide, FeBr2-IONH3 , corre­
sponding with ferrous decamminochloride. 
Complex cationic ammines were also observed 
by E. Weitz and H . Miiller to be present in 
aq. soln. F . Ephra im found t h a t ferrous 
bromide readily absorbs ammonia, forming 
ferrous hexamminobromide, FeBr2 .6NH3 , 
studied by W. Biltz and G. F . Hut t ig . 
G. L. Clark studied the stabilities of the 
ammines. F . W. Bergstrom noted t h a t the 
hexammine is formed in liquid ammonia. 

W. Hieber and G. Bader obtained i t by passing tetracarbonyl cQbromide over 
iron ; and E . Weitz and H . Miiller, by the action of ammonium bromide on 
an ammoniacal soln. of ferrous hexamminoacetate, or by passing ammonia in to 
a soln. of 5 grms. of hexahydrated ferrous bromide and 10 grms. of ammonium 
bromide in 25 c.c. of water. The salt prepared dry is a voluminous white 
powder, and when prepared by the wet process it forms pale-green octahedra 
which, according to W. Biltz, belong to the cubic sys tem; and the space-
lattice has the parameter a = 10-51 A., with the atoms Br, and Fe, and the 
molecule N H 3 arranged as in the hexamminochloride. G. B. Naess and O. Hassel 
studied the sphere of action of the anion. W. Biltz and E. Birk found the sp. gr. 
to be 1*812 a t 25°/4°, so tha t it occupies about 2-76 times the vol. of the salt free 
from .ammonia. The dissociation press., p mm., was measured by F . Ephra im, 
and W. Biltz and co-workers, and the results are summarized in Fig. 601. 

F i a . 601 .—Dissoc iat ion Pressures of 
the A m m i n e s of Ferrous Bromide . 

63° 
2 2 

84-5° 
4 8 

105-5° 
1 1 4 

115-3° 
1 7 5 

130° 
3 2 9 

140° 
6 8 3 

153° 
7 7 5 V 

F . Miiller gave 44° to 149° for the dissociation temp. G. Beck gave 478 cals. for 
the heat of formation. W. Biltz, and W. Biltz and G. F . Hut t ig gave for t h e 
heat of formation, FeBr 2- | -6NH 3 g a ,=94-02 Cals., or 15-67 Cals.—F. Ephra im gave 
14-9 Cals.- -per mol of ammonia ; and FeBr 2 . 2NH 3 +4NH 3 g a 8 =53-35 Cals., or 
13*34 Cals. per mol of ammonia. The free energy of the reaction FeBr2-f-6NH3gaa 
=FeBr 2 . 6NH 3 , a t 27°, is 37-14 Cals., or 6 1 9 Cals. per mol of ammonia. W. Biltz 
and co-workers showed tha t salt is a hexammine-cation, [Fe(NH 3 )JBr 2 . F . Ephra im 
added tha t the salt is oxidized by air more slowly than the hexamminochloride. 
F- W. Bergstrom also made some observations. According to F . Ephra im, a n d 
W. Biltz and G. F . Hutt ig, when the hexammine is heated, i t forms ferrous 
diamminobromide, FeBr2 .2NH3 , which, a t 215°, 230°, and 277°, has the respective 
dissociation press. 11-5, 23-5, and 126 mm., and the respective heats of dissociation, 
21-9, 21-9, and 22-3 Cals. ; and F . Muller gave over 300° for the dissociation t emp . 
W. Biltz found t h a t the heat of formation FeBr2-f-2NH3 g a 8=40-65 Cals., o r 20-32 
Cals. per mol of ammonia -, and FeBr2 .NH3-f-NH3=19-87 Cals. The free energy 
of the reaction FeBr 2 + 2 N H 8 ? M = F e B r 2 . 2 N H 3 , a t 27°, is 21-18 Cals. or 10-59 Cals. 
per mol of ammonia. W. Biltz observed t h a t the anion is co-ordinated in the 
complex, and unlike the hexammine, the diammine is a molecular compound. 
W. Hieber and E . Levy studied the energy of formation. F . Ephra im, and 
W. Biltz and G. F . Hut t ig showed t h a t the diammine forms ferrous amminobromide, 
FeBr2 .NH*, as a dark grey mass, which, a t 215°, 230°, and 277°, has the respective 
dissociation press. 5*7, 9-7, and 61-5 mm., and the respective heats of dissociation 
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22-6, 22-8, a n d 23-1 CaIs, W . Bi l t z obse rved t h a t t h e h e a t of f o r m a t i o n F e B r 2 
- f -NHsgna=20-78 CaIs. ; a n d t h e free e n e r g y of f o r m a t i o n , a t 27° , is 11-08 CaIs. 
T h e c o m p l e x r e sembles t h a t of t h e d i a m m i n e , a n d is n o t l ike t h e h e x a m m i n e . 
F . E p h r a i m a n d co-workers s t u d i e d t h e mo l . vo l . of t h e a m m i n e s . F . W . B e r g s t r o m 
o b s e r v e d t h a t a n a m m o n i a soln. of p o t a s s i u m a m i d e p r o d u c e s n o definite p r o d u c t s 
w i t h fe r rous b r o m i d e . V. T h o m a s , a n d W . M a n c h o t f o u n d t h a t b o t h a q . a n d 
a lcohol ic soln. of f e r rous b r o m i d e a b s o r b n i t r i c ox ide u n t i l t h e so lu te c o r r e s p o n d s 
w i t h ferrous ni trosyl bromide , F e B r 2 - N O , a l t h o u g h t h a t s a l t h a s n o t been i so la ted . 
V. T h o m a s a lso found t h a t t h e d r y , a n h y d r o u s sa l t a b s o r b s n i t rogen peroxide t o 
f o r m ferrous te tr i tani troxylbromide , 4 F e B r 2 . N O 2 , w h i c h r e t a i n s t h e a b s o r b e d 
g a s e v e n in v a c u o . If m o i s t u r e be p r e s e n t , m o r e gas is a b s o r b e d , b u t a r e a c t i o n 
se t s in w h i c h is a t t e n d e d b y t h e evo lu t i on of b r o m i n e . H . G r o s s m a n n a n d F . H i i n -
seler obse rved t h a t pheny lhydraz ine f o rms t h e c o m p l e x F e B r 2 . 6 ( C 6 H 6 ) N H ( N H 2 ) . 

W . H i e b e r a n d co-workers , H . H o c k a n d H . S t u h l m a n n , a n d W . M i t t a s c h 
o b s e r v e d t h a t i ron carbonyl , Fe (CO) 5 , i n p e n t a n e o r o t h e r s o l v e n t r e a c t s 
w i t h b r o m i n e fo rming ferrous te tracarbonyl bromide , F e ( C O ) 4 B r 2 . T h e m o l . 
w t . in e t h y l e n e b r o m i d e is 330-7 ; in n i t r o b e n z e n e , 339*7 ; a n d in ace t i c ac id , 
323 -3—the t heo re t i c a l v a l u e is 327-68. T h e h e a t of f o r m a t i o n is (FeBr 2 , 4CO) = 26 
CaIs. T h e b r o m i d e d e c o m p o s e s in sun l i gh t ; a n d a t p ress , be low 75O m m . , 
o r a t t e m p , a b o v e 55° , i n t o fe r rous b r o m i d e a n d c a r b o n m o n o x i d e . I t is fa i r ly 
s t a b l e in d r y a i r b u t is d e c o m p o s e d b y w a t e r i n t o c a r b o n m o n o x i d e a n d fe r rous 
b r o m i d e ; w i t h a m m o n i a i t f o rms fe r rous h e x a m m i n o b r o m i d e ; a n d w i t h p y r i d i n e , 
F e B r 2 . 2 C 5 H 5 N , a n d F e B r 2 . 4 C 5 H 5 N . I t is d e c o m p o s e d b y e t h y l a c e t a t e o r ace t ic 
a n h y d r i d e . If b r o m i n e a c t s on t h e i ron p e n t a c a r b o n y l a t a Iow t e m p . , ferrous 
pentacarbonyl bromide, Fe(CO)5Br2, is formed ; the complex ferrous hemi-
heptaearbonyl bromide , F e 2 ( C O ) 7 B r 4 , w a s a lso p r e p a r e d . C. C h o j n a c k y , a n d 
W . M a n c h o t a n d J . H a a s s t u d i e d t h e c o m p o u n d f o r m e d b y fe r rous b r o m i d e 
w i t h e t h y l e n e , n a m e l y , ferrous e thy l enebromide , F e B r 2 . C 2 H 4 . 2 H 2 O ; a n d C. Cho j ­
n a c k y o b s e r v e d t h a t fe r rous b r o m i d e also fo rms a c o m p o u n d wi th a c e t y l e n e . 
F . O b e r h a u s e r a n d J . Scho rmu l l e r o b s e r v e d t h a t fe r rous b r o m i d e fo rms a c o m p o u n d 
w i t h c y a n o g e n , a n d also w i t h c y a n o g e n bromide , n a m e l y , F e B r 2 . B r C y . V. T h o m a s 
sa id t h a t soln. of fe r rous b r o m i d e in e thy l a l coho l y ie ld wel l - formed c ry s t a l s ; a n d 
s imi la r ly w i t h soln. in e t h e r ; b o t h soln. a b s o r b n i t r i c ox ide . F e r r o u s b r o m i d e 
is also slightly soluble in acetic acid ; in ethylene chloride ; and in benzene ; 
b u t p h e n o l i n t h e cold does n o t a t t a c k t h e sa l t , a l t h o u g h w h e n w a r m e d t h e sa l t is 
b l ackened . A. Schier , a n d A. N a u m a n n a n d A. Schie r found t h a t fer rous b r o m i d e 
fo rms a colour less soln. w i t h acetoni tr i le . W . Bi l tz a n d G. F . H i i t t i g , a n d 
F . E p h r a i m a n d R . L i n n obse rved t h a t fe r rous b r o m i d e u n i t e s w i t h m e t h y l a m i n e 
fo rming F e B r 2 . 6 ( C H 3 ) N H 2 . R . E . Breui l l p r e p a r e d a c o m p l e x w i t h e t h y l e n e -
d i a m i n e , [ F e e n 3 ] B r 2 . W . H i e b e r a n d co-workers s t u d i e d these c o m p o u n d s . 
Acco rd ing t o R . Miiller, 100 c c. of pyridine d issolve 0-49 g r m . of fer rous 
b r o m i d e a t 25° , a n d t h e c o m p l e x sa l t s w i t h F e B r 2 : C 5 H 5 N : H 2 O ==1 : 5 : O, 
1 : 5 : 1 , 1 : 4 : 0 , 1 : 2 : 0 , a n d 1 : 2 : 2 were s t u d i e d b y G. S p a c u , R . W e i n l a n d a n d 
co-workers , a n d W . H i e b e r a n d co-workers . F . B l a u , a n d A. W e r n e r i n v e s t i g a t e d 
t h e c o m p l e x s a l t w i t h cux'-dipyridyl, [ F e ( C 1 0 H 8 N 2 ) 3 ] B r 2 . 6 H 2 O . which L . A. WeIo 
f o u n d t o b e d i a m a g n e t i c . A . W e r n e r f o u n d t h e c o m p l e x [ F e ( D i p y r ) 3 ] B r 2 . 6 H 2 0 , 
t o be op t i ca l ly a c t i v e . F . B l a u i n v e s t i g a t e d t h e c o m p l e x sa l t w i t h a a ' -
Phenanthro l ine , a n d H . F r e u n d l i c h a n d V. B i r s t e in m e a s u r e d i t s mol . c o n d u c t i v i t y . 
Zi. M e y e r a n d A . Scheufe len f o u n d fe r rous b r o m i d e a useful c a t a l y s t in t h e 
b r o m i n a t i o n of o rgan i c c o m p o u n d s . 

J . W . R e t g e r s o b s e r v e d t h a t n o a m m o n i u m ferrous bromide is fo rmed f rom a n 
a q . soln . of t h e c o m p o n e n t sa l t s ; f e r rous b r o m i d e h a s n o inf luence o n t h e c rys ta l l ine 
f o r m of a m m o n i u m b r o m i d e . P . A . v o n Bonsdorff. p r e p a r e d mercur ic ferric 
bromide , H g B r 2 . F e B r 2 . 4 H 2 0 , b y c rys t a l l i«a t ion f rom a soln. of t h e t w o sa l t s . 
J . K e n d a l l a n d co -worke r s o b t a i n e d ev idence of t h e f o r m a t i o n of a n a l u m i n i u m 
ferrous bromide* B . R a y m a n a n d K . P re i s o b s e r v e d t h a t a c o m p l e x 
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Stannic ferrous bromide is formed from a mixed soln. of stannic and ferrous 
bromides. 

The preparation of ferric bromide.—C. L.6 wig, and J . von Liebig prepared 
ferric bromide, FeBr3 , by heating the residue obtained by evaporat ing the aq. 
soln.—say, a soln. of iron in an excess of bromine water—the salt collects as a 
sublimate. P . Hofer also obtained a sublimate of brown crystals of ferric bromide 
by heating ferrosic bromide to 400° to 500° in the absence of air. C. Lowig prepared 
ferric bromide by heating ferrous bromide with bromine ; and A. Scheufelen 
recommended heating the mixture of ferrous bromide with twice its weight of 
bromine in a sealed tube a t 170° to 200°. F . Ephra im and S. Millmann obtained 
the salt by exposing powdered iron for many months to the vapour of bromine 
in a desiccator. C. Li. Jackson and I . H. Derby observed t h a t anhydrous ferric 
bromide is formed when bromine vapour acts on ferrous hexamminoiodide. 
M. Barre obtained ferric bromide by passing the vapour of sulphur monobromide 
over ferric oxide a t 450° to 650°. The reaction begins a t 300°. O. Honigschmid 
and co-workers discussed the preparation, and J . C. Hoste t te r and H . S. Roberts , 
the purification of the salt. 

The hydrates of ferric bromide.—According to A. J . Balard, whilst bromine 
water converts hydra ted ferrous oxide into hydrated ferric oxide and ferrous 
bromide, not a trace of ferric oxide is taken up . C. Lowig, A. E. Schaefer, 
J . Nickles, A. Christensen, H . Lescccur, and L. L. de Koninck found t h a t a soln. of 
ferric bromide is obtained by dissolving the anhydrous salt in water, by dissolving 
hydrated ferric oxide in hydrobromic acid, or by adding bromine water to a soln. 
of ferrous bromide. If the soln. is to contain Fe : Br—1 : 3 , i t must not be warmed 
or else bromine will be evolved. The yellowish-brown soln. is darker in colour 
than the soln. of the corresponding chloride ; i t has a ferruginous tas te ; i t gives 
off hydrogen bromide when evaporated, and deposits an oxybromide ; i t does not 
yield crystals -when evaporated to a syrupy consistency ; bu t when evaporated 
to dryness, i t yields a mixture of ferric oxybromide and bromide—the lat ter can 
be separated by sublimation. According to I . Bolschakoff, if the dark brown aq. 
soln. be concentrated in a desiccator over sulphuric acid, it deposits the hexahydrate, 
FeBr3 .6H2O, in spherical clusters of small, dark green needles isomorphous with 
the corresponding hexahydrated chloride. H . Lescoeur inferred from his vap . 
press, measurements t h a t there are two other hydrates : trihydrate, F e B r 3 . 3 H 2 0 , 
and hemitrihydrate, FeBr3 .1 ^H 2 O. 

The physical properties of ferric bromide.—C. Lowig described the anhydrous 
salt as a dark red, crystalline mass ; and A. Scheufelen added t h a t crystals of the 
sublimed salt furnish six-sided, rhombic plates with a metallic lustre. The salt is 
very deliquescent. A. Bromer gave 1-0107 for the specific gravity of an aq. soln. 
with 1-56 per cent. FeBr3 , and 1-0641 for a soln. with 8-Ol 6 per cent. A. Scheufelen 
observed tha t ferric bromide cannot be sublimed by heat without some decom­
position ; and when heated in an evacuated tube, i t dissociates into ferrous bromide 
and bromine, bu t ferric bromide is re-formed on cooling. The subject was dis­
cussed by G. P . Baxter, and O. Honigschmid and co-workers. I . Bolschakoff 
observed t ha t the melting-point of the hexahydrate is 27°, and melting occurs 
without decomposition. J . Nickles, L. L. de Koninck, and I . Bolschakoff also 
observed t h a t a t its boiling-point, the aq. soln. dissociates into ferrous bromide 
and bromine. H . Ljescoeur found the vapour pressure of the t r ihydra te a t 40° is 
about 11-9 mm., and of the hemitr ihydrate, 5-5 mm. According to T. Andrews, 
the thermal value of the reaction 2FeBr 3 .Aq-f -Fe=3FeBr 2 .Aq.+48-9 CaIs. ; and 
since (Fe9Br2 ,Aq.)=80-8 CaIs., the heat of formation is (2FeBr2 ,Br2 ,Aq.)=,31-9 
CaIs. J . Thomsen made observations on this subject. M. Berthelot gave 
(2Fe,3Br2i l q .)=190-9 CaIs. and (2Fe,3Br2Kas,Aq.)=-212-l CaIs. ; and for t he heat 
Of neutralization, [Fe203 p p d . ,6HBr) =33-2 CaIs. A. Scheufelen noted t h a t hea t is 
evolved when the anhydrous salt is dissolved in water ; and T. Andrews studied 
the heat of solution of the salt. 
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A. B r o m e r g a v e for t h e i n d e x of re tract ion of a q . soln . : 
1-56 per cent. FeBr 3 (19°) 8 0 1 6 per cent. FeBr 8 (20°) 

GMine X>-linc i^-line C-line X>-llne 
fj. . . 1 - 3 3 3 7 3 1 - 3 3 5 7 5 1 - 3 3 6 9 8 1 - 3 4 5 1 8 1 - 3 4 7 4 8 

T h e m o l e c u l a r r e f r a c t i o n of t h e first soln. w i t h t h e /u.2-formula is 76*11 ; a n d of 
t h e second soln. , 81*07. T h e co lour of a q . soln. of ferric b r o m i d e c h a n g e s w i t h 
d i lu t ion l ike t h e soln. of ferric ch lor ide . l3il. soln. a r e ye l low, a n d cone . soln. a r e 
d a r k b r o w n , a l m o s t b l ack . S. U . P i c k e r i n g f o u n d t h a t soln . w i t h 1*0 t o O l g r m . 
F e p e r l i t re c h a n g e t h e i r co lour o n s t a n d i n g u n t i l t h e h y d r o l y s i s h a s a t t a i n e d a 
s t a b l e e n d - s t a t e . J . S. A n d e r s o n f o u n d t h e m o l e c u l a r e x t i n c t i o n , A-, of soln. w i t h 
C mo l s of F e B r 3 p e r l i t re , t o b e : 

A . 4 , 3 4 O 4 , 8 6 O 5 ,47O 6 , 0 2 0 6 ,77O 7,1OO 7 ,88O 1 0 , 6 2 0 1 3 , 0 0 0 A . 
f C = = 2 0 — — 3-OO 1-95 1-4 2 -4 0 - 9 5 

* 4 f T = l - 0 . — — — 2 - 7 4 0 - 8 7 0 - 8 5 0 - 8 8 1-19 0 - 6 1 
[C=~0'2 . 5 7 - 5 1 7 - 0 2 0 0 - 3 7 0 - 2 1 0 - 2 4 0 - 3 6 0 - 5 6 0 - 3 2 

T h e effects of hyd ro ly s i s a r e n o t he re a p p a r e n t , b u t w i t h soln. of cone , b e t w e e n 0*2 
a n d 0 0 2 mol F e B r 3 p e r l i t re , t h e effects of hyd ro ly s i s a p p e a r . T h u s , w i t h fresh 
soln. , a n d soln. six weeks old : 

A = 6 5 3 0 A . A — 4530A. 

C . . . 2-O 1-4 0 - 8 0 - 2 0 - 2 0 - 0 2 
/ F r e s h . . 5 -9 1 -26 0 - 3 3 O-19 3 1 - 7 11*3 

* \ A g e d . . 4-O 0 - 9 6 0 - 2 8 O-17 29-O 2 7 - 4 

U n l i k e soln. of ferric n i t r a t e a n d s u l p h a t e , Jc h e r e decreases w i t h dec reas ing con­
c e n t r a t i o n . T h e r e is a n a b s o r p t i o n b a n d in t h e u l t r a - r e d wh ich w i t h inc reas ing 
c o n c e n t r a t i o n m o v e s t o w a r d s t h e v io le t . T h e a b s o r p t i o n is m o r e i n t e n s e t h a n i t is 
w i t h soln. of o t h e r ferr ic sa l t s , a n d i t is poss ible t h a t t h i s is d u e t o t h e s e p a r a t i o n 
of s o m e free b r o m i n e . Th i s s u b j e c t w a s d iscussed b y R . A. H o u s t o u n a n d 
co-workers . 

N . Sasak i ' s o b s e r v a t i o n s on t h e e lectr ical conduct iv i ty of soln. of m i x t u r e s of 
ferr ic ch lor ide w i t h p o t a s s i u m chlor ide a n d b r o m i d e i n d i c a t e d t h a t t h e degree of 
i o n i z a t i o n of ferr ic b r o m i d e is n e a r l y t h e s a m e a s t h a t of t h e o t h e r ha l ides . R . Pe te r s" 
o b s e r v a t i o n s on e lec t rode p o t e n t i a l s i n d i c a t e t h a t t h e b r o m i d e is less ionized t h a n 
is t h e case w i t h t h e ch lor ide . R . P e t e r s in fe r red t h a t t h e hydro lys i s of ferr ic 
b r o m i d e is g r e a t e r t h a n is t h a t of t h e ch lor ide . W . Isbekoff g a v e 0*92 vo l t for t h e 
d e c o m p o s i t i o n p o t e n t i a l of ferr ic b r o m i d e d i sso lved in m o l t e n z inc b r o m i d e . 
L . R i e t y s t u d i e d t h e p o t e n t i a l difference b e t w e e n soln. of ferr ic ch lor ide a n d t h e 
glass wal ls of a cap i l l a ry c o n t a i n i n g t h e l iqu id . O. L i e b k n e c h t a n d A. P . Wil ls 
g a v e 5 O x 10—« u n i t for t h e m a g n e t i c suscept ib i l i ty of a feebly ac id ic soln. of ferr ic 
ch lo r ide a t 18°. A. Q u a r t a r o l i sa id t h a t w i t h a feebly acidic soln. h a v i n g 2*88 g r m s . 
of F e B r 3 p e r l i t re , t h e p a r a m a g n e t i s m of t h e so lu te , a n d t h e d i a m a g n e t i s m of t h e 
so lven t a l m o s t n e u t r a l i z e one a n o t h e r . O b s e r v a t i o n s were also m a d e b y B . C a b r e r a 
a n d E . Moles. 

Chemica l propert ies of ferric b r o m i d e . — A c c o r d i n g t o H . Schulze , w h e n t h e 
v a p o u r of ferric b r o m i d e a n d o x y g e n is h e a t e d t o r ednes s , ferric ox ide a n d b r o m i n e 
a r e f o r m e d . T h e hydro lys i s of a so ln . of ferric b r o m i d e in w a t e r h a s j u s t b e e n 
i n d i c a t e d , a n d C. L*6wig r e p o r t e d t h a t a ferric o x y b r o m i d e is f o rmed a s a res idue on 
e v a p o r a t i n g a n a q . soln. of t h e s a l t t o d r y n e s s . A . B e c h a m p r e p o r t e d a n o x y ­
b r o m i d e , F e B r 3 . 7 F e 2 0 3 , t o b e f o r m e d a s a d e e p r e d soln . b y l eav ing h y d r a t e d ferric 
ox ide i n c o n t a c t w i t h a n a q . soln . of ferr ic b r o m i d e for t h r e e m o n t h s , a n d 
F e B r 8 . 5 F e 2 0 3 t o b e f o r m e d b y t h e ac t i on of s i lver n i t r a t e on a soln. of ferric 
b r o m i d e . J . M. O r d w a y sa id t h a t h y d r o b r o m i c a c i d dissolves a t l eas t 5 equ i ­
v a l e n t s of ferric ox ide , a n d A . B e c h a m p o b s e r v e d t h a t a soln. of ferric b r o m i d e 
dissolves h y d r a t e d ferr ic ox ide a s r e a d i l y a s does a soln . of ferric chlor ide ; a n d 
C. L.6wig a d d e d t h a t a soln. of ferr ic b r o m i d e c a n dissolve a t l eas t 5 eq . of h y d r a t e d 
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ferric oxide. The peptization of hydra ted ferric oxide by sola, of ferric bromide 
was also discussed by S. TJ. Pickering, P . Nicolardot, and A. W. Thomas and 
E . R. Hamburger—vide supra, the hydrosols and hydrogels of ferric oxide. There 
is here no definite evidence of the existence of an oxybromide as a chemical 
individual. A. Scheufelen, and E. Beckmann observed t h a t ferric bromide is 
slightly soluble in bromine. E. C. Franklin and C. A. Kraus found t h a t ferric 
bromide is slightly soluble in liquid ammonia ; H . H u n t and L. Boncyk said t h a t 
i t is insoluble in liquid ammonia a t 25° ; and F . Ephra im and S. Millmann said 
t h a t the anhydrous salt in ammonia swells up to three t imes its vol. forming ferric 
hexamminobromide, FeBr3 .6NH3 , whose dissociation press., p mm., is : 

O6 10° 30-5° 40-2° 49° 53° 

p . . 7 3 156 331 49O 661 734 

and the heat of dissociation is 11-2 CaIs. per mol. of ammonia. V. Thomas found 
t ha t nitric oxide is not absorbed by the anhydrous salt a t ordinary temp. , and 
when heated, the salt is reduced : FeBr 3 H-NO=NOBr- I -FeBr 2 ; no complex with 
nitrogen peroxide is formed a t ordinary temp. , and a t 300°, ferric oxide is formed. 

A. Scheufelen found tha t ferric bromide is soluble in alcohol and ether ; and 
1. Bolschakoff obtained a similar result with t he hexahydra te . A. Rosenheim 
and P . Muller found tha t the salt is soluble in acetic acid ; and G. Grunberg-
Krasnowskaja studied the complex bromoacetates. A. Scheufelen investigated 
the action of ferric bromide on nitrobenzene and nitrotoluene ; A. Schier, 
and A. Naumann and A. Schier showed t h a t ferric bromide forms a blood-red 
soln. with acetonitrile ; and G. Spacu, t h a t i t is reduced by pyridine to ferrous 
bromide, and it also forms a complex salt Fe(OH)Br 2 -C 5H 5N. W. Hieber and 
co-workers studied the pyridine compounds as well as those of ethylenedlamine, 
and of carbon monoxide. G. A. Barbieri observed t h a t ferric bromide forms 
a complex with urea ; F . Calzolari, a complex with antipyrine ; F . Oberhauser 
and J. Schormuller, with cyanogen bromide ; P. Pistschimuka, with methyl 
thiophosphate ; A. Bayer and H . Aickelin, with tri-p-cnlorotriphenyl-carbinol 
bromide ; and K. Fosse and L. Lesage, with xanthylium bromide. L . Meyer 
and A. Scheufelen, and L. Bruner and J . Fischler found t h a t ferric bromide is a 
useful catalyst in the bromination of organic compounds. 

J . Nickles found tha t an aq. soln. of ferric bromide, a t the t emp, of a water-
bath, or when exposed to sunlight, slowly dissolves gold, even when no excess 
of bromine is present. W. Isbekon" found t h a t molten z inc bromide dissolves 
11*57 per cent, of ferric bromide ; and B. A. IsbekofE and W. A. Plotnikoff, t h a t 
aluminium bromide forms a dark red soln. with ferric bromide, and the sp. con­
ductivity of a 20 per cent. soln. is O-OOl mho a t 150°. J . Nickles observed t h a t the 
tendency of the ferric halides to form complex salts increases with the a t . wt . of 
the halogen. A few complex salts have been prepared. J . W. Retgers observed 
t ha t no solid soln. is formed between ferric and ammonium bromides ; and C. Lowig 
noted t h a t if in aq. soln. a complex is formed with ammonium bromide i t is readily 
dissociated on crystallization. P . T. Walden obtained ammonium ferric tetra-
bromide, or ammoniu?n tetrabrotnoferrate, NH 4 FeBr 4 . 2H 2 0 , in deliquescent, da rk 
green crystals, from a soln. of one par t of ammonium bromide to five of ferric 
chloride. There is some uncertainty about the proportion of water of crystalli­
zation. The salt decomposes when i t is re-crystallized from i ts aq . soln. No 
success was obtained in the a t t empt to prepare (NH4)2FeBr5 . When a soln. con­
taining NH 4 Br : FeBr 3 = 2 : 1 is crystallized, both the tetrabromoferrate a n d 
ammonium bromide crystallize from the same soln. No potassium ferric bromide 
could be prepared by C. Lowig. F . Krauss and T. von Heidlberg obtained complex 
salts of rubidium and caesium bromides. By crystallizing a soln. containing 5 grms. 
of rubidium bromide and 6 grms. of ferric bromide, P . T. Walden obtained da rk 
green, short, doubly terminated prisms of rubidium ferric pentabromide, or rubidium 
pentabromoferrate, R b 2 F e B r 5 . H 2 0 . The salt is rapidly decomposed in air, and 
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on re-crystallization from its aq. soln. The analogous caesium ferric penta-
bromide, or ccBsium pentabromoferrate, Cs2FeBr5-H2O, was obtained from a soln. of 
equal proportions by weight of t he component salts. I t resembles the rubidium 
salt b u t i t is comparatively stable. A soln. of caesium bromide with twice its 
weight of ferric bromide furnishes dark green, slender needles of caesium ferric 
tetrabromide, or ccesium, tetrabromoferrate, CsFeBr4 . No sodium ferric bromide 
was prepared by C. Lowig. R. F . Weinland and H . Schmid prepared antimony 
ferric octodecachloride, Fe(SbBr6J3 , or FeBr3 .3SbBr5 . 

According to C. Lenormand, bromine acts very slowly on anhydrous ferrous 
chloride a t the ordinary temp. , combination being incomplete even after a month . 
I n sealed tubes a t about 100°, t he result varies wi th the proportion of bromine 
employed. If the chloride and the bromine are mixed in the proportions 
2FeCl2 : Br2 , combination takes place, bu t no crystals are formed ; if, however, 
the bromine is in excess, ferric dichlorobromide, FeCl2Br, separates in volatile 
crystals which are insoluble in an excess of bromine. Again, when bromine is 
added to ferrous chloride soln., combination takes place with development of con­
siderable heat , and, after expulsion of the excess of bromine, the composition of the 
liquid agrees with the formula FeCl2Br. The soln. is very deep red when concen­
t ra ted, and yellow when dilute. I t has an acidic reaction, and contains colloidal 
ferric oxide. I t separates in volatile crystals which are insoluble in excess of 
bromine. The crystals are lustrous, and very dark coloured, green by reflected 
light, and completely opaque even in thin sections. They seem to be hexagonal 
tables. The compound is very deliquescent, and very soluble in water ; i t also 
dissolves readily in alcohol or ether, and, by means of the latter, can be separated 
from ferrous chloride. Chloroform, benzene, and toluene also dissolve it, bu t 
carbon bisulphide dissolves only a trace. I t is easily decomposed by heating, but 
sublimes readily when heated in u tube containing a slight excess of bromine. 

F . Krauss and T. von Heidlberg prepared a series of mixed salts by the action 
of ferric chloride or bromide on various alkali hydrides in soln. acidified strongly 
with the corresponding halogen acid. In this way, they prepared rubidium ferric 
dichlorotribromide, Rb2[FeBr3Cl2(H2O)] ; rubidium ferric trichlorodibromide, 
Rb2[FeCl3Br2(H2O)] ; caesium ferric dichlorotribromide, Cs2[FeBr3Cl2(H2O)] ; 
caesium ferric trichlorodibromide, Cs2[FeBr2Cl3(H2O)]; triethylammonium ferric 
Chlorotribromide, HN(C2H5)3[FeCl.Br3] , melting a t 39-5° with decomposition ; 
triethylammonium ferric trichlorobromide, HN(C2Hg)3[FeCl3Br]; and pyridinium 
trichlorobromide, C 6H 5NH[FeCl 3Br], melting a t 84°. E . A. Dancaster studied 
the formation of ferric trichlorohexabromide, FeCl3Br6, in non-aqueous soln. 

F . Oberhauser and J . Schormuller t reated ferrous bromide for a long t ime with 
an excess of cyanogen bromide and obtained a complex Fe3Br8Cy2 .3CyBr; when 
this salt is heated between 160° and 200°, i t forms ferrosic bromide, Fe3Br8 , with 
a dissociation press, of 12 mm. a t 100°. The complex is formulated on A. Werner 's 
co-ordination scheme, Fe" [Fe ' "Br 4 ] 2 , and the "hexahydrate, [Fe"(H 2 O) 0 ] [Fe" 'Br 4 ] 2 . 
H . Chandra obtained yellow, trigonal crystals of t he ttecahydrate, Fe3Br8-IOH2O, 
by dissolving hydra ted ferrosic oxide in well -cooled, sa tura ted hydrobromic 
acid, and evaporat ing the soln. below 5°, over sulphuric acid and lime. The 
hexahydrate, Fe 3 Br 8 .6H 2 O, was prepared by A. Hohn, and R. Weinland and 
co-workers—A. Hohn, and H . Holtmeier—in dark red, deliquescent crystals, by 
dissolving hydra ted ferric oxide in the theoretical quant i ty of hydrobromic acid, 
and evaporat ing the soln. on a water-bath. The salt is blackened in light. If 
sodium acetate be added to the dark red soln. of ferrosic bromide, a complex ferrosic 
acetate is precipitated. R. Weinland with H . Holtmeier, and with A. Hohn, 
prepared complex salts in which the ferrous salt was replaced by salts—ace rates, 
propionates, benzoates, etc.—of other bivalent metals—nickel, cobalt, manganese, 
magnesium, zinc, and cadmium. F . Oberhauser and J . Schormuller prepared 
complexes with cyanogen bromide, Fe 3 Br 8 .4CyBr; with hydrogen cyanide, 
F e 8 B r 8 ^ H C y ; and with cyanogen, Fe8Br8 .nCy2 . 
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P. T. Walden found tha t when the a t tempt was made to prepare a complex of 
potassium and ferric bromides, from a soln. of potassium bromide with five t imes 
its weight of ferric bromide, a green salt, potassium ferrosic bromide, 
KBr.FeBr2 .2FeBr3 .3H20, separated out in dark green, opaque, cubic crystals 
which gave a black hydroxide when treated with ammonia. The analogous 
rubidium ferrosic bromide, RbBr-FeBr 2 .2FeBr 3 .3H 20, separated in dark green, 
opaque, rhombohedral crystals from a soln. of rubidium bromide with five t imes its 
weight of ferric bromide. Ammonium, and the other alkalies did not form an 
analogous salt. 
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§ 39. The Iron Iodides 
J . I J . G a y L u s s a c , 1 a n d H . D a v y n o t e d t h a t iod ine r ead i ly u n i t e s w i t h i ron , w i t h 

a s l ight evo lu t i on of h e a t , f o rming a b r o w n m a s s wh ich fuses a t a r e d - h e a t a n d 
vola t i l izes a t a h i g h e r t e m p . J . I ) . S m i t h first a n a l y z e d a n d e s t ab l i shed t h e 
i n d i v i d u a l i t y of f errous iodide , F e I 2 - G. S. Seru l l as p r e p a r e d t h e a n h y d r o u s sa l t 
b y pas s ing t h e v a p o u r of iod ine a n d s t e a m t h r o u g h a r e d - h o t i ron t u b e filled -with 
cha rcoa l . I n 1861 , L . Car ius a n d J . A. W a n k l y n p r e p a r e d fe r rous iod ide b y r a p i d l y 
h e a t i n g t o r ednes s i ron t u r n i n g s in a cove red po rce l a in c ruc ib le , a n d f r e q u e n t l y 
a d d i n g smal l q u a n t i t i e s of iod ine . T h e i r on w a s in i t ia l ly m i x e d w i t h a l i t t l e i od ine 
t o d r i ve o u t t h e a i r . T h e excess of iod ine is vo la t i l i zed . A s t h e t e m p , falls be low 
redness , t h e r e is s u d d e n l y deve loped a q u a n t i t y of iod ine v a p o u r . T h i s p h e n o m e n o n 
m a y m e a n t h a t ferric iod ide is s t a b l e a b o v e t h e cr i t ica l t e m p , o r t h a t iod ine is 
occ luded b y fused fe r rous iod ide in a w a y a n a l o g o u s t o t h e a b s o r p t i o n of o x y g e n b y 
fused si lver . L . Oar ius a n d J . A . W a n k l y n ' s p r o d u c t w a s a g rey , l a m i n a t e d m a s s , b u t 
C. ~L. J a c k s o n a n d I . H . D e r b y h a v e s h o w n t h e p r o d u c t is o b t a i n e d in t h e fo rm of 
r e d scales if a i r be e x c l u d e d ; t h e g r e y co lour is a n effect p r o d u c e d b y t h e a b s o r p t i o n 
of m o i s t u r e f rom t h e a i r ; a n d t h e y p r e p a r e d t h e s a l t b y p a s s i n g h y d r o g e n a n d 
iod ine v a p o u r o v e r h e a t e d ferric ox ide ; a n d b y h e a t i n g c l ipp ings of i ron wire i n a 
s tee l b icycle t u b e t o a b r i g h t r e d - h e a t , a n d p a s s i n g t h e v a p o u r of iodine in a s t r e a m 
of n i t r o g e n t h r o u g h t h e t u b e . I r o n wire c l ipp ings g a v e b e t t e r r e su l t s t h a n i r o n 
t u r n i n g s o r fillings, o r r e d u c e d i ron . A sma l l e r s tee l b icycle t u b e w a s s l ipped 
i n t o t h e e x i t e n d of t h e h e a t e d t u b e ; a n d t h e fe r rous iod ide , vola t i l ized f rom t h e 
l a rge r t u b e , c o n d e n s e d i n t h e sma l l e r t u b e f rom w h i c h i t w a s easi ly r e m o v e d . 
T h e e x i t t u b e f rom t h e c o n d e n s i n g t u b e p a s s e d t h r o u g h s u l p h u r i c ac id , a n d t h e 
iod ine w h i c h co l lec ted w a s used a g a i n . I n o r d e r t o a v o i d t h e loss of iod ine , 
M. G u i c h a r d r e c o m m e n d e d us ing a t u b e c o n t a i n i n g i ron a n d iod ine , s e p a r a t e d b y 
a n a sbes to s p l u g . T h e t u b e w a s e v a c u a t e d , sea led , a n d h e a t e d in such a m a n n e r 
t h a t t h e i ron w a s k e p t a t 600° , a n d t h e iod ine a t 180°. F e r r o u s iodide is fo rmed , 
a n d i t sub l imes i n t h e fo rm of d e e p r e d c r y s t a l s . I t w a s p r e p a r e d b y M. B e r t h e l o t , 
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W . Bi l t z a n d G. F . H u t t i g , B . Kohn le in , a n d A. E . N o r d e n s k j d l d , f rom i r o n a n d 
h y d r o g e n iodide , or iodine a n d h y d r o g e n ; b y C. L*. J a c k s o n a n d I . H . D e r b y , f rom 
fer rous oxide , iodine a n d h y d r o g e n ; a n d b y W . Bi l t z a n d G. F . H u t t i g , C. Lr. J a c k s o n 
a n d I . H . D e r b y , H . Lescceur, a n d A. T . T h o m s o n , b y d e h y d r a t i n g t h e h y d r a t e d 
sa l t . E . Fi lhol a n d J . Mellies o b t a i n e d i t b y t h e a c t i o n of i od ine o n o n e of t h e i r o n 
su lph ides a t 2 0 0 ° ; L . Hacksp i l l a n d R . G r a n d a d a m , b y h e a t i n g a m i x t u r e of i r o n 
a n d sod ium iodide : F e + 2 N a I = F e I 2 4 - 2 N a ; a n d b y W . H i e b e r a n d G. Bader, 
b y t h e p h o t o c h e m i c a l decompos i t ion of fer rous t e t r a c a r b o n y l i od ide . I t s f o r m a t i o n 
in b lowpipe t e s t i ng w a s discussed b y P . Casamajo r , a n d J . !Landauer . A c c o r d i n g 
fco C. Lt. J a c k s o n a n d I . H . D e r b y , t h e sa l t c a n be purif ied b y s u b l i m a t i o n i n a n 
a t m o s p h e r e of n i t rogen , c a r b o n d iox ide , or h y d r o g e n p r o v i d e d o x y g e n is e x c l u d e d . 

T h e hydrates of ferrous i o d i d e . — I n 1842, A . T . T h o m s o n t r e a t e d i r o n w i t h 
twice i t s we igh t of iodine s u s p e n d e d in w a t e r , a n d a f te r e v a p o r a t i n g off t h e w a t e r 
in t h e presence of meta l l ic i ron c o n t a i n e d in a flask, o b t a i n e d a s tee l -g rey , l a m i n a t e d 
m a s s of ferrous iodide . G. M. Ber inger , M. B e r t h e l o t , F . C h e m n i t i u s , A . D u p a s q u i e r , 
E . F l eu ry , M. K o p , J . H . L.ong, J . D . S m i t h , A . T . T h o m s o n , a n d F . A . V o l k m a n n 
s tud ied t h e sub jec t . A soln. of fe r rous iodide is o b t a i n e d b y d iges t ing , in t h e 
presence of w a t e r , i ron filings w i t h t h r e e t o four t i m e s i t s w e i g h t of i od ine . 
J . Li. G a y Lussac , C. L . J a c k s o n a n d I . H . D e r b y , a n d W . B i l t z a n d E . B i r k 
o b t a i n e d t h e a q . soln. b y dissolving a n h y d r o u s fe r rous iod ide i n w a t e r ; m u c h 
h e a t is evo lved . DiI . soln. a r e colourless , a n d cone . soln. a r e g reen . 

H y d r a t e s of fer rous iodide of indef ini te compos i t i on were r e p o r t e d b y A . D u p a s ­
quier , G. K e r n e r , A. P . J . d u Menil , L . Miahle , J . P r e u s s , a n d J . D . S m i t h . W h e n 
a r e d c ry s t a l of fe r rous iodide is exposed t o air , a w h i t e b o r d e r first a p p e a r s a n d t h e 
whole c rys ta l becomes w h i t e ; t h i s c h a n g e is soon followed b y t h e l i be ra t i on of 
iodine which i m p a r t s a g rey or b lack a p p e a r a n c e . T h e c h a n g e f rom red t o w h i t e 
is a n effect of mo i s tu re , i t does n o t occur w h e n t h e iod ide is confined i n a d r y , i n e r t 
medium—e.r/. , c a r b o n d ioxide , d r y e the r , e t c . — b u t i t does occu r if m o i s t u r e b e 
p re sen t . O. Li. J a c k s o n a n d I . H . D e r b y found t h e w h i t e p r o d u c t h a d a c o m p o s i t i o n 
cor responding wi th t h e dihydrate, F e I 2 . 2 H 2 O . H . Liescoeur's m e a s u r e m e n t s of t h e 
v a p . press . , p, of t h e d i h y d r a t e i nd i ca t ed t h a t a t 90°, p falls f rom 77 m m . t o 20 m m . 
as t h e d i h y d r a t e passes t o t h e m o n o h y d r a t e , F e I 2 - H 2 O ; a n d a t 160°, t h e m o n o -
h y d r a t e g r a d u a l l y fo rms t h e a n h y d r o u s sa l t . A ho t , s a t . soln. of fe r rous iod ide 
depos i t s green c rys t a l s of t h e tetrahyUrate, F e I 2 . 4 H 2 O , on cool ing. A c c o r d i n g t o 
G. K e r n e r , a boiling soln. depos i t s d a r k green , r h o m b i c p l a t e s of t h e pcntahydratey 
F e I 2 . 5 H 2 0 , a n d sp . gr . 2-873. J . D . S m i t h o b t a i n e d s imi lar c ry s t a l s b y e v a p o r a t i n g 
a soln. o n t h e w a t e r - b a t h . F . A. V o l k m a n n , however , s h o w e d t h a t t h e c r y s t a l s 
o b t a i n e d b y e v a p o r a t i n g a q . soln. of fer rous iod ide a r e t h e t e t r a h y d r a t e , F e I 2 . 4 H 2 0 . 
These c rys t a l s m e l t in t h e i r w a t e r of c rys ta l l i za t ion b e t w e e n 90° a n d 98° ; h a v e a 
sp . gr . of 2:873 a t 12° ; a n d , accord ing t o J . D . S m i t h , w h e n h e a t e d i n a i r t h e y 
g ive off w a t e r a n d iod ine , a n d leave ferric ox ide ; t h e y b l a c k e n w h e n h e a t e d t o 
50° , b u t t h e or ig inal colour is r e s to red on cool ing. F . A . V o l k m a n n , a n d 
H . Lescoeur p r e p a r e d pa le yellow, needle- l ike c rys t a l s of t h e hexahydrate, F e I 2 . 6 H 2 O , 
b y cool ing a soln. F e I 2 + 8 - 5 H 2 O t o —16°, or by seeding a s lowly cooled so ln . w i t h 
a c r y s t a l of t h e h e x a h y d r a t e . T h e h e x a h y d r a t e fuses a t 8° a n d d e c o m p o s e s i n t o 
t h e t e t r a h y d r a t e . F . A. V o l k m a n n o b t a i n e d g reen p l a t e s of F e I 2 . 9 H 2 O , b y coo l ing 
t h e m o t h e r - l i q u o r f rom t h e p reced ing h y d r a t e t o —11° ; b y seed ing a so ln . F e I 2 
- j - 10 -5H 2 0 cooled t o —10° w i t h a f r a g m e n t of t h e solid o b t a i n e d b y cool ing a so ln . 
F e I 2 + 9 H 2 O t o —30° . Th i s sa l t is less de l iquescen t t h a n t h e h y d r a t e s j u s t con­
s ide red ; i t m e l t s b e t w e e n 0° a n d 2-5°. 

The physical properties of ferrous iodide.—J. L. Gay Lussac, H . Davy, 
B . K 6 h n l e i n , a n d M. G u i c h a r d sa id t h a t a n h y d r o u s fe r rous iod ide , w h e n s u b l i m e d ' 
fo rms p la t e - l ike c ry s t a l s of a d e e p r e d colour w i t h a b rowni sh t i n t ; in t h i c k e r 
m a s s e s t h e co lour of fe r rous iod ide is n e a r l y b lack . W h e n m e l t e d a n d a l lowed t o 
solidify, i t f o rms a r edd i sh -b l ack c rys ta l l ine m a s s w i t h a b r o w n t i nge o n t h e 
f r ac tu red sur face . W . B i l t z a n d G. F . H u t t i g sa id t h a t t h e c r y s t a l s a r e b l a c k i n 
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reflected, and garnet-red in transmitted l ight. A. Ferrari and F . Giorgi found 
tha t the crystals are of the cadmium iodide t y p e , and the X-radiograms correspond 
with a unit cell w i th the parameters a = 4 - 0 4 A. , and c—6*75 A. Some of the 
older observers, C. L . Jackson and I . H . Derby , S. de Luca, A. E . Nordenskjold, 
A. T. Thomson, and L. Oarius and J . A. Wanklyn , said t h a t the powder is grey or 
white . This, as indicated above , was shown b y A. E . Nordenskjold, and C. L. Jack­
son and I. H . D e r b y t o be due t o the formation of the grey dihydrate on exposure t o 
air, and these same observers said t h a t the crystals are s ix-sided plates belonging 
t o the hexagonal sys tem, and t h e y are optical ly uni-axial . The general appearance 
of the crystals of the hydrates is indicated above . Gr. S. Serullas* description of 
his product as " shining yel low crystals resembling gold filings," has n o t been 
confirmed, a l though ferrous bromide has a dark yel low colour wi th a greenish-
brown tinge. W. Bi l tz and E . Birk gave 5-315 for the sp. gr. of the sublimed salt 
a t 25°/4°. W. Bi l tz said that the mol . vol. is 58-27 at 25°, and he showed t h a t 
the formation of the compound from its e lements is a t t ended b y an expansion. 
J . Ju. M. Poiseuille studied the rate of flow of the soln. in a capil lary tube . 
R. Hansl ian measured the lowering of the b.p. of iodine b y the dissolution of iron. 
H . Lescctmr found the vap. press., p mm. , of the sat . soln. : 

50° 60° 70° 80" 90° 
p . . . 3O 5 0 7 4 1Ol 1 4 4 

and for the dihydrate, j o = 7 7 , 115, 16O, and 233 m m . respectively a t 90°, 100°, 110°, 
and 120° ; and for the monohydrate , HO m m . a t 160°. F. Ephraim and co-workers 
also studied the mol. vol. H . D a v y , and J . L. Gay Lussac observed t h a t the 
anhydrous salt mel t s a t a red-heat. According t o A. T. Thomson, the anhydrous 
salt melts a t 177°. A. Ferrari discussed the relation between the m.p. and the 
space-lattice. H . D a v y observed t h a t the anhydrous salt is volati le a t a high t e m p . ; 
and C. L». Jackson and I. H. D e r b y showed t h a t i t sublimes when heated in a s tream 
of inert gas—nitrogen, carbon dioxide, or even hydrogen—oxygen must be rigorously 
excluded. According t o T. Andrews, the heat of formation in soln. is (Fe ,I 2 ,Aq.) 
-=46-4 CaIs. ; J . Thomsen gave 47-65 CaIs. ; and M. Berthelot , 47-7 CaIs., and 
(2Fe , I 2 g l u l ,Aq . )=61-3 CaIs. J . Thomsen gave ( F e , 2 H I , A q . ) = 2 1 - 3 4 CaIs. Obser­
vat ions were also made b y P. A. Favre and J . T. Silbermann. GT. Beck studied 
the free energy of the salt : and F . Ephraim and O. Schutz, the relation between 
the heat of formation and the mol. vol . A. Mosnier found tha t the heat of soln. 
of the anhydrous salt in 73 parts of water is 23-3 CaIs. Gr. Beck, and W . Herz 
calculated values for the entropy and vibration frequency of F e I 2 ; and 
E . Rabinowitsch and E . Thilo studied the heat of formation. W. Hieber and 
A. Woerner gave (Fe,I2) = 3 0 - 1 2 CaIs.; and W. Hieber and E . L e v y studied the 
lattice energy of t h e crystals. 

A. K. Chapman studied the emission spectrum of anhydrous ferric iodide, and 
also of the aq. soln. D . J. P . Berridge obtained photographic prints wi th paper 
saturated with ferrous iodide, but the sensi t iv i ty was less than wi th other soluble 
iodides. M. Padoa and N . Vita found that under the influence of pulsating radia­
t ions of wave- lengths 670-8, 587 to 589-6, 535, and 460-7 A., corresponding with 
quanta of 42-51, 48-57 t o 48-35, 53-30, and 61-9 cals. respectively, the reaction 
2 F e I 2 + I 2 - > 2 F e I 3 gave the following relative maximal yields : 1-4O, 1-60, 1-7O, 
and 2*15. This shows tha t t h e greater the l ight quanta, the higher the yield. 
A m i n i m u m of 3O cals. is necessary t o start the reaction, and the yields are then 
proportional t o t h e quanta. The curves showing the relation between t h e yields 
w i th intermit tent or cont inuous l ight indicate frequent periodic oscillations for 
l ight of short wave- length, and similar periods of somewhat less frequency for l ight 
of longer wave- length. The oscil lations are explained b y assuming the existence 
of act ive mole, which are t h e seat of adiabatic transformations and the period of 
existence of which appears t o be the longer, the higher are their energy levels . 
N . Sasaki and K. Nakamura measured the potent ia l of mixed soln. of Fe**/Fe*** 
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a n d of I / I ' , a n d found i t t o b e inf luenced solely b y t h e c o n c e n t r a t i o n of t h e 
iod ide a n d free iodine. T h e y also s t ud i ed t h e B e c q u e r e l effect w i t h t h e s e soln . 
M. F a r a d a y found t h a t t h e a n h y d r o u s sa l t is p a r a m a g n e t i c . O. L i e b k n e c h t a n d 
A. P . Wills gave 42 X 1 O - 6 m a s s u n i t for t h e m a g n e t i c su scep t ib i l i t y of a so ln . 
of fer rous iodide a t 18°. L . P a u l i n g a n d M. L . H u g g i n s s t u d i e d t h e m a g n e t i c 
p roper t i e s . A . Schiikareff obse rved a m a g n e t o c h e m i c a l effect w h e n , i n t h e 
electrolysis of a soln. of fer rous iodide , t h e a n o d e is in a m a g n e t i c field. 

The chemical properties of ferrous iodide.—According to C. L. Jackson and 
I . H . D e r b y , ferrous iodide c a n be sub l imed in a n a t m . of h y d r o g e n w i t h o u t c h a n g e , 
a n d t h e resu l t is s imi lar w h e n h y d r o g e n is p a s s e d t h r o u g h m o l t e n fe r rous iod ide , 
o r w h e n a m i x t u r e of h y d r o g e n a n d fer rous iod ide v a p o u r is p a s s e d o v e r i r on . 
H y d r o g e n can also be b u b b l e d t h r o u g h a n a q . soln. of fe r rous iod ide w i t h o u t a 
r e d u c t i o n of t h e sa l t . Accord ing t o H . Schulze , a n d C. 1». J a c k s o n a n d I . H . D e r b y , 
a n h y d r o u s ferrous iodide is v e r y suscep t ib le t o o x i d a t i o n , so t h a t w h e n h e a t e d in 
air, even a t a m o d e r a t e t e m p . , all t h e iodine pas ses off in v io le t f umes a n d a r e s idue 
of ferric oxide is fo rmed which r e t a i n s t h e s h a p e of t h e iod ide c r y s t a l s . B . K o h n l e i n 
sa id t h a t t h e c rys t a l s of ferrous iod ide a re v e r y de l i quescen t ; W . B i l t z a n d E . B i r k 
d id n o t find t h e m p a r t i c u l a r l y de l iquescen t . C. L . J a c k s o n a n d I . H . D e r b y ' s 
obse rva t i ons a re i n d i c a t e d a b o v e in connec t ion w i t h t h e d i h y d r a t e . H . Liescoeur 
sa id t h a t t h e sa l t c a n be p rese rved in d r y air , b u t C. L . J a c k s o n a n d I . H . D e r b y 
r e p o r t e d t h a t t h e d e c o m p o s i t i o n of fe r rous iodide b y t h e oxygen of t h e a i r t a k e s 
p lace a t o r d i n a r y t e m p . , for w h e n confined in a des icca tor , i t soon colours t h e conf ined 
a t m o s p h e r e p u r p l e . Th i s sub j ec t w a s d iscussed b y A. T . T h o m s o n , a n d S. de L u c a . 
Accord ing t o J . P r e u s s , w h e n t h e p o w d e r e d h y d r a t e of fe r rous iodide is k e p t for 
four m o n t h s in a s t o p p e r e d bo t t l e , i t becomes c o v e r e d w i t h a film of iod ine , a n d 
a f t e rwards , i t is b u t p a r t i a l l y soluble in water s ince i t fo rms a d a r k b r o w n soln . 
a n d leaves a res idue of ferric ox ide . Acco rd ing t o A. D u p a s q u i e r , M. K o p , 
A. P . J . d u Menil , C. L*. J a c k s o n a n d I . H . D e r b y , a n d O. v a n Schoor , t h e a q . so ln . 
is colourless o r b lu ish-green ; i t oxidizes easi ly in a i r p r e c i p i t a t i n g ye l lowi sh -b rown 
h y d r a t e d ferric ox ide , or a bas ic iodide , a n d l i be ra t i ng iod ine ; a c c o r d i n g t o 
J . J . Berzel ius , J . P r e u s s , a n d J . D . S m i t h , t h e soln. c a n be e v a p o r a t e d w i t h o u t 
o x i d a t i o n only in a n a t m o s p h e r e of a n i n e r t g a s — a n d t h e soln . g ives w i t h w a t e r a 
p r ec ip i t a t e of h y d r a t e d ferric ox ide a n d iod ine . C. F . S c h o n b e i n s t u d i e d t h e 
o x i d a t i o n of t h e c o m p o u n d in t h e p r e sence of m e r c u r y . F . A. V o l k m a n n said t h a t 
t h e ox ida t i on of t h e aq . soln. is a cce l e r a t ed b y free iod ine . A c c o r d i n g t o G. K e r n e r , 
a n d Li. Miahle, when t h e aq . soln. is c o n c e n t r a t e d in a r e t o r t u n t i l i t f ro ths u p a n d 
a s sumes t h e cons i s tency of oil, i t solidifies, on cool ing, t o a g reen i sh -b lack , c r y s t a l l i n e 
mass , which is readi ly oxidized. R . Ph i l l ips a s s u m e d t h a t in t h e decompos i t i on of a 
soln. of ferrous iodide , hydr iod ic ac id is first fo rmed , a n d t h e d e c o m p o s i t i o n of t h a t 
ac id p roduces iodine . J . H . L o n g e s t i m a t e d f rom t h e effect of 0 5 . W - F e I 2 o n t h e 
invers ion of cane-sugar t h a t t h e degree of hyd ro ly s i s of t h e a q . soln. w a s 0 0 7 8 p e r 
cen t . Accord ing t o C. F r e d e r k i n g , t h e t e n d e n c y t o o x i d a t i o n m a y b e a l m o s t 
whol ly p r e v e n t e d b y a d d i n g twice a s m u c h s u g a r a s iod ine , a n d e v a p o r a t i n g t h e 
soln. t o t h e cons i s tency of a s y r u p . C. F . Mohr , G. K e r n e r , H . a n d T . S m i t h , a n d 
W . Onion r e c o m m e n d e d a s imi lar p rocess . T h e liquor ferri iodidi a n d syrupus 
ferri iodidi of t h e pha rmacopoe ia a r e colourless soln. of i ron wi re in iod ine w a t e r . 
I n t h e l a t t e r case t h e soln. is m i x e d w i t h g lucose . T h e soln . is u s e d o n l y w h e n 
freshly p r e p a r e d on a c c o u n t of i t s t e n d e n c y t o c h a n g e b y o x i d a t i o n . T h e p r e ­
s e r v a t i o n of t h e aq . soln. f rom ox ida t i on b y a d d i t i o n s of suga r , h o n e y , g lycero l , 
h y p o p h o s p h o r o u s acid , e tc . , w a s discussed b y W . C. A lpe r s , H . V. V r n y a n d 
co-workers , G. M. Ber inger , P . Bohr i sch , A. D u p a s q u i e r , M. Geiseler , H . Hager , 
A . Oberdorffer , R . H . P a r k e r , a n d A. T . T h o m s o n . A c c o r d i n g t o P . S q u i r e , 
if a coil of i ron wire be p laced in a soln. of fe r rous iod ide , h y d r a t e d ferric o x i d e is 
p r e c i p i t a t e d , b u t iod ine is n o t l i be ra t ed . Accord ing t o C. W e l t z i e n , t h e a q . so ln . 
of fe r rous iod ide is d e c o m p o s e d b y hydrogen dioxide w i t h t h e s e p a r a t i o n of i o d i n e 
a n d t h e f o r m a t i o n of h y d r a t e d ferric ox ide . C F . S c h o n b e i n f o u n d t h a t o z o n e 
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m i x e d "with a i r r e a c t s a t once w i t h t h e soln. f o rming h y d r a t e d ferric ox ide a n d iod ine . 
If p o t a s s i u m c a r b o n a t e be a d d e d t o a soln. c o n t a i n i n g t h r e e m o l s of fe r rous iodide , 
a n d t w o of iod ine , h y d r a t e d f e r rous a n d ferric ox ides a r e p r e c i p i t a t e d , a n d p o t a s ­
s i u m iod ide r e m a i n s in soln. I t h a s b e e n sugges ted , w i t h o u t proof, t h a t t h e or ig inal 
soln . c o n t a i n e d F e 3 I 8 . 

Acco rd ing t o C. L . J a c k s o n a n d I . H . D e r b y , a l t h o u g h so suscep t ib l e t o o x i d a t i o n , 
fe r rous iod ide res i s t s t h e a c t i o n of r e d u c i n g a g e n t s t o a m a r k e d degree . A soln. of 
fe r rous iod ide d issolves iod ine—v ide infra, ferric iod ide . C. F . S c h o n b e i n found 
t h a t su lphur d iox ide a d d e d t o a n a q . soln . of fe r rous iod ide m a k e s i t ye l low, a n d 
t h e co lour d i s a p p e a r s o n h e a t i n g , o r o n a d d i n g a q . a m m o n i a o r a lka l i lye . H . D a v y 
o b s e r v e d t h a t w h e n a n h y d r o u s f e r rous iod ide is e x p o s e d t o d r y a m m o n i a , t h e g a s 
is a b s o r b e d , a n d C. I J . J a c k s o n a n d I . H . D e r b y a d d e d t h a t b e t w e e n G° a n d 100°, 
a v o l u m i n o u s w h i t e p o w d e r , ferrous h e x a m m i n o i o d i d e , F e I 2 . 6 H N 3 , is fo rmed . 
T h e c o m p o u n d w a s a lso p r e p a r e d b y F . E p h r a i m . W . B i l t z a n d G. F . H i i t t i g 
cooled t h e iod ide w i t h a m i x t u r e of a lcohol a n d solid c a r b o n d iox ide wh i l s t t h e 
a b s o r p t i o n of a m m o n i a w a s in p rogress . W . H i e b e r a n d O. B a d e r p r e p a r e d t h e 
h e x a m m i n e b y pas s ing a m m o n i a ove r fe r rous t e t r a c a r b o n y l iod ide . W . B i l t z 
a n d G. F . H i i t t i g , a n d B . W e i t z a n d H . Muller o b t a i n e d t h e i m p u r e h e x a m m i n e b y 
t h e a c t i o n of a m m o n i u m iod ide on a n a m m o n i a c a l soln. of fe r rous h e x a m m i n o -
a c e t a t e , a n d b y p a s s i n g a m m o n i a i n t o a soln. of a m m o n i u m a n d fe r rous iod ides . 
B . W e i t z a n d H . Miiller found t h a t t h e s a l t p r e p a r e d b y t h e w e t p rocess furn ishes 
pa l e g reen o c t a h e d r a ; t h e p r o d u c t o b t a i n e d b y t h e d r y p rocess is a v o l u m i n o u s 
w h i t e p o w d e r . W . Bi l t z a d d e d t h a t l ike t h e h e x a m m i n e s of t h e o t h e r fer rous 
ha l ides , t h e c ry s t a l s a r e cub ic , w i t h a space - l a t t i ce h a v i n g t h e p a r a m e t e r a = 10-99 A. , 
a n d t h e a r r a n g e m e n t of t h e a t o m s of i ron , a n d iod ine , a n d t h e a m m o n i a molecules 
is a n a l o g o u s t o t h a t of t h e h e x a m m i n o c h l o r i d e . G. B . N a e s s a n d O. Hasse l s t u d i e d 
t h e s p h e r e of a c t i o n of t h e an ion . W . Bi l t z a n d E . B i r k f o u n d t h a t t h e sp . gr . is 
2-052 a t 24°/4° ; a n d W . Bi l t z a d d e d t h a t t h e r e is a n e x p a n s i o n of 2-44 vols , w h e n 
t h e h e x a m m i n e is fo rmed f rom fer rous iod ide . T h e d i ssoc ia t ion press . , p m m . , w a s 
m e a s u r e d b y F . E p h r a i m , a n d W . B i l t z a n d G. F . H i i t t i g w i t h t h e resu l t t h a t : 

112° 
6 2 

125° 
8 8 

135-5° 
1 1 5 

145-5° 
18O 

156-5° 
2 7 6 

164° 
3 5 5 

172-5° 
4 7 7 

180-5° 
6 2 5 

187-5 
80O 

^400 

%300 

P 

T h e r e su l t s a r e p l o t t e d i n F i g . 602 . W . Bi l t z said t h a t t h e d i ssoc ia t ion p ress , is 
150 m m . a t 135°. F . Miiller g a v e 50° t o 182° for t h e d i ssoc ia t ion t e m p . G. B e c k 
g a v e 800 cals . for t h e h e a t of f o r m a t i o n . 
W . Bi l t z , a n d W . Bi l t z a n d G. F . H i i t t i g 
g a v e for t h e h e a t of f o r m a t i o n ( F e I 2 5 6 N H 3 g a 8 ) 
=^98-94 Cals . , o r 16-5 Cals. p e r m o l of a m ­
m o n i a ; o r ( F e I 2 . 2 N H 3 . 4 N H 3 g a s ) = : 5 8 0 Cals . , 
or 14-5O Cals . p e r m o l of a m m o n i a . O b ­
s e r v a t i o n s were also m a d e b y F . E p h r a i m . 
W . Bi l t z s h o w e d t h a t t h e free e n e r g y of t h e 
r e a c t i o n F e I 2 H - G N H 3 1 J a 8 = F e I 2 . 6 N H 3 , a t 27°, 
a n d a t m . p ress . , is 42*06 Cals. , o r 7-Ol Cals . 
p e r m o l of a m m o n i a ; a n d t h a t t h e h e x a m ­
m i n e is a c a t i o n a m m i n e w h i c h i n d i c a t e s 
t h a t t h e s t r u c t u r a l f o r m u l a is [ F e ( N H 3 ) 6 ] I 2 . F . E p h r a i m found t h a t t h e h e x a m ­
m i n e r e t a i n s i t s w h i t e co lour in a i r , a n d is sens i t ive t o l i gh t o n l y w h e n i t loses 
a m m o n i a . C. F . J a c k s o n a n d I . H . D e r b y r e p o r t e d t h a t t h e h e x a m m i n e de ­
c o m p o s e s r a p i d l y w i t h t h e l i be ra t ion of a m m o n i a w h e n i t is e x p o s e d t o air , b u t 
i t r e m a i n s u n c h a n g e d i n a n a t m . of a m m o n i a , e v e n a t 100° ; i t loses a m m o n i a 
w h e n h e a t e d i n a n indi f ferent gas , a n d fo rms a d a r k b r o w n powde r , of u n ­
k n o w n c o m p o s i t i o n — b u t c o n t a i n s 2 o r 3 mo l s . of a m m o n i a — w h i c h is s t a b l e 
i n a i r ; w h e n e x p o s e d t o t h e v a p o u r of b r o m i n e , a la rge p r o p o r t i o n , 70 t o 
7 1 p e r cen t . , is a b s o r b e d , a n d a m i x t u r e of a m m o n i u m ferric b r o m i d e , a n d 
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ferric ammonium pentabromoiodide, NH 4FeIBr 6 , is formed. W. Biltz and 
G. F . Hutt ig showed that when the hexammine is heated a t about 153°, i t passes 
into ferrous diamminoiodide, FeI2 .2NH3 , bu t no ferrous monamminoiodide is 
formed. The dissociation press, of the diammine was found by W. Biltz and 
G. F . Hutt ig to be 6 1 , 12-1, and 85-4 mm. respectively a t 215°, 231°, and 278° ; 
and W. Biltz gave 100 mm. at 287°. F . Miiller gave over 350° for the dissociation 
temp, of the diammine. W. Biltz and G. F . Hut t ig found the heat of formation 
is (FeI2,2NH3ga8) =40-92 CaIs., or 20-46 CaIs. per mol of ammonia. W. Biltz 
observed tha t the free energy of the reaction FeI 2 4-2NH 3 8 M=FeI 2 .2NH 3 , a t 27°, 
and atm. press., is 21*46 CaIs., or 10-73 CaIs. per mol of ammonia ; unlike the 
hexammine, the salt is not co-ordinative, and is regarded as a double salt. W. Hieber 
and E. Levy, and G. L. Clark studied the stabilities of the ammines. F . W. Berg-
strom observed tha t no definite products are formed by the action of an ammonia 
soln. of potassium amide on ferrous iodide. 

When a soln. of iodine and iron pentacarbonyl in dry ether is evaporated, 
W. Hieber and co-workers found t ha t dark brown plates of ferrous tetracarbonyl 
iodide, Fe(OO)4I2, are formed ; and H. Hock and H. Stuhlmann prepared i t by the 
action of Fe(CO)4Hg on a soln. of iodine in carbon disulphide. W. Hieber said 
tha t the salt is decomposed below 750 mm. a t 75° into ferrous iodide and carbon 
monoxide. W. Hieber and co-workers found t ha t the mol. wt. in nitrobenzene 
soln. is 430*4—theory for Fe(CO)4I2, 421-3 ; the salt in nitrobenzene soln. slowly 
decomposes in sunlight ; i t is decomposed by water forming a soln. of ferrous iodide 
with the evolution of carbon monoxide ; i t forms complex salts, FeCO(C5H5N)2I2 , 
and Fe(CO)2(C5H5N)2I2, with pyridine. C. L. Jackson and I . H . Derby observed 
tha t ferrous iodide is reduced when it is heated to redness in ethylene, or in acetylene. 
J . W. Retgers found it to be almost insoluble in methylene iodide. F . Ephraim 
and R. Liinn observed tha t ferrous iodide forms a complex with methylamine, 
FeI2.(CH3.NH3)6 '> ̂ . M. JElsey, a complex with ethylamine, bu t i t is insoluble 
in ethylamine, and soluble in dimethylamine. H. E . Breuill, and W. Hieber and 
co-workers prepared a complex with ethylenediamine, [Fe en3]I2 . C. L. Jackson 
and I. H. Derby observed t ha t a complex is formed with aniline * H. Grossmann 
and F . Hiinseler, a complex with phenylhydrazine, FeI 2 (C 6 H 5 .NHNH 2 ) 6 ; W. Hieber 
and co-workers, R. Weinland and co-workers, G. Spacu, and H . Hock and H . Stuhl­
mann, complexes with pyridine, FeI2(C5H5N)6 , FeI2(C5H5N)4 , and FeI2(C5H5N)2 ; 
F . Blau, and A. Werner, a complex with oux'-dipyridyl, [Fe(C10H8N2)3]I2 .5H2O ; 
and it is optically active ; and F . Blau, a complex with aa'-phenanthrolin. 
C. L. Jackson and I. H. Derby found tha t ferrous iodide is soluble in alcohol. 
V. Thomas added t h a t the alcoholic soln. absorbs nitric oxide. C. Li. Jackson and 
I. H. Derby found ferrous iodide to be soluble in glycerol, and soln. of sugar. 
J . H. Long said tha t cane-sugar is inverted by ferrous iodide soln. T. Salzer, 
and A. Dupasquier studied the action of ferrous iodide on starch, and cellulose or 
filter paper. C. L. Jackson and I. H. Derby found tha t no perceptible chemical 
reaction occurs with ether ; according to L. B. Parsons, ferrous iodide is. insoluble 
in carbon tetrachloride, carbon disulphide, chloroform, quinoline, pyridine, 
heptane, ethylbenzene and benzene, and a little soluble in alcohol, ether, and 
acetone. B. Kohnlein observed no reaction with propyl iodide. A. J o b and 
R. Reich observed tha t an ethereal soln. reacts with zinc ethyl iodide forming 
FeC2H5I . J . R. McKee and co-workers found t ha t the soln. of ferrous iodide 
in furfurol does not conduct electricity. C. L. Jackson and I . H. Derby said t h a t 
no perceptible action was observed between ferrous iodide and benzene, benzyl 
chloride, phenol, or hydroqninone. C. Liebermann and H. Sachse, and P. Bruck 
recommended ferrous iodide as a carrier of iodine in organic reactions. C. Moureau 
and C. Dufraisse studied its action on the oxidation of acrolein. G. Champetier 
found t ha t the reaction with phenyl zinc bromide can be represented by the 
equation : 2C 6 H 5 ZnBr+2FeI 2 - > 2 C 6 H 5 F e I + Z n B r 2 + Z n I 2 . 

C. L. Jackson and I. H . Derby found t h a t mercury has no action on ferrous 
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iodide "when the two are ground together, or distilled together. Molten silver 
reduces ferrous iodide to iron. No reduction occurs by the action of nascent 
hydrogen from hydriodic acid and zinc or iron. C. Wagner and W. Preiss studied 
the induction of the reaction between chromic acid and iodides by ferrous salts. 

The complex salts of ferrous iodide.—J. W. Retgers observed tha t no solid 
soln. or compounds separate from mixed soln. of ammonium and ferrous iodides. 
J . F . W. Johnston observed t h a t an auric ferrous iodide separates from a mixed 
soln. of auric and ferrous iodides. J . B . Berthemot obtained a mercuric ferrous 
iodide by cooling a hot, mixed soln. of mercuric iodide and ferrous chloride; and 
P . A. von Bonsdorff, by the evaporation of a soln. of mercuric and ferrous iodides. 
A. Duboin found t h a t the dark orange octahedra were mercuric ferrous hexaiodide, 
2HgI 2 .Fe I 2 . 6H 2 0 . The sp. gr. is 4-04 a t 0°. P . A. von Bonsdorff added t h a t his 
product formed yellowish- brown needles, which oxidized readily, were decomposed 
by water, and were soluble in acetic acid, and in alcohol. According to A. Mosnier, 
ferrous iodide also forms a lead ferrous hexaiodide, Pb I 2 . 2Fe I 2 . 3H 2 0 , and likewise 
a complex salt with platinic iodide. 

The higher iodide, ferric iodide, PeI 3 , has not been isolated although i t is 
probably contained in a soln. of ferrous iodide to which the proportion of iodine 
required for the tri-iodide has been added, 2FeI 2 +I 2 == 2FeI3 . G. Kerner regarded 
the product as a soln. of iodine in aq. ferrous iodide because the solution gave 
most of the reactions of ferrous salts, and i t gives a blue precipitate with potassium 
ferrocyanide which A. Gberdorffer showed is a t first light blue, but becomes dark 
blue by the absorption of iodine. The precipitation of hydrated ferrous and ferric 
oxides by alkali hydroxide or carbonate from the mixed soln. of ferrous and ferric 
iodide obtained by mixing iodine and iron (3Fe+4I 2 ) with water, is a t t r ibuted 
to the formation of complex ions Fe I 3 ' from the union of I'-ions with ferrous iodide 
molecules ; and the FeI3 ' - ions are stable in the presence of ferric ions. E . Fleury 
says t h a t the action of iodine on iron is inappreciable if the temp, be kept below 
15°, bu t if the mixture be heated, ferric oxide is formed. A large excess of iodine 
is required to dissolve all the iron, and a large excess of iron is needed to convert 
the iodine into ferrous iodide. E. Fleury suggested t h a t ferric iodide is first 
formed, and this is decomposed by heat into ferric oxide and hydriodic acid which 
then reacts with free iron to form ferrous iodide. G. Kerner showed tha t hydriodic 
acid dissolves recently-precipitated ferric hydroxide ; the soln. smells of iodine, 
and gives the reactions characteristic of a ferrous salt and free iodine. The reaction 
is presumably : F e 2 O 3 + 6 H I = 3 H 2 O + 2 F e I 2 + I 2 ; bu t J . Nickles showed tha t if 
the ferric hydroxide be dissolved by hydriodic acid in the presence of ether, i t does 
not give the reaction of a ferrous salt with potassium ferricyanide for some time. 
J . Li. Lassaigne showed tha t the resulting yellowish-red soln. is resolved by heat 
into ferrous iodide and free iodine ; and P . Squire, t ha t although a soln. of ferrous 
iodide deposits ferric hydroxide when exposed to the air, the reaction is not 
analogous with t h a t of the corresponding chloride: 1 2 F e C l 2 + A q . + 3 O 2 = S F e C l 3 
+4Fe(OH) 3 , because the liquid still gives the reactions of a ferrous and not of a 
ferric salt. The subject was also discussed by J . J . Berzelius, J . M. Ordway, 
W. Spring, P . Nicolardot, J . Reitstotter, J . H . Mathews, H . Grossmann and 
F . Hiinseler. 

According to R. Abegg, and W. Maitland, the equilibrium constant of the 
reac t ion: 2Fe"**+21 '^2Fe* '+I 2 is [Fe"*J[r]=-=0-00023[Fe''] in the presence of 
solid iodine, so t h a t when a ferric salt is t reated with an alkali iodide, virtually all 
the iron in the solute forms iodine and ferrous iodide ; the ferric iodide can be 
stable only in the presence of an enormous excess of ferrous iodide. K. Lialikoff 
and M. ReIa found t h a t the equilibrium depends on the degrees of ionization of 
the ferric, ferrous, and potassium iodides, bu t this effect becomes less important 
if the reaction takes place in 05iV-potassium iodide soln. The equilibrium constant 
is profoundly changed by the presence of an acid, the extent of the alteration varying 
but slightly with the cone, of the acid. The equilibrium is displaced somewhat to 
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t h e r i g h t b y t h e presence of e i the r glycerol or m e t h y l a lcohol i n 30 p e r c e n t . c o n e . 
T h e reac t ion was s tud ied b y J . N . B r o n s t e d a n d K . P e d e r s e n , a n d H . M. D a w s o n 
a n d E . Sp ivey ; a n d E . K . R i d e a l a n d E . Gr. Wi l l i ams s t u d i e d t h e p h o t o c h e m i c a l 
equ i l ib r ium. N . Sasak i a d d e d a soln. of b a r i u m iod ide t o one of ferric s u l p h a t e 
a n d observed t h a t ferric iodide p r i m a r i l y fo rmed decomposes r a t h e r s lowly so t h a t 
t h e f reshly-prepared soln. is m a i n l y one of ferric iod ide . T h e e lec t r ica l c o n d u c t i v i t y 
of t h e fresh soln. is nea r ly a s g r e a t as a soln. of ferric ch lor ide o r b r o m i d e of t h e 
s a m e concen t r a t ion . T h e equ i l ib r ium is d i sp laced in f a v o u r of ferric iod ide b y 
exposure t o l ight . J . N . B r o n s t e d a n d K . P e d e r s e n s t u d i e d t h e r e a c t i o n b e t w e e n 
ferric chlor ide a n d p o t a s s i u m iodide a t 25°, a n d o b t a i n e d r e su l t s i n a c c o r d w i t h t h e 
l aw of mass ac t ion for ionic equi l ibr ia . N . S a s a k i r e p r e s e n t e d t h e r e a c t i o n : Ee**" 
- h i ' - = F e I * ; F e " 4 - 2 F = F e I 2 " ; F e F = F e " + I ; F e I 2 = F e ' + 1 ' + I ; a n d I -h I== I 2 , 
a n d A. von Kiss a n d I . Bossany i found t h a t o n t h e s e a s s u m p t i o n s , t h e r e a c t i o n 
is un imolecn la r w i th respec t t o t h e ferric i o n s ; a n d b imolecu la r for t h e iod ine- ions . 
T h e hydro lyzed ferric-ions do n o t a c t -with a m e a s u r a b l e speed . T h e r e a c t i o n is 
sa id t o be ionic u p t o a c o n c e n t r a t i o n 0*15, a n d t o o b e y t h e ru le for n e u t r a l s a l t s . 
Of t h e alkal i iodides , on ly t h e s o d i u m sa l t e x e r t s a specific a c t i on . T h e chlor ides 
of t h e un i - a n d b i -va len t m e t a l s e x e r t n o m a r k e d inf luence ; fe r rous ions a n d 
s u l p h a t e ions slow d o w n t h e r eac t ion , whi l s t H"-, NO 3

7 - , Br ' - , a n d C10 3 ' - ions 
ca ta lyze t h e ac t ion feebly. 

G. B . K i s t i a k o w s k y found t h a t t h e r eac t i on 2Fe**4-I3 '=^2Fe""*-f-3I is sens i t ive 
t o r ad i a t i ons A = 5 4 6 0 , 4360, a n d 3660 A. in t h e m e r c u r y s p e c t r u m ; a n d E . K . R i d e a l 
a n d E . G. Wi l l i ams obse rved t h a t t h e r eac t i on 2Fe**+I2x=^2Fe***-j~2F is p h o t o ­
sensi t ive t o b o t h u l t r a -v io le t a n d visible l ight , t h e l a t t e r w i t h i n t h e r a n g e 550O 
t o 6500 A., w i t h a n a p p a r e n t m a x i m u m a t 5800 A. T h e t r i iod ide ion is t h e p h o t o ­
sens i t ive c o n s t i t u e n t a n d t h e e n e r g y of exc i t a t ion is e q u i v a l e n t t o 2*14 vo l t s , a l m o s t 
iden t ica l wi th t h e resonance* p o t e n t i a l of t h e iodine molecule . One q u a n t u m of 
abso rbed r a d i a n t ene rgy causes 1 mol . of iodine t o r eac t . T h e d a r k e q u i l i b r i u m 
c o n s t a n t , ( F e " ) ( I 2 ) l / 2 / ( F e ' " ) ( F ) , is 23-6 a t 25°. T h e r a t i o of t h e ve loc i ty c o n s t a n t 
of t h e l ibera t ion of iod ine a t 35° t o t h a t a t 25° is 2*713, whi l s t for t h e p h o t o c h e m i c a l 
r eac t ion th i s r a t i o is 1*17. T h e a d d i t i o n of p o t a s s i u m chlor ide increases t h e 
t h e r m o d y n a m i c c o n c e n t r a t i o n s of al l t h e r e a c t a n t s , increas ing t h e ve loc i ty of 
r eac t ion t h e r e b y , b u t n o t affecting t h e final equ i l ib r ium. 

C F . Mohr ' s obse rva t ions t h a t a v e r y dil . soln. of ferric ch lor ide (1 in 12,30O) 
gives a b lue colour on t h e a d d i t i o n of s t a r c h a n d p o t a s s i u m iodide on ly a f te r a 
cons iderab le t i m e , d e p e n d s on t h e fac t t h a t a soln. so m u c h d i lu t ed is a l m o s t c o m ­
p le te ly hyd ro lyzed a n d therefore on ly a v e r y smal l p r o p o r t i o n of i ron c a n b e 
p r e s e n t in t h e form of ferric ions ; a n d t h e slow d e v e l o p m e n t of t h e b lue co lo ra t ion , 
owing t o t h e fo rma t ion of free iodine , is d u e t o t h e reac t ion b e t w e e n t h e I ' - ions a n d 
t h e Fe" "-ions f rom t h e h y d r o x i d e . 

M. B e r t h e l o t gave for t h e h e a t of f o rma t ion of ferric iod ide (2Fe,3I2 8oln »Aq.) 
-=98-5 Ca I s . ; (2Fe,3I 2 K a s ,Aq.) = 139-1 C a I s . ; a n d ( F e 2 0 3 p p d . , 6 H I ) = 3 3 - 2 CaIs. 
O b s e r v a t i o n s were m a d e b y T . A n d r e w s . T h e s u b j e c t w a s s t u d i e d b y E . R a b i n o -
wi t sch a n d E . Thi lo . A. K . C h a p m a n m e a s u r e d t h e emiss ion spec t r a l l ines of 
ferric iodide . Li. R i e t y m e a s u r e d t h e p o t e n t i a l of soln . e n t e r i n g a n d l e av ing a 
cap i l l a ry t u b e . E . B e c k m a n n e s t ima ted f rom t h e effect o n t h e b . p . of i od ine t h a t 
ferr ic iod ide is p r e s e n t i n iodine soln. in doub led molecules , F e 2 I 6 ; J . T i m m e r m a n s , 
a n d E . B e e k m a n n ' s obse rva t ions on t h e effect of t h e sa l t on t h e f .p. of i od ine w e r e 
unsa t i s f ac to ry because of t h e low solubi l i ty of t h e sa l t . L». Car ius a n d J . A. W a n k l > n 
found t h a t when a m i x t u r e of ferrous iodide a n d iodine is h e a t e d t o t h e t e m p , 
a t w h i c h iodine is evo lved , t h e n , o n cooling, a t e m p , is a t t a i n e d a t w h i c h iod ine 
is cop ious ly evo lved . W . M a n c h o t a n d O. Wi lhe lms sa id t h a t in t h e r e a c t i o n 
b e t w e e n p o t a s s i u m iodide , h y d r o g e n d ioxide , a n d a m m o n i u m fe r rous s u l p h a t e , a n 
i ron pentaiodide , F e I 5 , is fo rmed as a t r a n s i e n t i n t e r m e d i a t e c o m p o u n d . J . N ick le s 
o b t a i n e d w h a t h e r e g a r d e d as ferric iod ide b y t h e ac t i on of h y d r i o d i c ac id i n e t h e r e a l 
soln. on ferrous iod ide , a n d n o t e d t h a t t h e soln. dissolves meta l l i c gold . E . C F r a n k l i n 
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a n d C A. K r a u s s a y t h a t ferric iodide ( p r o b a b l y fe r rous iodide) is v e r y soluble in 
l iqu id a m m o n i a . P . T . W a l d e n d i d n o t succeed in p r e p a r i n g c o m p l e x sa l t s of 
ferric iod ide w i t h o t h e r m e t a l iod ides . K . J a b l c z y n s k y a n d M. S t u c k g o l d e x a m i n e d 
t h e r e a c t i o n b e t w e e n a m m o n i u m fer rous i od ide a n d iodine , a n d f o u n d t h a t com­
b i n a t i o n occurs t o t h e e x t e n t of 72 p e r cen t , a t o r d i n a r y t e m p . ; a n d t h e speed of 
r e a c t i o n is 4*5 t i m e s a s g r e a t a s t h e r eve r se r e a c t i o n — d e c o m p o s i t i o n of ferric iod ide . 
Th i s is t a k e n t o m e a n t h a t t h e i o d o m e t r i c t i t r a t i o n of ferric i r on is i n a c c u r a t e . 

K . S e u b e r t a n d A. D o r r e r f o u n d t h a t a m i x t u r e of dil . soln. of ferric ch lor ide 
a n d p o t a s s i u m iod ide g ive a ye l lowish-b rown co lora t ion , m u c h deepe r t h a n a soln . 
of ferric ch lor ide of co r r e spond ing c o n c e n t r a t i o n , a n d t h e y a s s u m e t h a t a n u n s t a b l e 
ferric dichloroiodide, F e I C l 2 , is fo rmed : F e C ] 3 - I - K I ^ F e I C l 2 - K K C l , a n d t h a t a 
n e u t r a l a q . soln. of fe r rous ch lor ide a n d a lcohol ic iodine owes i t s b rown i sh - r ed 
co lour t o t h e s a m e c o m p o u n d . I t is n o t ferric h y d r o x y ch lor ide , F e C l 2 ( O H ) , 
because t h e soln. depos i t s iod ine w h e n d i l u t e d w i t h w a t e r . F o r a m m o n i u m ferric 
pentabromoiodide, NH 4 FeBr 5 I , vide supra. 
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§ 40. The Iron Sulphides—Ferrous Sulphide and Pyrrhotite 
The pyrites fuscus lamellosus of J . G. Wallerius * was called by J . B. L. Rome 

de FIsIe pyrites or marcassites rhombotdales, and he described the hexagonal crystals. 
A. G. Werner called i t Magnetkies ; H. Kirwan, magnetic pyrites ; W. Phillips, 
magnetic iron pyrites ; R. J . H*auy, fer sulfure magnetique—vulgairement pyrite 
raagnetique ; C. C. Leonhard, Leberkies ; F . S. Beudant , Leberkise ; W. Haidinger, 
pyrrholtn—from TrvpeoT-rjs, reddish ; and J . D. Dana, pyrrhotite. The iron sulphide 
found in meteorites and named by W. Haidinger troilite—after D . Troili—is 
considered by G. Iiinck, S. Meunier, and others to be pyrrhot i te . Both forms are 
ferrous sulphides containing a small excess of sulphur in solid soln., and, as 
emphasized by G. A. Kenngott , and T. Petersen, their principal difference is in 
their magnetic properties. D . Forbes described a nickeliferous var ie ty "which 
M. F . Heddle called inverarite—from its occurrence in Inverary, Argyleshire ; 
D. Forbes named a variety from the eastern slope of the Andes kraeberite—after 
P . Kroeber ; and A. Knop, called a variety from Horbach, in the Black Forest , 
horbachite. C. W. Blomstrand described a variety from Nya-Kopparberg, Sweden, 
and he called i t Valleriite or Wcdleriite—after J . G. Wallerius ; J . Pe t ren regarded 
i t as a mixture of different minerals. As indicated below, pyrrhot i te contains a 
variable proport ion of sulphur. To summarize, if pyrrhot i te be included in t h e 
general t e rm pyri tes : 
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f cubic crys ta l s . . . . . . pyrite 
P Y B I T E S -j rhombic crysta ls . . . . . . marcasite 

(rhombohecbral c r y s t a l s — m a g n e t i c . . . pyrrhotite 

The nature of ferrous sulphide and of the pyrrhotites.—According to 
E. T. Al len 2 and co-workers, '* pure ferrous sulphide has never been m a d e , " 
except, presumably, by chance. Analyses of pyrrhot i te were reported by A. Hilger. 
M. Toumaire, T. Scheerer, A. Raimondi, H . How, B . J . Harr ington, F . Ehrenheim, 
and numerous others. The nickel and cobalt contents of pyrrhot i te were discussed 
by C. W. Dickson, H . Schneiderhobn, E . Weinschenk, M. F . Heddle, D. Forbes, 
J . D. Dana, and W. Campbell and C. W. Knight . 

T h e ana lyses of pyrrhot i te s h o w a m o r e variable rat io for F e : S t h a n is t h e case -with 
t h e o ther forms of iron su lphide . T h u s , F . S tromeyor g a v e Fe8S4 , for t h e c o m p o s i t i o n of 
a s a m p l e from Bareges . T . S idot ' s syn thes i s of th i s ferroslc sulphide. F e 8 S 4 , ana logous 
t o m a g n e t i t e , F e 8 O 4 , ind icated be low, is ques t ioned b y C. F o n t a n a , a n d W . F . de J o n g a n d 
H . W . V . Wi l l ems . A . Ste lzner g a v e Fe4S0 , for t h e compos i t ion of a s a m p l e from Hiromel -
fiirst, Freiberg ; whi le samples a n a l y z e d b y F . S tromeyer , H . V . R e g n a u l t , P . Berth ier , 
C. F . R a m m e l s b e r g , I . D o m e y k o , a n d E . Manasse corresponded w i t h Fe0S0 ; C. F . P la t tner , 
C. F . R a m m e l s b e r g , T . Petersen , a n d O. Lindstrorn g a v e results agreeing w i t h Fe0S7 ; 
J . A k e r m a n n , C. F . R a m m e l s b e r g , Q. Lindstrorn, H . H a h n , H . H a b e r m e h l , A. F u n a r o , 
A . Stelzner, W . Irmer, G. R o s e , J . J . Berze l ius , G. N y i r e d y , and W . J . Sharwood , w i t h 
Fe7S8 ; K . B o r n e m a n n a n d O. Hengs tenberg , H . R o s e , C. F . R a m m e l s b e r g , L . Michel , 
P . Berthier , F . M. B a u m e r t , G. Lindstrorn, G. H . F . Ulr ich , a n d J . I>. D a n a , w i t h Fe 8S 0 ; 
E . Schumacher , C. Doe l ter , N . v o n Leuchtenberg , C. B o d e w i g , a n d M. F . H e d d l o , w i t h 
Fe0Si0 J ^- v o n Schaffgotsch, C. F . R a m m e l s b e r g , a n d G. Lindstrdm, w i t h Fe10S1X > 
J . Middleton , C. F . R a m m e l s b e r g , G. L indstrdm, C. B o d e w i g , L . F . Ki l son, J . Thie l , 
J . r>. D a n a , F . v o n Schaffgotsch, M. Pa l fy , E . Arbeiter , A . Serra, A . B ianchi , a n d 
E . Glatzel , w i t h Fe1 1Si8 J I". B u c c a , C. Doe l t er , a n d R . Lorenz , w i t h FeI 8 Si 8 ; a n d 
G. Lindstrorn, G. A . KLenngott, C. S. Schiffner a n d co-workers , R. Brauns , V . Ze leny , 
C H a t c h e t t , C. W . D i c k s o n , W . J . Sharwood , a n d A. Serra, w i t h FeS. T h e ana lyses of 
a s a m p l e of troil i te from meteor i t e s g a v e S. Meunier F e 4 S 5 , F e 6 S 7 , a n d F e 7 S 8 ; J . L . S m i t h , 
F e 8 S 9 ; a n d J . L . S m i t h , C. F . R a m m e l s b e r g , I . D o m e y k o , G. Nauckhoff . F . E . Geini tz , 
C. Winkler , S. M. Losani t sch , J . Schi l l ing, W . F l ight , E . Cohen, O. A . D e r b y , W . Tass in , 
L . H . Borgs trom, a n d W . R a m s a y a n d L . H . Borgs trom s tud ied t h e subject . T h e ana lyse s 
of artificial pyrrhot i t e g a v e J . J . Berze l ius , C. F . R a m m e l s b e r g , F . S tromeyer , J . A . Arfved-
son , B . G. Bred berg, A . S. E a k l e , L . B u c c a , C. Doe l ter , a n d R. Lorenz results ranging 
over F e 8 S 8 (vide infra), F e 8 S 4 , F e 4 S 6 , F e 7 S 8 , F e 8 S 8 , F e 1 0 S 1 1 , F e 1 8 S 1 8 , a n d F e S vide infra, 
R. J u z a a n d W . B i l t z in connec t ion w i t h pyr i tes . T h e y could find o n l y F e S a n d F e S 2 , 
n o t t h e in termedia te forms. 

F . Stromeyer found t h a t a residue of sulphur remained when pyrrhot i te is dis­
solved in hydrochloric acid, and supposed t h a t it consists of ferrous sulphide mixed 
with pyr i tes ; and this view was supported by J . J . Berzelius, C. Doelter, IJ . Gedel, 
and A. Knop . M. L»eo also found specimens of pyrrhot i te with inclusions of pyri te ; 
and E . Wildschrey noted a number of occurrences of pyrrhot i te in the neighbour­
hood of deposits of pyri te . The hypothesis was condemned by the fact t h a t 
F . von Schaffgotsch, G. Rose, H . Habermehl , and E . Posnjak and co-workers 
found t h a t when the mineral is dissolved in acids, sulphur, not pyrites, remains ; 
and E . Arbeiter found t h a t pyrrhot i te gives off sulphur a t a higher temp, than does 
pyri te . F . von Schaffgotsch, E . Arbeiter, C. W. Blomstrand, G. Cesaro, and 
R. Scheuer favoured the assumption t h a t pyrrhot i te is a mixture of ferric sulphide, 
Fe 2S 3 , and ferrous sulphide, FeS. P . Niggli considered i t to be a polysulphide. 
C. F . P la t tner observed a loss of sulphur"when pyrrhot i te is heated in hydrogen 
and a residue of ferrous sulphide remained. J . J . Berzelius, and likewise also 
C. F . Rammelsberg, suggested t h a t the sulphides represented by Fe 7 S 8 may exist 
in two forms : 6FeS.FeS2 , and 5FeS.Fe 2S 3 ; whilst F . von Schaffgotsch gave 
FeS.Fe2S3 , 5FeS-Fe2S3 , and 9FeS.Fe 2S 3 ; and G. Rose, 5FeS.Fe2S3 . A. Breithaupt, 
M. IJ . Frankenheim, F . von Kobell, and T. Petersen assumed t h a t pyrrhoti te is, m 
the ideal case, ferrous sulphide which may be isomorphous with millerite, and 
nickelite. T. Sidot concluded from the production of pyrrhoti te from magneti te 
and hydrogen sulphide that i ts formula is Fe 3S 4 ; C. Bodewig, E . Glatzel, and 
C. Doelter gave the formula F e 1 1 S 3 2 which was regarded as a complex 10FeS-FeS2, 
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and not 9FeS-Fe2S3 because of the isomorphism of pyrrhotite with wurtzite. 
G. Cesaro, H. Habermehl, and C. F. Rammelsberg represented pyrrhotite by 
YenQn + 1, or Fe2S3(W-2)FeS, when the analyses ranged from Fe6S6 to Fe16S17. 
G. Cesaro assumed that the molecule contained two S=Fe-S-groups, so that 
Fe11S1* was represented by the chain formula : S=Fe'"-S-(Fe0"S8)—S-Fe"'=S. 

E. Glatzel favoured the formula FeS, and he based his opinion on the results 
of 7O analyses, 66 of which agreed well with the formula FeS. The reviews of the 
analytical data by G. JLindsbrdm, and by H. Habermehl indicated that pyrrhotite 
is a homogeneous compound of variable composition. At that time, homogeneous 
solids of variable composition were anomalous. To-day, homogeneous solids of 
this type are fairly common and they are called solid soln. or isomorphous mixtures. 
F. von SchafFgotsch, C. Bodewig, and H. Habermehl showed that pyrrhotite contains 
no free sulphur accessible to the solvent effect of carbon disulphide. E. T. Allen 
and co-workers tested the hypothesis that the various pyrrhotites are solid soln. 
of sulphur in ferrous sulphide. They prepared various pyrrhotites by the thermal 
decomposition of pyrite or marcasite, or by heating iron in sulphur vapour—vide 
infra. The composition of the product formed at any temp, depends on the press, 
of the sulphur vapour ; the maximum percentage obtained at 6OO0 was 6-04, and 
by extrapolation, pyrrhotite with 6-5 per cent, of sulphur, the maximum proportion 
found in natural pyrrhotites, would be formed at 565°. The formula of pyrrhotite 
is therefore represented (FeS).Sn, or, according to P. Niggli, nFeS.mS. F. Zambonini, 
J. Jakob, and W. F. de Jong and H. W. V. Willems also agreed with the view that 
pyrrhotite is a solid soln. of ferrous sulphide and sulphur ; and the hypothesis is 
in harmony with the X-radiograms of C. Fontana—vide infra. According to 
IJ. S. Ramsdall, the excess sulphur in pyrrhotite is accompanied by a decrease in 
the size of the unit cell, and a lowering of the density ; and these facts are taken 
to indicate a replacement of Fe by S, rather than an addition of more S. 
J. H. TJ. Vogt stated that when melted with the sulphides of other heavy metals, 
ferrous sulphide is present in soln. as simple molecules. 

A number of iron SUbsulphides has been reported ; thus, J. A. Arfvedson 3 

obtained Fe8S, as a greyish-black powder by reducing red-hot ferric sulphate in 
in hydrogen ; J. A. Arfvedson, L*. Playfair and J. P. Joule, A. Mourlot, and 
P. Berthier, Fe2S, by reducing ferrous sulphate in hydrogen, and by fusing a 
mixture of iron and ordinary iron sulphide in a graphite crucible ; and A. Gautier 
and Li. Hallopeau, L.. Michel, and H. N. Warren, Fe4S3, by heating iron to 1300° 
to 1400° in an atm. of the vapour of carbon disulphide, and cooling the product 
in the same atmosphere. J. B. Peel and co-workers obtained a partially-fused 
product of variable composition —average Fe7S6. The sp. gr. of the crystalline 
mass was 6-96 ; it did not alter on exposure to air ; it was oxidized with difficulty ; 
and was soluble in dil. acids with the evolution of hydrogen and hydrogen sulphide. 
H. N. Warren found that if iron which has been fused with a small proportion of 
sulphur be made the anode, with a dil. soln. of ferrous chloride as electrolyte, then 
on electrolysis, iron is deposited on the cathode of copper or platinum, and in a 
few hours, the black, granular precipitate on the anode may be detached. It is 
ferrous sulphide, FeS. This is taken to mean that FeS is the only compound formed 
by the simple action of sulphur on metallic iron, aided by heat, and that the sulphur 
does not disseminate itself throughout the whole mass of metal to form a compound 
possessing a formula where iron predominates largely, such as would be inferred 
from the formula expressed by Fe8S ; but exists rather in the form of sulphide or 
iron, disseminated, so to speak, through a mass of pure iron, the sulphide present 
forming a simple network allowing the current free passage ; the iron being a much 
better conductor of electricity than the sulphide, becomes more rapidly dissolved, 
leaving the residual sulphide. E. V. Britzke and A. F. Kapustinsky, and K. Jellinek 
and J. Zakowsky discussed the affinity of sulphur for iron. 

H. Ie Chatelier and A. Ziegler obtained no evidence of the formation of a sub-
sulphide in the regulus obtained by melting together iron and ferrous sulphide. 
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U n d e r t h e mic roscope , t h e p r o d u c t a p p e a r s a s a m i x t u r e of t h e t w o c o m p o n e n t s . 
J . E . S t e a d desc r ibed t h e m i c r o s t r u c t u r e of t h e p r o d u c t s o b t a i n e d b y m e l t i n g 
different p r o p o r t i o n s of s u l p h u r -with i r o n (g.v.). R . S c h e u e r o b s e r v e d t h a t i n some 
cases , t h e m i x t u r e s of i ron a n d fe r rous s u l p h i d e a p p e a r h o m o g e n e o u s , a n d t h e y can­
n o t be s e p a r a t e d i n t o t h e i r c o n s t i t u e n t s b y a m a g n e t . O b s e r v a t i o n s on t h e s u b j e c t 
were also m a d e b y G. P . Schwede r . W . T r e i t s c h k e a n d G. T a m m a n n c o n s t r u c t e d 
a t h e r m a l d i a g r a m for a m i x t u r e of i r on a n d fe r rous su lph ide (F igs . 604 a n d 605) ; 
t h e y f o u n d t h a t fe r rous s u l p h i d e a n d i ron a r e n o t c o m p l e t e l y misc ible in t h e fused 
cond i t ion , m i x t u r e s c o n t a i n i n g 8 t o 80 p e r cen t , of fe r rous su lph ide s e p a r a t i n g i n t o 
t w o l a y e r s a t 1400°. T h e f .p . c u r v e falls f rom 1540°, t h e f .p . of i ron , t o 1400°, 
r e m a i n s h o r i z o n t a l u n t i l t h e d i s a p p e a r a n c e of t h e l aye r r i ch in i ron , t h e n falls t o 
t h e e u t e c t i c t e m p . , 970° , a n d f inal ly r ises t o 1300°, t h e f .p . of fe r rous Rulphide. 
T h e e u t e c t i c m i x t u r e c o n t a i n s a b o u t 16 p e r cen t , of t h e su lph ide . T h e com­
p o n e n t s s e p a r a t e t o a g r e a t e x t e n t i n t h e fo rm of t w o sa t . m i x e d c rys t a l s , c o n t a i n i n g 
3 a n d 96 p e r cen t , b y w e i g h t of i ron r e spec t ive ly . Af te r c rys t a l l i z a t i on is c o m p l e t e , 
s e c o n d a r y c h a n g e s d u e t o p o l y m o r p h o u s t r a n s f o r m a t i o n s of t h e c o m p o n e n t s t a k e 
p lace . P u r e i ron shows t w o t r a n s i t i o n p o i n t s a t 855° a n d 760°, c o r r e s p o n d i n g 
w i t h t h e t r a n s f o r m a t i o n of y - t o yS-iron a n d /?- t o ct-iron r e spec t i ve ly ; t h e first of 
t h e s e is lowered t o a g r e a t e r e x t e n t t h a n t h e second b y t h e p re sence of fe r rous 
su lph ide , a n d w i t h less t h a n 92 p e r cen t , of i ron t h e r e is on ly one b r e a k in t h e 
cool ing c u r v e a t 800° , w h i c h is p r o b a b l y c o n n e c t e d w i t h t h e so lubi l i ty of fe r rous 
s u l p h i d e in y- i ron . T h e r e is s o m e ev idence t o show t h a t w h e n t h e t e m p , of m i x ­
t u r e s r ich in i ron falls t o a b o u t 800° , t h e m i x e d c ry s t a l s u n d e r g o p a r t i a l s e p a r a t i o n 
i n t o t h e i r c o m p o n e n t s . A t 130° occurs t h e t r a n s i t i o n of /3FeS, o b s e r v e d b y 
H . Ie Cha te l i e r a n d A. Ziegler ; i t is a t t e n d e d b y a cons ide rab le d i l a t ion . T h e 
de le t e r ious effect of t r a c e s of s u l p h u r on t h e p r o p e r t i e s of i r on is d iscussed in t h e 
l i gh t of t h e a b o v e resu l t s . I n m i x t u r e s c o n t a i n i n g m o r e t h a n 2 p e r cen t , of s u l p h u r , 
t h i s effect is d u e t o t h e p re sence of a r ead i ly fusible l a y e r of su lph ide b e t w e e n t h e 
pa r t i c l e s of i ron . T h a t t h e p resence of even 0-02 p e r cen t , of s u l p h u r is d i s a d v a n ­
t a g e o u s is t o be asc r ibed t o t h e b r i t t l e c h a r a c t e r of t h e mixed c ry s t a l s r i ch in i ron . 
T h e t r a n s f o r m a t i o n a t a b o u t 130° w a s i n v e s t i g a t e d b y F . R i n n e a n d H . E . B o e k e — 
vide infra—they sa id t h a t a t 138° t h e solid soln. h a s 7 p e r cen t , of i ron a s a m a x i m u m , 
a n d R . L o e b e a n d R. B e c k e r said 
1 p e r cen t , of i ron a t 985°. T h e /<y^°r 
s t r u c t u r e was d iscussed b y H . R h e i n -
bo ld t . 

K . F r i e d r i c h o b t a i n e d r a t h e r s im­
ple r r e su l t s , n o s e p a r a t i o n i n t o l aye r s 
w a s o b s e r v e d a t 1400° w i t h m i x t u r e s 
c o n t a i n i n g 8 t o 80 p e r c e n t . F e . 
Th i s w a s conf i rmed b y F . H . E d ­
w a r d s , R . L o e b e a n d E . Becker , a n d 
B . Bog i t sch , w h o found t h a t t h e f .p. 
c u r v e , F i g . 603 , is s imple , a n d h a s 
a e u t e c t i c a t 985° a n d 84*6 p e r c e n t . 
F e S . O b s e r v a t i o n s were m a d e b y 
R . J u z a a n d co -worke r s . A. F r y 
found t h e so lub i l i ty of s u l p h u r i n 
y - i ron is 0-025 p e r cen t . , a n d A. Ziegler 
g a v e 0-03 p e r c e n t . K . M i y a z a k i 
sa id t h a t t h e e u t e c t i c p o i n t is a t 985° a n d 8 3 p e r c e n t . F e S . T h e solid c o m p o n e n t s 
o n t h e i r on s ide of t h e e u t e c t i c a r e v i r t u a l l y immisc ib le , wh i l s t t h e fer rous 
su lph ide r e t a i n s a b o u t 1 p e r c e n t , of i r on i n solid soln . K . M i y a z a k i found for t h e 
l i qu idus c u r v e : 

F i a . 603 . -

4O J$0 
Percent. suip/?ur 

-Equi l ibr ium Diagram of t h e 
S y s t e m : F e - S . 
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C. B e n e d i c k s a n d H . Lofqu is t ' s equ i l i b r ium d i a g r a m of t h e w h o l e s y s t e m -Fe-S is 
s h o w n in F ig . 604. C. Bened icks obse rved t h a t a b r e a k is p r o d u c e d i n t h e l i q u i d u s 
c u r v e of t h e s y s t e m F e - F e S b y t h e p resence of a t h i r d c o m p o n e n t w h i c h i s more 
soluble in one of t h e p u r e c o m p o n e n t s t h a n is t h e m i x e d m a s s . F o r i n s t a n c e , a 
b r e a k is p r o d u c e d b y silicon in t h e l i qu idus c u r v e of i r on a n d fe r rous s u l p h i d e , 
which a re n o r m a l l y t o t a l l y miscible . Sil icon is r e ad i l y so luble i n m o l t e n i ron , 
b u t spa r ing ly soluble in m o l t e n fe r rous su lph ide . W . P . J o r i s s e n a n d B . L . O n g k i e -
hong s tud ied t h e l imi t s of t h e r e a c t i o n b e t w e e n i ron a n d s u l p h u r , a n d t h e effect 
of silica on t h e resu l t s . R . L»oebe a n d E . B e c k e r found t h a t t h e fe r rous s u l p h i d e 
h a s n o influence on t h e t r a n s f o r m a t i o n p o i n t s of i ron . A p o l y m o r p h i c t r a n s ­
fo rma t ion of ferrous su lph ide occur s a t 298° ; a n d t h e t r a n s f o r m a t i o n a t 138° 
•was observed w i t h all m i x t u r e s c o n t a i n i n g o v e r 7 p e r cen t , of i ron . T h e b r i t t l e n e s s 
of i ron con ta in ing su lph ide is a t t r i b u t e d t o t h i s t r a n s f o r m a t i o n . T h e e u t e c t i c 
t e n d s t o become segregated in m i x t u r e s r ich in s u l p h i d e . Al loys -which h a v e b e e n 
in c o n t a c t w i t h o x y g e n c o n t a i n a n e w e u t e c t i c . F u s i o n of i ron s u l p h i d e w i t h 
i ron oxide , however , l eads t o t h e e l i m i n a t i o n of s u l p h u r a n d f o r m a t i o n of fe r r i te , 
a n d t h e s t r u c t u r e is b e t t e r deve loped b y fus ing t h e s u l p h i d e in c o n t a c t w i t h a i r . 
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T h e compos i t ion of t h e eu tec t i c is u n c e r t a i n . T h e b r i t t l e n e s s of i ron c o n t a i n i n g 
s u l p h u r a t a r e d - h e a t is d u e t o t h e a b s o r p t i o n of o x y g e n in t h i s fo rm. T h e effect 
of s u l p h u r on cas t i ron h a s been p rev ious ly c o n s i d e r e d ; F . W i i s t a n d R . P t t t z 
found t h a t t h e p resence of s u l p h u r lowers t h e so lub i l i ty of c a r b o n in i ron ; a n d 
E . P i w o w a r s k y a n d F . S c h u m a c h e r showed t h a t t h e effect of s u l p h u r is g r e a t e r 
t h e lower a re t h e c a r b o n a n d silicon c o n t e n t s of t h e i ron . T h e s u b j e c t w a s i n v e s t i ­
g a t e d b y K . Schonrock . D . M. .Levy, a n d T . L iesch ing s t u d i e d t h e t e r n a r y s y s t e m : 
Fe-S—C, a n d t h e fo rmer found a t e r n a r y e u t e c t i c w i t h 2*4 t o 4 p e r c en t , of c a r b o n , 
a n d 0 t o 1-4 p e r cen t , of su lphu r . T . L ie sch ing f o u n d t h a t t h e e u t e c t i c b e t w e e n 
i ron a n d c a r b o n is lowered 40° for each p e r cen t , of s u l p h u r . 

A. I i ac ro ix 4 obse rved p y r r h o t i t e a m o n g s t t h e s u b s t a n c e s p r o d u c e d d u r i n g 
t h e e r u p t i o n of Vesuv ius in Apr i l , 1906 ; a n d t ro i l i t e , f o u n d in m e t e o r i t e s , a s 
p r ev ious ly i n d i c a t e d , f r equen t ly a p p r o x i m a t e s in c o m p o s i t i o n t o t h a t of feiTOUS 
sulphide , F e S . P . Tsch i rw insky found t h a t t h e t ro i l i t e i n 81 s t r o n g m e t e o r i t e s 
a v e r a g e d 5-56 p e r cen t . As s h o w n b y E . X. Al len a n d co -worke r s , E . M a n a s s e , 
e t c . , p y r r h o t i t e also occurs in m e t e o r i t e s . M a n y occu r r ences of p y r r h o t i t e a l so 
a p p r o a c h fer rous su lph ide in compos i t ion . 

P y r r h o t i t e is n o t u n c o m m o n , t h o u g h i t is on ly a m i n o r c o n s t i t u e n t of i g n e o u s 
rocks , a n d a s imi la r r e m a r k app l ies t o p y r i t e , b u t p y r r h o t i t e is m o r e c h a r a c t e r i s t i c 
of t h e f e r r o m a g n e s i a n rocks l ike g a b b r o , d i a b a s e , d io r i t e , n o r i t e , a u g i t e , a n d b a s a l t . 
I t of ten occur s m i x e d w i t h o t h e r p y r i t e s , a n d , a c c o r d i n g t o A . A . J u l i e n , 5 o c c u r s i n 
c l ay s la tes , m i c a slates*, a n d in r o c k s of i nc ip i en t metamorphism— -e .g . , i n b e d s of 
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limestone t h a t have escaped conversion into marble prevailing in adjacent districts. 
J . H . Li. Vogt regarded some pyrrhot i te deposits of Norway as direct segregations 
from silicate magmas. R. Brauns described pseudomorphs of pyrrhot i te after 
pyri te in the shales of Finkenberg, showing t h a t the former was produced from 
the la t ter ; similar results were observed by W. Eitel , in the basalts of KasBel ; 
O. Miigge, in the shales of Weitisberga ; G. Frebold, in the gabbro of Radau , 
Harz ; P . J . Shenon, in . sphalerite ; C. L». Sagui and A. Jourdan , in the Bot t ino 
mine (Florence) ; and by E . Wildschrey, in the basalts of the Siebengebirges. 
H . Schneiderhohn, and F . Wernicke discussed the paragenesis of pyrrhot i te , 
pyri te, and marcasite. E . Harbor t a t t r ibuted the pyrrhot i te in the salts of 
Aller-Nordstern t o the formation of iron sulphate by the action of the carnallite 
on the iron chloride in the salts, and the subsequent reduction of the sulphate to 
pyrrhot i te by the bituminous mat te rs there present. The reduction of iron sulphate 
to sulphide by organic mat te r in na tura l waters was discussed by J . J . Berzelius, 
and M. E . Chevreul. C. W u r m observed iron int imately associated with the 
pyrrhot i te . 

The formation and preparation of ferrous sulphide and pyrrhotite.—Pyrrhotite 
has been occasionally reported as a furnace p roduc t ; thus , J . F . L. Hausmann, 6 

and C. W. C. Fuchs found it in prismatic crystals in a Harz furnace ; L». Bucca, in a 
Catania furnace ; J . H . L. Vogt, in blast-furnace slags ; F . Cornu, in a cinder-
heap a t Bilin ; C. W. Cars tens, in a copper ma t t e ; C. Reidemeister, in cast-iron 
retorts used in purifying sulphur ; and J . Michael, in preparing alkali bromide 
from iron bromide and alkali sulphide. M. E . Chevreul found some sulphide sous 
Ie pave des villes. 

The affinity of sulphur for iron was discussed by C. Frick,7 and O. Ruff and 
B. Hirsch ; and G. Tammann and K. Sehaarwiiehter found t h a t when an excess 
of iron mixed with sulphur is heated, there is a marked evolution of heat a t 210°, 
and the temp, then rises rapidly to about 500°. C. W. Scheele, and N . Sokoloff 
showed t h a t when a mixture of iron-filings and sulphur is heated, it glows vividly 
and forms a chemical compound, ferrous sulphide, FeS. According to A. Evain, 
V. Merz and W. Weith, and J . G. Gahn, when a stick of sulphur is pressed against 
a plate of red-hot bar iron, no t cast iron, the plate is perforated, and iron sulphide 
is formed ; the reaction between the two elements is faster with steel. The reaction 
was found by F . P . Dunnington to proceed rapidly with raw iron, bu t A. Evain 
added t h a t cast iron does not react. W. P . Jorissen and C. Groeneveld said tha t 
with a mixture of equal par t s of iron and sulphur, the reaction s tar ted a t one point 
travels uniformly in different directions ; bu t t h e reaction is so propagated through­
out the mass only with mixtures having between 45*4 and 86*7 per cent, of iron. 

J . J . Berzelius, C. Hatche t t , L. Gedel, C. F . Rammelsberg, R. Winderlich, 
G. P . Schweder, and R. Scheuer obtained ferrous sulphide by heating strips of iron 
with sulphur, no t in excess, contained in a crucible, and bending the strips of iron 
to separate the sulphide. If hea t be applied too vigorously, the sulphur fuses with 
the rest of the iron ; and if the sulphur be in excess, pyrite may be formed. The 
products may approximate FeS in composition, or they m a y appear as pyrrhoti te , 
t h a t is, as a solid soln. of sulphur in ferrous sulphide. J . Li. Proust , C. F . Rammels­
berg, and B . G. Bredberg obtained the sulphide by heating in a covered crucible 
of fireclay or cast iron, a mixture of iron-filings with two-thirds their weight of 
sulphur ; and K. Bomemann, and C. N. Schuette and C. G. Maier melted a mixture 
of iron with an excess of sulphur in a graphite crucible, under a layer of wood-
charcoal, and obtained ferrous sulphide of a high degree of puri ty. K. Jellinek 
and J . Zakowsky recommended heating a mixture of sulphur with twice i ts weight 
of iron, and afterwards mixing the product with sulphur and heating it in a current 
of hydrogen. An analogous process was employed by E. Jordis and E. Schweizer, 
and K. Miyazaki—vide supra, Figs. 604 and 605. E . T. Allen and co-workers 
prepared pyrrhot i te by the direct union of iron and sulphur, and added tha t any 
excess of sulphur enters into solid soln. with-the ferrous sulphide. In meteorites, 
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t h e excess of i ron r ende r s poss ible t h e f o r m a t i o n of t h e m o n o s u l p h i d e a lone , a s 
t ro i l i t e . P . Ch i rv insky observed t h a t t h e r eac t ions t a k i n g p lace in t h e f o r m a t i o n 
of t h e me teo r i t e s a re : 6 F e - h 3 0 - f - S = 6 F e - f - S 0 2 H - 0 = = 2 F e + 3 F e O + F e S . O x i d a t i o n 
of i ron b y oxygen occurs on ly af ter c o m p l e t e o x i d a t i o n of si l icon a n d m a n g a n e s e 
h a s t a k e n place , whi ls t s u l p h u r shows a r e l a t ive ly g r e a t e r affinity for i ron , f o rming 
t ro i l i t e , which on a c c o u n t of i t s lower f .p. fills t h e ve ins a n d c r a c k s . T h e b l a c k 
ve ins in t h e s tone me teo r i t e s cons i s t of jos i t e , F e O , a n d t ro i l i t e , w i t h scorified 
si l icate ma te r i a l a n d some i ron . T h e fe r rous oxide- fe r rous s u l p h i d e eu t ec t i c , m . p . 
1060°, m a y also be formed. T h e r e a c t i o n 3 F e - [ - S O 2 = F e S - J - 2 F e O is e x o t h e r m i c , 
a n d proceeds from left t o r i gh t a t fa i r ly low t e m p . 

U. F . R a m m e l s b e r g obse rved t h a t a t a l ow t e m p , i ron d i s u l p h i d e is fo rmed , as 
t h e t e m p , rises, ferric su lph ide a p p e a r s , a n d a t a st i l l h ighe r t e m p . , fe r rous su lph ide . 
Ana logous obse rva t ions were m a d e b y R . Scheuer , a n d H . N . W a r r e n . A c c o r d i n g 
t o L . Gedel, if i ron m i x e d w i t h a n excess of s u l p h u r be h e a t e d t o 450°, o r 500° , i r on 
d i su lph ide is fo rmed ; a t 700°, t h e p r o d u c t h a s a c o m p o s i t i o n F e 7 S 8 ; a n d a b o v e 
700°, F e S . W . T re i t s chke a n d G. T a m m a n n sa id t h a t for f e r rous s u l p h i d e , t h e 
t e m p , should be ra ised t o 1400°. A. W . H o f m a n n o b s e r v e d t h a t i ron b u r n s w i t h 
v iv id incandescence in t h e v a p o u r of s u l p h u r , a n d N . J u s c h k e w i t s c h a d d e d t h a t 
t h e v a p o u r beg ins t o a c t on i ron a t a b o u t 700° fo rming fe r rous s u l p h i d e m i x e d 
w i t h a n excess of s u l p h u r ; a s imi la r p r o d u c t is o b t a i n e d b y m e l t i n g a m i x t u r e 
of i ron a n d s u l p h u r a t 1220° in a c u r r e n t of h y d r o g e n . These p r o d u c t s y ie ld f e r rous 
su lph ide w h e n t h e y a r e h e a t e d w i t h s u l p h u r for 2 h r s . in a c u r r e n t of n i t r o g e n a t 
1220°. W . Spr ing found t h a t u n d e r a press , of 650O a t m . , a p o w d e r e d m i x t u r e of 
eq. p ropo r t i ons of i ron a n d s u l p h u r fo rms a h o m o g e n e o u s m a s s of fe r rous s u l p h i d e 
which gives off h y d r o g e n s u l p h i d e w h e n t r e a t e d w i t h ac id s ; w i th a n excess of 
su lphu r , po lysu lph ides a re s imi la r ly p r o d u c e d . K . B r o d o w s k y s t u d i e d t h e j o i n t 
ac t i on of h e a t a n d press , on a m i x t u r e of i ron a n d s u l p h u r . R . Liorenz s t a t e d 
t h a t if ferrous su lph ide be h e a t e d w i t h a m m o n i u m chlor ide , wel l - formed, b l ack , 
sh in ing c rys ta l s of fe r rous su lph ide a p p e a r i n t h e u p p e r p a r t of t h e c ruc ib le . 

K . Hi lgens tock , A. L e d e b u r , a n d N . J u s c h k e w i t s c h o b t a i n e d fe r rous s u l p h i d e 
b y t h e ac t i on of h y d r o g e n su lph ide o n i ron b e t w e e n 400° a n d 500° ; J . B . Pee l 
a n d co-workers r e c o m m e n d e d 538° ; a n d F . Gieseler, 700° . J . J a h n , a n d 
F . S c h m i t z s tud ied t h e speed of t h e r e a c t i o n b e t w e e n i ron a n d h y d r o g e n s u l p h i d e 
a t t e m p , b e t w e e n 100° a n d 414°. R . Liorenz, E . T. Allen a n d co -worker s , 
W . G. Mix te r , L . Moser a n d E . Neusse r , a n d S. Meun ie r o b t a i n e d c rys t a l s of t ro i l i t e 
b y h e a t i n g i ron t o redness in a c u r r e n t of h y d r o g e n su lph ide ; a n d J . B . Pee l 
a n d co-workers o b t a i n e d s i lver -whi te , c rys ta l l ine , n o n - m a g n e t i c fe r rous s u l p h i d e 
of sp . gr . 4-630 b y t h e ac t ion of h y d r o g e n su lph ide on i ron a t 1000°. I r o n s u l p h i d e 
is also formed b y t h e ac t i on of o t h e r su lph ides on i r on ; t h u s , E . P r i w o z n i k f o u n d 
t h i s t o be t h e case w i t h a m m o n i u m po lysu lph ides ; G. P . Schweder , a n d G. T a m ­
m a n n a n d H . Bohne r , w i t h c u p r o u s su lph ide ; R . Liorenz, b y t h e e lec t ro lys is of a 
soln. of p o t a s s i u m chlor ide w i t h a n i ron a n o d e a n d a c a t h o d e of cup r i c s u l p h i d e ; 
L». E . Mar t in , w i t h a soln. of s t r o n t i u m o r b a r i u m s u l p h i d e a t 40° t o 50° . 
H . G. S. Ander son , w i t h zinc su lph ide ; a n d H . v o n J i i p t n e r , w i t h l ead sul­
p h i d e . A. Cavazzi found t h a t f inely-divided i ron , r e d u c e d i n h y d r o g e n , r e a c t s w i t h 
c a r b o n d i su lph ide a t a r e d - h e a t fo rming fer rous s u l p h i d e a n d g r a p h i t i c c a r b o n . 
G. A. ShakhofE a n d co-workers p r e p a r e d t h e s u l p h i d e b y h e a t i n g i r o n in s u l p h u r 
d iox ide in t h e p resence of c a r b o n or c a r b o n m o n o x i d e . O. X«oew h e a t e d iron-fi l ings, 
wate r , a n d c a r b o n d i su lph ide in a sea led t u b e a t 100°, a n d o b t a i n e d fe r rous s u l p h i d e 
a n d i ron fo rma te . T h e r eac t i on w a s d iscussed b y K . H i l g e n s t o c k . S. H i l p e r t 
a n d E . Colver -Glauer t , K . H i lgens tock , a n d A. L e d e b u r o b s e r v e d t h a t s u l p h u r 
d iox ide a c t s on h e a t e d i ron fo rming ferrous su lph ide , su lph i t e , a n d t h i o s u l p h a t e . 
A . d e H e m p t i n n e found t h a t 62 p e r cen t , su lphu r i c ac id is r e d u c e d b y i ron f o r m i n g 
fe r rous su lph ide . F . P r o j a h n , a n d JL. H a c k s p i l l a n d R . G r a n d a d a m o b s e r v e d t h a t 
a t a b o u t 1000°, a lka l i s u l p h a t e s fo rm fer rous su lph ide a n d ferric ox ide ; R . F i n k e n e r , 
a n d K . H i l g e n s t o c k , t h a t c a l c ium s u l p h a t e fo rms c a l c i u m s u l p h i d e a n d ox ide ; a n d 
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N . W . F i sche r , t h a t a m i x t are of e q u a l p a r t s of iron-fi l ings a n d cha rcoa l , w i t h t w i c e 
i t s w e i g h t of l ead s u l p h a t e , f o rms lead , a n d fe r rous su lph ide . J . T s c h e r n i a k a n d 
H . G i inzbu rg o b s e r v e d t h a t a m i x t u r e of i ron , p o t a s s i u m t h i o c y a n a t e , l ime, a n d 
c a r b o n also furn ishes fe r rous s u l p h i d e . 

K . B r u c k n e r , E . M a n d o w s k y , J . L . P r o u s t , C. F . R a m m e l s b e r g , R . Scheue r , 
O. S c h u m a n n , T . S ido t , a n d N . Sokoloff o b s e r v e d t h a t w h e n a m i x t u r e of ferr ic 
ox ide a n d s u l p h u r is h e a t e d , s o m e p y r r h o t i t e o r fe r rous s u l p h i d e a n d s u l p h u r 
d iox ide a r e f o r m e d ; H . R o s e p a s s e d h y d r o g e n o v e r t h e h e a t e d m i x t u r e a n d o b t a i n e d 
a n a l o g o u s r e s u l t s . R . W i n d e r l i c h e m p l o y e d a n excess of s u l p h u r a n d o b t a i n e d 
reines Eisensuljid. If h y d r o g e n s u l p h i d e a lone o r m i x e d w i t h h y d r o g e n ch lo r ide 
be p a s s e d o v e r ferr ic h y d r o x i d e , H1. Gede l o b s e r v e d t h a t fe r rous s u l p h i d e a n d s u l p h u r 
— a s well a s s o m e i ron d i s u l p h i d e — a r e fo rmed . L . A. S a y c e a lso n o t e d t h a t fe r rous 
s u l p h i d e is f o r m e d b y t h e a c t i o n of h y d r o g e n s u l p h i d e on h y d r a t e d ferr ic ox ide 
be low 100°—vide supra, ferric ox ide . A . G a u t i e r , a n d IJ. A . S a y c e obse rved 
t h a t a t a r e d - h e a t , or , a c c o r d i n g t o M. P i c o n a t 900°, t h e r e a c t i o n c a n be symbol i zed : 
2Fe 2 O 3 - | - 7 H 2 S = 4 F e S + 3 S O 2 + 7 H g - L- Moser a n d E . N e u s s e r o b t a i n e d c ry s t a l* 
of t h e s u l p h i d e b y h e a t i n g i r on o r i t s ox ide in a c u r r e n t of h y d r o g e n a n d h y d r o g e n 
s u l p h i d e in t h e p r o p o r t i o n 5 : 1 . K . H i l g e n s t o c k , a n d A. Liedebur s t u d i e d t h e 
inf luence of t e m p , on t h e r eac t i on . J . D e w a r a n d H . O. J o n e s , a n d K . H i l g e n s t o c k 
o b t a i n e d fer rous s u l p h i d e b y t h e a c t i o n of c a r b o n d i su lph ide on ferric ox ide a t a 
r e d - h e a t ; O. W . G ibbs , b y h e a t i n g t o r ednes s a m i x t u r e of ferr ic ox ide a n d s o d i u m 
t h i o s u l p h a t e ; a n d J . T s c h e r n i a k , b y t h e a c t i o n of t h i o c y a n a t e s o n ferr ic ox ide . 
Fe r ro s i c ox ide b e h a v e s s imi la r ly ; t h u s , H . R o s e p a s s e d h y d r o g e n o v e r a r e d - h o t 
m i x t u r e of ferrosic ox ide a n d s u l p h u r , a n d o b t a i n e d fe r rous s u l p h i d e ; a n d 
C. F o n t a n a s h o w e d t h a t t h e p r o d u c t a t a w h i t e - h e a t a p p r o x i m a t e s F e 3 S 4 , t h e 
s u l p h u r a n a l o g u e of m a g n e t i t e , F e 3 O 4 . T h e X - r a d i o g r a m s i n d i c a t e t h a t t h e F e 3 S 4 
is rea l ly a solid soln . of fe r rous s u l p h i d e a n d s u l p h u r . T . S i d o t a n d C. F r i ede l , 
C. F o n t a n a , A. G a u t i e r , a n d R . S c h e u e r o b s e r v e d t h a t fe r rous s u l p h i d e is fo rmed , 
in ye l low, h e x a g o n a l c r y s t a l s w h e n h y d r o g e n s u l p h i d e is p a s s e d o v e r r e d - h o t ferrosic 
ox ide : F e 3 0 4 + 4 H 2 S = 3 F e S + S + 4 H 2 0 . 

H . R o s e , C. F . P l a t t n e r , C. F . R a m m e l s b e r g , a n d F . v o n Schafifgotsch found 
t h a t al l t h e h i g h e r su lph ide s of i r on furn ish t h e m o n o s u l p h i d e w h e n h e a t e d i n 
h y d r o g e n . K . F r i e d r i c h , L . Gedel , G. R i p p , a n d H . S c h e u e r a lso o b t a i n e d p y r r h o t i t e 
b y h e a t i n g p y r i t e ; a n d H . R o s e , b y h e a t i n g t h e p y r i t e in a n a t m . of h y d r o g e n . 
G. Marcha l , a n d B . G. B r e d b e r g o b s e r v e d t h a t w h e n p y r i t e is m e l t e d , i t fo rms 
fe r rous su lph ide , or , a c c o r d i n g t o C. F . R a m m e l s b e r g , p y r r h o t i t e . T h e r e su l t s 
d e p e n d o n t h e d u r a t i o n of t h e h e a t i n g ; a n d , a c c o r d i n g t o G. Marcha l , a n d 
K . F r i e d r i c h , w i t h longer p e r i o d s of h e a t i n g t h e p r o d u c t a p p r o x i m a t e s m o r e a n d 
m o r e closely t o fe r rous s u l p h i d e . E . K o t h n y a d d e d t h a t a t 700° w i t h s u l p h u r 
v a p o u r a t one a t m . p ress , t h e p r o d u c t b e c o m e s v e r y n e a r l y idea l fe r rous su lph ide . 
E . T . Al len a n d co -worke r s e m p h a s i z e d t h e difficulty in p r e p a r i n g fe r rous su lph ide 
of a h i g h degree of p u r i t y ; a n d R . L o e b e a n d E . B e c k e r f o u n d t h a t o r d i n a r y 
fe r rous s u l p h i d e a l w a y s c o n t a i n s free i ron , a n d s o m e ox ide ; t h e y o b t a i n e d a p r o d u c t 
w i t h 98*72 p e r c e n t . F e S b y r e p e a t e d l y m e l t i n g n a t u r a l p y r i t e s . F . F o r e m a n w a s 
u n a b l e t o p r e p a r e s a t i s f a c t o r y p y r r h o t i t e . E . T . Al len a n d co-workers o b t a i n e d 
p y r r h o t i t e b y t h e d i s soc ia t ion of p y r i t e in a n a t m . of h y d r o g e n su lph ide a t 550° ; 
a t 575° , t h e r eve r se c h a n g e occurs , a n d p y r i t e is r e - fo rmed . E . T . Allen obse rved 
t h a t in a n a t m . of s u l p h u r , p y r i t e beg ins t o p a s s i n t o p y r r h o t i t e a n d s u l p h u r a t 
575° , t h e r e a c t i o n is r a p i d a t 665°, a n d a t 750° , t h e v a p . p ress , is 1 a t m . , a n d 
d e c o m p o s i t i o n is c o m p l e t e . W . F . d e J o n g a n d H . W . V. Wi l l ems a d d e d t h a t t h e 
e v o l u t i o n of s u l p h u r -from p y r i t e is m a r k e d a t 525° t o 550° in v a c u o . F e r r o u s 
s u l p h i d e is f o r m e d w h e n p y r i t e is r e d u c e d b y h y d r o g e n a s s h o w n b y A. Andzio l , 
F . M a r t i n a n d O. F u c h s , H . R o s e , G. Gal lo , a n d L . W o h l e r a n d c o - w o r k e r s ; b y 
s t e a m a t 300° t o 4 0 0 ° — L . B e n e d e k ; b y c a r b o n — J . L . P r o u s t ; b y a l u m i n i u m 
a s in t h e t h e r m i t e p rocess : 2 F e S 2 + 2 A l = F e + A l 2 S 3 . F e S — N . P a r r a v a n o a n d 
P . Agost ini , H . D i t z , a n d H . H e i n r i c h s ; a n d b y i r o n — N . G. P e t i n o t . L.. Michel 
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heated titaniferous iron int imate ly mixed wi th pyrites in a graphite crucible for 
several hours, and obtained sl ightly magnet ic pyrrhotite , approximat ing F e 8 S 9 , 
of sp. gr. 4-5, and hardness 4. 

According to F. Stolba, H . Schiff, and E . Glatzel, w h e n anhydrous ferrous or 
ferric sulphate mixed with sulphur, is heated, ferrous sulphide is formed : F e S O 4 
- f - 2 S = F e S - f - 2 S 0 2 , and, added K. Bruckner, some iron disulphide m a y also be 
formed. H. Rose obtained similar results b y heat ing a mixture of sulphate and 
sulphur in a current of hydrogen. According t o W . Ipateeff, anhydrous ferrous 
sulphate a t 330° and 200 atm. press., is reduced by hydrogen t o ferrous and ferrosic 
sulphides, and at 350° and 260 a tm. press., t o ferrous sulphide alone. P . Berthier 
found that ferrous or ferric sulphate is reduced b y carbon t o ferrous sulphide ; 
G. P. Schweder, that the reduction with carbon monox ide yie lds a mixture of 
ferrous sulphide, oxide, and meta l ; and H . H e in rich s and C. A. Becker, t h a t the 
sulphate is reduced to sulphide b y powdered magnes ium, a luminium, or iron. 
H. Arctowsky, J. Durocher, and C. Doel ter obta ined crystals of troilite b y heat ing 
ferric chloride in an atmosphere of hydrogen sulphide a t 400°. Other sulphides 
are also formed. C. Doelter heated a mixture of ferrous chloride, sodium carbonate , 
water, and hydrogen sulphide in a sealed tube for 16 days a t 200°, and obta ined 
pyrrhotite when air was excluded, and pyrite when air was present . E . Weinschenk 
heated a soln. of ferrous chloride wi th a m m o n i u m th iocyanate in a sealed tube a t 
230° to 250° for 4 hrs., and obtained small, hexagonal plates of ferrous su lphide— 
J. Milbauer added tha t some K 2 F e 2 S 4 is formed at the same t ime. E . T. Allen a n d 
co-workers repeated the experiment and obtained in every case pyrrhotite or ferrous 
sulphide associated wi th free sulphur. J. Meyer and H. Bratke obtained crystals 
of ferrous sulphide b y melt ing a mixture of iron, sulphur, and potass ium cyanide 
in the proportion 1 : 5 : 5 ; and J . Morel, b y heat ing to redness a mixture of iron 
filings and ant imony sulphide. 

A hydra ted form of ferrous sulphide is obta ined as a bulky, black precipitate 
when an alkali sulphide is added to a soln. of a ferrous salt : FeCl 2 - f - (NH 4 ) 2 S 
= 2 N H 4 C l + F e S , and if a ferric salt be similarly treated, i t is first reduced t o 
ferrous salt and sulphur is s imultaneously deposi ted : 2 F e C l 3 + 3 ( N H 4 ) 2 S — 6 N H 4 C l 
-f-2FeS-f-S. The reactions were discussed b y H . Baubigny , and F . Fouque and 
A. Michel-Levy. According t o W. FeId, w h e n soln. of iron salts are treated wi th 
an alkali polysulphide, ferrous sulphide and sulphur are precipitated, and if the 
soln. be then neutralized, or made feebly acidic, and boiled, iron disulphide is 
formed. Alkaline substances retard or hasten the transformation, while reducing 
agents accelerate the change. On the other hand, H . N . S tokes s ta ted t h a t the 
precipitate which is formed when alkali sulphides are added t o soln. of ferric sal ts 
is not a mixture of ferrous sulphide and sulphur, but rather ferric sulphide ; and 
tha t ferric sulphide is the product of the act ion of alkali polysulphides on soln. of 
ferrous salts. The precipitation wi th a m m o n i u m sulphide w a s s tudied b y 
G. Buchner, E . Jordis and E . Schweizer, A. B . Macallum, H . Krepelka and 
W. Podrouzek, W. Mecklenberg and V. Rodt , P . P . Budnikoff and K. E . Krause , 
and A. Wiener. J. J. Berzelius said that hydrated ferric sulphide is formed if an 
aq. soln. of a ferric salt be dropped into an excess of an alkali sulphide soln. ; 
but if, on the contrary, the alkali sulphide be dropped into an excess of ferric salt , 
sulphur is first precipitated, and a ferrous salt is formed, whilst further addit ions of 
the alkali sulphide furnish a precipitate of ferrous sulphide. L. Gedel said t h a t if the 
mixture of ferrous sulphide and sulphur be dried above 100°, some iron disulphide 
is formed : 3 F e S + S = F e S 2 - J - 2 F e S . The reaction of hydrogen sulphide, e tc . , o n 
ferric salt soln. was studied b y O. Brunck, L.. Gedel, O. W . Gibbs, H . Krepelka 
and W . Podrouzek, and R. Scheuer. According t o L. L . de Koninck, sodium 
sulphide g ives a brown t o green coloration wi th ferrous or ferric salts . The bes t 
condit ion for the green coloration is 320 t o 80O mols of sod ium sulphide t o one gram-
a t o m of iron. The product ion of t h e green coloration is retarded b y the presence 
of sodium chloride or sulphate . The subject was s tudied b y G. W . A. Foster* 
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T h e a c t i o n of h y d r o g e n su lph ide o n soln. of fer rous s a l t s is revers ib le , F e S O 4 
-|- H 2 S ^ * H 2 S O 4 - J - F e S ; c o n s e q u e n t l y , fe r rous s u l p h i d e is n o t p r e c i p i t a t e d b y t h e 
a c t i o n of h y d r o g e n su lph ide o n ac id ic soln. T h e sub j ec t w a s d i scussed 1 0 . 57 , 9 . 
I n t h e l a n g u a g e of t h e ionic t h e o r y , t h e p r e c i p i t a t i o n of fe r rous su lph ide : F e " H - S " 
- F e S 8 0 H d is d e t e r m i n e d b y t h e p r o d u c t [ F e - ] [ S " ] - c o n s t a n t , w h i c h is v e r y sma l l . 
T o e n s u r e t h e p r e c i p i t a t i o n of al l t h e i ron , t h e c o n c e n t r a t i o n of S"- ions s h o u l d b e 
p r o p o r t i o n a l l y la rge . Aga in , i n t h e ion iza t ion of h y d r o g e n su lph ide , H 2 S ^ H - J - H S ' 
^ 2 H ' + S " , i n s a t . soln . [ H ' ] S [ S " ] = JTTH 2 S] , w h e r e K' is c o n s t a n t . H e n c e , t h e 
g r e a t e r t h e c o n c e n t r a t i o n of t h e H*-ions, i.e. t h e g r e a t e r t h e a c i d i t y of t h e soln. , 
t h e sma l l e r is t h a t of t h e S"- ions . H e n c e , fe r rous s u l p h i d e is n o t p r e c i p i t a t e d b y 
h y d r o g e n su lph ide in ac id ic soln. T h e p r e c i p i t a t i o n of fe r rous s u l p h i d e b y h y d r o g e n 
su lph ide is i n c o m p l e t e e v e n in n e u t r a l soln. , for, a s s h o w n b y Li. IJ. de K o n i n c k , 
t h e s u p e r n a t a n t l iquor , a t t h e e n d of t h e r eac t ion , is g reen . T h e p resence of s o d i u m 
a c e t a t e in n e u t r a l soln. f avour s t h e p r e c i p i t a t i o n of fe r rous s u l p h i d e b e c a u s e t h e 
a c e t a t e - i o n s f rom t h e s o d i u m a c e t a t e u n i t e w i t h t h e H"-ions t o fo rm ace t i c ac id , 
a n d t h i s r educes t h e cone , of t h e H*-ions. H e n c e , a s s h o w n b y J . L . G a y L u s s a c , 
H . Ves tne r , L. Moser a n d M. B e h r , R . F . W e i n l a n d , H . R o s e , F . S t r o h m e i e r , 
C. C. Gr i schow, H . W . F . W a c k e n r o d e r , a n d R . W i n d e r l i c h , fe r rous su lph ide m a y 
be p r e c i p i t a t e d from soln. c o n t a i n i n g a w e a k ac id—e .g . c a rbon i c , benzoic , oxal ic , 
t a r t a r i c , ace t ic , c i t r ic , a n d succ in ic ac ids . H . Dellfs sa id t h a t n o p r e c i p i t a t i o n 
occurs wi th formic ac id . 

T h e e q u i l i b r i u m c o n s t a n t K of t h e r e a c t i o n F e S + 2 H ' ^ F e " f H 2 S IH [ K e " J f H 8 S ] 
— i £ [ H ' J a ; a n d t h e c o n s t a n t k, o r t h e s o l u b i h t v p r o d u c t for t h e r e a c t i o n F e S ^ F e " ' S " is 
Jb = [Fo" ] rH"J , so t h a t [ F e - ] -=A/rS"l- A g a i n , for t h e r e a c t i o n H 2 S ^ H + H S ' , H 2 S - [ H ] [ H S ' ] / * , 
w h e r e , a c c o r d i n g t o K. A u e r b a c h , a n d »J. K n o x , Ar1 ---O-SiI X 1O - 7 ; a n d for t h e r e a c t i o n 
H S ' - H M S " , rH-J — A- a lHS'J/[S"J, w h e r e A2 -- 1 -2 x 10 - " . C o n s e q u e n t l y , K^kJkJc9. 
I . . D r u n e r a n d J . Z a w a d s k y found t h a t A-^-3-7 ' I O - , B . so t h a t k - 3 - 4 v K)3 . 

H . V e s t n e r o b s e r v e d t h a t if JV-FeSO4 be s a t . wit l i h y d r o g e n su lph ide a t o r d i n a r y 
t e m p . , a n d h e a t e d u n d e r press , a t 100°, fer rous su lph ide is n o t p r e c i p i t a t e d q u a n t i ­
t a t i v e l y , b u t if a m m o n i u m a c e t a t e be p r e sen t , t h e p r e c i p i t a t i o n is q u a n t i t a t i v e 
f rom soln . w i t h n o t m o r e t h a n 1-0 # r m . of fe r rous s u l p h a t e pe r l i t re ; a n d w i t h 
n e u t r a l 0-(K)IiV- a n d CMXX)I A~-soln. of fer rous s u l p h a t e , a t o r d i n a r y press . , n o 
p r e c i p i t a t i o n occu r s a t all . G. Brun i a n d M. P a d o a obse rved t h a t cone . soln . of 
fe r rous sa l t s , acidified w i t h hyd roch lo r i c ac id , g ive a p r e c i p i t a t e of fe r rous su lph ide 
w h e n t r e a t e d w i t h h y d r o g e n su lph ide a t 14-34 t o 16-38 a t m . press . , a n d a t 10° 
t o 15° . F r o m t h e e q u i l i b r i u m : F e S O 4 H - H 2 S ^ F e S H - H 2 S O 4 , o r Fe* -+-H 2 S^-2H-
H-FeS, i t follows t h a t t h e e q u i l i b r i u m c o n s t a n t A ' — [ F e " ] [ H 2 S ] / [ H " j 2 . B y in­
c reas ing t h e p res s . , t h e so lub i l i ty of h y d r o g e n s u l p h i d e i n t h e soln . is a u g m e n t e d , 
a n d t h e cone , of t h e F e ' - i o n s in soln. is r e d u c e d t o m a i n t a i n t h e c o n s t a n c y of K. 
Thi s w a s p r o v e d b y M. P a d o a a n d L.. C a m b i . T h e y found t h e p ress , a t wh ich 
fer rous su lph ide is p r e c i p i t a t e d f rom soln. w i t h a mo l of fe r rous s u l p h a t e p e r l i t re , 
a t 22° : 

H 2 S O 4 . - - 0 0 0 2 0 - 0 0 2 5 0 - 0 0 3 ' 0 - 0 0 5 O-OOl m o l p e r l i t r e 
H a S ( a b o u t ) . 0 - 3 0 - 9 8 2-7 4-O 5 -5 9-2 a t m . 
H 2 S . . — 0 - 0 9 8 0 - 2 7 0 - 4 0 0 - 5 5 0 - 9 2 m o l p e r l i t r e 
JK . — 1 0 - 6 X l O 8 1 0 - 7 X 1 0 3 9 - 7 x l O s 3 -5 x I O 3 2 -3 x l O 3 

W . B o t t g e r , a n d R . C. Wel l s d i scussed t h e p r e c i p i t a t i o n of fer rous a n d c o p p e r 
su lph ide s f rom a m i x e d soln. of c o p p e r a n d fe r rous sa l t s ; L . S t o r c h s t u d i e d t h e 
j o i n t p r e c i p i t a t i o n of s t a n n o u s a n d fe r rous su lph ides f rom acid soln. of m i x e d 
fe r rous a n d s t a n n o u s sa l t s ; W . FeId , m i x e d fer rous a n d zinc sa l t s ; E . Schiir-
m a n n , a n d F . Fe ig l , m i x e d fer rous , z inc , coba l t , a n d nickel s a l t s ; a n d C A. O. Rosel l , 
m i x e d ferric a n d m a n g a n e s e s a l t s . W . F e I d found t h a t fe r rous su lph ide is 
q u a n t i t a t i v e l y p r e c i p i t a t e d b y p a s s i n g h y d r o g e n su lph ide i n t o a n e u t r a l soln. of a 
fe r rous s a l t c o n t a i n i n g a n excess of s o d i u m t h i o s u l p h a t e ; a n d t h e reac t ion was 
s t u d i e d b y O. W . G i b b s , a n d O. B r u n c k . T h e p r e c i p i t a t i o n of ferrous su lph ide 
f rom a soln . of f e r rous s u l p h i t e b y h y d r o g e n su lph ide was s t u d i e d b y W . FeId , a n d 

V O L . x i v . 1^ 
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H . W . H e m i n g w a y . The anod ic s e p a r a t i o n of su lph ide fi lms w a s s t u d i e d b y 
E . B e u t e l a n d A. Ku tze ln igg . 

Acco rd ing t o S. Veil, ferric ox ide p r e p a r e d b y h e a t i n g i r o n s u l p h i d e o b t a i n e d 
b y p r e c i p i t a t i n g a ferrous o r ferric sa l t w i t h a m m o n i u m s u l p h i d e , a n d a f t e r w a r d s 
t r e a t e d w i t h h o t wa te r , is m o r e m a g n e t i c t h a n t h e c o r r e s p o n d i n g ox ide d e r i v e d 
f rom i ron su lph ide p r e p a r e d in t h e cold- T h e su lph ides s h o w t h e s a m e difference, 
t h e fo rmer be ing m o s t s t ab le t o ox ida t ion , a n d t h e l a t t e r h a v i n g a m a g n e t i z a t i o n 
of t h e s a m e o rde r a s t h a t of i t s co r r e spond ing ox ide . O n red i sso lv ing t h e ox ide 
a n d r ep rec ip i t a t ing t h e su lph ide successively, t h e m a g n e t i z a t i o n s of b o t h r i se t o a 
m a x i m u m a n d t hen fall. 

B lack , v o l u m i n o u s h y d r a t e d ferrous su lphide i s p r e c i p i t a t e d w h e n a n a lka l i 
su lph ide is a d d e d t o a soln. of a fe r rous sa l t : F e C l 2 - f - ( N H 4 ) 2 S = F e S - f - 2 N H 4 C l ; 
a n d if a ferric sa l t is used i t is first r e d u c e d t o t h e fe r rous s t a t e : 2 F e C l 3 - | - 3 ( N H 4 ) 2 S 
=^ 2 F e S + 6 N H 4 C l - f - S . As i n d i c a t e d a b o v e , ferr ic s u l p h i d e m a y first b e p r e c i p i t a t e d , 
a n d , a s ind ica ted below, if a n excess of t h e p r e c i p i t a n t is u sed , su lphofe r r i t e s m a y 
be formed. T h e p r o d u c t of t h e a c t i o n of m o i s t i r on o n s u l p h u r — v i d e supra, t h e 
ac t ion of i ron on su lphu r—discus sed b y Li. N . V a u q u e l i n 8 — i s cons ide red t o fu rn i sh 
t h e h y d r a t e d su lph ide . T h e g reen soln. o b t a i n e d b y t h e a c t i o n of iron-fi l ings o n 
w a t e r s a t . w i t h h y d r o g e n su lph ide for 24 h r s . , o u t of c o n t a c t w i t h a i r , is s u p p o s e d 
b y I J . N . V a u q u e l i n t o be a soln. of h y d r a t e d fer rous su lph ide ; a n d O. H e n r y 
r e g a r d e d t h e g reen soln. o b t a i n e d b y a d d i n g ca lc ium su lph ide t o a soln . of fe r rous 
s u l p h a t e a s a soln. of t h e su lph ide . T h e d a r k g reen soln. o b t a i n e d b y t h e a c t i o n of 
w a t e r on t h e p r e c i p i t a t e d h y d r a t e w a s also cons ide red t o s h o w t h a t t h e c o m p o u n d 
is soluble in w a t e r . More p r o b a b l y i t is a case of t h e p e p t i z a t i o n of a col loid. 
J . J . Berze l ius found t h a t h e a t , a n d t h e a d d i t i o n of a m m o n i u m h y d r o s u l p h i d e o r 
h y d r o g e n su lph ide p r e c i p i t a t e s t h e su lph ide f rom t h e g reen soln. P r e c i p i t a t e d 
ferrous su lph ide , l ike m a n y o t h e r hydroge l s , m a y be p a r t i a l l y p e p t i z e d w h e n i t 
is washed , forming a g reen h y d r o s o l ; a n d J . O. W i t t , a n d A. Berg even n o t e d t h a t 
t h e fused su lph ide m a y be p a r t i a l l y p e p t i z e d w h e n i t is t r e a t e d "with w a t e r . 
S. M. K u z m e n k o found t h a t w i t h m i x e d soln. of m a n g a n e s e a n d fer rous s u l p h a t e s 
or ge la t in , t h e m o r e soluble su lph ide is p r e c i p i t a t e d first b y s o d i u m s u l p h i d e . 

I J . T . W r i g h t p r e p a r e d a col loidal so lu t ion of ferrous Sulphide b y d iges t ing 
p r ec ip i t a t ed ferrous su lph ide w i t h a soln. of p o t a s s i u m c y a n i d e , a n d C. Winss inger , 
b y t r e a t i n g ferrous sa l t w i t h h y d r o g e n su lph ide in soln . so di l . t h a t all e x t r a n e o u s 
c o m p o u n d s c a n be r e m o v e d b y d ia lys is before c o a g u l a t i o n occur s . L . S a b b a t a n i , 
J . H a u s m a n n , a n d S. M. K u z m e n k o o b t a i n e d t h e colloid b y t r e a t i n g a soln . of 
fer rous s u l p h a t e a n d ge la t in w i t h s o d i u m s u l p h i d e , b u t n o t w i t h a m m o n i u m 
su lphide ; J . Lefor t a n d P . T h i b a u l t u sed g u m a r a b i c a s p r o t e c t i v e colloid ; 
A. D u m a n s k y a n d A. B u n t i n , t a r t a r i c ac id ; H . R o s e , o r g a n i c s u b s t a n c e s , 
pa r t i cu l a r l y t a r t a r i c ac id ; A. Miiller, g lyefcol ; a n d Li. S a b b a t a n i , c a n e - s u g a r . 
R . F . S tevens o b t a i n e d i t b y t h e ac t i on of s o d i u m h y d r o x i d e , a s p e p t i z i n g a g e n t , 
on ferrous su lph ide ; a n d C. L . Sagui a n d A. J o u r d a n , b y t h e a c t i o n of s o d i u m 
su lph ide on t h e m e t a l su lph ide . T h e hyd ro ly s i s of t h e colloid w a s n o t e d b y H . R o s e , 
a n d A. K o n s c h e g g a n d H . Mal fa t t i ; J . C. W i t t ^ f o u n d t h a t w h e n t h e h y d r o s o l is 
d ia lyzed t h r o u g h collodion, some s u l p h u r hyd roso l , a n d i ron o x i d e a r e f o r m e d . 
S. M. H o r s c h o b t a i n e d a hydroso l so c o n c e n t r a t e d t h a t i t se t t o a je l ly w h e n cooled 
t o 0° . W h e n a i r is pas sed t h r o u g h t h e green h y d r o s o l , J . C. W i t t o b s e r v e d t h a t 
t h e g reen colour c h a n g e s t o b r o w n . P . B . G a n g u l y a n d N . R . D h a r o b s e r v e d t h a t 
t h e hydroso l is coagu la t ed a n d oxid ized c o m p l e t e l y b y 15 hrs*. e x p o s u r e t o t r o p i c a l 
sun l igh t . T . P i n t e r , a n d J . Casares s t ud i ed t h e colloid. J . H . JL. V o g t , a n d 
R . L o r e n z a n d W . Ki te l obse rved t h a t fer rous su lph ide m a y f o r m a pyrosol i n m o l t e n 
s i l ica tes . R . F . W e i n l a n d found t h a t a soln. of ferric a c e t a t e f o r m s a d a r k g r e e n 
h y d r o s o l w h e n i t is t r e a t e d w i t h a m m o n i u m s u l p h i d e . N . R . D h a r a n d 
A. C. C h a t t e r j i o b s e r v e d t h a t t h e h y d r o s o l is a d s o r b e d b y f r e s h l y - p r e c i p i t a t e d 
fe r rous su lph ide . 

H . B r a c o n n o t sa id t h a t t h e b l a c k m u d w h i c h col lects a t t h e b o t t o m of d r a i n s 
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c o n t a i n s h y d r a t e d fer rous su lph ide fo rmed b y t h e p u t r e f a c t i o n of o rgan ic s u b s t a n c e s 
in c o n t a c t w i t h t h e ferric ox ide of t h e e a r t h y m a t t e r s . M. S i d o r e n k o cal led t h e 
h y d r a t e d fer rous su lph ide , F e S . w H 2 0 , w h i c h occur s in n u m e r o u s c lays , h y d r o -
troilite. A c c o r d i n g t o B . Doss , i t is a c o m p l e x h y d r o x i d e . J . H a b e r m a n n found 
i t in c lays ; N . AndrussoiT, in t h e m u d of t h e B l a c k Sea ; M. JegunofF, in t h e m u d 
of t h e Sea of Azov , a n d some sal ine spr ings ; a n d A. J e n t s c h , in t h e m u d of t h e 
L a k e of P l o n . T h e n a t u r e of t h i s m i n e r a l w a s d iscussed b y P . Tsch i rv in sky , a n d 
C Li. S a g u i a n d A. J o u r d a n . 

The physical properties of ferrous sulphide and pyrrhotite.—According to 
L. Gede l , 9 a n d R . Scheuer , t h e co lour of p o w d e r e d fe r rous s u l p h i d e is g rey i sh-green , 
a n d , owing t o o x i d a t i o n , r edd i sh specks of o x i d e soon a p p e a r in t h e p o w d e r . 
E . W e i n s c h e n k , E . T . Al len a n d co-workers , a n d R . L o r e n z a n d P . G r o t h o b s e r v e d 
t h a t w h e n p r e p a r e d in a d r y w a y , fe r rous s u l p h i d e is a b rass -ye l low c rys ta l l ine m a s s 
wh ich in t i m e d a r k e n s a n d b e c o m e s r e d d i s h - b r o w n . T h e co lour of p y r r h o t i t e 
va r i e s f rom a bronze-ye l low t o a copper - r ed , a n d t h e lu s t r e is me ta l l i c , b u t t h e sur face 
soon t a r n i s h e s on e x p o s u r e t o a i r . T h e s t r e a k is g rey i sh -b lack . E . T. Al len a n d 
eo-workers found t h a t t h e co lour of s y n t h e t i c p y r r h o t i t e r e sembles t h a t of t h e 
n a t u r a l mine ra l , b u t w h e n p r e p a r e d f rom s u l p h u r a n d i ron , t h e co lour is a l i t t l e 
d a r k e r t h a n t h a t of t h e n a t u r a l m i n e r a l . M. B a m b e r g e r a n d R . Grengg o b s e r v e d 
n o c h a n g e in t h e co lour of t h e m i n e r a l w h e n i t is cooled d o w n t o —190° ; J . A. H e d -
vall d i scussed t h e co lour c h a n g e s w h i c h occur o n h e a t i n g fe r rous su lph ide . 

A. S t r e n g sugges t ed t h a t t h e crysta ls of p y r r h o t i t e a r e r h o m b i c a n d i s o m o r p h o u s 
w i t h s t e r n b e r g i t e , b u t l a t e r c o n c l u d e d t h a t t h e y a r e h e x a g o n a l . T h e m e a s u r e m e n t s 
of J . R o t h , W . Nicol , K . V r b a , A . F renze l , a n d P . A. v o n S a c h s e n - C o b u r g cor re ­
s p o n d w i t h c r y s t a l s be long ing t o t h e r h o m b i c s y s t e m ; a n d P . Weiss c o n c l u d e d 
t h a t t h e m a g n e t i c p r o p e r t i e s of p y r r h o t i t e i n d i c a t e t h a t t h e c rys t a l s a r e p r o b a b l y 
monocl in ic , b u t d o n o t possess a h i g h e r s y m m e t r y t h a n r h o m b i c ; a n d E . K a i s e r 
sa id t h a t t h e m a g n e t i c a n d o t h e r p r o p e r t i e s s h o w t h a t t h e m i n e r a l occurs in t w i n n e d 
r h o m b i c c rys t a l s . J . Morel , a n d G. L i n c k t h o u g h t t h e c ry s t a l s were cub ic , b u t 
t h i s is a m i s t a k e . E . W e i n s c h e n k r e p o r t e d t h a t t h e c ry s t a l s of fer rous su lph ide 
a r e b ronze-ye l low, h e x a g o n a l p l a t e s ; a n d R . L o r e n z a n d P . G r o t h , a n d C. D o e l t e r 
desc r ibed t h e m a s s i lver -whi te p l a t e s wh ich r a p i d l y t a r n i s h in a i r . G. R o s e m e a s u r e d 
t h e ax ia l r a t i o , a n d found a : c—1 : 0-8701 ; E . T . Allen a n d co-workers g a v e 
1 : 0-8632 t o 0-8742 ; a n d P . G r o t h a n d K . Mie le i tner r eca l cu l a t ed G. R o s e s d a t a , 
a n d g a v e 1 : 1-7402. E . T . Al len a n d co -worke r s found t h a t t h e c rys t a l s of t ro i l i te 
a n d of p y r r h o t i t e a r e i den t i ca l . P y r r h o t i t e u sua l l y occurs mass ive , w i t h a g r a n u l a r 
s t r u c t u r e . D i s t i n c t c ry s t a l s a r e r a r e ; t h e y a r e genera l ly t a b u l a r , a n d a lso a c u t e 
p y r a m i d a l w i t h t h e i r faces s t r i a t e d ho r i zon t a l l y . C. D o e l t e r obse rved t h a t t h e 
c ry s t a l s of p y r r h o t i t e p r e p a r e d in t h e w e t w a y u s u a l l y occur in p l a t e s , wh i l s t w h e n 
p r e p a r e d in t h e d r y w a y , t h e y furn ish c o l u m n s or need les . L . B u c c a o b t a i n e d 
i so la ted c ry s t a l s , a n d t a b u l a r , i r i de scen t c ry s t a l s a r r a n g e d in ro se t t e s . Acco rd ing 
t o J . B . L . R o m e d e TIsIe, J . F . L . H a u s m a n n , C. C. L e o n h a r d , a n d J . L . de B o u r n o n , 
t h e c r y s t a l s of p y r r h o t i t e a r e h e x a g o n a l . G. A. K e n n g o t t g a v e for t h e ax i a l r a t i o 
a : c = l : 1-72315 ; W . Nicol , 1 : 1-419 ; a n d A. S t r e n g , 1 : 1 1 6 5 0 2 2 . T h e h e x a g o n a l 
c ry s t a l s were desc r ibed b y A. d ' A c h i a r d i , J . B e c k e n k a m p , L . Bombicc i , 
A. B r e i t h a u p t , L . B u c c a , K . Busz , E . S. D a n a , C. Doe l t e r , H . E h r e n b e r g , K . H o n d a 
a n d J . O k u b o , E . Ka i se r , A. L a c r o i x , H . Miers , O. Miigge, W . Nicol , G. v o m R a t h , 
F . S a n d b e r g e r , G. S e l i g m a n n , C. U . S h e p a r d , J . S . S t evenson , G. H $ g g a n d 
I . Sucksdorff, a n d A. S t r e n g . P y r r h o t i t e , howeve r , also occurs in a r h o m b i c 
fo rm w i t h t h e a x i a l r a t i o s , a c c o r d i n g t o E . T . Al len a n d co-workers , r a n g i n g 
f rom aibi c = 0 - 5 7 9 3 : 1 : 0-9267 t o 0-5793 : 1 : 0-9927. H . H e r i t s c h gave 
aibi C = 1-170 : 1 : 0-778, a n d 2 F = - 6 7 ° 5 8 ' . 

N . Alsen sa id t h a t t h e X - r a d i o g r a m s of h e x a g o n a l p y r r h o t i t e cor respond wi th 
a l a t t i ce h a v i n g t h e p a r a m e t e r s « = 3 * 4 3 A. , a n d c = 5 - 6 8 A., o r « : c—1 : 1-66, 
w i t h 2 F e S mols . i n each e l e m e n t a r y pa ra l l e lop iped ; c o n c o r d a n t d a t a were also 
r e p o r t e d b y W . F . de J o n g , P . F . K e r r , W . F . de J o n g a n d H . W . V. Wi l lems , 
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A . M i c h e l a n d G . C h a u d r o n , a n d C. F o n t a n a . N . A l s e n o b s e r v e d t h a t a s a m p l e of 
s u l p h i d e p r e p a r e d b y a d d i n g a m m o n i u m s u l p h i d e t o a s o l n . of f e r r o u s s u l p h a t e , o r 
b y t h e a c t i o n of m o i s t u r e o n a m i x t u r e of i r o n a n d s u l p h u r , a n d t h e n h e a t e d h a l f 
a n h o u r i n h y d r o g e n s u l p h i d e , h a d t h e p y r r h o t i t e s t r u c t u r e , a n d a f t e r h e a t i n g t o 
d u l l r e d n e s s , t h e p y r i t e s t r u c t u r e . A b o v e 2 0 0 ° , A . M i c h e l a n d G . C h a u d r o n f o u n d 
t h a t p y r r h o t i t e r a p i d l y p a s s e s i n t o a f e r r o m a g n e t i c v a r i e t y w i t h o = 3 4 7 A . , a n d 
c = 5 - 7 2 A . , a n d a t 4 5 0 ° , t h i s r e v e r t s t o a m e t a s t a b l e v a r i e t y w i t h a = 3 * 4 0 A . , a n d 
c = 5 - 7 0 A . P r e c i p i t a t e d f e r r o u s s u l p h i d e b e h a v e s s i m i l a r l y , e x c e p t t h a t a b o v e 4 8 0 ° 
i t p a s s e s i r r e v e r s i b l y i n t o a n o n - m a g n e t i c v a r i e t y w i t h a=3*36 A . , a n d c = 5 * 6 5 A . 

A c c o r d i n g t o C. F o n t a n a , t h e i n t e r a c t i o n of m a g n e t i t e a n d h y d r o g e n s u l p h i d e , u n d e r 
a t m . p r e s s , a t 1 0 0 0 ° , d o e s n o t f u r n i s h F e 3 S 4 , a s s u p p o s e d b y T . S i d o t a n d C . F r i e d e l , 
b u t r a t h e r i s t h e r e a c t i o n s y m b o l i z e d : F e 2 0 3 . F e O - h 4 H 2 S = : 3 F e S + S + 4 H 2 0 . T h e 
s u l p h u r d o e s n o t o c c u p y a fixed, c h a r a c t e r i s t i c p o s i t i o n i n t h e c r y s t a l - l a t t i c e , a n d 
t h e e x i s t e n c e of F e 3 S 4 a s a c h e m i c a l i n d i v i d u a l h a s n o t b e e n p r o v e d . T h e l a t t i c e 
c o n s t a n t s of t r o i l i t e a r e «r —3*43 A . , c=5-79 A . , o r a : c=l : 1*686, "while f o r n a t u r a l 
a n d a r t i f i c i a l p y r r h o t i t e t h e y a r e v i r t u a l l y t h e s a m e , a — 3 * 4 3 A . , c — 5 * 6 8 A . , o r 
a : c=l : 1-666. F . H e i d e a n d c o - w o r k e r s g a v e a = 3 * 4 3 9 A . , a n d c = 5 * 8 5 5 A . f o r 
h e x a g o n a l t r o i l i t e . J . W . G r u n e r p o i n t e d o u t t h a t t h e S - a t o m s a l o n e h a v e t h e 
p o s i t i o n s fo r h e x a g o n a l c l o s e - p a c k i n g ; t h e a x i a l r a t i o a : c = l : 1*688 s h o w s t h a t 

t h e p a c k i n g i s n o t s o c l o s e a s f o r w u r t z i t e f o r w h i c h 
*2 ^e "^"^cr a : c = l : 1*633. T h e S - a t o m s f o r m a l m o s t r e g u l a r t e t r a -
° ~ v v > ^ \ h e d r o n s w h i c h d o n o t c o n t a i n a n y m e t a l a t o m s . E a c h 

m~^-zr--jz^!^E£?^-^-^>£^ F e - a t o m i s s u r r o u n d e d b y s i x S - a t o m s w h i c h a r e d i s ­
t r i b u t e d a t t h e c o r n e r s of a s l i g h t l y d i s t o r t e d o c t a ­
h e d r o n , F i g . 6 0 6 . N o s t r u c t u r a l r e a s o n f o r t h e e a s y 
r e p l a c e m e n t of i r o n b y s u l p h u r a t o m s h a s b e e n o b s e r v e d 
u n l e s s i t b e t h e t e n d e n c y f o r t h e S - a t o m s t o f o r m 
S - S - r a d i c l e s a s i n p y r i t e . I n p y r r h o t i t e , t h e r e p l a c e ­
m e n t of F e - a t o m s b y S - a t o m s w o u l d b r i n g t h e S - a t o m s 
a s c l o s e a s 2*45 A . , w h i l s t i n t h e p y r r h o t i t e - l a t t i c e t h e y 
a r e s e p a r a t e d b y a t l e a s t 3*43 A . P . P . E w a l d a n d 

F i o . 6 0 6 . — T h o s p a c e - L a t - G-. H e r m a n n a d d e d t h a t t h e l a t t i c e of h e x a g o n a l p y r -
r h o t i t o ^ " ^ ^ ° f P y r r h o t i t e belongs to the nicolite type, with six neigh-

° bouring atoms at a distance of 2*55 A. apart. O. Stel-
ling, and V. M. Goldschmidt also discussed the replacement of the atoms of iron 
in the space-lattice by atoms of sulphur, and inferred that the lattice in con­
sequence is not ionic. The subject was discussed by A. Westgren, G. Hagg and 
co-workers, and R. Juza and W. Biltz. 

W. Ortloff said that the crystals of ferrous sulphide are isomorphous with 
wurtzite, ZnS, greenockite, CdS, and millerite, NiS. A. Breithaupt discussed the 
isomorphism of pyrrhotite and iridosmine, niccolite, greenockite, millerite, and 
breithauptite ; G. A. Kenngott, with millerite ; F. von Kobell, with niccolite * and 
C. Doelter, with wurtzite. Twinning occurs with pyrrhotite about the (lOll)-plane 
with the vertical axes nearly at right angles. The cleavage (OOOl) is sometimes 
distinct, and the (1120)-parting less so. A. Streng found that the corrosion figures 
of pyrrhotite with hot hydrochloric acid correspond with hexagonal symmetry. 
The optical properties of polished surfaces were discussed by J. Murdoch, 
W. M. Davy, and C. M. Farnham, H. Schneiderhohn, and B. Granigg. M. JLeo, 
H. C. Boydell, and J. Lemberg discussed the behaviour of polished surfaces with 
various reagents—nitric, hydrochloric, and sulphuric acids, bromine water, potas­
sium cyanide, potassium hydroxide, and a soln. of copper sulphate, mercuric 
chloride, and ferric chloride ; and J. W. Gruner, and W. H. Newhouse, intergrowths 
of pyrrhotite crystals. M. J. Buerger studied the deformation of the crystals by 
pressure. 

E. T. Allen and co-workers showed that the crystal constants of pyrrhotite are 
not invariable because the composition, even of artificial preparations, is not con-
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s t a n t . T h e l a c k of a g r e e m e n t a m o n g s t t h e c r y s t a l l o g r a p h e r s , i n d i c a t e d a b o v e , a s 
t o t h e c r y s t a l s y s t e m of p y r r h o t i t e is e x p l a i n e d b y t h e ex i s t ence of t w o al lotropic 
forms . T h e o r d i n a r y h e x a g o n a l fo rm, ca l led yS-pyrrhotite, is s t a b l e be low a b o u t 
138° ; a n d t h e h i g h t e m p , fo rm, a.-pyrrhotite, is s t a b l e a b o v e t h a t t e m p . , a n d i t 
furn ishes r h o m b i c c r y s t a l s w i t h t h e a x i a l r a t i o s i n d i c a t e d a b o v e . If h y d r o g e n 
su lph ide is a l lowed t o a c t o n a n ac id ic soln . of fe r rous ch lor ide a n d s u l p h a t e a t 
200° t o 225°, t a b u l a r , t w i n n e d c r y s t a l s of a - p y r r h o t i t e a r e f o r m e d ; a n d t h e 
c r y s t a l s of ^ - p y r r h o t i t e a r e p r o d u c e d w h e n a soln . of f e r rous s u l p h a t e , s a t . 
w i t h h y d r o g e n s u l p h i d e a t 0° , is h e a t e d i n a sea led t u b e b e t w e e n 80° a n d 100° 
for 8 d a y s . T h e h a b i t of t h e art i f icial c r y s t a l s of t h e fi-variety is h e x a g o n a l , 
a n d t h e d o m i n a n t fo rms a r e t h e p r i s m , a n d a s t e e p p y r a m i d , whi l s t t h e 
c r y s t a l s of t h e c t -var ie ty a r e a l w a y s t a b u l a r , pa ra l l e l t o t h e b a s e — a few a r e 
h e x a g o n a l b u t t h e y a r e m o s t l y e l o n g a t e d in t h e d i r ec t ion of t h e ct-axis, a n d t h e 
s y m m e t r y is r h o m b i c . T h e Iow t e m p . , o r )8-form, is a l m o s t i n v a r i a b l y d e v e l o p e d 
as c ruc i fo rm t w i n s w i t h a n ang le of a b o u t 90° b e t w e e n t h e t w o i n d i v i d u a l s a b o u t 
t h e t w i n n i n g (1Ol 1)-plane ; wh i l s t t h e h i g h t e m p , o r a - fo rm is u s u a l l y t w i n n e d 
a b o u t t h e (023)-plane , wi th t h e t w o i n d i v i d u a l s inc l ined a b o u t 65° t o each o t h e r ; 
s o m e t i m e s t h e t w i n n i n g is a b o u t t h e (021)-p lane ; w i t h t h e t w o i n d i v i d u a l s inc l ined 
a b o u t 55° t o each o the r—v ide swpra, 

H . Ie Cha te l i e r a n d A. Ziegler n o t e d t h a t t h e h e a t i n g c u r v e of fe r rous s u l p h i d e 
i n d i c a t e s t h a t t h e r e is a t r a n s i t i o n t emperature a t a b o u t 130° ; t h i s w a s conf i rmed 
b y W . T r e i t s c h k e a n d G. T a m m a n n . R . L o e b e a n d E . Becke r , a n d E . B e c k e r 
p l aced i t a t a b o u t 138°. G. T a m m a n n a n d R . K o h l h a a s s t u d i e d t h e effect of p res s , 
on t h e t r a n s i t i o n . F . R i n n e a n d H . E . B o e k e o b s e r v e d t h a t t w o spec imens of 
fe r rous su lph ide o c c u r r i n g in m e t e o r i c i ron s h o w t h e s a m e t r a n s i t i o n , n o b r e a k in 
t h e cool ing c u r v e occurs wi th a t h i r d n a t u r a l s p e c i m e n or w i t h a s u l p h i d e p r e p a r e d 
b y h e a t i n g t h e e l e m e n t s t o g e t h e r w i t h o u t access of a i r . W h e n t h e su lph ide l a s t 
m e n t i o n e d h a s been fused p r e v i o u s l y w i t h excess of i ron , howeve r , i t s h o w e d t h e 
t r a n s i t i o n p o i n t . W h e n 7 p e r cen t , of i ron o r m o r e "was p r e s e n t , t h e c h a n g e t o o k 
p lace s h a r p l y a t 137°, b u t w i t h less i ron i t w a s n o t so s h a r p a n d occu r red a t lower 
t e m p e r a t u r e s ; w i t h less t h a n 4 pe r cen t , t h e b r e a k i n t h e cool ing c u r v e cou ld n o 
longe r be d e t e c t e d . I t is , t he re fo re , cons ide red t h a t i ron a n d t h e su lph ide fo rm 
m i x e d c r y s t a l s a t 138° which a r e sa t . a t 7 j>er cen t , of i ron a n d a r e r ead i ly t r a n s ­
fo rmed i n t o a n o t h e r modi f ica t ion . T h e w a y in w h i c h i ron fac i l i t a tes t h e t r a n s ­
f o r m a t i o n h a s n o t been e l u c i d a t e d sa t i s fac tor i ly . T h e fac t t h a t t h e t r a n s f o r m a t i o n 
t a k e s p l ace so s h a r p l y in t ro i l i t e , wh ich does n o t c o n t a i n excess of i ron , is a c c o u n t e d 
for b y t h e c a t a l y t i c a c t i on of a smal l p r o p o r t i o n of c a r b o n i t c o n t a i n s . K . F r i e d r i c h , 
a n d E . T . Allen a n d co -worke r s conf i rmed t he se r e su l t s , a n d s t a t e d t h a t t h e fa i lure 
t o observe*, d i sso lved i ron , m u s t m e a n t h a t t h e h e a t a b s o r p t i o n i n t h e m is so v e r y 
g r a d u a l t h a t i t s effect is n o t s h o w n o n t h e h e a t i n g c u r v e . R . L o e b e a n d E . B e c k e r 
found t h a t t h e r e is a c r i t ica l t e m p , o n t h e h e a t i n g a n d cool ing c u r v e a t 298° ; 
P . C h e v e n a r d , one o n t h e t h e r m a l e x p a n s i o n c u r v e a t 320° ; a n d H . Ie Cha te l i e r 
a n d A. Ziegler, one on t h e t h e r m a l a n d e x p a n s i o n c u r v e s a t 298° . T h e sub jec t 
w a s d i scussed b y R . L o r e n z a n d W . H e r z . 

L . P l a y f a i r a n d J . P . J o u l e 1 0 g a v e 5-035 for t h e m e a n specif ic g r a v i t y of art if icial 
fe r rous s u l p h i d e ; C F . R a m m e l s b e r g g a v e 4*79 for a s a m p l e de r ived f rom i ron a n d 
s u l p h u r , a n d 4*694 for a s a m p l e r e d u c e d f r o m p y r i t e in h y d r o g e n ; G. Rose , 4-726 
a t 9*8° for a s a m p l e r e d u c e d f rom p y r i t e i n h y d r o g e n ; a n d E . T. Allen a n d 
co-workers , 4-739 a t 25°/4° for a s a m p l e d e r i v e d f rom i ron a n d s u l p h u r a t 950°, 
a n d 4-748 a t 25°/4° for a s a m p l e p r e p a r e d a t 950° us ing m o r e s u l p h u r . N . Alsen 
ca l cu l a t ed 5-02 for t h e s p . gr . f rom t h e l a t t i c e c o n s t a n t s , a n d W . F . de J o n g a n d 
H . W . V . Wi l l ems , 5-01 . G. L u c k g a v e 4-52 for t h e s p . gr . of t ro i l i t e ; C. F . R a m m e l s ­
berg , 4-817 for a s a m p l e w i t h 1-55 t o 1-95 p e r cen t , of n ickel , 4-75 for a s ample w i t h 
0-32 p e r c en t , of n icke l , a n d 4-787 for a s a m p l e w i t h n o nickel ; W . J . Tay lo r g a v e 
4-822 for a s a m p l e w i t h 7-26 p e r cen t , of n icke l a n d c o b a l t ; E . Cohen, 4-7379 a t 
22° for a s a m p l e w i t h 4-30 a n d 1*50 p e r c e n t , of n ickel a n d c o b a l t r e s p e c t i v e l y ; 
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J . L. Smith, 4-75 ; F . E. Geinitz, 3-98 ; and S. Meunier, 4-78O to 4-799. The 
sp gr. of pyrrhotite was reported by C. F. Kammelsberg to be 4-640 ; G. A. Kenn-
got t gave 4-584 ; A. d'Achiardi, 4-53 ; A. Hilger, 4-12 to 4-2O ; T. Petersen, 
4-583 ; F . von Schaffgotsch, 4-546 ; J . Thiel, 4-508 ; G. Lindstrom, 4-627 to 4-642 ; 
G. Nyiredy, 4-5 ; M. Tournaire, 4-27 ; J . J . Berzelius, 4-674 ; C. F . Pla t tner , 
4-627 ; H. Heritsch, 4-63 ; P . Berthier, 4-80 ; and B. J . Harrington, 4-622. Obser­
vations were also made by C. Hatchet t , H . Habermehl, A. Frenzel, A. A. Jul ien, 
M. Palfy, P . Weiss, E . Manasse, A. Serra, W. J . Sharwood, and F . Stutzer and 
co-workers. C. F . Rammelsberg gave for artificial pyrrhot i te (36 per cent, of sul­
phur), 4-494 ; C. Doelter, 4-521 for Fe 1 1 S 1 2 ; I J . Bucca, 4-545 for Fe 4 S 5 ; Ii. Michel, 
4-5 ; B . J . L. Holman, 5*02 ; and J . B . Peel and co-workers obtained 4-63 for the 
sp. gr. of the synthetic compound FeS ; F . Gieseler, 4-807 a t 25°/4° ; and W. Biltz, 
4-816. W. F . de Jong and H . W. V. Willems calculated 5-01 for the sp. gr. from 
the X-radiograms. E. T. Allen and co-workers gave for a series of synthetic 
pyrrhotites, with different proportions of FeS, and of dissolved sulphur, the follow­
ing values for the sp. gr. a t 25°/4°, the calculated sp. gr. a t 4°, and the calculated 
specific volume : 
F e S 
E x c e s s . 
S p . gr. . 
Sp . gr. (calc.) 
Sp . v o l . . 

99-5» 9 8 0 4 96-89 96-57 96-26 95-86 95-23 
0-41 1-96 3-11 3-43 3-74 4 1 4 4-77 
4-769 4-691 4-657 4-648 4-633 4-602 4-958 
4-755 4-677 4-643 4-634 4-619 4-589 4-585 
0-2103 0-2138 0-2154 0-2158 0-2165 0-2179 0-2181 

93-95 per cent . 
6 0 4 * „ 
4-533 
4-520 
0-2212 

T h e locus of t h e sp . vol . is con t i nuous a n d a s t r a i g h t l ine in accord w i t h t b e 
h y p o t h e s i s t h a t t h e excess s u l p h u r is in solid soln. , F ig . 607. T h e d o t t e d l ine 

shows t h e ca lcu la t ed sp . vol . of t h e s u l p h u r a n d fer rous 
su lph ide . T h e r e is the re fore a large c o n t r a c t i o n in t h e 
process of so lu t ion . F . Gieseler g a v e 18-3 for t h e m o l . 
vol., a n d ca lcu la t ed 11-2 for t h e mol . vol . of t h e con t a ined 
su lphur , a n d 28 p e r cen t , c o n t r a c t i o n d u r i n g t h e f o r m a t i o n 
of t h e su lph ide . W . Bi l t z , a n d I . I . S a s l a w s k y a lso 
discussed t h e c o n t r a c t i o n wh ich occurs in t h e f o r m a t i o n 
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Percent dissolvedS of fer rous su lph ide a n d of p y r r h o t i t e . 

F io . 607.—The Specific T h e hardness of p y r r h o t i t e is b e t w e e n 3-0 a n d 4-5 ; 
Volumes of Artificial a n d t h e h a r d n e s s of t ro i l i te is a b o u t 4 . B . G. B r e d be rg 
Pyrrhoti tes . obse rved t h a t r ecen t ly -me l t ed fe r rous su lph ide is b r i t t l e , 

b u t is less h a r d t h a n p y r i t e ; i t forms a v o l u m i n o u s p o w d e r a f te r a s h o r t 
exposure t o air . M. J . Buerger , a n d F . F . Osborne a n d F . D . A d a m s s t u d i e d t h e 
plast ic-deformation of j>yrrhoti te . E . J . I*. H o l m a n gave 494-4 d y n e s p e r sq . c m . 
for t h e surface tens ion of ferrous su lph ide a t a b o u t 1176°. J . O. Arno ld , a n d 
H . Ie Chatel ier a n d A. Ziegler found t h a t fer rous su lph ide diffuses in soft s teel 
be tween 1000° a n d 1100° ; a n d t h e diffusion w a s discussed b y E . D . C a m p b e l l — 
vide sujtra, ac t ion of su lphur on i ron. 

H . F i z e a u n found t h a t t h e eoeff. of thermal e x p a n s i o n of p y r r h o t i t e a t 40° 
is « = 0 - 0 0 0 0 0 2 3 5 in t h e direct ion of t h e p r inc ipa l ax i s , a n d c t=0 -00003120 w h e n 
pe rpend icu l a r t o t h a t axis . H . Ie Chate l ier a n d A. Ziegler o b s e r v e d t h a t t h e 
re la t ive coeff. of l inear expans ion a a t a t e m p . 0° w h e n t h e or ig ina l l eng th a t 100° 
is t a k e n a s zero, is : 

120° 190° 240° 265* 400° 650° 
a . . . 0-09 O-OO - 0 0 6 0-00 0-35 0-85 

T h e r e is t h u s an i r r egu la r i ty b e t w e e n 100° a n d 200° which is c o n n e c t e d w i t h t h e 
c h a n g e in t h e crys ta l l ine fo rm as yS-pyrrhotite passes i n t o c t -pyr rho t i t e . T h i s w a s 
d iscussed b y W . Tre i t s chke a n d G. T a m m a n n . T h e c h a n g e b e t w e e n 295° a n d 300° 
obse rved b y H . Ie Chate l ie r a n d A. Ziegler, w a s s t u d i e d b y E . Becker , a n d R . L o e b e 
a n d E . Q Becker . Accord ing t o P . Chevena rd , t h e t h e r m a l e x p a n s i o n of p y r r h o t i t e 
a t 320° is d i s con t inuous , a n d on cooling, t h e r e is a n increase i n t h e l e n g t h of t h e 
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sample. On re-heating, the transformation appears at the same temp., but on 
cooling, the expansion is less. The temp. 320° is therefore considered to represent 
an enantiomorphic transformation. This temp, also corresponds with a change 
in the magnetization of the compound. O. H. Lees found the thermal conductivity 
of ferrous sulphide to be 0*017 cals. per cm. per degree per second at 15°. According 
to A. Streng, and M. !Leo, the thermal conductivity of pyrrhotite shows the circular 
basis characteristic of the hexagonal system ; and E. Jannetaz found that the sq. 
root of the ratio of the conductivities parallel and perpendicular to the principal 
axis is 1*07. 

H. V. Regnault found the mean specific heat, c, of artificial ferrous sulphide 
at 16-57° to be c=0*1357 ; A. de la Rive and F. Marcet gave c=0*1396 between 
5° and 15° ; and A. Sella, 0*1370. K. Bornemann and O. Hengstenberg found 
the value of c between 0° and 0° to be : 

100° 300° 400° 600° 600° 70O" 
c . . O-1664 O-2027 0-1888 0-1850 0-1820 0-1818 

800° 000° 1000° 1J000 1200° 
c . 0 1 7 6 0 01757 O* 1760 01773 0-2216 

The results, plotted in Fig. 608, show that there is an irregularity in the result at 
about 300°, and the transformation is not wholly reversible. The anomaly 
diminishes with a rise of temp. C. T. Anderson obtained a continuous curve for 
the mol. ht., Cv, below 25° : 

— 2 1 5 1 ° —198-5° —153 1° —84-8° —51-8° —28-4° 2 8° 23° 
<1V . . 3-729 5 1 1 8 8-395 11-07 11-78 12-07 12-79 1312 

A. Sella, K. Jellinek and J. Zakowsky, and J. Maydell discussed the application 
of the addition rule—1. 13, 13—to the molecular heat. F. E. Neumann gave 
0*1533 for the sp. ht. of pyrrhotite ; H. V. Regnault, 0-16021 between 9-53° and 
99° ; A. Abt, O* 15388 at 13-40° for a specimen with 57-68, Fe ; 37-66, S ; and 
4-42, SiO2; and K. Bornemann and O. Hengstenberg, 0-1547 between 0° and 100° 
for a specimen with 57-30, Fe ; 37-7, S ; and 4*75, SiO2 ; and 0*1531 for " pure " 
pyrrhotite. K. Bornemann and O. Hengstenberg found that between 0° and 100° 
the sp. ht. decreased -with increasing percentages of sulphur, but not proportionally . 

Sulphur . 3 8 0 39-6 4OO 42-5 4 5 0 47-5 50 0 per cent. 
Sp. ht. . O-160 O-152 O-151 O-143 O-137 O-132 0-130 

W. A. Tilden gave 01459 for the sp. ht. of Fe3S4 between 0° and 100°, and 01701 
between 0° and 300°. G. Linder observed that the mean sp. ht. between 0° and 
0° increases markedlv with a rise of temp., being 0-1459 
at 100°; 0*1558 at 200° - 0-17Ol at 300° ; and 0-1831 at 0-2f 
350°. ^j 020 

K. Bornemann gave 1194° for the melting-point of ^ °'t9 

ferrous sulphide; K. Bornemann and F. Schreyer, % 0^ 
1158°; C. B. Carpenter and C. R. Hayward, 1163°; ^ °'% 
E. J. L. Holman, 980°; K. Friedrich, 1171°; R. Loebe /Ot'3OfSaTMXfSIXt3MfMf 
and E. Becker, and E. Becker, 1193°; B. Garre, and FIO 608 The Specific 
W . BiItZ, 1197° ; G. Rohl , 1188° ; L . V. Steck and CO- Heat of Ferrous SuI-
workers, 1174°; D. M. Levy, 1187°; P. P. FedoteefP, phide. 
1177° ; Z. Shibata, 1163° ; E. T. Allen and co-workers, 
1170° in vacuo; and A. C. Halferdahl, 1171°. Very low values were obtained 
by H. Freeman, H. Weidmann, and H. Ie Chatelier and A. Ziegler ; and the 
high value, 1300°, of W. Treitschke and G. Tammann shows that the sample 
was impure. E. T. Allen and co-workers observed that sulphur is slowly 
given off at the m.p. and a product richer in iron, but of a lower m.p., remains ; 
hence, the augmented values in an atm. of hydrogen sulphide, and sulphur. 
The presence of an excess of sulphur was found by K. Bornemann to raise 
the m.p. E. T. Allen and co-workers added that pyrrhotite is a solid soln. of 

M 
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s u l p h u r in fer rous su lph ide , a n d t h e m . p . is ra i sed t o 1187° in a n a t m . of s u l p h u r 
v a p o u r ; a n d in a n a t m . of h y d r o g e n su lph ide , a t 1183°. T h e s e t e m p , c o r r e s p o n d 
w i t h t h e m . p . of sa t . soln. of s u l p h u r in fe r rous s u l p h i d e . O b s e r v a t i o n s o n t h e 
sub j ec t were m a d e b y K . F r i ed r i ch . J . H . Li. V o g t f o u n d t h a t 12-0 g r m s . of l e a d 
su lph ide p e r 1OO g r m s . of ferrous su lph ide lowered t h e m . p . 31° ; a n d 12-4 g r m s . of 
s i lver su lph ide lowered i t 38° . F . T h o m a s , a n d H . F r e e m a n e x a m i n e d t h e effect 
of s o d i u m su lph ide on t h e m . p . ; a n d K . B o r n e m a n n , t h e effect of l ead , n icke l , a n d 
c u p r o u s su lph ides . 

R . Lo renz obse rved n o ev idence of s u b l i m a t i o n w h e n fe r rous s u l p h i d e is h e a t e d 
t o whi teness for a long per iod of t i m e . K . J e l l i nek a n d J . Z a k o w s k y c a l c u l a t e d 
f rom t h e e q u i l i b r i u m : F e S + H 2 ^ F e + H 2 S , t h a t t h e v a p o u r pressure , p, a t 730° , 
910°, a n d 1100° is respec t ive ly log/? = —9-15, —7-09 , a n d —4-51 ; a n d N . P a r -
r a v a n o a n d P . de Cesaris ca l cu l a t ed f rom t h e r e l a t i on log p= — Q/4-561 ^ + 1 - 7 5 

log T-f-3 , t h e v a l u e s 0-079 a t m . , a t 800° ; 0-58 a t m . a t 
9 0 0 ° ; 3-2 a t m . a t 1000° ; a n d 13-8 a t m . a t 1100° . 
K . B o r n e m a n n a d d e d t h a t t h e d i s soc ia t ion pressure a t 
t h e m . p . is pe r cep t ib l e , b u t m u c h less t h a n a n a t m o ­
sphe re ; wh i l s t W . T r e i t s c h k e a n d G. T a m m a n n o b ­
t a i n e d a p ress , a p p r o x i m a t i n g one a t m . a t t h e m . p . 
H . Ie Cha te l i e r a n d A. Ziegler, R . J u z a a n d c o - w o r k e r s , 
a n d M. P i c o n a lso d i scussed t h e sub j ec t . P . B e r t h i e r 
sa id t h a t w h e n fe r rous su lph ide is h e a t e d w h i t e - h o t , 
o u t of c o n t a c t w i t h a i r i t loses n o s u l p h u r , a n d w h e n 
h e a t e d s imi lar ly in a c a r b o n c ruc ib le , i t loses w e i g h t 

v e r y slowly ; b u t J . J . Berze l ius obse rved t h a t s u l p h u r is evo lved w h e n fe r rous 
su lph ide is h e a t e d , a n d , as i n d i c a t e d a b o v e , E . T . Allen a n d co-workers , as well 
a s W . T r e i t s c h k e a n d G. T a m m a n n , a n d K . B o r n e m a n n , f ound t h a t s u l p h u r 
is s lowly lost a t t h e m . p . R . K r e m a n n a n d O. B a n k o v a c o b s e r v e d t h a t a t 1500° 
mo l t en ferrous su lph ide is a mobi le l iquid , a n d b u b b l y . E . V. B r i t z k e a n d 
A. F . K a p u s t i n s k y g a v e log pKi=- — 1 4 , 3 2 9 T - 1 + 5-8O for t h e d i ssoc ia t ion p re s s , of 
fer rous su lph ide . M. P i con n o t e d t h a t fe r rous s u l p h i d e d i ssoc ia tes i n t o i t s e l e m e n t s 
a t a h igh t e m p , in v a c u o ; t h e d i ssoc ia t ion beg ins a t 1100°, a n d is c o m p l e t e a t 
a b o u t 1600°. If h e a t e d in a coke furnace , t h e r e su l t i ng i ron is c a rbu r i zed , b u t t h e 
c a r b o n exercises n o o t h e r influence on t h e d i s soc ia t ion . H . Ie Cha te l i e r a n d 
A. Ziegler, a n d G. P . Schwede r n o t e d t h e o x i d a t i o n of t h e su lph ide w h e n i t is 
m e l t e d in air . E . T . Allen a n d co -worke r s o b s e r v e d t h a t t h e s u l p h u r d isso lved b y 
ferrous su lph ide , a t a t m . press . , is : 

500° 700° 900° 
F I G . 6 0 9 . — T h e 

of S u l p h u r i] 
S u l p h i d e . 

uotr mr 
S o l u b i l i t y 
L "Ferrous 

' D i s s o l v e d S 
000° 
6 0 4 

800° 
4-41 

1000° 
3-6 

1100° 
3-3 

1105° 
3-2 

1200° 
2 / 5 

1300° 
1-96 p e r c e n t . 

T h e resu l t s a re p l o t t e d m F ig . 609. W h e n p y r r h o t i t e is cooled in a n a t m . of n i t r o g e n 
f rom : 

1210° 1200° 1000° 900° 800° 700° 000° 
Disso lved S . 0-41 0-63 2 70 3 1 1 3-74 4 1 4 4-7 p e r c e n t . 

A t 550°, p y r r h o t i t e passes i n t o p y r i t e w h e n h e a t e d in a n a t m . of h y d r o g e n s u l p h i d e , 
a n d a t 575°, p y r i t e begins t o c h a n g e i n t o p y r r h o t i t e , whi le a t a b o u t 565° , a n d a 
press , of a b o u t 5 mm. of s u l p h u r v a p o u r , p y r i t e is in e q u i l i b r i u m w i t h p y r r h o t i t e 
c o n t a i n i n g a b o u t 6-5 p e r cen t , d issolved s u l p h u r . T h e r e a c t i o n is r eve r s ib le : 
F e S 2 ^ F e S ( S n ) + ( I — w ) S . Tro i l i t e , o r fer rous su lph ide , is t h e e n d - m e m b e r of t h e 
series of solid soln. T h e h e a t i n g c u r v e of p y r i t e s h o w s a s t r o n g a b s o r p t i o n of h e a t 
a t a b o u t 665°, i n d i c a t i n g t h a t t h e d i ssoc ia t ion is s u d d e n l y acce l e r a t ed , a n d t h a t t h e 
e s c a p i n g s u l p h u r h a s a v a p . p ress , of a b o u t 1 a t m . A s p r e v i o u s l y i n d i c a t e d , 
Li. Gede l found t h a t i ron h e a t e d w i t h a n excess of s u l p h u r t o 450° o r 500° , f o rms 
i r o n d i su lph ide ; a t 700° , t h e p r o d u c t h a s t h e c o m p o s i t i o n F e 7 S 8 ; a n d a b o v e 
700°, F e S . A c c o r d i n g t o G. F . H i i t t i g a n d P . ! , u r m a n n , t h e r o a s t i n g of f e r rous 
s u l p h i d e , de r i ved f rom p y r i t e , fu rn i shes a c u r v e , F i g . 61O, w h i c h i n d i c a t e s t h a t 
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while m o s t of t h e s u l p h u r is ox id ized w h e n t h e a t m o s p h e r e con t a in s 16 p e r cen t , 
of oxygen , a n d t h e r e m a i n d e r s u l p h u r d iox ide , n o t q u i t e al l t h e s u l p h u r is expel led 
even w i t h 100 p e r cen t , of oxygen . Th i s is t a k e n t o m e a n t h a t a solid soln. of 
s u l p h u r is formed, o therwise , t h e course of t h e r eac t ion wou ld co r re spond wi th 
t h e d o t t e d cu rve . T h e d issocia t ion is discussed in 
m o r e de ta i l in connec t ion w i t h p y r i t e . 

K . B o r n e m a n n a n d O. H e n g s t e n b e r g found t h e 
heat Of fus ion of ferrous su lph ide t o be 60 cals . p e r 
g r a m . K . B o r n e m a n n ca lcu la t ed 31*9 cals . p e r 
g r a m of F e S ; a n d J . H . L . Vog t , 34-4 cals . 
J . W . R i c h a r d s also m a d e a n e s t i m a t e ba sed on 
a n empi r ica l f o r m u l a — 1 . 13, 20. 

W . G. Mix te r found t h e hea t of format ion of 
a m o r p h o u s fer rous su lph ide f rom r h o m b i c s u l p h u r 
t o be (Fe,S) = 18-8 Cals. ; K . P a r r a v a n o a n d P . de 
Cesaris, 23-07 Cals. ; R . Mullenhoff, 25-0 Cals. ; 
E . M a n n h e i m e r , 22-813 Cals. ; C. T . Ande r son , 
23-07 Cals. ; K. V. B r i t z k e a n d A. F . K a p u s t i n -
sky , 1 8 0 Ca l s . ; a n d J . T h o m s e n , 23-75 Cals. 
K . Je l l inek a n d J . Z a k o w s k y g a v e ( F e , S ) = 3 9 - 0 Cals., a n d A. C. Ha l fe rdah l , 
37,825 cals . for gaseous s u l p h u r ; a n d if referred t o t h e S 2 -molecule , 78-O Cals. 
E. V. B r i t z k e a n d A. F . K a p u s t i n s k y g a v e (2Fe,S2)=--65,460 cals . T h e va lue 
ca l cu la t ed f rom W . N e r n s t ' s fo rmula is 80-6 Cals. ; a n d f rom J . H . v a n ' t 
Hoff 's formula , 62-0 Cals. F o r t h e p r e c i p i t a t e d su lphide , J . T h o m s e n gave 
(Fe,S,Aq.) = 21-77 Cals. , a n d M. Be r the lo t , 24-O Cais. J . T h o m s e n gave for 
t h e h e a t of t h e r eac t ion ( F e ( O H ) 2 , H 2 S , A q . ) = 14-7 Cals. ; P . A. F a v r e a n d 
J . T . S i l be rmann , 18-53 Cals. ; a n d M. B e r t h e l o t , 14-6 Cals. J . T h o m s e n gave 
for t h e r eac t ion (Fe(N 0 3 ) 2 , H 2 S , Aq. )=-—6-7 Cals. A. C. Ha l fe rdah l found t h e 
h e a t of decompos i t ion of p y r i t e t o form a solid soln. of s u l p h u r a n d ferrous su lphide , 
is —IO Cals. a t 575° t o 680° ; he ca lcu la ted t h e free energy of t h e reac t ion FeS- J -H 2 
= F e - f - H a S t o be respec t ive ly —21,17O, —19,54O, a n d —17,310 cals. a t 730°, 
910 0 , a n d H O O ° ; t h e free ene rgy of ferrous su lph ide u p t o t h e m .p . , 1171°, is 
— 3 1 , 8 2 O f 10-4 97T ; a n d t h e free ene rgy a t 1171 ° is — 16,070 cals. T h e free energies 
a t 1200°, 1300°, a n d 1400° a re respec t ive ly — 16,23O, —14,320, a n d —11,850 cals. 
F r o m t h e sp . lit . d a t a of K . B o r n e m a n n a n d O. H e n g s t e n b e r g , A. C. Ha l f e rdah l 
ca lcu la ted for t h e reac t ion F e - f - ^ S 2 - F e S , Q=—35,360 cals . before fusion a t 1171°. 
T h e c h a n g e of entropy before fusion is —12-9 un i t s , a n d —9-7 u n i t s af ter fusion, 
so t h a t t h e e n t r o p y of fer rous su lph ide is 44-5 u n i t s a f ter fusion a t 1171°. 
C. T. A n d e r s o n g a v e —23,600 cals. for t h e free energy , a n d 16-1 for t h e e n t r o p y a t 
25°. K . K . Kel ley s tudied t h e e n t r o p y . G. Beck s tud ied t h e free energj^ of t h e 
su lph ide . K. V. B r i t z k e a n d A. F . K a p u s t i n s k y ca lcu la ted t h e free e n e r g y or 
affinity of i ron for S 2 , or F^-— 4-571 log Kp, t o be 38,84O cals . a t 996° K. ; 36,830 
cals . a t 1073° K . ; 34,36O cals. a t 1170° K. ; a n d 30,110 cals. a t 1267° K . W . Herz 
ca lcu la t ed va lues for t h e e n t r o p y a n d v i b r a t i o n f requency of F e S . 

H . He r i t s ch 1 2 g a v e for t h e indices of refraction a .=1-686 , £ = 1 - 6 9 3 , a n d 
y=1-696 ; a n d a~y=0-01O. A. de G r a m o n t found t h e spark spectrum of 
p y r r h o t i t e resembled t h a t of p y r i t e ; whi l s t W . W . Coblenfcz observed t h a t t h e 
Ultra-red reflecting power of p y r r h o t i t e is h ighe r t h a n t h a t of mo lybden i t e , a n d 
increases f rom a b o u t 15 pe r cen t , a t 1-25/JC. t o 48 p e r cent , a t 14ju. O. Stell ing, 
S. T a n a k a a n d G. O k u n o , O. L u n d q u i s t , a n d F . B u t a v a n d discussed t h e 
a b s o r p t i o n coeff. for t h e X - r a y s ; a n d C. D o e l t e r found t h i n layers of p y r r h o t i t e 
t o be t r a n s p a r e n t t o t h e X - r a y s , b u t n o t so w i t h t h i c k layers . H . E . J . G. d u Bois 
obse rved n o ev idence of t h e Kerr effect w i t h ferrous su lph ide ; a n d P . Mar t in 
o b t a i n e d w i t h p y r r h o t i t e , F e 7 S 8 , a pos i t ive r o t a t i o n a p p r o x i m a t i n g V wi th wave­
l eng ths b e t w e e n A = 4 3 5 a n d A = 6 7 5 . O. R o h d e , a n d B . A u l e n k a m p observed t h a t 
fer rous su lph ide e x h i b i t s a smal l photoelectr ic effect, a n d t h a t t h e effect wi th 
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p y r r h o t i t e comes be tween t h a t w i t h fer rous s u l p h i d e a n d t h a t w i t h p y r i t e . 
O b s e r v a t i o n s were also m a d e b y W . R a m s a y a n d J . F . Spence r , a n d B . A u l e n k a m p . 
Accord ing t o E . T. W h e r r y , p y r r h o t i t e a n d t ro i l i t e a r e o n l y m o d e r a t e rad io -
detectors. 

W . A. D . R u d g e 1 3 obse rved t h a t p o w d e r e d fe r rous s u l p h i d e i n a c u r r e n t of a i r 
acqu i re s a pos i t ive fr ic t ional cha rge . Accord ing t o F . S t r e i n t z , a r o d of c o m p r e s s e d 
p o w d e r of fer rous su lph ide h a s a p o o r e lectr ical conduct iv i ty » a n d P . F i s c h e r 
obse rved n o c o n d u c t i v i t y a t al l a t 130°. T h e e lec t r ica l c o n d u c t i v i t y of p y r r h o t i t e 
w a s m e a s u r e d b y M. F a r a d a y , a n d J . F . Li. H a u s m a n n a n d F . C. H e n r i c i ; H . L»6wy 
g a v e 2 x 10 1 4 c.g.s. u n i t s . F . Bei je r inck , a n d R . C. H a r v e y o b s e r v e d t h a t t ro i l i t e 
is a poor conduc to r , a n d p y r r h o t i t e a g o o d o n e , b u t E . C o h e n s a i d t h a t t h e o n e 
c o n d u c t s as well a s t h e o the r . J . G u i c h a n t , a n d H . Ie Cha te l i e r a n d A. Ziegler 
obse rved t h a t artificial fer rous su lph ide i n t h e cold is a good c o n d u c t o r . T h e 
l a t t e r obse rved t h a t t h e e lectrical res i s tance inc reases five-fold a s t h e t e m p , r i ses 
t o 150° ; a n d af ter t h a t no c h a n g e occurs u n t i l 300° is a t t a i n e d . J . G u i n c h a n t 
obse rved a decrease in t h e res i s tance , R o h m s , a s t h e t e m p , r i ses t o 550° , b e y o n d 
which t h e r e is a n increase : 

H e a t i n g JF? 

Cool ing R 

13° 
. 0 0 9 9 8 

868° 
. 0 - 0 0 1 7 1 

<>o° 
0 0 3 1 4 

670° 
O O O H 2 

130° 
0 0 0 8 2 6 

580° 
0-00099 

280° 
0-00125 

249° 
0 0 0 0 9 0 

580° 
0 0 0 0 8 7 

130° 
0 0 0 6 0 5 

672° 
0-00099 

95° 
0 0 2 7 3 

868° 
0 0 0 1 7 1 

8° 
0-105 

1194° 
5-862 

1200° 
5-883 

1250° 
6-083 

1300° 
6-284 

1350° 
6-485 

3 400° 
6-685 

1500° 
7-087 

B e t w e e n 0° a n d 100°, / £ = - 0 1 1 1 4 6 ( 1 — 0-007980). J . C. M c L e n n a n a n d co -worke r s 
f ound t h e res i s tance R m i c r o h m s of fer rous su lph ide t o be 1915 a t 27° ; 1740 a t 0° ; 
450 a t —88° : 73 a t —268-8° ; a n d 70 a t —271-1°. F o r t h e m o l t e n su lph ide , 
K . B o r n e m a n n a n d K . W a g e n m a n n g a v e 0-000684 for t h e t e m p , coeff. of t h e np. 
res i s tance b e t w e e n t h e m . p . 1194° a n d 1500° ; o r 

Hx 10« 

M. Leo r e p o r t e d t h a t t h e e lec t r ica l c o n d u c t i v i t y of p y r r h o t i t e is different w h e n 
t a k e n para l le l a n d p e r p e n d i c u l a r t o t h e p r inc ipa l ax i s . A . A b t g a v e for t h e s p . 

r e s i s t ance of a s a m p l e f rom Also J a r a , 72=0-0084 a n d 
0-0102 o h m a t 20° . K . B a e d e k e r f o u n d t h a t t h e «p . 
r e s i s t ance a t 0° , of a - p y r r h o t i t e pa ra l l e l t o t h e c-axis , 
is / 2 = 0 - 0 0 0 3 5 , a n d ve r t i c a l t o t h e c-axis , / 2 = 0 - 0 0 0 3 5 
o h m ; t h e r e is a m i n i m u m in t h e r e s i s t ance c u r v e a t 
a b o u t 280° ; a n d J . K o n i g s b e r g e r a n d co -worke r s o b ­
se rved a m i n i m u m a t 160° w h e n t a k e n pa ra l l e l t o 

F io . 611.—The Electrical t h e c-axis, a n d a t 200° w h e n t a k e n v e r t i c a l t o t h a t 
Resistance of Pyrrhot i te a x i s T h e r e s i s t a n c e of a s a m p l e of p y r r h o t i t e , a p -
a t Different Tempera- , . T* ~ , *? ^J . ', ^ 
tures. p r o x i m a t i n g .fees, dec reases a s t h e t e m p , r ises f rom 

—189° t o 300° . T h e r e is a t r a n s i t i o n t e m p , a t a b o u t 
360° co r re spond ing w i t h t h e c h a n g e f rom ct- t o ^ - p y r r h o t i t e , a s i n d i c a t e d in 
F i g . 6 1 1 , a n d b y t h e d a t a p e r p e n d i c u l a r t o t h e c-axis ; 

§s IO 

% 8 

Bx 10* 
— 189° 
8-02 

— 95° 
- 6 - 6 0 

— 25° 
4-23 

19° 
4-10 

71° 
3-70 

155° 
3-25 

277° 
2 - 5 6 

310° 
2-62 ohms 

B e t w e e n 350° a n d 360° t h e r e is t h e t r a n s i t i o n p o i n t , o r t h e Cur ie p o i n t . T h e 
res i s tance of t h e m a g n e t i c a n d n o n - m a g n e t i c fo rms a r e t h e s a m e a t 360° ; a t 417° , 
R x 1 0 4 = 2 - 5 o h m s , a n d a t 463° , 2-5 o h m s . W h e n t a k e n pa ra l l e l t o t h e c-axis , t h e 
r e s i s t ance is : 

— 188° —73° 18° 67° 200° 236° 300° 860° 
^ X J 0 * • - 10-70 6-45 5-35 5-08 4-25 4 0 5 3-95 3-87 ohmB 

T h e t r a n s f o r m a t i o n h e r e occurs a t 350° . I n t h e v i c i n i t y of t h e transformation 
po in t , 350°, 400° , a n d 445° , Rx 1 0 * = 3 8 0 , 38O, a n d 375 r e spec t ive ly . O b s e r v a t i o n s 
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0-6 
, 3 0-5 
^ °m* 
H 0 3 
§0-2 

Per cent. SeS 
F i o . 6 1 2 . — T h e E l e c t r i c a l R e ­

s i s t a n c e of S o l u t i o n s of F e r ­
r o u s S u l p h i d e i n I r o n . 

\ / 2 3 4 S 6 7 8 S > JO 

w e r e a l s o m a d e b y F . S t r e i n t z a n d c o - w o r k e r s . F . S t r e i n t z a n d A . W e l l i k f o u n d 
t h a t t h e r e s i s t a n c e of p y r r h o t i t e , w i t h i n c r e a s i n g l o a d , d e c r e a s e s u n t i l 2 0 2 0 g r m s . 
w h e n i t r e m a i n s c o n s t a n t w i t h a n a l t e r n a t i n g c u r r e n t ; w i t h a d i r e c t c u r r e n t , t h e 
l o a d i s 3 0 0 O g r m s . T . W . C a s e o b s e r v e d n o c h a n g e i n t h e e l e c t r i c a l r e s i s t a n c e of 
p y r r h o t i t e o n e x p o s u r e t o l i g h t ; a n d P . F i s c h e r s t u d i e d t h e c o n d u c t i v i t y of m i x t u r e s 
of i r o n s u l p h i d e w i t h t h e s u l p h i d e s of s i l v e r , a n d of l e a d . K . M i y a z a k i f o u n d t h a t 
t h e e l e c t r i c a l r e s i s t a n c e of a s o l n . of f e r r o u s s u l p h i d e i n i r o n , a t o r d i n a r y t e m p . , 
c a n b e r e p r e s e n t e d b y t h e c u r v e F i g . 6 1 2 , a n d t h a t 
t h i s a g r e e s w i t h t h e a s s u m p t i o n t h a t t h e s o l u b i l i t y 
of f e r r o u s s u l p h i d e i n i r o n a t t h e s e t e m p , i s v e r y 
s m a l l . 

E . V . B r i t z k e a n d A . F . K a p u s t i n s k y 1 4 g a v e 
— 0 - 4 3 v o l t f o r t h e e l e c t r o d e p o t e n t i a l of f e r r o u s 
s u l p h i d e . T . J . S e e b e c k , W . G . H a n k e l , W . F l i g h t , 
a n d A . A b t p l a c e d p y r r h o t i t e b e t w e e n i r o n a n d 
a n t i m o n y i n t h e t h e r m o e l e c t r i c s e r i e s . J . W e i s s 
a n d J . K o n i g s b e r g e r f o u n d t h a t w i t h a c o u p l e of 
c o p p e r a n d p y r r h o t i t e , t h e t h e r m o e l e c t r i c f o r c e i s 
0 0 0 0 0 2 3 v o l t b e t w e e n 2 0 ° a n d 8 0 ° , a n d t h e c u r r e n t 
flows f r o m t h e c o p p e r t o t h e p y r r h o t i t e a t t h e h o t j u n c t i o n . A r o d of f e r r o u s 
s u l p h i d e c u t p a r a l l e l t o t h e c - a x i s g i v e s a t h e r m o e l e c t r i c f o r c e of 0 - 0 0 0 0 2 6 v o l t . 
A . M . I l j e f i o b s e r v e d t h a t w i t h a r o d of c o m p r e s s e d f e r r o u s s u l p h i d e , b e t w e e n 
c o p p e r e l e c t r o d e s , a t h e r m o e l e c t r i c c u r r e n t flows i n t h e d i r e c t i o n of t h e f a l l of 
t e m p . T h e s u b j e c t w a s d i s c u s s e d b y K . B a e d e k e r , a n d A . T r a v e r s a n d J . A u b e r t . 

W . S k e y 1 6 g a v e f o r t h e e l e c t r o c h e m i c a l s e r i e s i n s e a - w a t e r : - F e S , M n S , Z n S , 
S n S 2 , H g S , A g 2 S , P b S , C u 2 S , F e S 2 , S b 2 S 3

+ . R . C . W e l l s f o u n d t h e e l e c t r o d e 
p o t e n t i a l o f p y r r h o t i t e i n AT-KCl t o b e 0 - 5 6 v o l t , a n d i n i V - N a 2 S , — 0 - 1 7 v o l t , a t 
2 5 ° — v i d e infra, p y r i t e — a n d A . T r a v e r s a n d J . A u b e r t , t h e e l e c t r o d e p o t e n t i a l of 
c a t h o d i c f e r r o u s s u l p h i d e a g a i n s t i r o n i n s o l n . of s o d i u m s u l p h a t e , a n d of p o t a s s i u m 
d i c h r o m a t e . R . Z u p p i n g e r s t u d i e d t h e e l e c t r o m o t i v e f o r c e of c e l l s of t h e t y p e 
F e S I F e S O 4 ( O r N a H S ) / N a 2 S 0 4 | Z n S O 4 | Z n . A . L i p s c h i t z a n d R . v o n H a s s l i n g e r 
o b s e r v e d t h a t p u r i f i e d f e r r o u s s u l p h i d e i s p a s s i v e t o w a r d s d i l . a c i d s , a n d i t i s a c t i v e 
w h e n m e t a l l i c i r o n i s p r e s e n t . W h e n m e a s u r e d a g a i n s t a n o r m a l c a l o m e l e l e c t r o d e , 
i n a s o l n . of f e r r o u s s u l p h a t e a n d s u l p h u r i c a c i d s a t . w i t h h y d r o g e n s u l p h i d e , a c t i v e 
f e r r o u s s u l p h i d e h a s a n e .m. f . of — 0 * 0 3 v o l t , w h i c h i s t h e s a m e a s t h e e .m. f . of i r o n ; 
i n a s o l n . of f e r r o u s s u l p h a t e i n s u l p h u r i c a c i d , p a s s i v e f e r r o u s s u l p h i d e h a s a n 
e .m . f . of - f -0-90 v o l t w h i c h i s s i m i l a r t o t h e e .m . f . of p y r i t e , 0*89 v o l t , m a r c a s i t e , 
0*89 v o l t , a n d p y r r h o t i t e , 0*71 v o l t ; w i t h t h e s a m e s o l n . , i r o n h a s a n e .m. f . of 
— 0 * 0 3 v o l t . G . T a m m a n n f o u n d t h e e .m. f . of a ce l l w i t h p y r r h o t i t e a g a i n s t 
4 JV-ZnSO4 a n d z i n c is 1*07 v o l t s ; a g a i n s t a s a t . s o l n . of l e a d c h l o r i d e a n d l e a d , 
0 - 5 3 v o l t ; a g a i n s t 2 2 V - C u S O 4 a n d c o p p e r , O* 1 9 v o l t ; a n d a g a i n s t a s a t . s o l n . of 
s i l v e r s u l p h a t e a n d s i l v e r , 0 - 0 3 v o l t . G . T r u m p l e r f o u n d t h e e .m. f . of a ce l l w i t h 
a f e r r o u s s u l p h i d e e l e c t r o d e a g a i n s t 2 A T - N a 2 S s a t . w i t h s u l p h u r , a n d a c a l o m e l 
e l e c t r o d e , a t 1 5 ° t o 1 8 ° , t o b e 0*667 v o l t ; s i m i l a r r e s u l t s w e r e o b s e r v e d w i t h 
e l e c t r o d e s of p l a t i n u m , g a l e n a , a n d c u p r i c s u l p h i d e . E . F . L a w s t u d i e d t h e p o t e n t i a l 
d i f f e r e n c e b e t w e e n i r o n a n d f e r r o u s s u l p h i d e . K . F i s c h b e c k f o u n d t h a t f e r r o u s 
s u l p h i d e i s n o t r e d u c e d w h e n u s e d a s c a t h o d e i n 2 p e r c e n t , s u l p h u r i c a c i d a t 2 0 ° . 
M . P a d o a a n d B . Z a n e l l a o b s e r v e d t h a t i n t h e e l e c t r o l y s i s of a s o l n . of a m m o n i u m 
c h l o r i d e w i t h a n a n o d e of p y r r h o t i t e , t h e i r o n p a s s e s i n t o s o l n . i n t h e f e r r i c s t a t e . 
R . C . W e l l s s t u d i e d t h e a n o d i c a n d c a t h o d i c p o l a r i z a t i o n of p y r r h o t i t e i n s o l n . of 
p o t a s s i u m c h l o r i d e . E . F . S m i t h o b s e r v e d t h a t i n t h e e l e c t r o l y s i s of p y r r h o t i t e 
i n m o l t e n p o t a s s i u m h y d r o x i d e u s i n g a n a n o d e of p l a t i n u m w i r e , a n d a n i c k e l 
c r u c i b l e a s c a t h o d e , b o t h t h e s u l p h u r a n d i r o n a r e o x i d i z e d . R . K r e m a n n a n d 
O . B a n k o v a c s t u d i e d t h e e l e c t r o l y s i s of t h e m o l t e n s u l p h i d e . 

A n a l t e r n a t i v e n a m e f o r p y r r h o t i t e i s m a g n e t i c p y r i t e s , i n a l l u s i o n t o i t s 
m a g n e t i c p r o p e r t i e s ; b u t , a c c o r d i n g t o E . C o h e n , 1 6 a n d L,. H . B o r g s t r o m , t r o i l i t e 
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or fe r rous su lph ide is n o n - m a g n e t i c , a n d w h e n i t a p p e a r s t o h a v e m a g n e t i c p r o p e r t i e s , 
i n m e t e o r i t e s , t h i s is d u e t o t h e p resence of a d m i x e d nickel i ferous i ron . G. W i e d e ­
m a n n obse rved t h a t p r ec ip i t a t ed ferrous su lph ide h a s v e r y feeble m a g n e t i c 
p r o p e r t i e s ; a n d S. Veil found t h a t t h e su lph ide p r e c i p i t a t e d a n d w a s h e d i n t h e 
cold is less m a g n e t i c t h a n w h e n i t h a s been w a s h e d w i t h h o t w a t e r . M. Fa raday -
obse rved t h a t a t t h e t e m p , of solid c a r b o n d iox ide , fe r rous s u l p h i d e h a s n o m a g n e t i ­
za t ion . R . J . H a u y , a n d C. C. L e o n h a r d k n e w t h a t p y r r h o t i t e m a y e x h i b i t p o l a r 
m a g n e t i s m , a n d t h e m a g n e t i c p rope r t i e s were o b s e r v e d b y A. F r e n z e l , A . Delesse , 
C. B . Greiss, R . J u z a a n d W. Bi l tz , F . Coeter ier , A . L ive r s idge , O. Mugge , G. A . K e n n -
g o t t , P . A. v o n Sachsen-Coburg , a n d T . S i d o t ; a n d C. H a t c h e t t , a n d L . B u c c a 
e x a m i n e d t h e effect of t h e s u l p h u r c o n t e n t o n t h e m a g n e t i c p r o p e r t i e s ; a n d H . H o w 
no t i ced t h a t t h e s t r e n g t h of t h e m a g n e t i z a t i o n dec reases w i t h t h e p r o p o r t i o n of 
con t a ined nickel . F . Gieseler sa id t h a t t h e s y n t h e t i c su lph ide is n o n - m a g n e t i c , 
b u t J . B . Pee l a n d co-workers f o u n d t h e p r o d u c t t o be m a g n e t i c w h e n t h e r a t i o 
F e : S is below t h a t r equ i red for F e S . 

E . T. Allen a n d co-workers showed t h a t b o t h a l lo t ropes of p y r r h o t i t e e x h i b i t 
po la r m a g n e t i s m , a n d t h a t wi th a - p y r r h o t i t e , b o t h poles lie a l ong t h e «-axis ; a n d 
w i t h y8-pyrrhoti te, a long t h e c-axis . A . S t r e n g obse rved t h a t t h e p y r r h o t i t e of 
B o d e n m a i s exh ib i t s po l a r m a g n e t i s m , w i t h t h e n o r t h pole on t h e ba sa l sur faces ; 
if t h e n o r t h pole be s t r o k e d w i t h t h e n o r t h pole of a m a g n e t , i t is r eve r sed . T h i s 
sub jec t w a s d iscussed b y P . Weiss a n d co-workers , A. A b t , R . H . d e W a a r d , 
M. Ziegler, a n d W . S t e i n h a u s a n d E . Guml ich . A. S t r eng , a n d G. Meslin o b s e r v e d 
t h a t sect ions of p y r r h o t i t e c u t p e r p e n d i c u l a r t o t h e p r inc ipa l ax i s a r e p a r a m a g n e t i c ; 
a n d P . Weiss showed t h a t t h e mine ra l is p a r a m a g n e t i c i n t h e d i rec t ion of t h e 
p r i s m a t i c axis , a n d f e r romagne t i c in a p l a n e p e r p e n d i c u l a r t o t h a t ax i s . P . We i s s 
a n d co-workers found t h a t a c ry s t a l of p y r r h o t i t e f rom Morro Velho, Braz i l , 
exh ib i t ed zero m a g n e t i z a t i o n w h e n t a k e n ve r t i ca l t o t h e base , f e r r o m a g n e t i s m in 
t h e d i rec t ion of t h e m a g n e t i c p l ane , a n d p a r a m a g n e t i s m if ve r t i c a l t o t h a t p l a n e ; 
i t w a s inferred t h a t t h e c rys t a l s of p y r r h o t i t e cons is t of t h r e e s imple c r y s t a l s 
whose m a g n e t i c p l anes differ f rom t h e c o m m o n p l a n e b y 120°. T h e mo lecu l a r 
m a g n e t s were supposed t o be a r r a n g e d on a p l a n e p e r p e n d i c u l a r t o t h e t r i g o n a l ax i s . 
J . B e c k e n k a m p a d d e d t h a t if t h i s were so, t h r e e or six such mo lecu l a r m a g n e t s 
w o u l d co r respond w i t h a solid t r i gona l s y m m e t r y . T h e t h e o r y w a s d iscussed by 
P . Weiss a n d co-workers , a n d b y KL. H o n d a a n d J . O k u b o . W . S u c k s m i t h s o u g h t 
for a g y r o m a g n e t i c effect w i t h p y r r h o t i t e , b u t t h e effective m a g n e t i z a t i o n be ing 
on ly 5 p e r cen t , t h a t of m a g n e t i t e , u n d e r s imi lar cond i t ions , t h e effect w a s n o t 
pe rcep t ib le . 

As a rule , t h e m a g n e t i c su scep t ib i l i t y of p y r r h o t i t e is smal le r t h a n t h a t of m a g ­
n e t i t e , b u t A. A b t found a c rys ta l , a p p r o x i m a t i n g F e 7 S 8 , wh ich h a d a h ighe r suscep t i ­
b i l i ty t h a n m a g n e t i t e . T h e r a t io s of t h e sp . m a g n e t i s m of h a j m a t i t e : p y r r h o t i t e : 
m a g n e t i t e a re as 1 : 1-423 : 5-294. B . B a v i n k found t h e suscep t ib i l i t y of m a g n e t i t e 
t o be t e n t i m e s g rea t e r t h a n t h a t of p y r r h o t i t e . F . S t u t z e r a n d co -worke r s g a v e for 
t h e vo l . suscep t ib i l i ty of p y r r h o t i t e 7 0 1 8 * 0 x 1 0 - « ; a n d P . W e i s s g a v e 1 7 5 x l 0 ~ t t 

m a s s u n i t ; a n d for t h e a t o m i c suscep t ib i l i ty of t h e i ron , 0-0098, a va lue close t o 
t h a t o b t a i n e d for o t h e r p a r a m a g n e t i c c o m p o u n d s of i ron . T h e suscep t ib i l i t y 
a b o v e 300° does n o t change wi th t e m p . N . R . Crane g a v e 6 - 2 3 x l 0 ~ « m a s s 
u n i t . T h e sub jec t w a s s t ud i ed b y A. Michel a n d G. C h a u d r o n , D . R . Ing l i s , 
G. Grene t , J . K u n z , a n d W . I .enz. A. S t r eng , A . A b t , a n d G. W i e d e m a n n 
m e a s u r e d t h e coercive force of p y r r h o t i t e ; a n d t h e r e m a n e n c e s w i t h a c u r r e n t 
of 48 , 6*7, a n d less a m p e r a g e , flowing t h r o u g h a c o p p e r sp i ra l , a b o u t a 
pa ra l l e lop iped of p y r r h o t i t e , were respec t ive ly 0 0 8 7 4 1 , 0-00900, a n d 0 -00671 . 
A . A b t g a v e for t h e m a g n e t i c m o m e n t , M = 9 3 - 8 6 8 c.g.s. u n i t s , a n d for a 
w e i g h t w = 7 7 - 7 3 g rms . , t h e s p . m a g n e t i s m M/w=l-21. S. W o l o g d i n e f o u n d t h a t 
p y r r h o t i t e loses i t s f e r r o m a g n e t i s m a t a b o u t 300° . T h e s u b j e c t w a s s t u d i e d b y 
F . Coeter ier , a n d H . E h r e n b e r g . J . H u g g e t t a n d G. C h a u d r o n o b s e r v e d t h a t w h e n 
p y r r h o t i t e is h e a t e d in a i r a b o v e 250° i t e x h i b i t s first a n inc rease a n d t h e n a n 
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i r r egu la r dec rease in m a g n e t i z a t i o n u p t o 340° . P . Weiss a n d co-workers loca ted 
t h e Curie po int a t 348° , a n d l a t e r a t 318° t o 319° . M. Ziegler f ound t h a t t h e 
m a g n e t i z a t i o n c u r v e r ises f r o m t h e t e m p , of l iqu id air , e x h i b i t s a m a x i m u m a t 
—113° , a n d t h e n dec reases p a r a b o l i c a l l y t o 320° , w h e n i t a b r u p t l y ceases . After 
cool ing a c r y s t a l w h i c h h a d b e e n ' h e a t e d a b o v e t h e Curie p o i n t , M. Ziegler obse rved 
a m a r k e d dec rease i n i t s m a g n e t i z a b i l i t y . T h e effect of t e m p , w a s also d iscussed 
b y K . H o n d a a n d J . O k u b o , a n d J . F o r r e s t ; t h e m a g n e t i c a n i s o t r o p y , b y F . Bloch 
a n d G. Gen t i l e ; t h e g y r o m a g n e t i c effect, b y W . S u c k s m i t h — v i d e t h e m a g n e t i s m 
of i ron . 

The chemical properties of ferrous sulphide and of pyrrhot i te .—In nature , 
p y r r h o t i t e a l t e r s i n t o p y r i t e , m a r c a s i t e , a n d a r sen ica l p y r i t e s . O. MuHer 1 7 

desc r ibed p s e u d o m o r p h s of c o p p e r p y r i t e s ; O. Miigge, a r sen ica l p y r i t e s ; 
F . A . G e n t h , h i s inge r i t e ; G. H . S m i t h , b r o w n i ron ore o r p y r i t e ; F . Schondor f a n d 
R . Sch roede r , J . E . P o g u e , J . K . B l u m , a n d A. Liacroix, m a r c a s i t e ; P . v o n 
JeremeefF, a m i x t u r e of m a r c a s i t e a n d p y r i t e ; E . D611, m a g n e t i t e ; a n d O. Miigge, 
c u p r i t e — a l l a f t e r p y r r h o t i t e . P y r r h o t i t e a lso r ead i l y c h a n g e s on w e a t h e r i n g 
i n t o l imon i t e , g o e t h i t e , haemat i t e , a n d i ron s u l p h a t e s . T h i s s u b j e c t w a s d i scussed 
b y F . Senf t , J . R o t h , G. W . H a w e s , D . F o r b e s , H . H i l p e r t , G. Gi lbe r t , A. A. J u l i e n , 
e t c . 

H . R o s e 1 8 o b s e r v e d t h a t fe r rous su lph ide is n o t affected b y h e a t i n g i t t o redness 
i n h y d r o g e n ; a n d F . von Schaffgotsch n o t i c e d t h a t w h e n fe r rous su lph ide is 
f o r m e d b y h e a t i n g m a g n e t i c p y r i t e s in h y d r o g e n , t h e p r o d u c t is n o n - m a g n e t i c . 
A p p a r e n t l y w o r k i n g a t a h ighe r t e m p . , G. P . S c h w e d e r obse rved t h a t t h e su lph ide 
is r e d u c e d : F e S + H 2 ^ F e + H 2 S . K . J e l l i n e k a n d J . Z a k o w s k y c a l c u l a t e d t h e 
t h e r m a l v a l u e of t h e r e d u c t i o n b e t w e e n 730° a n d 91()° t o be —10-24 CaIs., a n d 
b e t w e e n 910° a n d 1100°, t o be —10-56 CaIs. E . V. B r i t z k e a n d A. F . K a p u s t i n s k y 
found t h e equ i l i b r i um c o n s t a n t K in t h e s y s t e m F e S + l!W^H.>S-f-Fe, w h e r e 
A~=y>H a H /^H„ t o b e 0 0 0 0 8 a t 7 2 3 ° ; 0 0 0 1 2 a t 800° ; (M)Ol 85 a t " 8 9 7 ° ; 0-0037 
a t 994° ; a n d also log Kv^ log p «,*//> -ugJ>sA~~(19,2CK)-()-94 log T— 0 0 0 1 6 5 r 
- r 0-0 6 377~ 2 4 1(>G)/4-571. S. M i y a m o t o f o u n d * t h a t t h e s u l p h i d e is r e d u c e d b y 
h y d r o g e n , in t h e s i l en t d i scha rge . F . F i s c h e r a n d H . T r o p s c h o b s e r v e d t h a t 
w h e n i ron s u l p h i d e is t r e a t e d w i t h h y d r o g e n s u l p h i d e in t h e p resence of s t e a m , a 
smal l p r o p o r t i o n of s u l p h u r c o m b i n e s wi th t h e h y d r o g e n w i t h o u t t h e s t e a m e x e r t i n g 
a n y ox id iz ing a c t i o n , b u t in t h e a b s e n c e of s t e a m , n o h y d r o g e n su lph ide is fo rmed . 
J . J . Berze l ius o b s e r v e d t h a t m o i s t fe r rous s u l p h i d e r ead i ly oxid izes in a i r w i t h 
t h e s e p a r a t i o n of s u l p h u r , a n d t h e h e a t e v o l v e d m a y be g r e a t e n o u g h for 
i n c a n d e s c e n c e ; h e n c e , a d d e d L . Gede l , t h e m o i s t su lph ide is b e s t d r i ed in a n a t m . 
of c a r b o n d i o x i d e . P . d e C l e r m o n t a n d H . G u i o t a d d e d t h a t a rise of t e m p , u p t o 
5()° occu r s w h e n t h e m o i s t s u l p h i d e is r u b b e d b e t w e e n t h e fingers ; a n d E . J o r d i s 
a n d E . Sehweize r o b s e r v e d t h a t w h e n t r i t u r a t e d in a m o r t a r , t h e m a s s becomes 
i n c a n d e s c e n t , a n d if t h e excess of s u l p h u r be e x t r a c t e d f r o m t h e p r e c i p i t a t e , b y 
b e n z e n e , o r c a r b o n d i su lph ide , t h e res idue m a y b e p y r o p h o r i c . R . Scheue r found 
t h a t t h e f r e sh ly -p r epa red su lph ide , cooled o u t of c o n t a c t w i t h a i r , is fa i r ly s t ab le 
in a i r . T h e r e a c t i o n w a s s t u d i e d b y H . S a i t o , a n d B . N e u m a n n a n d W . L a n g e r . 
A. Gelis , A . W a g n e r , H . Ie Cha te l i e r a n d A. Ziegler, a n d E . Pol lacc i showed t h a t a 
l i t t l e s u l p h u r i c ac id m a y b e f o r m e d -when t h e m o i s t su lph ide oxidizes in a i r ; a n d 
t h a t r a i s ing t h e t e m p , t o 100° f a v o u r s t h e p r o d u c t i o n of su lphur i c ac id . E . T . Allen 
a n d J . J o h n s t o n o b s e r v e d t h e f o r m a t i o n of s o m e fer rous s u l p h a t e w h e n p y r r h o t i t e 
is t r i t u r a t e d in a m o r t a r . S. Vei l f o u n d t h a t fe r rous su lph ide , p r e c i p i t a t e d in t h e 
cold, a n d w a s h e d "with cold w a t e r , is fa r m o r e suscep t ib le t o o x i d a t i o n t h a n -when i t 
h a s b e e n w a s h e d w i t h h o t w a t e r . W . G l u u d a n d W . Re i se f o u n d t h a t ferrous 
s u l p h i d e is m o r e s lowly ox id ized w h e n s u s p e n d e d in w a t e r t h r o u g h which a i r is 
b u b b l e d t h a n is t h e ca se w i t h fe r rous o x i d e ; a n d a n inc reas ing a lka l in i t y in t h e 
s o d i u m c a r b o n a t e so ln . i n w h i c h t h e s u l p h i d e is s u s p e n d e d , r e t a r d s t h e ox ida t i on ; 
t h e o x i d a t i o n is f a v o u r e d b y r a i s ing t h e t e m p , f rom 20° t o 40". F e r r o u s su lph ide 
p r e c i p i t a t e d f r o m ferr ic ox ide su spens ions is m o r e r ead i ly oxid ized t h a n t h a t m a d e 
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f rom fer rous ox ide . Th i s m a y be d u e t o t h e p resence of ferr ic s u l p h i d e . 
P . B . G a n g u l y a n d N . R . D h a r obse rved t h a t colloidal soln. , in a i r a n d s u n l i g h t , 
a r e ox id ized t o form colloidal s u l p h u r -which is coagu l a t ed b y f u r t h e r e x p o s u r e t o 
l igh t . J . J . Berze l ius obse rved t h a t w h e n p y r r h o t i t e is g e n t l y h e a t e d i n a i r , s o m e 
ferrous s u l p h a t e is fo rmed , b u t a t a h ighe r t e m p . , s u l p h u r d iox ide is g iven off a n d 
ferric ox ide r e m a i n s . F . W a r l i m o n t obse rved t h e f o r m a t i o n of s u l p h a t e a t 400° , 
a n d F . Schmi tz , a t 600° t o 700° . J . S. C. Wel l s , H . Ves tne r , a n d F . S t r o h m e i e r 
a d d e d t h a t if t h e r o a s t i n g occurs a t a b o u t 200°, ferrosic o x i d e is p r o d u c e d , a n d a t 
a r ed -hea t , ferric ox ide . K . F r i e d r i c h sa id t h a t purif ied fe r rous s u l p h i d e h a s a 
h igher decompos i t ion t e m p , t h a n is t h e case w h e n m o r e s u l p h u r is p r e s e n t a s in 
t h e r a s e of p y r r h o t i t e a n d p y r i t e s . T h e t e m p , of d e c o m p o s i t i o n i n a c u r r e n t of 
oxygon is 555°, a n d i n a c u r r e n t of a i r , 535°, w h e n t h e gra in-s ize is 0*1 t o 0-2 m m . 
d i a m e t e r . T h e fer rous s u l p h i d e does n o t s i n t e r o r d e c r e p i t a t e , b u t p y r r h o t i t e 
m a y dec rep i t a t e . P y r r h o t i t e (58-42, F e ; 37-1O, S) , of -gra in-s ize O l t o 0-2 m m . , 
deve lops s u l p h u r d iox ide in o x y g e n a t 533° , a n d in a i r a t 525° ; a n d H . S a i t o f o u n d 
t h a t p y r r h o t i t e a p p r o x i m a t i n g F e 1 0 S 1 1 , a n d of gra in-s ize 0-074 m m . , beg ins t o 
deve lop s u l p h u r d iox ide a t 430° , a n d a t 800° , t h e t r a n s f o r m a t i o n t o ferr ic ox ide 
is comple t e . E . V . B r i t z k e a n d A . F . K a p u s t i n s k y g a v e for t h e h e a t of o x i d a t i o n 
or roas t ing , 2 F e S + 3 £ 0 2 = F e 2 0 3 + 2 S 0 2 - f - 2 9 4 - 8 4 CaIs. V . R o d t o b s e r v e d t h a t 
w h e n h y d r a t e d fe r rous su lph ide is ox id ized b y e x p o s u r e t o a i r , ye l low F e O ( O H ) 
a n d free s u l p h u r a re fo rmed , b u t n o F e S 2 . T h e o x i d a t i o n w a s s t u d i e d b y R . C. "Wells, 
B . N e u m a n n a n d co-workers , C. R . v a n H i s e , V . H . G o t t s c h a l k a n d H . A . B u e h l e r , 
W . H . E m m o n s , F . F o r e m a n , a n d S. H . E m m e n s — v i d e infra, p y r i t e s . 

F . Cornu found t h a t m o i s t p y r r h o t i t e h a s a feeble ac idic r e a c t i o n . F . C a r m i c h a e l 
found t h a t 0-18 t o 0-38 p e r c en t , of s u l p h u r a n d m e t a l is ox id i zed w h e n p o w d e r e d 
p y r r h o t i t e is a g i t a t e d w i t h w a t e r a n d o x y g e n for 13 d a y s ; s imi la r ly , 0-37 p e r cen t , 
of t ro i l i t e w a s oxid ized . O. Weige l c a l c u l a t e d t h e so lubi l i ty of fe r rous s u l p h i d e in 
water , f rom c o n d u c t i v i t y m e a s u r e m e n t s a t 18°, a n d o b t a i n e d 7 0 - l x l O - 6 m o l p e r 
l i t re , a n d for p y r r h o t i t e , 53-6 X10—6 m o l p e r l i t r e ; I . M. Kol thoff d o u b t e d t h e 
a c c u r a c y of t h e s e d a t a . R . C. Wel l s o b t a i n e d a smal le r v a l u e , n a m e l y 1 - 9 X l O - 1 1 

mol p e r l i t re . T h e a s s u m p t i o n is m a d e t h a t t h e s u l p h i d e w h i c h d isso lves is 
c o m p l e t e l y h y d r o l y z e d . A. J o u n i a u x g a v e 5 - 3 5 X l O - 8 g r a m p e r l i t re for t h e solu­
b i l i ty ; Li. B r u n e r a n d J . Z a w a d s k y , 10—5-9 ; a n d L . Moser a n d M. B e h r , lO—6-52 ; 
a n d t h e y also g a v e for t h e so lubi l i ty product 3-7 X 10—19 on t h e a s s u m p t i o n t h a t 
t h e equ i l i b r ium c o n s t a n t : [Fe *] [ H 2 S ] = & [ H ] 2 , is K =-3-4 X 10*. F o r t h e so lub i l i ty 
in 0-012VT-H2SO4, L . Moser a n d M. B e h r g a v e 0-0024 mo l . p e r l i t re . I . M. Kol thoff 
d iscussed these r e su l t s . F . F o r e m a n r e p o r t e d t h a t t h e so lubi l i ty , S9 p a r t s p e r 
mil l ion, of p y r r h o t i t e , w h e n h e a t e d i n sealed t u b e s , is a s follows : 

SOLVENT 

W a t e r 

0-I iV-NaIICO 3 

{ 
Dissolved 

F e 
F e eq . of H 2 S 

F o 
F e e q . of H 2 S 

F e 
F e eq . of H 2 S 

100° 

ooo 
300° 

. OOO 

100° 

. ooo 

150° 
0-02 

1 3 1 

210° 
0-08 

27-4 

210° 
OOO 

20-1 

250° 
OOO 

32-4 

250° 
O-OS 

20-1 

250° 
OOO 

30-2 

320° 
0-33 

62-4 

276° 
0 1 8 

15-1 

310° 

ooo 
32-4 

01AT-Na2S . . J 

H . V . R e g n a u l t , O. S c h u m a n n , a n d P . de C l e r m o n t a n d H . G u i o t o b s e r v e d t h a t 
w h e n fer rous s u l p h i d e is boi led w i t h w a t e r , s o m e s u l p h u r i c ac id a n d h y d r o g e n 
a r e fo rmed ; a n d i n a n e x h a u s t e d sea led t u b e a t 56° , P . d e C l e r m o n t a n d J . F r o m m e l 
obse rved t h a t s o m e h y d r o g e n s u l p h i d e is p r o d u c e d ; a n d L». B e n e d e k r e p o r t e d t h a t 
some ferrous o x i d e is f o r m e d as wel l a s ferric o x i d e . F . H o p p e - S e y l e r f o u n d t h a t 
if a s lu r ry is s h a k e n i n t h e p r e s e n c e of a i r a n d a m m o n i a , s o m e t h i o s u l p h a t e a n d 
s u l p h u r a r e f o r m e d a s wel l a s h y d r a t e d i r on ox ide , b u t n o n i t r i t e is p r o d u c e d . 
H . V. R e g n a u l t f o u n d t h a t w h e n w a t e r v a p o u r is p a s s e d o v e r r e d - h o t f e r rous su l -
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p h i d e , h y d r o g e n a n d h y d r o g e n s u l p h i d e a r e g i v e n off, a n d a b lack , m a g n e t i c m a s s 
r e m a i n s . T h e s t e a m first f o r m s h y d r o g e n s u l p h i d e a n d f e r rous ox ide , a n d t h e 
fe r rous o x i d e r e a c t s w i t h s t e a m t o f o r m h y d r o g e n a n d ferrosic ox ide . N o t all t h e 
s u l p h u r i s expe l l ed a f t e r 3 h r s ' . h e a t i n g in s t e a m . A. G a u t i e r o b s e r v e d t h a t w i t h 
p o w d e r e d fe r rous s u l p h i d e , a t a p p r o x i m a t e l y 800° , t h e g a s c o n t a i n e d 22 t o 32 p e r 
c e n t . H 2 S b y vo l . , a n d 76 t o 65 p e r c e n t . H 2 ; b u t w i t h a coa r se r -g ra ined s u l p h i d e , 
t h e g a s c o n t a i n e d 98-94 p e r c e n t . H 2 b y vol . , a n d 1*06 p e r c e n t . H 2 S . T h e r e s idue 
w a s ferrosic ox ide . F . F i s c h e r a n d H . T r o p s c h o b s e r v e d t h a t a t 450° t o 470° t h e 
g a s c o n t a i n e d 97*3 p e r c e n t , of h y d r o g e n b y vol . , a n d 2-1 p e r c e n t , of H 2 S . A . G a u t i e r 
f o u n d t h a t a b o v e 800° , s o m e h y d r o g e n s u l p h i d e is ox id ized t o s u l p h u r i c ac id . 
F . C. T h o m p s o n a n d N . Ti l l ing s t u d i e d t h e r e a c t i o n : 3 F e S + 4 H 2 O = F e 3 O 4 4 - 3 H 2 S 
- f -H 2 . E . Arbe i t e r , a n d J . F . H e r n a n d e z e x a m i n e d t h e a c t i o n of h y d r o g e n dioxide 
o n p r e c i p i t a t e d f e r rous s u l p h i d e , a n d f o u n d t h a t in ac id ic soln . , ferr ic s u l p h a t e , o r 
t h e p r o d u c t s of t h e h y d r o l y s i s of ferr ic s u l p h a t e a r e fo rmed . 

H . Moissan o b s e r v e d t h a t fluorine i n t h e co ld does n o t a c t o n fe r rous s u l p h i d e , 
b u t a t a du l l r e d - h e a t , w h i t e ferr ic fluoride is f o r m e d , a n d t h e m a s s b e c o m e s w h i t e -
h o t . H . R o s e s h o w e d t h a t ch lor ine d o e s n o t d e c o m p o s e fe r rous s u l p h i d e i n t h e cold , 
b u t E . Z ie l insky sa id t h a t t h e ac t i on s t a r t s be low r o o m t e m p . , a n d w h e n h e a t e d , 
s u l p h u r m o n o c h l o r i d e a n d f e r rous ch lo r ide a r e r ead i l y f o r m e d . A c c o r d i n g t o 
I i . E . R i v o t a n d co -worke r s , ch lo r ine ox id izes fe r rous s u l p h i d e in a lka l ine soln. , t o 
f o r m a n a lka l ine f e r r a t e (q.v.). J . L e m b e r g o b s e r v e d t h a t in a lka l i ne soln. , b r o m i n e 
oxid izes p y r r h o t i t e r a p i d l y t o h y d r a t e d ferr ic o x i d e . E . F i l h o l a n d J . Mellies 
f ound t h a t i od ine i n c o n t a c t -with p r e c i p i t a t e d fe r rous s u l p h i d e a t o r d i n a r y t e m p , 
fo rms fe r rous iod ide a n d s u l p h u r ; t h e r e a c t i o n is v e r y s low "when iod ine a c t s o n 
fer rous s u l p h i d e s u s p e n d e d in cold w a t e r , b u t v e r y r a p i d if t h e w a t e r is boi l ing. 
T h e r e a c t i o n w i t h t h e n a t i v e s u l p h i d e is s low a t o r d i n a r y t e m p . , b u t in a sea led 
t u b e a t 200° , i t is v e r y r a p i d . H . W u r t z o b s e r v e d t h a t u n l i k e p y r i t e , p y r r h o t i t e is 
s lowly a t t a c k e d b y a f r e sh ly -p repa red soln. of iod ine , a n d t h e l iqu id is s lowly 
deco lor ized . E . Z a l i n s k y found t h a t p y r r h o t i t e is d i s so lved v e r y s lowly b y 
hydrof luoric ac id . G. Gore f o u n d t h a t l iqu id h y d r o g e n chlor ide does n o t a t t a c k 
f e r rous s u l p h i d e . J . J . E b e l m e n o b s e r v e d t h a t fe r rous su lph ide , p r e p a r e d a t a 
r e d - h e a t b y t h e a c t i o n of h y d r o g e n s u l p h i d e o n ferr ic ox ide , is scarce ly affected b y 
co ld hydroch lor ic ac id . A s a ru le , t h e m i n e r a l ac ids d isso lve pur i f ied fe r rous 
s u l p h i d e -without r e s idue , a n d w i t h t h e e v o l u t i o n of h y d r o g e n s u l p h i d e ; in t h e 
case of h y d r o c h l o r i c ac id , t h e d i s so lu t ion of p y r r h o t i t e m a y b e a t t e n d e d b y t h e 
s e p a r a t i o n of s u l p h u r , a n d t h e soln . m a y h a v e a ye l low co lour owing t o t h e p resence 
of t r a c e s of ferr ic h y d r o x i d e ; a n d a g reen so ln . m a y i n d i c a t e t h e p r e sence of 
n icke l . T h e r e a c t i o n w a s s t u d i e d b y A. S t r e n g , a n d E . A r b e i t e r . 

R . S c h e u e r o b s e r v e d t h a t w h e n fe r rous s u l p h i d e is h e a t e d w i t h su lphur , i r on 
d i s u l p h i d e is f o r m e d b e t w e e n 175° a n d 225° ; ferr ic s u l p h i d e b e t w e e n 400° a n d 450° ; 
a n d p y r r h o t i t e , a b o v e 600° . T h e r e a c t i o n h a s b e e n p r e v i o u s l y d i scussed in con­
n e c t i o n w i t h t h e a c t i o n of h e a t o n fe r rous s u l p h i d e , vide F i g . 608 ; a n d s imi la r ly 
a lso w i t h h y d r o g e n su lphide . G. N . Q u a m f o u n d t h a t l i q u i d h y d r o g e n su lph ide 
h a s n o a c t i o n o n fe r rous su lph ide . Li. L . d e K o n i n c k f o u n d t h a t fer rous su lph ide 
is i n so lub le in a n a q . so ln . of h y d r o g e n s u l p h i d e , o r a m m o n i u m sulphide , a l t h o u g h 
i t is s l i gh t ly so luble i n a q . soln . of s o d i u m o r p o t a s s i u m sulphide. . A . Terrei l 
f o u n d t h a t p y r r h o t i t e r e a d i l y d i sso lves i n a bo i l i ng so ln . of s o d i u m su lph ide . 
H . F i n c k e s t u d i e d t h e a c t i o n of f e r rous s u l p h i d e o n fused s o d i u m su lph ide—v ide 
infra. Li. L . d e K o n i n c k a n d M. L e d e n t f o u n d t h a t s o d i u m p o l y s u l p h i d e a c t s on 
fe r rous s u l p h i d e f o r m i n g a g r e e n so ln . w h i c h W . M e c k l e n b u r g a n d V. R o d t said is 
s t a b l e a t 0° ; a t 8 ° , i t p r e c i p i t a t e s f e r rous s u l p h i d e c o m p l e t e l y . G. W . A. F o s t e r 
sa id t h a t w i t h f r e s h l y - p r e c i p i t a t e d f e r rous s u l p h i d e , a r e d soln . is fo rmed which 
l a t e r b e c o m e s b r o w n . A . K o n s c h e g g a n d H . M a l f a t t i o b s e r v e d t h a t fer rous su lph ide 
w i t h a m m o n i u m s u l p h i d e i n t h e p r e s e n c e of a m m o n i u m a c e t a t e p r o d u c e s a pa l e 
g r e e n so ln . ; a n d t h a t p r e c i p i t a t e d f e r rous s u l p h i d e d issolves in a m m o n i u m su lph ide . 
H . R o s e o b s e r v e d , c o n t r a r y t o t h e s t a t e m e n t of J . F . Pe r soz , t h a t fe r rous su lph ide 
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c a n be nea r ly comple te ly p r e c i p i t a t e d b y a m m o n i u m su lph ide in t h e p resence of 
s o d i u m p y r o p h o s p h a t e . The R h e n a n i a Vere in Chemischer F a b r i k e n snowed t h a t 
d r y sulphur dioxide begins t o a c t on ferrous su lph ide a t 600°, a n d t h e y ie ld of 
s u l p h u r in t h e reac t ion : 3FeS-+-2SO2== F e s 0 4 + 5 S , is a b o u t 70 p e r cen t . ; a n d a t 
800° t o 900°, Li. Woh le r a n d co-workers o b t a i n e d a 100 p e r cen t , y ie ld . T h e t h e r m a l 
va lue of t h e r eac t ion is smal l , for i t a m o u n t s t o a b o u t —17 CaIs. T h e r eac t i on is 
accelera ted in t h e p resence of magnes i a , or of ferrosic ox ide . V . M. G o l d s c h m i d t 
said t h a t t h e reac t ion b e t w e e n s u l p h u r d ioxide a n d ferrous su lph ide begins a t 580° . 
According to J . Mi lbauer a n d J . Tucek , t h e r eac t ion also p rogresses : F e S + 2 S O z 
= F e S 0 4 + S , a n d 4 F e S 0 4 + S = 2 F e 2 0 3 + 5 S 0 2 , a n d t h e r e l a t ive p r o p o r t i o n s of 
ferrous su lpha te a n d ferric ox ide a t different t e m p . , a r e : 

500° 600° 700° 800° 
FeSO 4 . • • . 2 2 - 7 5 19-84 13-46 
Fe 2 O 3 . . 8-97 39-35 80-79 99-63 

E . Diepschlag a n d E . H o r n r e p r e s e n t e d t h e r e a c t i o n which occurs a t 800° b y 
3 F e S + 2 S O 2 ^ = F e 3 O 4 + 5 S . A. C. H a l f e r d a h l ca l cu l a t ed for t h e free e n e r g y of t h e 
reac t ion : 3 F e S + 2 S O 2 = F e 3 O 4 + 2 £ S 2 , 6800 cals . a t 600°, a n d 58OO cals . a t 
1400° ; a n d for 2 F e S + S 0 2 = 2 F e O + l £ S 2 , 14,500 cals . a t 600°, a n d 2400 cals . a t 
1400°. Accord ing t o A . G u e r o u t , w h e n s u l p h u r d iox ide a c t s on fe r rous su lph ide 
suspended in w a t e r , some h e a t is deve loped , a n d h y d r o g e n su lph ide , su lphu r , a n d 
t h i o s u l p h a t e a re fo rmed . W . E . H e n d e r s o n a n d H . B . Weise r r e p r e s e n t e d t h e 
reac t ion F e S + H 2 S O 3 = H 2 S - J - F e S O 3 , a n d some t h i o s u l p h a t e is also p r o d u c e d . 
If t h e s lu r ry of fer rous su lph ide be a d d e d t o cone, su lphurous ac id , t h e excess of 
su lphur d ioxide oxidizes t h e h y d r o g e n su lph ide , a n d p r e v e n t s t h e f o r m a t i o n of 
ferrous su lphi te ; so t h a t t h e r eac t i on is r e p r e s e n t e d : 2 F e S + 3 S O 2 = 2 F e S 2 O 3 + S. 
F . F o r s t e r a n d J . J a n i t z k y s t u d i e d t h e r eac t ion . W . Fe Id obse rved t h e f o r m a t i o n 
of t e t r a t h i o n a t e in n e u t r a l soln. : F e S + 3 S O 2 = F e S 4 O e , a n d F . F o r s t e r a n d 
J . J a n i t z k y obse rved t h e f o r m a t i o n of t h e following re la t ive p r o p o r t i o n s : S 2 O 3 " , 5*2 
mill imols ;' S 3 O 6 " , 0-1 ; S 4 O 6 " , 1-8 ; S 5 O 6 " , 0-8 ; a n d S, 3-0. L . L . de K o n i n c k n o t e d 
t h e solubi l i ty of fer rous su lph ide in s u l p h u r o u s ac id . H . B . N o r t h a n d C. B . Conover 
r ep re sen ted t h e ac t ion of th ionyl chloride in a sealed t u b e a t 150° t o 200°, b y t h e 
e q u a t i o n : 6 F e S + 1 6 S O C l 2 = 6 F e C l 3 + 8 S O 2 + 7 S 2 C l 2 . H . D a n n e e l a n d F . Sch lo t t -
m a n n s tud i ed t h e ac t ion of sulphuryl chloride. L . Moser a n d M. B e h r obse rved 
t h a t a l i t re of O-IN- sulphuric acid, s a t . w i th h y d r o g e n su lph ide , d issolved 0-2136 
g r m . F e S , or 2 -4x10— 3 mol , a t 20°. T h e effect of h y d r o g e n su lph ide in t h e soln. 
u n d e r press , h a s been p rev ious ly discussed, G. Bfun i a n d M. P a d o a sugges ted t h a t 
poss ib ly some po lysu lph ide is fo rmed . Accord ing t o G. S. N i s h i h a r a , t h e a t t a c k -
ab i l i ty of p y r r h o t i t e b y 0-125iV-H2SO4 is 100, w h e n t h a t of p y r i t e is u n i t y ; a n d 
R . C. Wel ls o b t a i n e d a s imi lar resu l t . P . Casama jo r found t h a t t h e d i sso lu t ion of 
fer rous su lphide in dil . su lphur ic ac id is f avoured b y t h e p resence of z inc . Acco rd ing 
t o A. L ipsch i tz a n d R . von Hass l inger , purified fe r rous su lph ide r e a c t s o n l y e x t r e m e l y 
s lowly w i t h cold, di l . ac ids . " A c t i v e " fe r rous su lph ide , w h i c h evo lves h y d r o g e n 
su lph ide w i t h cold dil . ac ids , con t a in s meta l l i c i ron ; t h e h y d r o g e n fo rmed b y t h e 
ac t i on of t h e ac id on t h e free i ron reduces t h e fe r rous s u l p h i d e t o h y d r o g e n s u l p h i d e 
a n d i ron , so t h a t a smal l a m o u n t of free i ron a c t s a s a n acce le ra to r of t h e r e a c t i o n . 
A. E . H . T u t t o n found t h a t se lenic acid c o n v e r t s fe r rous s u l p h i d e i n t o fe r rous 
se lena te a n d h y d r o g e n su lph ide is evo lved ; V. Lienher a n d C H . K a o , t h a t s e l e n i u m 
monochlor ide a t 100°, forms ferrous chlor ide w i t h t h e l i be ra t ion of s u l p h u r a n d 
se len ium ; a n d V. L e n h e r , t h a t se lenyl bromide fo rms ferric b r o m i d e a n d s e l en ium 
m o n o b r o m i d e . 

E . C. F r a n k l i n a n d C. A. K r a u s found ferrous su lph ide t o be inso luble i n l i qu id 
a m m o n i a . F e r r o u s su lph ide is insoluble in a q . a m m o n i a . P . d e C l e r m o n t o b s e r v e d 
t h a t p r e c i p i t a t e d fe r rous su lph ide is easi ly d issolved b y soln. of a m m o n i u m s a l t s ; 
a l t h o u g h R . H . B r e t t sa id t h a t t h e o r d i n a r y su lph ide is inso luble i n soln. of 
a m m o n i u m n i t r a t e o r ch lor ide ; R . Lo renz found t h a t w h e n fer rous s u l p h i d e is 
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h e a t e d w i t h a m m o n i u m chlor ide , s o m e fe r rous ch lo r ide is vo la t i l i zed . P . d e Cler­
m o n t f o u n d t h a t a m m o n i u m s a l t s of o r g a n i c ac ids—oxa l i c , t a r t a r i c , a n d succinic 
— f o r m t h e c o r r e s p o n d i n g fe r rous sa l t s -when t h e y a c t o n fe r rous s u l p h i d e . 
T . W . B . W e l s h a n d H . J . B r o d e r s o n s h o w e d t h a t 1OO gr ins , of hydraz ine d issolve 
9 g r m s . of f e r rous s u l p h i d e w i t h d e c o m p o s i t i o n a t r o o m t e m p . J . J . Berze l ius 
f o u n d t h a t n i t r i c ac id d issolves fe r rous s u l p h i d e fo rming n i t r i c ox ide ; a n d 
C. H a t c h e t t , t h a t n i t r i c ac id of sp . g r . 1*38 d i l u t e d w i t h a n e q u a l vo l . of w a t e r , d o e s 
n o t a c t o n p y r r h o t i t e i n t h e cold, b u t w h e n t h e ac id is h e a t e d , t h e su lph ide d is ­
so lves . S. Meun ie r o b s e r v e d t h a t t ro i l i t e is n o t a t t a c k e d b y cold, fuming n i t r i c 
ac id . K . F . W e i n l a n d a n d L.. S t o r z f o u n d t h a t s o d i u m arseni te a c t s o n fe r rous 
s u l p h i d e , a n d p y r r h o t i t e fo rming ferr ic ox ide a n d h y d r o g e n s u l p h i d e w h i c h r e a c t s 
w i t h t h e a r s e n i t e t o f o r m s u l p h o a r s e n i t e ; I J . S t o r c h f o u n d t h a t fe r rous s u l p h i d e is 
soluble in soln. of alkali sulphoarsenates, snlphoantimonates, sulphovanadates, 
sulphostannates, sulphomolybdates, and sulphotungstates. 

F e r r o u s s u l p h i d e is r e d u c e d t o t h e m e t a l w h e n i t i s h e a t e d w i t h carbon ; a n d , 
a c c o r d i n g t o N . P a r r a v a n o a n d G. Malquor i , t h e f o r m a t i o n of c a r b o n d i s u l p h i d e : 
2 F e S - f - C = C S 2 H ~ 2 F e , beg ins a t a b o u t 1200°. O. Meyer n o t e d t h a t s i l i con c a r b i d e 
is a t t a c k e d b y fer rous su lph ide a t 1200°. T . S a t o , a n d H . H a n e m a n n a n d A . Schi ld-
k o t t e r s t u d i e d t h e a c t i o n of i r o n t r i t a c a r b i d e i n t h e q u a s i t e m a r y s y s t e m F e - F e S -
F e 8 C , a n d found a t e r n a r y e u t e c t i c a t 975° 
w i t h 10-5 p e r c e n t . F e , 87 p e r c e n t . F e S , a n d /\eaC 

2*5 p e r c e n t . F e 3 C . No t e r n a r y sol id soln . 
w a s obse rved a t t h e F e 3 C co rne r of t h e t e r n a r y 
d i a g r a m ; a n d o n l y a sma l l r a n g e in t h e i ron 
c o r n e r a s t h e solid so lub i l i ty of s u l p h u r i n 
i r o n does n o t e x c e e d a b o u t 0*03 p e r c e n t . 
T h e so lub i l i ty of i r o n in fe r rous su lph ide a t 
t h e t e r n a r y e u t e c t i c t e m p , is a b o u t 3 p e r 
c e n t . , a n d t h a t of F e 3 C in i ron a t t h e s a m e 
t e m p , is 2 0 p e r c e n t . M o l t e n m i x t u r e s h a v i n g 
a c o m p o s i t i o n i n d i c a t e d b y a n y p o i n t on t h e /£ ^ v v ^F^^FeS 
s t r a i g h t l ine j o in ing t h e F e - F e 3 C e u t e c t i c t o _, « , « « , . « , « A 
t h e F e - F e S e u t e c t i c i n t h e t r i a n g u l a r d i a g r a m , F l ° ' 6 1 3 ^ F e S - F e T c T S y B t e m : 

s e p a r a t e i n t o t w o l iqu id p h a s e s — t h e u p p e r 
o n e c o n t a i n i n g 0-22 p e r c e n t . C a n d 30*65 p e r cen t . S, a n d t h e lower one , 4-12 
p e r c e n t . C a n d 0*98 p e r c e n t . S. I n F i g . 613 , O r e p r e s e n t s t h e t e r n a r y s y s t e m 
w i t h 87 p e r c e n t . F e S , 2-5 p e r c e n t . F e 8 C , a n d 10-5 p e r c e n t . F e ; Bx, E2*

 a n d 

E9 r e p r e s e n t b i n a r y e u t e c t i c s ; DJF, t h e l ine of s e p a r a t i o n of t h e h e t e r o g e n e o u s 
t w o - p h a s e sol id soln . of i r o n a n d i r o n s u l p h i d e f rom t h e h e t e r o g e n e o u s t h r e e -
p h a s e so ln . F r e p r e s e n t s t h e cone , of t h e s a t . soln . w i t h 97 p e r c en t , of F e S . 
K . S t a m m e r s a id t h a t carbon m o n o x i d e does n o t a c t on fe r rous su lph ide ; a n d 
A . F o s s a n d B . J . H a l v o r s e n o b s e r v e d t h a t carbon diox ide r e a c t s fu rn i sh ing ferric 
o x i d e , c a r b o n m o n o x i d e a n d s u l p h u r d iox ide ; t h e r e a c t i o n beg ins a t 600°, a n d 
p rog res ses b e s t a t a b o u t 1000° w h e n t h e r e a c t i n g m a s s does n o t fuse. M. Cos teanu 
s a i d t h a t a t 1000°, t h e r e a c t i o n p rogresses : F e S - f - C O = F e O + C O - f - S , a n d a t 1100°, 
3 F e S H - 4 C 0 2 = F e 8 0 4 - f - 4 C O - f - 3 S . V . M. G o l d s c h m i d t f ound t h a t t h e r eac t ion : 
F e S + 3 C 0 2 = F e O + 3 C O H ~ S 0 2 does n o t o c c u r be low 630° , a n d a t e m p , of 1150° 
i s n e c e s s a r y for a n a p p r e c i a b l e r e a c t i o n . F . v o n Schaffgotsch obse rved t h a t n o 
s u l p h u r i s d i s so lved w h e n p y r r h o t i t e is s h a k e n w i t h carbon disulphide, a l t h o u g h 
C. B o d e wig , a n d E . J o r d i s a n d E . Schweize r s a i d t h a t some s u l p h u r is d issolved. 
T . S a t o s t u d i e d t h e s y s t e m w i t h i r o n a n d i r o n carbide. J . L e m b e r g obse rved 
t h a t f e r rous s u l p h i d e i s so luble i n a so ln . of po tas s ium cyan ide ; a n d wi th a 
bo i l ing soln. , L . T . W r i g h t , G . W . A . F o s t e r , a n d T . G. P e a r s o n a n d P . L . R o b i n s o n 
o b s e r v e d t h a t s o m e p o t a s s i u m f e r r o c y a n i d e is f o r m e d . W . Wanjukoff obse rved 
t h a t o n l y t r a c e s of t h e s u l p h i d e a r e d i s so lved b y a s a t . soln. of p o t a s s i u m 
c y a n i d e , a n d N . J u s c h k e w i t s c h f o u n d t h e su lph ide t o b e insoluble m a 7 p e r c e n t . 
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soln. G. P . Lewis represented the reaction in the presence of potassium 
carbonate : 2 K 2 C 0 3 + F e S + 6 H C y = = K 4 F e C y 6 + H 2 S + 2 C 0 2 + 2 H 2 0 . H . L. Dunlap 
found t h a t when heated 2 hrs., a t 34:0°, with paraffin, a little hydrogen sulphide 
is evolved, and the residue is magnetic. E . Jordis and E. Schweizer observed 
t h a t benzene, and alcohol ext ract some sulphur from ferrous sulphide when 
t reated for several days in an extraction appara tus . M. Berthelot found t h a t 
ether extracts sulphur from ferrous sulphide, and pyrrhot i te . A. Naumann 
observed t h a t ferrous sulphide is insoluble in methyl acetate ; and A. Naumann , 
and M. Hamers, in ethyl acetate. F . Stolle showed t h a t 10, 30, and 50 per cent, 
soln. of sugar dissolve respectively 3-8, 7-1, and 9*9 mgrms. of ferrous sulphide per 
litre a t 17-5° ; 3-8, 9-1 and 19-8 mgrms. respectively a t 45° ; and 5-3, 7-2, and 9-1 
mgrms. respectively a t 75°. A. Naumann and J . Schroder found t h a t ferrous 
sulphide is insoluble in pyridine. G. Rohl observed t h a t an alcoholic soln. of 
picric acid colours deep blue on a yellow ground, inclusions of ferrous sulphide in 
steel -which has been quenched from a yellow heat . H . C. Bolton found t h a t 
pyrrhoti te is a t tacked in the cold by citric acid, and some hydrogen sulphide is 
evolved. J . Spiller said t h a t ferrous sulphide is no t completely precipitated in the 
presence of sodium citrate. T. Turner, and K. Hilgenstock observed no reaction 
between silicon or ferrosilicon and fused ferrous sulphide. W. P . Jorissen and 
B. L. Ongkiehong, and J . H . Andrew and W. R. Maddocks examined the effect 
of silica on the reaction between sulphur and iron. W. Jander , and W. J ande r 
and K. Rothschild studied the action of various metal silicates—lead, copper, 
and nickel—on ferrous sulphide ; and W. Jande r and co-"workers, and B . P . SeI-
wanoff and co-workers, of ferrous silicate. W. Treitschke and G. Tammann 
said t h a t porcelain is a t tacked strongly when heated with ferrous sulphide, b u t 
K. Friedrich observed t h a t the sulphide alone does not a t tack porcelain, i t does 
so only -when partially oxidized. E . T. Allen and co-workers observed no a t tack 
when air is excluded. A. Cayphas studied the action of furnace slags on iron 
sulphide. 

A. Colson observed t h a t a polished piece of ferrous sulphide resting on a copper 
plate, in an a tm. of carbon dioxide, gives up some sulphur to the copper. K. Hilgen­
stock, and A. Ledebur discussed alloys of ferrous sulphide and copper. The reaction 
-was studied by A. Baykoff. B . Garre found t h a t when ferrous sulphide is heated with 
magnesium, a reaction : FeS - J -Mg=MgS+Fe , begins a t 470°, which is violent a t 
670°, and the thermal value is 56-3 CaIs. H . Ditz observed t h a t with a l u m i n i u m in 
the thermite process: 3 F e S + 2 A l = A l 2 S s + 3 F e , about 25 per cent, remains in the slag 
as FeS-Al2S3. The reaction was also discussed b y G. Tammann and H . Bohner, 
T. R. Haglund, K. Hilgenstock, F . A. Liivermore, A. Ledebur, A. McCance, and 
N . Parravano and P . Agostini. K. Hilgenstock, and A. Ledebur found t h a t 
chromium acts on molten ferrous sulphide removing some of the sulphur, and 
forming a slag. H . von J i iptner observed t h a t ferrous sulphide is decomposed 
when i t is heated with manganese since the press, of the sulphur is smaller with 
manganese sulphide t han i t is with ferrous sulphide. The reaction F e S + M n = F e 
+ M n S is exothermal, and it is utilized in the desulphurization of steel—vide supra, 
action of sulphur on iron. The reversible reaction was studied by K. Hilgenstock, 
A. Ledebur, R. Vogel and H. Baur, G. Tammann and H . Bohner, and C. H . H e r t y 
and O. S. True. G. P . Schweder observed t h a t molten ferrous sulphide can dissolve 
some iron ; and the solubility of ferrous sulphide in steel was discussed b y 
J . H . Andrew and D. Binnie. P . Berthier observed t h a t when the molten mixture 
of ferrous sulphide and iron is cooled, two layers are formed, and they are easily 
separated by a blow from a hammer—vide supra, Fig. 604. K. Hilgenstock, 
A. Ledebur, and J . H . L. Vogt observed t h a t nickel acts on molten ferrous sulphide : 
F e S + N i ^ N i S + F e ; and J . H . L. Vogt said t h a t the reaction is similar wi th cobalt. 

A. Konschegg and H . MaIfatti found t h a t ferrous sulphide is insoluble in an 
aq. soln. of alkali hydroxide, b u t if sulphur be present, added purposely, or brought 
in when the ferrous sulphide has been formed by adding ammonium polysulphide 
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t o a soln. of ferric ch lor ide , a d a r k g reen soln. is fo rmed , wh ich , a s sugges ted b y 
JJ. LI. d e K o n i n c k , a s i n m a n y o t h e r cases is p r o b a b l y a case of t h e p e p t i z a t i o n of 
t h e colloid. A. K o n s c h e g g a n d H . MaIfa t t i s upposed , h o w e v e r , t h a t t h e d i sso lu t ion 
is d u e t o t h e f o r m a t i o n of a t h i o f e r r a t e . J . D . C la rk a n d P . Li. M e n a u l f o u n d t h a t 
-with p y r r h o t i t e g r o u n d t o p a s s a l a w n of 0 0 5 m m . m e s h , O-OliV-KOH beg ins t o 
f o r m a col loidal soln . i n a b o u t 6 d a y s , a n d in 67 d a y s , 2*22 p e r cen t , of t h e m i n e r a l 
is i n col loidal soln . T h e y also d i scussed t h e effect of l ime a n d a l u m i n a o n 
t h e r eac t i on . A . Ter re i l , a n d C. F . B e c k e r o b s e r v e d t h a t a b r o w n soln . is f r e q u e n t l y 
p r o d u c e d a t first , a n d t h i s t u r n s g r een o n e x p o s u r e t o a i r . T h e r e a c t i o n w a s s h o w n 
b y Li. Li. d e K o n i n c k , a n d A . Vil l iers t o b e so v e r y sens i t ive t h a t if t h e F e S : K O H 
==1 : 4 ,000,000 t h e co lo ra t i on a p p e a r s . P . B e r t h i e r f o u n d t h a t w h e n fe r rous 
s u l p h i d e is h e a t e d t o low r e d n e s s w i t h a b o u t t w i c e i t s w e i g h t of a lka l i carbonate , a 
b l ack , c rys t a l l i ne , m a g n e t i c m a s s is f o rmed f rom w h i c h w a t e r e x t r a c t s a lka l i s u l p h i d e 
c o n t a i n i n g a t r a c e of s u l p h a t e ; if t h e m i x t u r e is h e a t e d t o w h i t e n e s s i n a c a r b o n 
c ruc ib le , c a s t i r on is f o rmed . R . F i n k e n e r s h o w e d t h a t t h e d e s u l p h u r i z a t i o n of 
f e r rous s u l p h i d e b y c a l c i u m ox ide is a n i m p o r t a n t r e a c t i o n in t h e b l a s t - fu rnace ; 
c a l c i u m ox ide a lone does n o t a c t on fer rous su lph ide ; b u t i t does so in t h e p r e s e n c e 
of r e d u c i n g agen t s—e .g . , G. H i lgens tock , a n d B . O s a n n found t h a t -with h y d r o g e n , 
t h e r e a c t i o n is s y m b o l i z e d : F e S + C a O + H 2 = C a S + F e + H 2 0 ; A . L e d e b u r , w i t h 
c a r b o n : F e S + C a O + C = C a S + F e + C O ; a n d B . O s a n n , w i t h c a r b o n m o n o x i d e : 
F e S + C a O + C O = C a S + F e + C O 2 . G. T a m m a n n a n d H . O. v o n S a m s o n - H i m m e l -
s t j e r n a o b s e r v e d t h a t t h e h e a t of t h e r e a c t i o n : F e S + R O - F e O + R S , is 1-9 CaIs. 
w i t h ca l c ium ox ide , 11-1 CaIs. w i t h s t r o n t i u m ox ide , 15-6 CaIs. w i t h b a r i u m ox ide , 
a n d —1*5 CaIe. w i t h z i n c ox ide . H . N . S t o k e s f o u n d t h a t p r e c i p i t a t e d fe r rous 
s u l p h i d e does n o t r e a c t w i t h a n a m m o n i a c a l soln. of z i n c hydroxide i n t h e cold , 
o r a t t h e b . p . , b u t b e t w e e n 160° a n d 170°, t h e r e is a s low r e a c t i o n fo rming colour less 
f e r rous h y d r o x i d e a n d z inc s u l p h i d e . T . R . H a g l u n d r e p r e s e n t e d t h e r e a c t i o n w i t h 
a l u m i n a : A l 2 O 3 + 3 F e S + 3 C = - A l 2 S 3 + 3 F e + 3 C O . P . B e r t h i e r o b s e r v e d t h a t w h e n 
fe r rous su lph ide is fused w i t h 3O t i m e s i t s we igh t of l ead ox ide , s u l p h u r d iox ide is 
evo lved , a n d lead , a n d a s l ag c o n t a i n i n g lead a n d fe r rous ox ide a r e p r o d u c e d ; 
a n d w i t h 5 t i m e s i t s w e i g h t of l e ad ox ide , t h e m i x t u r e swells u p w h e n s t r o n g l y 
h e a t e d t o f o r m a g r ey , h o m o g e n e o u s , m a g n e t i c s lag c o n t a i n i n g su lph ides of i ron 
a n d l ead . G. T a m m a n n a n d H . O. v o n S a m s o n - H i m m e l s t j e r a a found for t h e 
h e a t of t h e r e a c t i o n : F e S + P b O = P b S + F e O + 1 0 - 6 CaIs., a n d w i t h m a n g a n e s e 
OXlde, —2-8 CaIs. B . O s a n n , a n d H . S k a p p e l s h o w e d t h a t m a n g a n e s e ox ide a n d 
c a r b o n r e a c t o n fe r rous su lph ide : F e S + M n O + C = F e + M n S + C O . J . H . L.. V o g t 
s a i d t h a t ferrosic ox ide is n e a r l y inso luble in m o l t e n fer rous su lph ide . F . S. W a r t -
m a n a n d G. L . O l d r i g h t o b s e r v e d a s m a l l r e d u c t i o n of m a g n e t i t e b y fer rous su lph ide 
a t 1000°, a n d t h e r e d u c t i o n w a s r a p i d a t h ighe r t e m p . Or thoc lase , a lb i t e , a n o r t h i t e , 
ch ina -c l ay , silica, a n d m a g n e s i a acce l e r a t e t h e r eac t ion , w h e r e a s t h e r e a c t i o n is 
r e t a r d e d b y l ime , a l u m i n a , a n d c u p r o u s su lph ide . A . C. H a l f e r d a h l c a l c u l a t e d for 
t h e r e a c t i o n 4 F e 3 0 4 + F e S = 1 3 F e O + S 0 3 , t h e free e n e r g y 97 ,300 ca ls . a t 600°, 
a n d 35,1OO ca ls . a t 1400° ; for 3 F e 3 O 4 + F e S - = l O F e O + S O 2 , 52,2OO cals . a t 600°, 
a n d —5300 cals . a t 1400° ; a n d for F e 3 O 4 + F e S = 4 F e O + ^ S 2 , 22 ,200 cals . a t 600°, 
a n d —90O cals . a t 1400°. G. T a m m a n n a n d H . O. v o n S a m s o n - H i m m e l s t j e r n a g a v e : 
3 F e S + 2 F e 2 0 3 = 7 F e + 3 S 0 2 — 4 8 - 6 Cals . ; a n d for F e S + 2 F e O = 3 F e + S 0 2 — 8 3 O 
Cals . E . D . C a m p b e l l o b t a i n e d w h a t m i g h t h a v e been i m p u r e ferric oxysulphide , 
F e 2 O S 2 , b y m e l t i n g t o g e t h e r a m i x t u r e of ferrosic ox ide a n d fer rous su lph ide . 
C. F . R a m m e l s b e r g o b t a i n e d w h a t h e r e g a r d e d a s a n o x y s u l p h i d e b y t h e a c t i o n 
of h y d r o g e n s u l p h i d e o n ferric ox ide be low redness , a n d F . M a r t i n a n d O. F u c h s , 
a n d I J . W o h l e r a n d co -worke r s r e p r e s e n t e d t h e r e a c t i o n a t 900° t o 1000° b y t h e 
e q u a t i o n : F e S + 3 F e 3 O 4 = I O F e O + S O 2 ; a n d t h e r e a c t i o n w i t h ferric oxide , which 
beg in s a t 650° a n d is c o m p l e t e d a t 800° , b y F e S + 1 0 F e 2 O 3 = 7 F e 3 O 4 + S O 2 — t h e 
ferrosic o x i d e a t a h i g h e r t e m p , r e a c t s a s i n d i c a t e d a b o v e . P . Tsch i rwinsky , 
A . C. H a l f e r d a h l , a n d E . D i e p s c h l a g a n d E . H o r n s t u d i e d t h e reac t ion . T h e 
r e a c t i o n w i t h ferr ic o x i d e c o m m e n c e s a t 550° a n d is comple t e a t 800° t o 850° . 
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Between 850° and 1100° no reaction occurs between ferrosic oxide and ferrous 
sulphide, bu t a t higher temp, the reaction : FeSH-SFe3O4=IOFeO-I-SO2 t akes place, 
77-5 per cent, of the iron being converted into ferrous oxide a t 1220° ; above 1300°, 
a small amount of free sulphur is formed and the solid product contains traces of 
metallic iron. Iu. T. Wright represented the heat of t he reaction wi th ferric oxide 
by 86-2 CaIs. A. C. Halferdahl calculated for the react ion: 4 F e 2 O 3 + F e S = 9 F e O 
4-SO3 the free energy 52,*10O cals. a t 600°, or 9500 cals. a t 1400° ; for 4Fe2O3-J-FeS 
= 3 F e 3 0 4 + ^ S 2 , —83OO cals. a t 600°, and — 29,7OO cals. a t 1400° ; and for 1OFe2O3 
+FeS=^Fe 3 O 4 H-SO 2 , —24,200 cals. a t 600°, and —82,300 cals. a t 1400°. 
P . Tschirwinsky said t h a t the eutectic with ferrous sulphide and ferrous oxide 
( 4 : 1 ) is a t 1060°. A. C. Halferdahl calculated for the reaction : 2 F e O + F e S 
= S 0 2 + 3 F e , the free energy 53,0OO cals. a t 600°, and 23,500 cals. a t 1400°, b u t the 
reaction does not proceed spontaneously. H . Ie Chatelier and A. Ziegler also studied 
the subject. G. P . Schweder fused a mixture of nickel oxide and ferrous sulphide 
under borax, and obtained a magnetic, brass-yellow mass containing nickel oxide 
and sulphide. 

G. Buchner found t h a t a boiling soln. of sodium pyrosulphate dissolves ferrous 
sulphide to form a colourless soln., which, when cold, is green. A. Gorgeu found 
t h a t molten sodium sulphate oxidizes ferrous sulphide to ferrosic oxide ; and 
M. Websky found t h a t molten potassium hydrosulphate dissolves ferrous sulphide 
forming a deep brown mass which is pale yellow when cold. F . Raschig, and 
C. Meinecke observed t h a t a soln. of cuprous chloride in the presence of sodium 
chloride gives with ferrous sulphide a precipitate of cuprous sulphide ; and a soln. 
of cupric chloride furnishes ferrous chloride and cupric sulphide. W. F . K. Stock 
said t h a t a boiling, ammoniacal soln. of cuprous chloride transforms 80 per cent, 
of ferrous sulphide to chloride. E . F . Anthon, and Iu. T. Wright also observed t h a t 
hydra ted ferrous sulphide precipitates copper sulphide from soln. of copper salts. 
E . F . Anthon, L. T. Wright, P . L. Robinson and co-workers, and O. Ruff and 
B. Hirsch observed t h a t cold, and boiling soln. of copper su lphate give a precipitate 
of copper sulphide ; bu t S. Meunier added t h a t troilite is not a t tacked. The active 
and inactive forms of ferrous sulphide observed by A. Lipschitz and R. von Hass-
linger, were discussed above. F . F . Grout observed t h a t some varieties of 
pyrrhot i te act slowly on an acidic soln. of copper sulphate, and some varieties do 
not ac t a t all—and this, added G. S. Nishihara, even a t a high t emp . E . G. Zies 
and co-workers reported t h a t na tura l or artificial pyrrhoti te , when heated 3 days 
wi th a 5 per cent. soln. of copper sulphate, a t 200°, is converted into copper pyri tes, 
CuFeS2 . C. Palmer and E . S. Bast in found t h a t pyrrhot i te reduces soln. of 
Silver sal ts ; J . Lemberg observed t h a t a sulphuric acid soln. of silver sulphate 
becomes brownish-violet or blue when warmed with pyrrhot i te . E . F . Anthon, 
L. T. Wright, and O. Ruff and B . Hirsch also observed t h a t hydra ted ferrous 
sulphide precipitates silver or silver sulphide from soln. of silver n i t ra te . F . Zam-
bonini, and M. Leo said t h a t the reducing action of ferrous sulphide on soln. of gold 
chloride is stronger t h a n i t is with other metal sulphides ; the layer of gold produced 
by pyrrhot i te in 24 hrs . is thicker than i t is with pyri te in 8 days . R . J . Traill 
and W. R. McClelland found t h a t pyrrhoti te, bu t not pyri te , dissolves readily in 
a soln. of ferric chloride. 

F . Martin and O. Fuchs observed t h a t calcium sulphate reacts with ferrous 
sulphide producing calcium ferrite and sulphur d iox ide : 16FeS -[-23CaSO4, 
=4Ca 3 Fe 4 0 9 H-l lCaS- | -28S0 2 ; and between 920° and 930°, the yield is 8 to 9 
per cent, of sulphur dioxide per hour, and a t 950°, 13 per cent. A suitable mixture 
for preparing sulphur dioxide is : 2FeS-+-4CaSO4 ; with strontium sulphate, t h e 
most favouiable t emp, is 1075° ; and with ba r ium sulphate, 1175° t o 1225°. 
C. Ktinzel found the reaction with sand in addition, a t a red-heat, can be represented: 
3BaS0 4+4Si02-f-FeS=3BaSi0 8 - f -FeSi03-f-4S0 2 . E . Schurmann found t h a t a 
soln. of zinc sulphate is completely precipitated by ferrous sulphide ; and O. Ruff 
and B . Hirsch added t h a t after 60 mins' . boiling, the precipitate contains 14*3 
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g r a m - a t o m s of Zn , t o 0-40 of F e . H . N . S t o k e s found t h a t a n a m m o n i a c a l 
so ln . of z i n c chlor ide h a s n o a c t i o n o n p r e c i p i t a t e d fe r rous s u l p h i d e a t o r d i n a r y 
t e m p . , b u t in a sea led t u b e a t 160° t o 170°, f e r rous h y d r o x i d e a n d z inc su lph ide 
a r e fo rmed—v ide supra. E . F . A n t h o n o b s e r v e d t h a t h y d r a t e d fe r rous su lph ide 
p r e c i p i t a t e s c a d m i u m su lph ide f r o m a soln . of c a d m i u m su lphate . F . F e i g l a n d 
co -worke r s f o u n d t h a t fe r rous s u l p h i d e r e a c t s -with a soln. of mercur ic chloride 
fo rming m e r c u r i c s u l p h i d e a n d fe r rous ch lo r ide ; a n d w h e n a cold, sa t . , a m m o n i a c a l 
so ln . of mercur ic c y a n i d e is e v a p o r a t e d t o d r y n e s s w i t h p r e c i p i t a t e d fe r rous 
su lph ide , a n d a f t e r w a r d s ca lc ined , F . W . S c h m i d t a n d R . v o n d e r L i n d e o b s e r v e d 
t h a t ferr ic ox ide r e m a i n s . K. S c h i i r m a n n f o u n d t h a t t h a l l i u m ni trate a n d fe r rous 
s u l p h i d e p a r t i a l l y p r e c i p i t a t e s o m e t h a l l i u m a s su lph ide . W . O. H i c k o k o b s e r v e d 
n o r e a c t i o n w i t h a so ln . of s t a n n o u s Chloride. E . F . A n t h o n o b s e r v e d t h a t h y d r a t e d 
fe r rous su lph ide , a n d a soln. of l ead n i trate , w i t h 15 m i n s \ boi l ing, p r e c i p i t a t e t h e 
l ead a s s u l p h i d e . E . F . A n t h o n , a n d E . S c h i i r m a n n o b s e r v e d n o p r e c i p i t a t e w i t h 
soln. of m a n g a n e s e su lphate . O. Ruff a n d B . H i r s c h s t u d i e d t h e r e a c t i o n w i t h 
nicke l a n d cobal t su lphates . F . A . E u s t i s r e p r e s e n t e d t h e r e a c t i o n w i t h ferric 
Chloride b y 2 F e C l 3 H - F e S = S F e C l 2 - I - S , a n d sa id t h a t t h e r e a c t i o n is a l m o s t c o m p l e t e . 
E . F . A n t h o n , E . S c h i i r m a n n , a n d O. Ruff a n d B . H i r s c h sa id t h a t t h e r e a c t i o n 
w i t h fe r rous s u l p h i d e a n d soln. of coba l t n i trate d e p e n d s on h o w long t h e soln . is 
boi led ; a n d s imi la r ly w i t h soln. of n i c k e l n i trate . 

F e r r o u s su lph ide u n i t e s w i t h o t h e r m e t a l su lphides t o f o r m c o m p l e x su lph ides . 
F . W a r l i m o n t f o u n d t h a t copper su lphide beg ins t o r e a c t w i t h fe r rous sul ­
p h i d e w h e n h e a t e d in a i r a t 450° t o 
550° a n d c o p p e r s u l p h a t e a n d ferric f20CT\ 
ox ide a r e fo rmed . W . B d t t g e r a n d //0#\ 
IC. D r u s e h k e s t u d i e d t h e m u t u a l 
p r e c i p i t a t i o n of i r on a n d c o p p e r sul - /O0tf\ 
p h i d e s . P . F i s c h e r f o u n d t h a t m i x ­
t u r e s of fe r rous su lph ide a n d s i lver 
su lphide show a c o n d u c t i v i t y c u r v e 
w i t h a m a x i m u m a n d a m i n i m u m ; 
a n d m i x t u r e s of f e r rous su lph ide a n d 
l ead su lphide a r e n o n - c o n d u c t i n g u p 
t o 5O p e r c e n t . P b O , a n d w i t h h i g h e r 
p r o p o r t i o n s t h e c o n d u c t i v i t y r a p i d l y 
increases . A c c o r d i n g t o E . £) iep-
sch lag a n d E . H o r n , t h e r e a c t i o n b e ­
t w e e n fer rous s u l p h i d e a n d ferric ox ide 
begins a t a b o u t 500° , a n d a t 800° 
t o 850° t h e r e a c t i o n F e S - H l O F e 2 O 3 
S= 7Fe 3 O 4 - J -SO 2 is c o m p l e t e ; t h e r e ­
d u c t i o n of t h e ferrosic ox ide t o fe r rous ox ide beg ins a t a b o u t 1100°, a n d t h e 
r e a c t i o n F e S + 3 F e 3 0 4 = 10FeO-J -SO 2 t h e n occu r s . T h e r e a c t i o n w a s a lso s tud i ed 
b y Li. W o h l e r a n d co-workers , F . M a r t i n a n d O. F u c h s , L . L . de K o n i n c k , 
W . F . H i l l e b r a n d a n d H . N . S t o k e s , a n d J . H . L . V o g t . F . W a r l i m o n t sa id t h a t 
nicke l su lphide is sca rce ly a t t a c k e d b y fe r rous s u l p h i d e a t 550° . 

Complex sa l t s Of ferrous s u l p h i d e . — C . B r u n n e r 1 9 p r e p a r e d p r i s m a t i c , b ronze 
c r y s t a l s of s o d i u m ferrous su lphide , N a 2 S . 2 F e S , b y ca lc in ing a m i x t u r e of fer rous 
o x a l a t e a n d s o d i u m t h i o s u l p h a t e . H . F r e e m a n obse rved t h a t w h e n fused w i t h 
s o d i u m s u l p h i d e , i r on su lph ide f o r m s a c o m p l e x s a l t soluble i n w a t e r . F . T h o m a s 
m a d e a few o b s e r v a t i o n s o n t h e m . p . of m i x t u r e s of fe r rous a n d s o d i u m su lph ides , 
a n d t h e r e s u l t s of L . V . S t e c k a n d co -worke r s , for m i x t u r e s w i t h ove r 37 p e r cen t . 
of f e r rous s u l p h i d e , a r e s u m m a r i z e d i n F i g . 614 . T h e d i a g r a m is st i l l i ncomple te . 
T h e r e is a r eg ion b e t w e e n 5 3 a n d 7 3 p e r c e n t , i ron su lph ide i n which t w o l iquid 
p h a s e s c a n fo rm, o n e b e i n g a d o u b l e c o m p o u n d , p r o b a b l y F e S - N a 2 S , s a t . w i t h i ron 
s u l p h i d e , a n d t h e o t h e r be ing i r on s u l p h i d e s a t . w i t h a doub le c o m p o u n d , o r some-
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t h i n g s imi la r t o i t . O n e t r u e eu teo t ic is found a t 46 p e r cen t , of i r o n su lph ide a n d 
585° . T h e m . p . of s o d i u m su lph ide h a s been d e t e r m i n e d a s 970°, a l t h o u g h i t s 
p u r i t y w a s sueh t h a t t h e m . p . of p u r e s o d i u m su lph ide c a n b e e x p e c t e d t o b e slightly-
h igher . Accord ing t o S. M. H o r s c h , w h e n h y d r o g e n su lph ide is p a s s e d o v e r a 
m o l t e n m i x t u r e of s o d i u m h y d r o x i d e a n d ferric ox ide , s o d i u m ferrous pentasulphide , 
F e S . 4 N a 2 S , is p r o d u c e d ; t h e sa l t dissolves in w a t e r , g iv ing a d e e p emera ld -g reen 
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F I G . 615.—!Fusion Curves of the 
System : FeS-Cu 2 S. 

F I G . 616.—Properties of the FeS-Cu 4 S 
alloys. 

soln. I t s a q . soln. , a f te r d ia lys is , i n t h e a b s e n c e of a i r , r e t a i n s t h e t w o s u l p h i d e s 
in t h e p r o p o r t i o n g iven . A cone . soln. on cool ing gives a h y d r o g e l , h a v i n g t h e 
compos i t ion N a 2 S . 2 F e S , w h i c h dissolves i n w a t e r , g iv ing a b l ack soln. , a n d on 
a d d i n g a m m o n i u m chlor ide t o t h i s soln. , fe r rous su lph ide is p r e c i p i t a t e d . If 
t o t h i s soln., t h e r equ i s i t e a m o u n t of s o d i u m su lph ide is a d d e d , i t r ega ins t h e 
or ig inal green colour . R . Schne ide r f ound t h a t w h e n p o t a s s i u m ferric s u l p h i d e 

is h e a t e d in h y d r o g e n , b lack c ry s t a l s 
of potassium ferrous sulphide* 
K 2 S . 2 F e S , a r e fo rmed ; a n d KL. P re i s s 
o b t a i n e d needle- l ike c rys t a l s , r e s e m ­
bl ing t h o s e of p o t a s s i u m p e r m a n g a ­
n a t e , b y m e l t i n g t o g e t h e r one p a r t of 
i r on filings w i t h t e n p a r t s of a m i x ­
t u r e of e q u a l p r o p o r t i o n s of p o t a s s i u m 
c a r b o n a t e a n d su lphu r—v ide infra, 
c o m p l e x sa l t s of fe r rous su lph ide . 
T h e p r o d u c t s o b t a i n e d b y H . MaI fa t t i 
m a y be c o m p l e x sa l t s of ferr ic su l ­
p h i d e (q.v.), b u t t h e y h a v e n o t b e e n 
def in i te ly e s t ab l i shed a s chemica l in ­
d i v i d u a l s . 

K . B o r n e m a n n a n d F . S c h r e y e r 
p r e p a r e d t h r e e c o m p l e x e s "with c o p p e r 
s u l p h i d e b y h e a t i n g m i x t u r e s of t h e 
t w o su lph ides i n a n a t m . of n i t r o g e n . 
The i r f .p . c u r v e is s h o w n in F i g . 617 . 
P . P . Fedot ieff o b t a i n e d a s imp le 
V - c u r v e a s i l l u s t r a t e d i n F i g . 615 , 
showing n o ev idence of t h e ex i s t ence 
of c o m p o u n d s . T h e t w o c o m p o u n d s 
a r e o n l y p a r t i a l l y misc ib le i n t h e sol id 
s t a t e . O. R e u i e a u x , a n d K.. B o r n e -

a n d H . S c h a d also m a d e o b -
P . P . Fedot ieff s t u d i e d t h e 

CU. C a r p e n t e r 
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F i a . 617.—Freezing-point Curves of the 

System : Cu 2 S-FeS. 
m a n n 

s e r v a t i o n s o n t h i s sub jec t ; a n d H . T i e d e m a n n , a n d 
s u b j e c t f rom t h e p o i n t of v iew of t h e f o r m a t i o n of h a i r c o p p e r 
a n d C. R . Hayward* o b t a i n e d a c u r v e w i t h t w o b r a n c h e s i n t e r s e c t i n g a t t h e 
eu t ec t i c a t 995° a n d 68 p e r cen t . F e S ; solid soln. a r e f o r m e d w i t h l imi t s of 
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so lub i l i ty a t 92*5 a n d 50 p e r c en t , of F e S respec t ive ly . F e r r o u s su lph ide m e l t s 
a t 1163° a n d c u p r o u s su lph ide , a t 1128° . A t r a n s f o r m a t i o n occurs in t h e 
sol id soln. a t 950° d u e t o a d i m o r p h i c c h a n g e in t h e c r y s t a l h a b i t of c u p r o u s 
su lph ide . T h e r e is a loss of s u l p h u r in t h e r a n g e 15 t o 45 p e r c e n t . F e S w h e n t h e 
m i x t u r e is h e a t e d a b o v e i t s m . p . , a n d c o p p e r i s f o rmed . O b s e r v a t i o n s were also 
m a d e b y P . R o n t g e n , A . G ibb a n d R . C. P h i l i p , E . Kel ler , F . H . E d w a r d s , H . O. Hof-
m a n a n d co-workers , A . Baykoff a n d N . Troutneff , W . G u e r t l e r a n d K . L . Meissner , 
W . Gue r t l e r a n d O. R e u l e a u x , C. F . P l a t t n e r , C. H . F u l t o n a n d I . E . G o o d n e r , 
J . W . R i c h a r d s , O. R e u l e a u x , K . B o r n e m a n n a n d H . S c h a d , E . L . L a r i s o n , 
E . D . P e t e r s , a n d F . F r d l i c h . W . G u e r t l e r s t u d i e d t h e s y s t e m : F e - C u - S . Acco rd ing 
t o G. T a m m a n n a n d H . B o n n e r , in t h e q u a t e r n a r y s y s t e m : C u 2 S - J - F e ^ F e S - f - ^ C u , 
a t c e r t a i n c o n c e n t r a t i o n s , m i x t u r e s of l iqu id c o p p e r a n d c u p r o u s su lph ide a n d of 
i ron a n d c o p p e r a r e immisc ib le , t h e d i a g r a m show s t h e ex i s t ence of a n a r e a i n -which 
t h r e e l a y e r s a r e f o r m e d i n s t e a d of t w o , one of su lph ide a n d t w o a re me ta l l i c . Ana lys i s 
of t h e l aye r s f o r m e d b y m e l t i n g t o g e t h e r e q u i v a l e n t a m o u n t s of i ron a n d c u p r o u s 
su lph ide shows t h a t t h e c o p p e r a n d i ron a r e d i v i d e d p r a c t i c a l l y e q u a l l y b e t w e e n 
t h e m e t a l a n d su lph ide l aye r s . T h i s c o r r e s p o n d s t o t h e v e r y sma l l h e a t of t h e 
fo rwa rd r e a c t i o n in t h e a b o v e e q u a t i o n . M a n g a n e s e or a l u m i n i u m , t h e su lph ides 
of wh ich h a v e m u c h h ighe r h e a t s of f o r m a t i o n t h a n t h o s e of c o p p e r o r i ron , c a n 
d i sp lace t h e l a t t e r t w o m e t a l s a l m o s t c o m p l e t e l y f rom t h e m o l t e n su lph ide l aye r . 
F . H . E d w a r d s m e a s u r e d S h o r e ' s h a r d n e s s , H, t h e sp . gr. , a n d t h e e.m.f. of a cell 
w i t h t h e a l loy a n d p l a t i n u m a s e l ec t rodes a n d a n ac id e l ec t ro ly t e . T h e r e su l t s 
a r e p l o t t e d in F i g . 616. O n l y cuprous ferrous trisulphide, 2 C u 2 S . F e S , F i g . 617 , 
is s t a b l e a t a l l t e m p , be low t h e f .p. A t 915°, cuprous ferrous heptasulphide , 
2 C u 2 S . 5 F e S , u n d e r g o e s a t r a n s f o r m a t i o n , a n d b e t w e e n 540° a n d 5 7 0 ° — s a y 550° 
— b r e a k s u p i n t o fe r rous s u l p h i d e a n d t h e c o m p l e x t r i s u l p h i d e ; whi le cuprous 
ferrous pentasulphide , 3 C u 2 S . 2 F e S , u n d e r g o e s a c h a n g e a t 180° t o 230° fo rming 
c o p p e r a n d p r o b a b l y i ron d i su lph ides which furnish a solid soln . w i t h t h e u n d e c o m -
p o s e d c o m p o u n d . P . R a m d o h r a n d O. O e d m a n desc r ibed a m i n e r a l occu r r i ng i n 
m i n u t e h e x a g o n a l scales a t K a v e l t o r p , S w e d e n ; t h e y cal led i t vallerite ; a n d r e p r e ­
s e n t e d i t b y C u 2 F e 4 S 7 , or C u 3 F e 4 S 7 . L . C a m b i a n d L . Szego, a n d R . S c h n e i d e r 
desc r ibed p o t a s s i u m copper ferric sulphide , K 2 F e C u 3 S 4 , wh ich , acco rd ing t o L . C a m b i 
a n d I J . Szego, h a s a t e t r a g o n a l l a t t i c e w i t h a : c—1 : 1-182. M. L e g r a y e desc r ibed a 
CUpric ferrous sulphide* C u S . 2 F e S , o r C u F e 2 S 3 , f r om t h e K a t a n g a coppe r ores , a n d 
i t w a s cal led orange borrite. W . G u e r t l e r a n d E . L u d e r s t u d i e d t h e f o r m a t i o n of 
s i lver ferrous su lphide i n t h e t e r n a r y s y s t e m : A g - F e - S — v i d e s i lver ferric su lph ides . 
W . G u e r t l e r a n d E . L u d e r a lso s t u d i e d t h e s y s t e m : A g - C u - F e - S . V. N i k i t i n 
cons ide red silver pyrites is a solid soln . of F e S in A g F e S 2 . J . S. M a c l a u r i n o b t a i n e d 
a sma l l y ie ld of s o l d ferrous su lphide , A u 2 S . F e S , b y m e l t i n g t o g e t h e r gold a n d i ron 
i n t h e p re sence of s u l p h u r . 

W . P . J o r i s s e n a n d B . I i . O n g k i e h o n g s t u d i e d t h e l imi t s of t h e r e a c t i o n b e t w e e n 
i ron , m a g n e s i u m , a n d s u l p h u r . K . F r i e d r i c h f o u n d t h a t n o z i n c ferrous su lphide 
is f o r m e d w h e n t h e c o m p o n e n t su lph ides a r e fused t o g e t h e r ; t h e f .p . c u r v e , F i g . 618 , 
shows a e u t e c t i c a t a b o u t 1175°, a n d 5 p e r c e n t , of z inc s u l p h i d e . T h e m i n e r a l 
marmatite, desc r ibed b y J . B . J . I ) . B o u s s i n g a u l t , h a s a c o m p o s i t i o n a p p r o x i m a t i n g 
3 Z n S . F e S . A . B r e i t h a u p t desc r ibed a v a r i e t y w h i c h h e cal led christophite, 
2 Z n S . F e S , f rom t h e S t . C h r i s t o p h e m i n e , B r e i t e n b r u n n ; a n d J . H . Collins, a 
s imi l a r m i n e r a l f rom S t . Agnes , Cornwal l . T h e s e m i n e r a l s a r e t o be r e g a r d e d a s 
f e r rug inous spha l e r i t e s w i t h t h e r a t i o Z n S : F e S v a r y i n g f rom 5 : 1 t o 2 : 1. W . F . d e 
J o n g sa id t h e X - r a d i o g r a m s c o r r e s p o n d r a t h e r w i t h m i x e d c rys t a l s t h a n w i t h 
def ini te c o m p o u n d s . F o r s p h a l e r i t e t h e l a t t i c e p a r a m e t e r a—5*394 A . ; for 
m a r m a t i t e , Z n 0 . 7 3 ( F e , M n ) 0 . 2 7 S , a = 5 * 4 1 5 A . ; a n d for c h r i s t o p h i t e , Zn 0 . 6 6 (Fe ,Mn) 0 . 3 4 S, 
a = 5 - 4 : 2 0 A . A c c o r d i n g t o F . U l r i ch a n d V . Vesely , t h e spha le r i t e f rom Cholesoff 
h a s t h e c o m p o s i t i o n 9 Z n S - F e S . F o r c a d m i u m ferrous sulphide, vide infra. 

W . P . J o r i s s e n a n d B . L . O n g k i e h o n g s t u d i e d t h e l imi t s of t h e reac t ion b e t w e e n 
i ron , a l u m i n i u m , a n d s u l p h u r . A c c o r d i n g t o M. H o u d a r d , w h e n ferrous s u l p h i d e 
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or pyri tes is reduced with aluminium, there is formed aluminium ferrous sulphide, 
FeS-Al2S8 . H . Ditz represented the reactions 2FeS2H-2 Al==Fe-+-Al2S34FeS, and 
4FeS-f-2Al=3Fe-HAl2S3-FeS. J . de Haan observed no formation of a stannous 
ferrous sulphide in his s tudy of the f .p. of the binary sys tem: SnS-FeS, Fig. 619. The 
system was also studied by E. Kordes. The mineral stannite—7. 46, 24—is a cuprous 
stannic ferrous sulphide, Cu2SnFeS4 . I t is thought t h a t the crystal lattice is of 
the chal copy rite type . T. W. Case observed no change in the electrical resistance 
of stannite on exposure to light. According to K. Friedrich, lead ferrous sulphide 
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is not formed when the consti tuent sulphides are melted together. The f.p. curves 
show a eutectic a t 863°, and 7O per cent. PbS. E . Kordes, and W. Guertler and 
W. Leitgebel studied the system F e - P b - S . According to M. Groger, ferrous 
chromic sulphide, Cr2S3-FeS, is formed as a black, insoluble compound when a 
mixture of iron, chromic hydroxide, and sulphur is heated. A black mineral found 
by J . L«. Smith to be associated with troilite in the meteoric stones of Cohahuila, 
Mexico ; Toluea, Mexico ; Sevier, Tennessee ; and Cranbourne, Australia, was 
named daubreelite—after A. Daubree. I t s composition approximates FeS-Cr2S3 . 
I t s sp. gr. is 5-01, and i t is not magnetic. S. Meunier synthesized i t by t reat ing 
a t a red-heat an alloy of chromium and iron, chromite, or a mixture of ferrous and 
chromic chlorides, with hydrogen sulphide. Daubreelite was also studied by 
A. Brezina, A. Brezina and E . Cohen, L. H . Borgstrom, A. !Lacroix, and F . Zam-
bonini. The chromic oxide found b y C. U. Shepard in meteorites, and called 

schreibersite, may have been daubreelite. W. Ha i -
dinger called i t shepardite. For the complex anti­
mony ferrous sulphide, vide the sulphoantimonates. 

G. Kohl 2 ° studied the f .p. curves of the system : 
MnS-BVeS, and his results are summarized in Fig. 
621. There is a eutectic a t 1181° with about 7 per 
cent, of manganous sulphide. The microscopic 
evidence indicates t h a t with about 4O per cent, of 
manganese sulphide, manganese ferrous penta-
sulphide, 3FeS.2MnS, melting a t 1365°, is formed. 
An unlimited series of solid soln. are formed with 
the dubious compound Fe 8Mn 2S 6 and manganous 
sulphide. I t was not possible t o measure the 

solidus curve accurately—vide supra, the desulphurization of iron by manganese. 
Z. Shibata found t h a t the two sulphides mix in all proportions in the fused 
state , and part ial ly in the solid s ta te . There is a eutectic a t 1164° and 6*5 
per cent, of MnS. The binary system : FeS-MnS was studied by IX M. I»evy, 

Apr cent MvS 

F I G . 621 . — Freez ing - po in t 
Curves of t h e S y s t e m : 
F e S - M n S . 
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and G. K o h l . T h e r e su l t s "were summarized b y C. B e n e d i c k s a n d M. Lofqu is t , i n 
!Fig. 622 , on t h e a s s u m p t i o n t h a t n o compound is f o r m e d ; a n d t h e i r r e c o n s t r u c t i o n 
for t h e s y s t e m : F e - M n - S , b a s e d o n t h e o b s e r v a t i o n s of J . E . S t e a d , A. L e d e b u r , 
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F I G . 6 2 2 . — T h e Equi l ibr ium Curves of the 
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F i o . 623 . T h e Equi l ibr ium Curves 
of t h e Ternary S y s t e m : F e - M n - S . 
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Gr. H i lgens tock , H . Ie Cha te l i e r a n d A . Ziegler, a n d E . Schi i tz , a s well a s t h o s e of 
M. L e v i n a n d G. T a m m a n n , G. R i i m e l i n a n d K . F i c k , H . E s s e r a n d P . Oberhoffer , 
A. W e s t g r e n a n d G. P h r a g m e n , a n d E . C. B a i n on t h e F e - M n s y s t e m , a re i n d i c a t e d 
i n F i g . 623 . G. R o h l e s t i m a t e d t h a t solid m a n g a n e s e 
s u l p h i d e dissolves 6O p e r cen t , of F e S , a n d D . M. L e v y , 
5O p e r c e n t . T h e solid soln . ( F e , M n ) S is s u p p o s e d t o 
h a v e t h e l imi t 55 p e r c e n t . F e S in F i g . 622 . Sol id 
f e r rous s u l p h i d e d issolves v e r y l i t t l e m a n g a n o u s su l ­
p h i d e . T h e e u t e c t i c F e S ~ ( M n , F e ) S is a t 1181° a n d 
7 p e r c e n t . M n S . G. R o h l found t h a t t h e r e is a 
t e r n a r y e u t e c t i c in t h e s y s t e m : F e - M n - S , cons i s t ing 
of i r o n a n d t h e t w o s u l p h i d e s — 4 p e r c e n t . M n S . T h e 
m . p . of t h e t e r n a r y e u t e c t i c is a b o u t 980°, a l i t t l e be low 
985° t h e b i n a r y e u t e c t i c F e - F e S . T h e r e is a reg ion 
of immisc ib i l i t y . C. B e n e d i c k s a n d H . Lofqu i s t a lso 
c o n s t r u c t e d s p a c e - m o d e l s of t h e s y s t e m . T h e q u a d ­
r a t i c d i a g r a m , F i g . 624 , r e p r e s e n t s C. B e n e d i c k s a n d 
H . L o f q u i s t ' s r e c o n s t r u c t i o n of t h e q u a t e r n a r y s y s t e m : M n S - M n O - F e S - F e O . 
I t h a s n o t b e e n conf i rmed b y o b s e r v a t i o n ; b u t i so la t ed o b s e r v a t i o n s o n t h e 
s y s t e m h a v e b e e n r e p o r t e d b y C. R . W o h r m a n n , a n d M. Matweieff. 

FeS 
F i o . 6 2 4 . — T h e Quaternary 

S y s t e m : 
F e O - M n O - F e S - M n S . 
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§ 41 . Ferric Sulphide 
J . I J . P r o u s t , 1 a n d C. F . B u c h o l z a n d A. F . G e h l e n r e p o r t e d ferric su lphide , 

F e 2 S 3 , t o be f o r m e d b y h e a t i n g i r o n o r f e r rous s u l p h i d e w i t h s u l p h u r , i n a n o n -
ox id iz ing a t m o s p h e r e , u n t i l t h e excess of s u l p h u r is expe l led . C. F . R a m m e l s b e r g 
r e c o m m e n d e d a t e m p , b e t w e e n 450° a n d 500° , a n d R . Scheue r , 450° . S imi la r 
r e s u l t s were o b t a i n e d b y !L. Gede l . J . J . Berze l ius r e c o m m e n d e d p a s s i n g h y d r o g e n 
s u l p h i d e ove r h y d r a t e d ferric ox ide , a t a t e m p , be low 100°, a s long as w a t e r con­
t i n u e s t o be fo rmed . E . Bresc ius , a n d M. C A b d e r h a l d e n o b s e r v e d t h a t if t h e 
gas a n d solid a r e q u i t e d r y , n o a c t i o n occurs u n d e r t h e s e cond i t i ons , a n d if m o i s t u r e 
b e p r e s e n t , t h e conve r s ion of t h e ox ide t o ferric su lph ide is s low a n d i n c o m p l e t e . 
C. F . R a m m e l s b e r g cou ld o b t a i n o n l y a m i x t u r e of su lph ide a n d ox ide b y 
J. J. Berze l ius ' p rocess , a n d if a h ighe r t e m p , be e m p l o y e d p y r r h o t i t c is f o rmed . 
I t is poss ib le t h a t t h e al leged ferric s u l p h i d e p r e p a r e d b y t h e s e m e t h o d s is rea l ly 
a solid soln . of fe r rous su lph ide a n d s u l p h u r — v i d e suj^ra. L . J . P r o u s t ' s p r o d u c t 
w a s m a g n e t i c ; J . J . Berze l ius ' , n o n - m a g n e t i c . R . J u z a a n d W . Bi l tz d id n o t 
find t h i s c o m p o u n d f o r m e d in t h e r e a c t i o n : F e S 2 - > F e S - f - S — v i d e infra. 

T h e q u e s t i o n w h e t h e r t h e p r o d u c t o b t a i n e d b y t h e ac t i on of h y d r o g e n su lph ide 
o n ferr ic ox ide o r h y d r o x i d e is ferr ic s u l p h i d e or a m i x t u r e of fe r rous su lph ide a n d 
s u l p h u r h a s b e e n t h e sub j ec t of m u c h d iscuss ion . A. W a g n e r , L . Gedel , a n d 
E . T . Al len a n d co -worke r s r e g a r d t h e p r o d u c t a s a m i x t u r e of fe r rous su lph ide a n d 
s u l p h u r . G. Gal lo o b s e r v e d t h a t ferr ic s u l p h i d e is f o rmed in t h e a c t i o n of h y d r o g e n 
o n p y r i t e s a t a b o u t 228° t o 230° . W . M o l d e n h a u e r a n d E . Mischke sa id t h a t t h e 
h y d r o g e n su lph ide r educes a b o u t t w o - t h i r d s of t h e ferr ic- i ron t o t h e fe r rous s t a t e , 
a n d t h e p r o d u c t is n o t a m i x t u r e of fe r rous a n d ferric su lph ides , b u t r a t h e r a 
c o m p o u n d of t h e t w o su lph ides . S o m e cons ide r t h a t a v e r i t a b l e ferric su lph ide is 
f o r m e d : F e 2 0 3 + 3 H 2 S - = F e 2 S 3 - } - 3 H 2 0 . W . M e c k l e n b u r g a n d V. R o d t modified 
J . J . Berze l ius ' p rocess b y s u s p e n d i n g t h e t h o r o u g h l y w a s h e d , h y d r a t e d ferric ox ide 
i n w a t e r , r e m o v i n g a i r b y a c u r r e n t of c a r b o n d iox ide , a n d pas s ing h y d r o g e n su lph ide 
i n t o t h e l i qu id unt i l n o m o r e g a s is a b s o r b e d . Af t e r s t a n d i n g 12 h r s . , t h e black 
p r e c i p i t a t e is filtered off, w i t h t h e exc lus ion of a i r , s ince o x i d a t i o n read i ly occurs . 
I t can t h e n be d r i e d over p h o s p h o r i c ox ide i n v a c u o . G. W e y m a n , a n d 
W . A. D u n k l e y said t h a t t h e r e a c t i v i t y of t h e h y d r a t e d ox ide d e p e n d s m o r e on i t s 
molecular s tate than on t h e a m o u n t of m o i s t u r e p r e s e n t . A n ox ide which h a s been 
heated be tween 100° and 600° t a k e s u p t h e t heo re t i c a l a m o u n t of gas on coo l ing ; 
b u t n o t so w i t h t h e ox ide heated t o 650° o r 800° . An ox ide w i t h 5 t o 8 p e r cen t , 
water was found by G. H . Gemmel t o react bes t , a n d t h i s at 38° . J . C. Bell studied 
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t h e r e a c t i v i t y of t h e differently h y d r a t e d oxides : a n d L . T . W r i g h t , P . H a u s k n e c h t , 
R . Scheuer , L . A. Sayce , a n d T . G. P e a r s o n a n d P . L . R o b i n s o n , t h e effect of t e m p , 
o n t h e a b s o r p t i o n of gas . F . Gieseler cons idered t h i s t h e b e s t m e t h o d t o use for 
p r e p a r i n g ferr ic su lph ide . If t h e ox ide is h e a t e d d u r i n g t h e a b s o r p t i o n , some 
s u l p h a t e m a y be formed. H . D e i c k e , R . Cox, a n d E . Bresc ius showed t h a t a n 
excess of s u l p h u r i n t h e p r o d u c t , a s s u m e d t o be ferric su lph ide , m a y b e d u e t o 
ox ida t i on b y a t m . a i r . T h e use of ferric ox ide in p lace of l ime for a b s o r b i n g 
h y d r o g e n su lph ide f rom coal-gas w a s r e c o m m e n d e d b y E . H e a r d , a n d W . R . B o w -
d i t c h n e a r t h e beg inn ing of t h e 1 9 t h c e n t u r y . T h e sub j ec t w a s d iscussed b y 
G. Ande r son , H . B r u c k n e r , K . Burkhe i se r , A. A. Croll, B . D u n g l i n s o n a n d 
J . M. Gonder , R . Ge ipe r t , M. H e m p e l , F . C. Hi l l s , R . L a m i n g , G. L o w e , F . E . E v a n s , 
A. B u h e , a n d N . H . Schil l ing. 

Accord ing t o L . T . W r i g h t , hydrated ferric sulphide, F e 2 S 3 . ^ H 2 O , is fo rmed 
w h e n h y d r a t e d ferric ox ide is m o i s t e n e d , o r s u s p e n d e d in w a t e r , a n d t r e a t e d w i t h 
h y d r o g e n su lph ide for seve ra l h o u r s — p r e f e r a b l y in t h e absence of air . I t w a s 
t h u s p r e p a r e d b y J . J . Berzel ius w h o a d d e d t h a t t h e t r a n s f o r m a t i o n p roceeds a t 
o r d i n a r y t e m p , w i t h a s l ight evo lu t ion of h e a t , b u t i t is b e s t t o e m p l o y t h e h e a t 
of a w a t e r - b a t h t o w a r d s t h e e n d s of t h e o p e r a t i o n . T h e w a t e r c a n b e expel led 
f rom t h e h y d r a t e b y keep ing i t in v a c u o , p re fe rab ly over p h o s p h o r u s p e n t o x i d e . 
T h e a n h y d r o u s su lph ide t h u s o b t a i n e d is p y r o p h o r i c if s u d d e n l y exposed t o a i r ; 
o the rwise i t is q u i t e s t ab l e . Accord ing t o F . Fe ig l a n d E . Backe r , w h e n t h e w a s h e d 
p r e c i p i t a t e of empi r i ca l compos i t i on F e 2 S 3 , f o rmed b y p rec ip i t a t i on of a t a r t r a t e -
c o n t a i n i n g so lu t ion of ferric sa l t w i t h a m m o n i u m su lph ide , r e ac t s i n n e u t r a l so lu t ion 
w i t h mercu r i c a n d c a d m i u m sa l t s , i t b e h a v e s a s fe r rous a n d ferric su lph ide , respec­
t ive ly . Th i s sugges t s t h a t t h e s u b s t a n c e is a m i x t u r e of t h e v a l e n c y i somer ides 
S : F e . S . F e : S a n d F e S - F e S 2 H . K r e p e l k a a n d W . P o d r o u z e k showed t h a t t h e 
compos i t ion of t h e p r e c i p i t a t e d e p e n d s on t h e cond i t ions of p r ec ip i t a t i on , a n d 
s imi lar cond i t ions a re va l id for t h e m e r c a p t i d e s of i ron . F . Fe ig l a n d E . B a c k e r 
found t h a t soln. of ferric sa l t s g ive fer rous m e r c a p t i d e w i t h e t h y l m e r c a p t a n . 
W h e n , howeve r , t h e c o n c e n t r a t i o n of ferric i on is depressed b y a d d i t i o n of t a r t r a t e 
a n d such a soln. is r u n s lowly i n t o a n alcoholic soln. of e t h y l m e r c a p t a n , ferric 
e thyl mercapt ide r e su l t s . W h e n a so lu t ion of ferr ic ch lor ide is a d d e d t o a soln . 
of b a r i u m su lph ide , o r w h e n f r e sh ly -p rec ip i t a t ed ferric su lph ide is t r e a t e d w i t h a 
soln. of b a r i u m su lph ide , a s u b s t a n c e a p p r o x i m a t i n g t o t h e compos i t ion B a F e 2 S 4 is 
o b t a i n e d . T h i s w a s also p r e p a r e d b y H . MaIfa t t i . T h e c o m p o u n d r e a c t s w i t h 
m e r c u r i c sa l t s a s t h e or iginal ferr ic su lph ide . I t is v e r y u n s t a b l e a n d is d e c o m p o s e d 
b y m e r e w a s h i n g w i t h w a t e r . T h e c o m p o u n d s desc r ibed b y H . MaIfa t t i a r e 
p r o b a b l y m i x e d su lph ides r a t h e r t h a n th io fe r r i t es . W h e n m o i s t ferric h y d r o x i d e 
is t r e a t e d w i t h a m m o n i u m su lph ide , t h e su lph ide fo rmed h a s t h e compos i t i on 
F e 2 S 3 , whi l s t t h a t o b t a i n e d b y p r e c i p i t a t i o n f r o m a soln. of ferric sa l t c o n t a i n i n g 
t a r t r a t e , h a s t h e in i t i a l compos i t ion F e 2 S 3 . ( N H 4 ) 2 S . 

L . Gedel a d d e d t h a t in t h e pur i f ica t ion of coal -gas , t h e r e a c t i o n c a n be r e p r e ­
s e n t e d : 2Fe(OH) 3 4~ 3 H 2 S = F e 2 S 3 - f - 6 H 2 0 ; t h e f o r m a t i o n of i ron d i su lph ide is 
p r e v e n t e d if t r a c e s of a m m o n i a be p r e s e n t . H y d r o g e n su lph ide a c t s on t h e d r i ed 
h y d r a t e F e 2 O 3 . H 2 O , in t h e p resence of hyd roch lo r i c ac id , t o f o r m fer rous su lph ide , 
s u l p h u r , a n d i r on d i su lph ide ; whi le h y d r o g e n su lph ide m i x e d w i t h a l i t t l e a m m o n i a 
c o n v e r t s h y d r a t e d ferric ox ide i n t o ferric su lph ide . If a i r b e p r e s e n t a long w i t h 
h y d r o g e n su lph ide c o n t a i n i n g t r a c e s of h y d r o g e n chlor ide , i t h a s n o inf luence o n 
t h e p r o d u c t i o n of i r on d i su lph ide . 

A s i n d i c a t e d in connec t i on w i t h t h e p r e p a r a t i o n of h y d r a t e d fer rous su lph ide , 
J . J . Berze l ius , a n d H . N . S t o k e s showed t h a t h y d r a t e d ferric su lph ide is f o r m e d 
w h e n a soln. of a ferric s a l t i s a d d e d t o an excess of a m m o n i u m o r a lkal i s u l p h i d e 
soln. , b u t if t h e a lka l i su lph ide be a d d e d t o t h e ferric sa l t in excess , a m i x t u r e of 
fe r rous s u l p h i d e a n d free s u l p h u r is fo rmed . H . N . S tokes showed t h a t if t h e 
r eac t i on occurs i n t h e p re sence of z inc h y d r o x i d e , t h e r eac t ion F e 2 S 8 + 3 Z n ( O H ) 2 
= 2 F e ( O H ) 8 - J - 3 Z n S occu r s r a p i d l y in t h e cold, a n d i n s t a n t l y o n boi l ing. Alkal i 
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p o l y su lph ides p r e c i p i t a t e fe r rous s a l t s a s ferr ic su lph ide . L . A. Sayce found t h a t 
ferr ic su lph ide is f o r m e d b y t h e a c t i o n of h y d r o g e n s u l p h i d e o n ferric ox ide (q.v.). 
I i . Gede l a d d e d t h a t a b l a c k m i x t u r e of fe r rous su lph ide is f o r m e d w h e n ferr ic 
ch lo r ide is t r e a t e d "with a m m o n i u m s u l p h i d e i n sufficient q u a n t i t y for all t h e soln. t o 
r e m a i n ac id ic i n v i r t u e of t h e h y d r o l y s i s of t h e ferric s a l t ; b u t if e n o u g h a m m o n i u m 
s u l p h i d e is a d d e d t o m a k e t h e soln . of ferr ic ch lor ide a lka l ine , t h e d r i ed p r e c i p i t a t e 
c o n t a i n s ferric su lph ide a s soc ia t ed w i t h sma l l p r o p o r t i o n s of fe r rous su lph ide , 
s u l p h u r , a n d i r o n d i su lph ide . F e r r i c s u l p h i d e is p r o d u c e d w h e n fer rous su lph ide 
is t r e a t e d w i t h a m m o n i u m p o l y s u l p h i d e ; a n d if a smal l p r o p o r t i o n of a m m o n i u m 
s u l p h i d e b e a d d e d t o a n a lka l ine so ln . of a ferr ic s a l t — o b t a i n e d b y a d d i n g a m m o n i a 
t o a soln. of ferr ic ch lor ide in t a r t a r i c ac id—fer r ic su lph ide is fo rmed . T . Li. P h i p s o n 
s t a t e d t h a t t h e h y d r a t e is p r o d u c e d w h e n ferric ch lor ide is a d d e d t o a m m o n i u m 
s u l p h i d e c o n t a i n i n g a l i t t l e s o d i u m h y p o c h l o r i t e , o r w h e n a ferric sa l t c o n t a i n i n g 
free ch lor ine o r h y p o c h l o r i t e is p r e c i p i t a t e d b y a m m o n i u m s u l p h i d e . T h e 
a m m o n i u m s u l p h i d e soln . shou ld h a v e a c q u i r e d b y age t h e o r d i n a r y ye l low t i n t . 
T h e ana lys i s c o r r e s p o n d s w i t h F e 2 S 3 . I i ^H 2 O. 

A. D u m a n s k y a n d A. Yakovleeff p r e p a r e d col lo idal ferric sulphide by s a t u r a t i n g 
a h o t , 6O p e r c e n t . soln. of t a r t a r i c ac id w i t h w a s h e d ferric h y d r o x i d e m a d e a lka l ine 
w i t h 25 p e r cen t . a q . a m m o n i a , d i l u t i n g t h e soln. w i t h 4 t o 32 t i m e s i t s vol . of w a t e r , 
a n d a d d i n g a n a q . soln. of h y d r o g e n s u l p h i d e — 0 0 0 3 6 9 g r m . p e r c.c. Aq . a m m o n i a 
h a s t e n s coagu la t i on . T h e s u l p h i d e sol is n e g a t i v e l y cha rged , i t is easi ly c o a g u l a t e d 
b y sa l t s , a n d w h e n •warmed i t depos i t s ferr ic h y d r o x i d e a n d s u l p h u r . J . C. W i t t 
o b t a i n e d a b lack a m o r p h o u s s u b s t a n c e b y t h e a c t i o n of s o d i u m su lph ide o n ferric 
ox ide , a n d on w a s h i n g o u t t h e s o d i u m su lph ide , t h e r e is f o r m e d a revers ib le , g reen , 
col lo idal soln. w i t h less t h a n 0*07 g r m . of i ron p e r l i t re . J . Casares s t u d i e d t h e 
colloid ; a n d P . L a I a n d P . B . G a n g u l y , t h e a c t i o n of u l t r a -v io l e t l igh t on t h e 
h y d r o s o l . 

T h e co lour of ferric su lph ide p r e p a r e d in a d r y w a y is g r e y w i t h a ye l low t i n g e 
w h i c h is n o t so p r o n o u n c e d as in t h e case of i ron d i su lph ide ; a n d J . J . Berze l ius 
a d d e d t h a t if i t be w a r m e d in v a c u o , t h e yel low colour a n d lus t re b e c o m e 
m o r e p r o n o u n c e d . T h e ferric s u l p h i d e p r e p a r e d b y t h e -wet processes is b l ack . 
T . Li. P h i p s o n sa id t h a t t h e co lour of t h e h y d r a t e is d a r k e m e r a l d green, a n d , w h e n 
col lec ted on a filter, i t a p p e a r s b l ack . T h e g r een colour b e c o m e s a p p a r e n t a f te r 
d r y i n g if t h e p o w d e r be g r o u n d u p w i t h , say , cha lk . L . P l ay fa i r a n d J . P . J o u l e 
found t h e sp . gr . t o be 4*246 ; a n d C. F . R a m m e l s b e r g , 4 -41 . F . Gieseler g a v e 
4-286 for t h e s p . gr . of ferric s u l p h i d e a t 25°/4° ; a n d h e ca l cu la t ed 48-5 for t h e mo l . 
vo l . , a n d 11*4 for t h e a t . vo l . of t h e c o n t a i n e d s u l p h u r ; t h i s g a v e 25 p e r cen t , for 
t h e c o n t r a c t i o n d u r i n g t h e f o r m a t i o n of t h i s c o m p o u n d . M. K i m u r a a n d M. T a k e -
w a k i o b s e r v e d t h a t ferr ic s u l p h i d e a b s o r b s u l t r a -v io l e t r a y s . J . J . Berze l ius sa id 
t h a t t h e s u l p h i d e is n o t m a g n e t i c . T h e d r y su lph ide is s t ab l e in d r y air , b u t 
w h e n mo i s t , i t soon b e c o m e s c o n v e r t e d i n t o ferr ic ox ide a n d s u l p h u r . Accord ing 
t o V. R o d t , a n d W . M e c k l e n b u r g a n d V. R o d t , w h e n e x p o s e d t o a i r in t h e 
p r e sence of a lka l ine s u b s t a n c e s , ferr ic s u l p h i d e becomes l igh t ye l low owing t o 
t h e s e p a r a t i o n of free s u l p h u r , a n d L*. Gede l r e p r e s e n t e d t h e r e a c t i o n : 2 F e 2 S 3 + 3 O 2 
— 2 F e 2 O 3 - f 3 S 2 . V. R o d t sa id t h a t n o F e S 2 is fo rmed . T h e r egene ra t i on of t h e 
s p e n t ferr ic ox ide , f rom t h e h y d r o g e n s u l p h i d e pur i f ica t ion of coal -gas , b y exposu re 
t o m o i s t a i r w a s d i scussed b y J . C. Bel l , A . B u h e , K . Burkhe i s e r , R . Cox, A. A. Croll, 
H . D e i c k e , F . E . E v a n s , E . H e a r d , P . H a u s k n e c h t , F . C. Hil ls , R . L a m i n g , G. Lowe , 
W . M e c k l e n b u r g a n d V. R o d t , G. H . P a l m e r s , V. R o d t , E . Schil l ing, N . H . Schil l ing, 
A . W a g n e r , a n d L.. T . W r i g h t . K . J e l l i nek a n d H . G o r d o n obse rved t h a t ferric 
s u l p h i d e i s a l m o s t inso lub le in w a t e r , a n d g a v e [Fe" " ] 2 [ S " ] 3 = 1 0 - 8 8 for t h e solubi l i ty 
p r o d u c t . H . N . S t o k e s f o u n d t h a t a t 100°, ferric su lph ide r ead i l y hydro lyzes i n t o 
ferr ic h y d r o x i d e a n d h y d r o g e n s u l p h i d e . E . F i lho l a n d J . Mellies found t h a t w i t h 
i od ine , ferr ic s u l p h i d e fo rms fe r rous iod ide . J . J . Berze l ius sa id t h a t di l . h y d r o ­
ch lor ic o r s u l p h u r i c a c i d a c t s on ferr ic s u l p h i d e fo rming h y d r o g e n su lphide , a ferr ic 
salt , and iron disulphide ; b u t L . Gedel, a n d E . Bresc ius r ep re sen t ed t h e r e a c t i o n 



1 8 2 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

w i t h h y d r o c h l o r i c ac id b y t h e e q u a t i o n : F e 2 S 3 - } - 4 H C l = 2 F e C l 2 + 2 H 2 S - f - S . If 
s o m e p y r r h o t i t e b e p r e s e n t , i r on d i su lph ide , fe r rous ch lor ide , a n d h y d r o g e n 
s u l p h i d e a r e f o r m e d / T . L . P h i p s o n s t a t e d t h a t ferr ic su lph ide dissolves in h y d r o ­
ch lo r i c ac id w i t h effervescence, p r o d u c i n g i m m e d i a t e l y ferr ic ch lor ide i n sp i t e of 
t h e a b u n d a n c e of h y d r o g e n s u l p h i d e p r e s e n t . A c c o r d i n g t o V . R o d t , a n d 
W . M e c k l e n b u r g a n d V. R o d t , if m o i s t h y d r a t e d ferr ic su lph ide be e x p o s e d t o 
h y d r o g e n su lph ide in t h e a b s e n c e of a i r , i t is t r a n s f o r m e d i n t o a m i x t u r e of fe r rous 
s u l p h i d e a n d i ron d i s u l p h i d e : F e 2 S 3 = F e S H - F e S 2 - T h i s t r a n s f o r m a t i o n m a y t a k e 
p l a c e s lowly a t o r d i n a r y t e m p . , b u t i t occupies o n l y a few h o u r s a t 60° . T . L . P h i p ­
son sa id t h a t i t is a p p r e c i a b l y soluble in w a t e r c o n t a i n i n g s o m e a m m o n i a , a n d 
s e p a r a t e s f rom soln. a s a m m o n i a escapes ; i t is m o r e r ead i ly so luble in w a t e r con ­
t a i n i n g free a m m o n i a , i t is e v e n m o r e soluble in a lcohol ic a m m o n i a fo rming i n e a c h 
case a c lear , g r een soln. w h i c h c a n b e fi l tered. I t is o n l y s l igh t ly so luble in a 
m i x t u r e of a m m o n i u m s u l p h i d e a n d h y p o c h l o r i t e ; n o r is i t m o r e soluble in e i t he r 
of t h e s e s u b s t a n c e s a lone . R . F . W e i n l a n d a n d L . S to r z o b s e r v e d t h a t -with 
s o d i u m a r sen i t e , ferr ic su lph ide fo rms ferric h y d r o x i d e a n d h y d r o g e n su lph ide ; 
a n d Ti. T . W r i g h t , a n d T . Gr. P e a r s o n a n d P . L . R o b i n s o n , t h a t a h o t soln. of p o t a s ­
s i u m c y a n i d e fo rms p o t a s s i u m fe r rocyan ide . E . J o r d i s a n d E . Schweizer found t h a t 
w h e n e x t r a c t e d w i t h c a r b o n d i s u l p h i d e for m a n y d a y s , s o m e s u l p h u r is r e m o v e d 
f r o m ferr ic s u l p h i d e ; a n d s imi la r ly also w i t h a lcohol , or benzene a s s o l v e n t s . 
Li. T . W r i g h t o b s e r v e d t h a t soln. of c o p p e r s u l p h a t e a n d s i lver n i t r a t e a r e d e c o m ­
p o s e d b y fe r rous su lph ide . H . N . S tokes s h o w e d t h a t a n a m m o n i a c a l soln. of z inc 
h y d r o x i d e r e a c t s : F e 2 S 3 + 3 Z n ( O H ) 2 = 2 F e ( O H ) 3 + 3 Z n S ; a s imi lar r e su l t w a s 
f o u n d b y H . Ma l fa t t i w i t h a m m o n i a c a l c a d m i u m s u l p h a t e ; b u t F . Fe ig l a n d 
co -worke r s r e p r e s e n t e d t h e r e a c t i o n : F e 2 S 3 + 2 C d S O 4 = 2 C d S + S -f- 2 F e S O 4 ; a n d 
H . Ma l fa t t i o b t a i n e d ferric h y d r o x i d e a n d l ead s u l p h i d e w i t h a soln. of l ead a c e t a t e 
c o n t a i n i n g some p o t a s s i u m h y d r o x i d e a n d g lyerco l . F . Fe ig l a n d co -worke r s 
f o u n d t h a t t h e r eac t ion w i t h m e r c u r i c ch lor ide g ives a fe r rous sa l t : F e 2 S 3 + 2 H g C l 2 
= 2 H g S + S + 2 F e C l 2 , a n d t h i s f a v o u r s t h e a s s u m p t i o n t h a t t h e f o r m u l a of ferr ic 
s u l p h i d e is F e S . F e S 2 , o the rwi se t h e r e a c t i o n : F e 2 S 3 + 3 H g C l 2 = 3 H g S + 2 F e C l 3 , w o u l d 
be a n t i c i p a t e d . A n u m b e r of c o m p l e x sa l t s occur in n a t u r e a s m i n e r a l s or m i x t u r e s 
of m i n e r a l s . 

H . Ma l f a t t i s h o w e d t h a t t h e r e is t h e p r o b a b i l i t y t h a t w h e n a soln. of ferr ic 
ch lor ide is t r e a t e d w i t h a n excess of a m m o n i u m s u l p h i d e , ( N H 4 ) 2 S , a m m o n i u m 
ferric su lphide , o r a m m o n i u m sulphoferri te , N H 4 F e S 2 , is f o rmed . Af ter w a s h i n g 
o u t t h e a m m o n i u m sa l t s , or long s t a n d i n g in w a t e r , or w a r m i n g w i t h w a t e r , a g r een 
soln . is f o r m e d u n d e r c o n d i t i o n s w h e r e ferr ic s u l p h i d e a lone is n o t d isso lved . T h e 
g r e e n soln . is p r o b a b l y t h e p e p t i z e d colloid. H . Mal fa t t i s imi la r ly o b t a i n e d 
potassium ferric sulphide, or potassium sulphoferrite, KFeS 2 , by the action of 
h y d r o g e n su lph ide on a m i x t u r e of h y d r a t e d ferr ic ox ide , a n d a n a lcohol ic soln. of 
p o t a s s i u m h y d r o x i d e . T h e b l a c k p r o d u c t is d e c o m p o s e d b y w a t e r t o f o r m p o t a s ­
s i u m s u l p h i d e a n d ge l a t i nous , h y d r a t e d ferric s u l p h i d e . R . S c h n e i d e r o b t a i n e d t h e 
c o m p l e x sa l t , K F e S 2 , b y m e l t i n g p o w d e r e d i r o n w i t h p o t a s s i u m c a r b o n a t e a n d 
s u l p h u r , a n d l each ing t h e cold p r o d u c t w i t h w a t e r . H e r e p r e s e n t e d t h e c o n s t i t u t i o n 
of t h e s a l t b y t h e f o r m u l a : 

T h e p u r p l e - b r o w n , ac i cu la r c r y s t a l s a r e p r o b a b l y r h o m b i c , a n d h a v e a s p . g r . of 
2*563. If a i r b e e x c l u d e d , t h e s a l t c a n b e h e a t e d -without d e c o m p o s i t i o n , b u t in a i r , 
p o t a s s i u m s u l p h a t e , ferr ic o x i d e , a n d s u l p h u r d i o x i d e a r e f o r m e d . J . T h u g u t t 
c o u l d n o t p r e p a r e t h i s sa l t . B y h e a t i n g for 7 0 h r s . a t 197° t o 200° , 4 g r m s . of p o t a s ­
s i u m h y d r o x i d e , 3-17 g r m s . of h y d r a t e d ferr ic o x i d e , a n d 40 c.c. of w a t e r , s a t . w i t h 
h y d r o g e n s u l p h i d e , h e o b t a i n e d a p r o d u c t of t h e c o m p o s i t i o n 3 K 2 S . F e 8 S 0 . 2 2 H 2 O . 
R . S c h n e i d e r ' s s a l t i s r a p i d l y d e c o m p o s e d b y d i l . a c id s w i t h t h e f o r m a t i o n of 
h y d r o g e n s u l p h i d e , a n d t h e d e p o s i t i o n of s u l p h u r . W h e n h e a t e d i n h y d r o g e n , 
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K 2 F e 2 S 3 is f o rmed . J . M i l b a u e r o b t a i n e d t h e sa l t K F e S 2 b y h e a t i n g ferric ox ide 
"with p o t a s s i u m t h i o c y a n a t e a t 400° . T h e c r y s t a l s of p o t a s s i u m su lphofe r r i t e , 
K F e S 2 , w e r e f o u n d b y H . O ' D a n i e l t o b e h e x a g o n a l , w i t h t h e ax i a l r a t i o 
a : c = l : 0*3939, a n d t h e X - r a d i o g r a m s c o r r e s p o n d -with a l a t t i ce h a v i n g a== 13*03 A. , 
a n d c = 5 * 4 0 A. , so t h a t a : c=l : 0*4144. T h e s p . gr . is 2*66, a n d if t h e r e a re e i g h t 
molecu le s p e r u n i t cell , t h e c a l c u l a t e d s p . gr . is 2*642. 

H . Schne ide r p r e p a r e d s o d i u m ferric su lphide , o r s o d i u m sulphoferrite , 
N a F e S 2 . 4 H 2 O , b y t h e m e t h o d h e u s e d for t h e p o t a s s i u m sa l t . J . T h u g u t t o b t a i n e d 
i t b y h e a t i n g for 76 h r s . a t 197° t o 200° a m i x t u r e of 6 g r m s . of s o d i u m h y d r o x i d e , 
2*77 g r m s . of h y d r a t e d ferric ox ide , a n d 40 c.c. of w a t e r s a t . -with h y d r o g e n suli>hide. 
H . F i n c k e s t u d i e d t h e a c t i o n of f e r rous s u l p h i d e o n fused s o d i u m su lph ide . Accord ­
i n g t o W . M e c k l e n b u r g a n d V . R o d t , s o d i u m ferr ic s u l p h i d e occu r s in t h e b l ack a s h 
of t h e L e b l a n c p roces s for soda , a n d a c o n v e n i e n t m e t h o d of p r e p a r i n g i t is t o a d d 
a soln . of a ferr ic s a l t t o a n excess of a soln. of s o d i u m s u l p h i d e , or t o t r e a t a 
so ln . of a f e r rous sa l t w i t h a n excess of s o d i u m p o l y s u l p h i d e . F . F a k t o r o b t a i n e d 
t h e a n h y d r o u s s a l t b y h e a t i n g four p a r t s of s o d i u m t h i o s u l p h a t e w i t h one p a r t of 
i r o n ; i t f o rms d a r k g reen , n e e d l e - s h a p e d c ry s t a l s , b u t loses i t s c rys t a l l ine s t r u c t u r e 
o n e x p o s u r e t o t h e a i r , b e c o m i n g v o l u m i n o u s , a n d finally fo rming a b r o w n i s h - b l a c k 
p o w d e r w h i c h g ives a d a r k g r een soln . i n w a t e r a n d evo lves h y d r o g e n su lph ide w h e n 
t r e a t e d w i t h h y d r o c h l o r i c ac id . T h e s a m e a m o r p h o u s s u b s t a n c e m a y also b e 
p r e p a r e d b y m e l t i n g s o d i u m t h i o s u l p h a t e w i t h i r on a t low t e m p . S o d i u m i ron 
s u l p h i d e is inso lub le in w a t e r a n d w h e n h e a t e d fo rms t h e ox ide ; b y t h e a c t i o n of 
cone , h y d r o c h l o r i c ac id , h y d r o g e n su lph ide a n d s u l p h u r a r e l i be ra t ed , a n d w h e n 
bo i l ed -with soln . of p o t a s s i u m c y a n i d e , p o t a s s i u m f e r rocyan ide is fo rmed . T h e 
s o d i u m a n d p o t a s s i u m sa l t s differ i n m a n y w a y s . T h e i r b e h a v i o u r t o w a r d s a so ln . 
of s i lver n i t r a t e , for i n s t a n c e , is s y m b o l i z e d : K 2 F e 2 S 4 + 2 A g N O 3 = 2 K N O 3 
+ 2 A g F e S 2 ; a n d N a 2 F e 2 S 4 4 - 4 A g N O 3 = A g 4 F e S 4 + 2 N a N O 3 + F e ( N O 3 ) 2 . T h e F e 2 S 4 " -
i o n s m a y b r e a k u p i n t o Fe**4-FeS 4 "" - ions , so t h a t t h e i on iza t ion of t h e c o m p l e x 
ferr ic su lph ides m a y p r o c e e d : M 2 F e 2 S 4 ^ 2 M * + F e 2 S 4 ' ' ^ 2 M - + Fe* ' - J -FeS 4 ' ' ' ' . Soln . 
of t h e m o r e soluble sa l t—e .g . , t h e s o d i u m s a l t — c o n t a i n m o r e F e S 4 " " - i o n s t h a n t h a t 
of t h e less so luble sa l t—e .g . , t h e p o t a s s i u m sa l t . H e n c e t h e different x>roducts 
o b t a i n e d b y t h e a d d i t i o n of s i lver n i t r a t e t o t h e a q . soln. 

A ser ies of c o m p l e x copper ferric su lphides a s soc ia t ed , m a y b e , w i t h fe r rous 
s u l p h i d e , occurs a s m i n e r a l s . F o r i n s t a n c e : 

C h a l c o p y r i t e , o r c o p p e r p y r i t e s . . . . C u F e S 8 , o r C u 2 S - F e 2 S 3 
B a r n h a r d i t e . . . . . . C u 4 F e 2 S 5 , o r 2 C u 2 S . F e 2 S 3 
B o r n i t e . . . . . . . . C u 3 F e S 3 , o r 3 C u 2 S - F e 2 S 3 
B a r r a c a n i t e . . . . . . . . C u F e 2 S 4 , o r C u S . F e 2 S 3 
C h a l e o p y r r l i o t i t e . . . . . . . C u F e 4 S 6 , o r 2 F e S - C u S - F e 2 S 3 
ChaLmers i te ( r h o m b i c ) , c u b a n i t e (cubic ) . . . C u F e 2 S 3 , o r C u 2 S - F e 4 S 6 

T h e r e is n o gene ra l a g r e e m e n t e v e n as t o t h e c o m p o s i t i o n of m o s t of t h e m . 
Dif ferent v iews m a y be f a v o u r e d a s t o t h e c o n s t i t u t i o n of t h e s e c o m p l e x sa l t s . 
P . G r o t h 2 s ugges t ed t h a t t h e y a r e sa l t s of t h r e e su lphoferric ac ids , n a m e l y : 

Disu lpho fo r r i c a c i d , T r i su lpho fo r r i e a c i d , Pentasulphodifer r ic* ac id , 
H F e S 2 . H 3 F e S 3 . H 4 F e 2 S 6 . 

C h a l c o p y r i t e , C u ' F e S 8 - B o r n i t e , C u 8 T e S 8 . B a r n h a r d i t e , C u 4 T e 8 S 6 . 
B a r r a c a n i t e , C u " ( F e S a ) a . C u b a n i t e , F e " C u ' F e S 3 . 

C h a l c o p y r r h o t i t e , 
( C u " , F e " ) s ( F e S 3 ) 2 . 

T h e t e r m ^ctA/ctT^ff w a s u s e d for t h e c o p p e r ore of C y p r u s , b y Ar i s to t l e , a b o u t 
400 B.C., a n d a p p a r e n t l y a lso b y Dioscor ides , in h i s De materia m^dica (5 . 89), 
in t h e f irst c e n t u r y ; wh i l s t t h e t e r m -jTvpLT-qs, a n d pyrites w a s also used b y 
Dioscor ides , a n d b y P l i n y , i n h i s Historia naturalis (86 . 30), w r i t t e n in t h e first 
c e n t u r y of o u r e r a . I t is a l so e v i d e n t t h a t t h e s e wr i t e r s inc luded coppe r -py r i t e s 
u n d e r t h e n a m e pyrites. 6 . Agr ico la , 3 a n d C. Gesne r d i s t ingu i shed coppe r -py r i t e s 
f r o m o r d i n a r y p y r i t e s (q.v.) b y ca l l ing t h e fo rmer Geekis, o r KupferJci-s; a n d 



1 8 4 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

J . F . H e n c k e l sa id t h a t chalcopyri te is a good d i s t i n c t i v e n a m e for t h e o r e . 
T h e same t e r m w a s used b y F . S. B e u d a n t , a n d J . O. Wal l e r iu s , w h i l s t W . H . Mil ler 
p r o p o s e d t h e t e r m towanite—from i t s occur rence i n H u e l T o w a n , Cornwa l l . 

A mineral , more bronze-l ike t h a n chalcopyri te , w a s found b y A . B r e i t h a u p t a m o n g s t 
t h e copper ores of P lauen , Vo ig t land , a n d elsewhere. I t -was cal led homichlin—from ofUxty* 
a c loud. I t occurs in tetragonal , octahedral crysta ls , or e lse m a s s i v e . I t s s p . gr . i s 
4*472—4*480, a n d i t s hardness is 4 t o 5. I t s compos i t i on is c lose t o t h a t of chalcopyri te . 
I t w a s ana lyzed b y F . Richter . J . D . D a n a identified i t -with barnhardite ; C. F . R a m m e l s -
berg, w i t h bornite ; and G. A . Klenngott , a n d P . Groth a n d K . Mieleitner, w i t h chal­
copyri te . I t m a y be chalcopyri te part ly altered t o bornite . 

A n a l y s e s were r e p o r t e d , in t h e ea r ly d a y s , b y R . Chenev ix , 4 A . G u e n i v e a u , 
R . J . H a u y , A . B r e i t h a u p t , C. C. v o n L e o n h a r d , M . V . H a r t w a l l , e t c . O t h e r 
a n a l y s e s -were r e p o r t e d b y H . S to l t i ng , P . J a n n a s c h , T . H a e g e , H . L a s p e y r e s , A . v o n 
Ka lecs inszky , L,. F l e t c h e r , A . d ' A c h i a r d i , - I . D o m e y k o , J . L . Soube i r an , B . B l o u n t , 
C. A . J o y , P . Geijer , P . J . S h e n o n , E . Bech i , D . F o r b e s , C. D . P i l ide , A. R a i m o n d i , 
J . H . Collins, F . J . M a l a g u t i a n d J . D u r o c h e r , G. T . P r io r , A. L a c r o i x , 
P . P i l i p e n k o , e t c . T h e r e su l t s ag ree w i t h t h e f o r m u l a C u F e S 2 m i x e d w i t h m o r e 
o r less p y r i t e . Cha l copy r i t e s o m e t i m e s c o n t a i n s gold a n d si lver . A . Dieseldorff, 
for i n s t a n c e , f o u n d t h e m i n e r a l f rom W o r t u p a , S o u t h A us t r a l i a , t o b e c o m p a r a t i v e l y 
r i ch in gold . C. W . D i c k s o n o b s e r v e d p l a t i n u m in a s a m p l e f rom S u d b u r y . 
T h a l l i u m (g.v.) is of ten p r e s e n t ; a n d C. F . R a m m e l s b e r g m e n t i o n e d t h e p r e s e n c e 
of t r a c e s of se len ium. A. de G r a m o n t d iscussed t h e c o n s t i t u e n t s r evea led b y t h e 
s p a r k s p e c t r u m . 

R . Ph i l l ip s , a n d H . R o s e r e p r e s e n t e d t h e c o m p o s i t i o n of t h e m i n e r a l b y t h e 
f o r m u l a : C u F e S 2 ; a n d H . R o s e s h o w e d t h a t t h e a s s u m p t i o n t h a t i t is c o n s t i t u t e d 
a s a cuprous ferric disulphide, o r cuprous sulphoferrite , C u 2 S . F e 2 S 3 , o r C u F e S 2 , 
ag rees b e t t e r w i t h t h e f ac t s t h a n does t h e a s s u m p t i o n m a d e b y R . Ph i l l ips t h a t i t is 
c o n s t i t u t e d C u S . F e S . G. R o s e , a n d P . B e r t h i e r a lso a d o p t e d t h i s h y p o t h e s i s , 
a n d A . K n o p s h o w e d t h a t t h i s fo rmula , C u 2 S . F e 2 S 3 , is m o r e in acco rd w i t h t h e 
b e h a v i o u r of t h e m i n e r a l t o w a r d s h y d r o c h l o r i c ac id . C. F . R a m m e l s b e r g a t first 
f a v o u r e d R . Ph i l l i p s ' h y p o t h e s i s , b u t l a t e r , in v i ew of R . S c h n e i d e r ' s s y n t h e s i s 
f r o m c u p r o u s ch lor ide , a n d p o t a s s i u m ferric su lph ide , P . G r o t h r e g a r d e d i t a s t h e 
c u p r o u s sa l t of a su lphofer r ic ac id , C u ( F e S 2 ) ' . F . Be i j e r inck d id n o t f a v o u r t h i s 
h y p o t h e s i s , b u t J . B e c k e n k a m p d id . T . T . R e a d , a n d L . P . M o r g a n a n d E . F . S m i t h 
t i t r a t e d a soln. of t h e m i n e r a l w i t h p o t a s s i u m p e r m a n g a n a t e , a n d cons ide red t h a t 
t h e i r o n is p r e s e n t in t h e fe r rous , n o t ferric s t a t e , a n d t h e y sugges t ed t h a t cha l ­
c o p y r i t e is a m a r c a s i t e , w i t h p a r t of t h e i ron r e p l a c e d b y coppe r . E . C. Su l l ivan , 
a n d H . N . S t o k e s d i d n o t ag ree . M. L e g r a y e , a n d A. L a i t a k a r l d i scussed t h e 
f o r m a t i o n of c o p p e r p y r i t e s . 

C. Li. B u r d i c k a n d J . H . El l i s f ound t h a t t h e space - l a t t i ce of c h a l c o p y r i t e , 
F i g . 625 , is t e t r a g o n a l w i t h t h e a x i a l r a t i o s a : b : c—1 : 1 : 0-985. T h e i r o n a n d 

c o p p e r a t o m s a r e l o c a t e d so t h a t t h e y t o g e t h e r f o r m a 
3 - 3 ^ f ace -cen t r ed t e t r a g o n a l l a t t i c e , t h e p l a n e s p e r p e n d i c u l a r 

t o t h e t e t r a g o n a l ax i s b e i n g m a d e u p a l t e r n a t e l y of 
c o p p e r a t o m s a lone a n d i r o n a t o m s a lone . T h e s u l p h u r 
a t o m s a r e l oca t ed o n a s imi la r f ace -cen t r ed l a t t i c e w i t h 
t h e p l a n e s of t h e s u l p h u r a t o m s ly ing m i d w a y in all 
t h r e e of t h e a x i a l d i r ec t i ons b e t w e e n t h e p l a n e s of t h e 
i r on a n d c o p p e r a t o m s . T h e s u b j e c t w a s also i n v e s t i ­
g a t e d b y R . a n d N . Gross , -who r e g a r d e d c h a l c o p y r i t e a s 
h a v i n g t h e s a m e gene ra l c h a r a c t e r a s d o l o m i t e . F . R i n n e 

tp Aoe « T cons ide red m a g n e t i t e , F e F 2 O 4 , a n d c h a l c o p y r i t e , C u 2 F e 2 S 4 , 
6 2 5 ^ S p a c e - L a t t i c e ^ ^ i s 0 m e t r i c . L,. P a u l i n g a n d L,. O. B r o c k w a y f o u n d 

p y t h e u n i t cell h a d 4 m o l s . of C u F e S 2 ; t h a t a = 5 - 2 4 A . , a n d 
C = 1 0 - 3 0 A . ; t h e c loses t d i s t a n c e of c o p p e r a n d s u l p h u r a t o m s is 2-32 A . , a n d of 
t h e i ron a n d s u l p h u r a toms , 2-2O A . ; a n d t h e y infer t h a t t h e a t o m s h a v e n o 

%~/e atoms Q-Cc/ ato/ns 
••Salterns 
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fixed va lenc ies , b u t fluctuate b e t w e e n C u ' F e ' " S 2 a n d C u " F e " S 2 . H . O 'Danie l 
s t u d i e d t h e s u b j e c t . 

C h a l c o p y r i t e a n d b o r n i t e a r e p r o b a b l y of m a g n e t i c or ig in . T h e y a r e wide ly 
d i s s e m i n a t e d m i n e r a l s w h i c h o c c u r i n me ta l l i c ve ins a n d p o c k e t s , a n d i n c o n t a c t 
zones in gneiss a n d c rys t a l l i ne sch is t s , a n d occu r rences in s e rpen t in i zed r o c k s h a v e 
b e e n n o t e d b y B . !Lott i ,5 R . B e c k a n d W . v o n F i r c k s , a n d W . H . W e e d ; in d io r i t i c 
r o c k s , b y A. S c h e n c k ; a n d i n p e g m a t i t e , b y J . F . K e m p , a n d J . C a t h a r i n e t . I t 
occu r s a s i m p r e g n a t i o n s or r e p l a c e m e n t s i n s e c o n d a r y rocks . I t is f r e q u e n t l y 
a s s o c i a t e d w i t h i r o n p y r i t e s , p y r r h o t i t e , a r sen ica l p y r i t e s , s ider i te , t e t r a h e d r i t e , 
b o r n i t e , fahlerz , s p h a l e r i t e , cha lcoc i t e , a n d s o m e t i m e s w i t h p e n t l a n d i t e . T h i s 
s u b j e c t w a s d i scussed b y S. G. L a s k y , C L a u s e n , O. Miigge, P . J . S h e n o n , A . S a d e -
beck , O. v o n H u b e r , H . W . T u r n e r a n d A. F . R o g e r s , K . Sch los smache r , F . K l o c k -
m a n n , H . S c h n e i d e r h o h n , M. L . H u g g i n s , W . H . N e w h o u s e , P . R a m d o h r , 
G. M. S c h w a r t z , P . Erimesco, a n d M. B r i n k m a n n . F . Z a m b o n i n i in fe r red t h a t t h e 
c h a l c o p y r i t e of B o c c a ne l P i g n a , Vesuv ius , w a s f o r m e d b y t h e a c t i o n of h y d r o g e n 
s u l p h i d e on soln. of c o p p e r a n d i ron ch lor ides . A. S a d e b e c k desc r ibed p s e u d o m o r p h s 
of c h a l c o p y r i t e a f te r fahlerz ; P . v o n Jeremeeff, a f te r cha lcoc i t e ; F . S a n d b e r g e r , 
a f t e r ga l ena ; H . A. Miers , a f te r b o u r n o n i t e ; E . Dol l , a f ter c u p r i t e ; Gr. N . Maier , 
a n d A . A r z r u n i , a f t e r m a g n e t i t e ; H . A. Miers , b i s m u t h i n i t e ; a n d J . R . B l u m , a f t e r 
fossi ls—like a m m o n i t e s , b r a c h i o p o d s , snai ls , a n d fish r e m a i n s . 

J . F . L . H a u s m a n n o b s e r v e d c h a l c o p y r i t e in t h e m a s o n r y of a r o a s t i n g fu rnace 
a t Gos la r ; A . R e i c h , in t h e h e a r t h of a r e v e r b e r a t o r y fu rnace a t H a l s b r u c k e ; 
A . R e u s s , a n d F . S t o l b a , in t h e b las t - fu rnace p r o d u c t s n e a r T r a u t e n a u ; B . v o n 
C o t t a , a n d C. W . C. F u c h s , in a fu rnace of t h e M u l d e n e r H i i t t e , n e a r F r e i b e r g , e t c . ; 
F . G o n n a r d , i n a glass fu rnace a t L y o n ; a n d A. N . Winche l l , in a fu rnace in B u t t e , 
M o n t a n a . A . D a u b r e e o b s e r v e d t h e f o r m a t i o n of c h a l c o p y r i t e , cha lcoc i te , b o r n i t e , 
a n d t e t r a h e d r i t e o n R o m a n b r o n z e s e x p o s e d t o t h e t h e r m a l s u l p h u r e t t e d w a t e r s 
of B a g n e r e s - d e - B i g o r r e , Mer -de -F l ines , a n d B o u r b o n n e - l e s - B a i n s ; a n d C. A. d e 
G o u v e n a i n n o t e d t h a t R o m a n co ins e x p o s e d t o t h e w a t e r s of B o u r b o n 1 'Archambau l t 
w e r e c r u s t e d w i t h c h a l c o p y r i t e . F . K l o c k m a n n also n o t e d t h e f o r m a t i o n of t h e 
c h a l c o p y r i t e i n t h e c o p p e r t u b e s c a r r y i n g t h e t h e r m a l w a t e r s n e a r P e s t ; wh i l s t 
E . C h u a r d o b s e r v e d t h a t b r o n z e i m p l e m e n t s , f rom t h e Swiss l ake dwel l ings , we re 
c o v e r e d w i t h a t h i n l a y e r of a k i n d of s t ann i f e rous c h a l c o p y r i t e . 

J . F o u r n e t o b t a i n e d c h a l c o p y r i t e b y s i m p l y fus ing a m i x t u r e of coppe r su lph ide 
a n d p y r i t e . H . d e S e n a r m o n t o b s e r v e d t h a t w h e n a soln. c o n t a i n i n g fer rous a n d 
c u p r o u s ch lor ides , s o d i u m p o l y s u l p h i d e , a n d a n excess of s o d i u m h y d r o c a r b o n a t e 
is h e a t e d t o 250° , a n a m o r p h o u s c h a l c o p y r i t e is fo rmed . C. D o e l t e r g e n t l y h e a t e d 
a m i x t u r e of c o p p e r a n d ferric ox ide in t h e m o l a r p r o p o r t i o n s 2 : 1 i n a c u r r e n t of 
h y d r o g e n su lph ide , a n d o b t a i n e d c h a l c o p y r i t e . E . G. Zies a n d co -worke r s o b s e r v e d 
t h a t w h e n h e a t e d in a sea led t u b e w i t h a soln . of cup r i c s u l p h a t e , p y r r h o t i t e is 
c o n v e r t e d i n t o c h a l c o p y r i t e a n d b o r n i t e . R . Schne ide r a g i t a t e d a f a in t ly a m m o n i a c a l 
soln . of c u p r o u s ch lo r ide , eq . t o 0*455 g r m . C u 2 O , w i t h a g r a m of p o t a s s i u m ferric 
d i s u l p h i d e u n t i l t h e r e m a i n i n g l iqu id n o longe r c o n t a i n e d coppe r . Crys t a l s of 
c h a l c o p y r i t e w e r e t h u s o b t a i n e d , a n d t h e m o d e of p r e p a r a t i o n shows t h a t t h e 
r e a c t i o n is p r o b a b l y s y m b o l i z e d : K 2 S . F e 2 S 3 H - ^ u 2 C l 2 - ^ 2 K C l - j - C u 2 S . F e o S 3 . Th i s 
r e a c t i o n i s r e g a r d e d a s a d e m o n s t r a t i o n t h a t t h e s u b s t a n c e w i t h t h e empi r i ca l 
f o r m u l a C u F e S 2 c o n t a i n s c u p r o u s c o p p e r a n d ferr ic i ron , t h e a r g u m e n t , t o be con­
c lus ive , r e q u i r e s a d e m o n s t r a t i o n t h a t t h e c u p r o u s su lph ide is n o t oxid ized b y t h e 
ferr ic s u l p h i d e . S. W . Y o u n g a n d N . P . Moore found t h a t cha lcoc i te in a soln. 
of p o t a s s i u m s u l p h i d e , o r i n a n a q . so ln . of h y d r o g e n su lph ide , fo rms a colloidal soln. 
of c o p p e r s u l p h i d e w h i c h pa s se s i n t o c h a l c o p y r i t e w h e n in c o n t a c t w i t h fer rous 
sulphate , colloidal ferric sulphide o r m a g n e t i t e . 

T h e colour of c h a l c o p y r i t e is b rass -ye l low w i t h a t i n g e of g reen ; a n d i t is often 
t a r n i s h e d or i r i descen t , w h e n i t has b e e n cal led peacock ore—this ore occurs in 
Cornwall. T h e streak is black, and according t o J . L.. C. Sch roede r v a n de r K o I k , 6 

t h e powder i s v io let . The microstructure and t h e op t i ca l p r o p e r t i e s of po l i shed 
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surfaces w e r e e x a m i n e d b y H . S c h n e i d e r h o h n . J . B . L . Rome" d e l ' l s l e , a n d 
R . J . H a i i y t h o u g h t t h a t t h e c r y s t a l s be longed t o t h e cub ic s y s t e m , a l t h o u g h 
J . F . H e n c k e l h a d p r e v i o u s l y o b s e r v e d q u a d r a t i c p y r a m i d s w h i c h f o r m e d equ i -
a n g l e d t r i ang les . A. B r e i t h a u p t sa id t h a t t h e c r y s t a l s d o n o t be long t o t h e cub ic 
s y s t e m , a n d t h i s w a s conf i rmed b y C C . v o n L e o n h a r d , a n d R . Ph i l l ip s . J . B e c k e n -
k a m p sa id t h a t t h e c ry s t a l s f rom A r a k a w a a r e r h o m b i c p y r a m i d s ; a c c o r d i n g t o 
W . H a i d i n g e r , t h e c rys t a l s a r e p seudo-cub ic , b e i n g rea l ly t e t r a g o n a l , -with t h e ax i a l 
r a t i o a : c==l : 0-98525 ; V. G o l d s c h m i d t g a v e 1 : 1-3933 ; a n d G. T . P r i o r , 1 : 0-9853. 
W . H a i d i n g e r ' s r e su l t s were conf i rmed b y A. S a d e b e c k , a n d N . v o n Kokscharoff . 
C. L . B u r d i c k a n d J . H . El l i s ' space - l a t t i ce a g r e e d w i t h t h e r a t i o a : c—1 : 0-985. 
T h e m i n e r a l m a y occur mass ive a n d c o m p a c t — a ren i fo rm or b o t r y o i d a l v a r i e t y , 
w i t h a s m o o t h b r a s s y a p p e a r a n c e , is cal led blistered copper ore. C h a l c o p y r i t e m a y 
a lso occur in c r y s t a l s c o m m o n l y t e t r a h e d r a l w i t h t h e spheno ida l ( l l l ) - f a c e s l a rge , 
du l l , or oxid ized , a n d d i agona l ly s t r i a t e d ; t h e ( l l l ) - f a c e s m a y b e smal l , b r i l l i an t , 
a n d n e i t h e r ox id ized n o r s t r i a t e d ; wh i l s t t h e s c a l e n o h e d r a l a n d o t h e r faces a r e 
of ten p r o m i n e n t , a n d often s t r i a t e d para l l e l w i t h t h e ( l l l ) - i n t e r s e c t i o n . T h e 
s p h e n o i d a l a n d o t h e r faces m a y be also s t r i a t e d . O b s e r v a t i o n s o n t h e c r y s t a l s 
were m a d e b y O. L u e d e c k e , J . S. S t e v e n s o n , V . G o l d s c h m i d t a n d R . Sch rode r , 
P . G r o t h , B . M a u r i t z , G. T s c h e r m a k , J . W . G r u n e r , A. H i m m e l b a u e r , J . K o n i g s -
berger , G. F l i n k , V. G o l d s c h m i d t , B . M a u r i t z , P . P . P i l i p e n k o , V. Di i r r fe ld , 
M. I J n g e m a c h , A. S. Russe l l , H . Maye r , T . H a e g e , G. Cesaro , G. v o m R a t h , 
J . B e c k e n k a m p , L . Souheu r , L . T o k o d y , H . B a u m h a u e r , F . S a n d b e r g e r , A . F r e n z e l , 
C. F . N a u m a n n , J . F . Oeb ike , R . B . H a r e , A. F r a n z e n a u , A . L e v y , L . B u c h r u c k e r , 
R . P . Greg a n d W . G. L e t t s o m , W . J . L e w i s a n d A. L . H a l l , S. L . Penf ie ld , 
a n d N . W . a n d M. J . Bue rge r . A c c o r d i n g t o L . F l e t c h e r , t w i n n i n g occu r s 
(i) a b o u t t h e ( l l l ) - p l a n e w i t h t h e c o m p o s i t i o n face a p e n e t r a t i o n t w i n w h i c h 
m a y be p e r p e n d i c u l a r t o (111), a n d s o m e t i m e s r e p e a t e d a s a fiveling ; (ii) a b o u t 
t h e t w i n n i n g p l a n e a n d c o m p o s i t i o n face (101), of ten in r e p e a t e d t w i n s ; a n d 
(iii) t h e t w i n n i n g p l a n e (110), t w i n n i n g ax i s c, a n d c o m p l e m e n t a r y p e n e t r a t i o n 
t w i n s ; wh i l s t (iv) t w i n n i n g of p s e u d o - r h o m b o h e d r a l s y m m e t r y is r a r e . T h e 
(201)-c leavage is s o m e t i m e s d i s t i nc t , a n d (001), i n d i s t i n c t . M. J . Bue rge r , a n d 
O. Miigge s t u d i e d t h e d e f o r m a t i o n of c r y s t a l s b y p r e s su r e . L . T o k o d y , Z. Toborffy , 
a n d A. H i m m e l b a u e r s t u d i e d t h e cor ros ion f igures . W . F a c k e r t r e c o m m e n d e d 
a m i x t u r e of 2-5 vols , n i t r i c ac id of s p . gr . 1*2 w i t h 4 vols , h y d r o c h l o r i c ac id of 
s p . gr . 1-19, 10 vols , of -water, a n d a " p i n c h " of p o t a s s i u m c h l o r a t e . P . R a m d o h r , 
W . H . N e w h o u s e , J . W . G r u n e r , a n d G. M. S c h w a r t z , i n v e s t i g a t e d in t ergrowths 
of b o r n i t e w i t h s t a n n i t e , p y r r h o t i t e , c u b a n i t e , a n d cha lcoc i t e , a n d C. L a u s e n , of 
c h a l c o p y r i t e w i t h n icco l i te . 

D . F o r b e s g a v e 4-185 for t h e sp . gr . of c h a l c o p y r i t e ; T . H a e g e , 4-301 ; J . J o I y , 
4 - 1 4 3 ; G. T . P r i o r , 4-170 ; A . L a c r o i x , 4-10O ; P . P . P i l i p e n k o , 4-120 ; E . M a d e l u n g 
a n d R . F u c h s , 4-1806 ; J . B e c k e n k a m p , 4-12 t o 4-17 ; J . Samojloff, 4-21 ; a n d 
M. v o n S c h w a r z , 4-1 t o 4-3. C. D o e l t e r f o u n d t h e art if icial c r y s t a l s t o h a v e t h e 
s p . gr . 4-196 ; a n d R . Schne ide r , 3-6 a t 15° ; whi l e C. L . B u r d i c k a n d J . H . El l i s 
c a l c u l a t e d f rom t h e space - l a t t i ce va lues , F i g . 625 , 4-24. E . H . K r a u s a n d 
J . P . G o l d s b e r r y g a v e 4-2 for t h e sp . gr . , 43-705 for t h e mo l . vo l . , a n d for t h e t o p i c 
ax i a l r a t i o s x ' <A •" o>=3-5407 : 3-5407 : 3-4897. W . H . Goodch i ld s t u d i e d t h e m o l . 
vo l . , a n d J . J . S a s l a w s k y c a l c u l a t e d t h e vo l . c o n t r a c t i o n w h i c h occur s i n t h e for­
m a t i o n of c h a l c o p y r i t e . T h e h a r d n e s s of c h a l c o p y r i t e is 3-5 t o 4*0 ; C. D o e l t e r 
g a v e for t h e art if icial c rys t a l s , 3 t o 4 . O. Miigge, a n d M. J . B u e r g e r s t u d i e d t h e 
p l a s t i c d e f o r m a t i o n of c h a l c o p y r i t e . E . M a d e l u n g a n d R . F u c h s g a v e for t h e 
compress ib i l i t y 0-O5128 m e g a b a r s p e r sq . c m . F . E . N e u m a n n g a v e 0-1297 t o 
0-1282 for t h e s p . h e a t of c h a l c o p y r i t e ; P . E . W . Oeberg , 0-1291 b e t w e e n 14° a n d 
99° ; J . J o I y , 0-12708 t o 0-12717 b e t w e e n 12° a n d 100° ; a n d A . Sella, 0-1278. 
J . J o I y g a v e 470° for t h e m . p . , w h a t e v e r t h a t m a y m e a n . L . H . B o r g s t r o m g a v e 
620° for t h e d i s soc ia t ion t e m p . A. d e G r a m o n t e x a m i n e d t h e s p a r k s p e c t r u m ; 
A . P o c h e t t i n o , t h e c a t h o d o l u m i n e s c e n c e ; a n d G. G r e e n w o o d a n d D . T o m b o u l i a n , 
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t h e p iezoe lec t r ic i ty . F . Be i j e r inck , a n d R . G. H a r v e y sa id t h a t t h e e lec t r ic con­
d u c t i v i t y of c h a l c o p y r i t e is good , a n d c h a n g e s w i t h t e m p ; H . L o w y g a v e 5 X I O 1 3 

e.g.s . u n i t s . A . A b t m e a s u r e d t h e e lec t r ica l r e s i s t ance of c h a l c o p y r i t e ; a n d 
T . W . Case o b s e r v e d n o c h a n g e i n t h e r e s i s t ance o n e x p o s u r e t o l igh t . F o r t h e 
o b s e r v a t i o n s of W . G. H a n k e l , E . B e c q u e r e l , R . B u n s e n , A. A b t , a n d J . S t e f an 
o n t h e t h e r m o e l e c t r i c p rope r t i e s—v ide infra, p y r i t e . W . S k e y o b s e r v e d t h a t 
in a soln. of s o d i u m ch lor ide , c h a l c o p y r i t e is e l e c t r o n e g a t i v e t o si lver. 1. B e r n -
feld f o u n d t h a t if u s e d a s a n o d e in a n ac id soln. , t h e c o p p e r passes i n t o soln . 
a n d t h e s u l p h u r r e m a i n s b e h i n d , or, if t h e c u r r e n t d e n s i t y is h igh , i t i s 
ox id ized . I n a lka l ine soln. , a s a n o d e , c u p r i c h y d r o x i d e is f o rmed a n d t h e 
s u l p h u r is ox id ized , a n d w h e n u s e d a s c a t h o d e , a c o p p e r s l ime r e m a i n s b e h i n d . 
E . F r S m i t h n o t e d t h a t t h e s u l p h u r is ox id ized if t h e p o w d e r e d m i n e r a l 
b e e lec t ro lyzed in m o l t e n p o t a s s i u m h y d r o x i d e w i t h a n icke l d i sh a s a n o d e . 
K . F i s c h b e c k s t u d i e d t h e e l ec t ro ly t i c r e d u c t i o n of C u F e S 2 . E . T . W h e r r y found 
t h a t c h a l c o p y r i t e is a fair r a d i o d e t e c t o r ; t h i s s u b j e c t w a s also d iscussed b y C. T i s so t 
a n d F . Pe l l in , H . S. R o b e r t s a n d L . H . A d a m s , a n d W . O g a w a . W . O g a w a s t u d i e d 
t h e t h e r m o e l e c t r i c p r o p e r t i e s of c h a l c o p y r i t e a n d a c u r r e n t of 10,500/u, v o l t flows 
f rom t h e m i n e r a l t o t h e c o p p e r a t t h e h o t j u n c t i o n . W. R . C rane g a v e 127 X 1 O - 6 

for t h e m a g n e t i c suscep t ib i l i t y . 
Acco rd ing t o P . B e r t h i e r , a n d C. F . R a m m e l s b e r g , w h e n c h a l c o p y r i t e is h e a t e d 

o u t of c o n t a c t w i t h a i r , a b o u t a q u a r t e r of t h e s u l p h u r is g iven off : 2 C u F e S 2 
- - C u 2 S - J - 2 F e S - [ - S . A c c o r d i n g t o F . Be i je r inck , w h e n c h a l c o p y r i t e is h e a t e d o u t 
of c o n t a c t -with air , s u l p h u r is g iven off, a n d , a d d e d F . F ro l i ch , t h e m i n e r a l b e c o m e s 
m o r e so luble in di l . ac ids . F . T h o m a s sa id t h a t for t h e c o m p l e t e r e m o v a l of t h e 
s u l p h u r , t h e p r e sence of s o m e g a n g u e m i n e r a l s a r e neces sa ry , a n d M. de K . T h o m p ­
son , t h a t t h e c o p p e r pas ses i n t o c u p r i c ox ide . A . M o u r l o t f ound t h a t a b o u t 10 p e r 
c e n t , s u l p h u r r e m a i n e d a f te r t h e m i n e r a l h a d b e e n h e a t e d t e n m i n u t e s in t h e 
e lec t r ic a r c fu rnace . R . Schne ide r f o u n d t h a t a t du l l r edness , 12*5 p e r c en t , of 
s u l p h u r is los t in a n a t m . of c a r b o n d iox ide , a n d 25 p e r cen t , in a n a t m . of 
h y d r o g e n . 

T h e t a r n i s h i n g of t h e m i n e r a l o n e x p o s u r e t o a i r h a s been i n d i c a t e d a b o v e . 
T h e t r a n s f o r m a t i o n of c h a l c o p y r i t e i n t o m a l a c h i t e a n d a z u r i t e w h e r e t h e m i n e r a l is 
e x p o s e d t o c a r b o n e t t e d w a t e r s , a n d also i t s t r a n s f o r m a t i o n i n t o cha lcoc i te , C u 2 S , 
a n d covel l i te , CuS , h a v e b e e n f r e q u e n t l y o b s e r v e d . T h e o x i d a t i o n of c h a l c o p y r i t e 
w a s s t u d i e d b y S. H . E m m e n s , H . Sa i t o , W . H . E m m o n s , C. R . v a n H i se , R . C. Wel l s , 
a n d V. H . G o t t s c h a l k a n d H . A. Bueh le r—v ide infra, i ron p y r i t e s . I n n a t u r e t h e r e 
a r e v a r i o u s r e a c t i o n s a s soc i a t ed w i t h t h e a c t i o n of 
c u p r i c s a l t soln. , s a y cup r i c s u l p h a t e , fo rmed b y t h e 
o x i d a t i o n of ores in t h e u p p e r l e v e l s ; a n d v a r i o u s 
c o p p e r m i n e r a l s a r e c o n v e r t i b l e one i n t o t h e o t h e r . 
I n i l l u s t r a t i on , E . G. Zies a n d co -worke r s f o u n d t h a t 
b y t h e ac t i on of soln. of c u p r i c s u l p h a t e , h e a t e d in 
sea led t u b e s , c h a l c o p y r i t e w a s c o n v e r t e d i n t o covel l i te 
a n d t h e n t o cha lcoc i t e ; a n d P . v o n Jeremeeff o b s e r v e d 
a t a l oca l i t y i n t h e A l t a i Mts . , e v e r y s t a g e of t r a n s i t i o n 
f r o m c h a l c o p y r i t e t o cha lcoc i te . K . S c h l o s s m a c h e r o b ­
s e r v e d t h e t r a n s f o r m a t i o n of b o r n i t e i n t o c h a l c o p y r i t e ; 
a n d H . A. Miers , a n d M. B r i n k m a n n , t h e r eve r se 
c h a n g e : C u 3 F e S 3 - j - F e 2 S 3 =--3CuFeS2 ; E . Dol l r e p o r t e d 
p s e u d o m o r p h s of p y r i t e a f te r c h a l c o p y r i t e ; T . W a d a , 
of c o p p e r a f t e r c h a l c o p y r i t e ; a n d F . A. G e n t h , of 
h i s inge r i t e a f t e r c h a l c o p y r i t e . J . W . Mellor f o u n d t h a t w h e n t h e p o w d e r e d 
(200' s lawn) m i n e r a l is h e a t e d , whi le a c u r r e n t of a i r is p a s s e d ove r t h e surface, t h e 
p e r c e n t a g e losses of t h e c o n t a i n e d s u l p h u r w h e n t h e m i n e r a l is h e a t e d 2 t o 3 h r s . 
a t t h e g iven t e m p . , are t h o s e i n d i c a t e d in F i g . 626. F . F o r e m a n obse rved t h a t 
w h e n c h a l c o p y r i t e is h e a t e d i n a sealed t u b e : 

tar axr wo" mr 
F i o . 6 2 0 . — L o s s of S u l p h u r 

wl ion t h e Mine ra l s a r e 
H e a t e d in a C u r r e n t of 
Ai r . 
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W a t e r 

0.12NT-Na48S 

DISSOLVED 
/ F e 
\ C u e q . H 2 S 

/ F e 
\ C u e q . H 2 S 
/ F e 
\ C u e q . H 2 S 

ioo° 
2 0 

210° 
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H. Freundlich and co-workers studied the adsorption of water. C A . Burghardt 
found t h a t when chalcopyrite is fused with ammonium ni t ra te , reddish-brown 
ferric oxide is formed. S. W. Pa r r found t h a t t h e sulphur is all oxidized by the 
action of molten sodium dioxide ; J . Matuschek, by fused potassium ni t ra te ; and 
C. Boucher, b y a mixture of sodium persulphate and ammonium ni t ra te . 
R. Schneider said t h a t i t is not a t tacked by hot or cold water. According to 
C. Doelter, water alone dissolves 0*1660 per cent, of the iron in the chalcopyrite 
employed. J . Liemberg found t h a t alkaline bromine-water colours the mineral 
bronze-brown and forms copper and ferric oxides. E . Schafer said t h a t t he mineral 
is slowly a t tacked b y chlorine a t ordinary temp. , bu t a t a higher temp, the action 
is quicker ; bromine acts more slowly t han chlorine. H . N . Stokes observed 
t h a t chalcopyrite when exposed t o bromine vapour for half a minute, and then 
to hydrogen sulphide gas, is blackened, -whereas iron sulphides remain bright . 
R. Schneider found t h a t dil. hydrochloric acid has no action, bu t the hot , cone, 
acid a t tacks i t vigorously without all the iron passing into soln. A. Knop observed 
t h a t hydrochloric acid extracts the iron as oxide leaving behind most of the copper 
—no hydrogen is given off. According to F . Beijerinck, hydrochloric acid slowly 
a t tacks chalcopyrite forming covellite. E . E . and I . W. Wark observed the effect 
of sulpho-compounds on the notat ion of the mineral. E . F . Smith said t h a t chal­
copyrite is decomposed by sulphur monochloride a t 140°, and S. W. Young and 
N. P . Moore showed the action of soln. of alkali sulphides to be very small. 
A. Himmelbauer observed the corrosion figures with warm sodium hydroxide soln., 
and J . !Lemberg observed t h a t the boiling lye makes the surfaces of the crystals 
m a t t . T. T. Read found t h a t sulphurous acid ext rac ts the iron as ferrous sulphate. 
A. Himmelbauer did no t obtain corrosion figures with sulphuric acid, bu t Z. Toborffy 
did. S. W. Young and N. P . Moore observed t h a t a soln. of 0-IiV-H2SO4 along with 
hydrogen sulphide, becomes turbid. R. Schneider found t h a t the mineral is no t 
a t tacked b y dil. alkali lye, or by dil. aq. ammonia. He also found t h a t cold nitric 
acid of sp. gr. 1*2 has no action, bu t the mineral dissolves in the hot acid, forming 
a green soln. with the separation of sulphur ; and Z. Toborffy studied the corrosion 
figures obtained with nitric acid. Aqua regia is the best solvent for chalcopyrite. 
E . Wilke-Dorfurt and E . A. Wolf opened the mineral for analysis by heating i t 
in t he vapour of iodine trichloride. O. Gasparini found t h a t the mineral is 
energetically oxidized in the presence of nitric acid undergoing electrolysis. 
J . Lemberg observed t h a t chalcopyrite is no t soluble in a boiling soln. of potassium 
cyanide ; he also showed t h a t a soln. of potassium ferrocyanide in acetic acid 
gradually forms a film of brown copper ferrocyanide which later changes into 
prussian blue. K. B . Rogers showed t h a t the heated mineral is decomposed by t h e 
vapour of carbon tetrachloride. W. O. Hickok observed t h a t chalcopyrite is no t 
acted on by a soln. of s tannous chloride. H . N . Stokes found t h a t when a mineral 
is t rea ted with a soln. of ferric sulphate—vide infra, pyri te—bornite can be dis­
tinguished from chalcopyrite even when the proportion of copper is less t h a n 3 per 
cent. A sulphuric acid soln. of silver sulphate a t 50°, is coloured reddish-violet 
by chalcopyrite. Nascent hydrogen from zinc and sulphuric acid was found b y 
F . Beijerinck to develop hydrogen sulphide ; if the point of an electrode in an 
electrolytic current is placed on a polished section of chalcopyrite, a black film appears 
whilst pyr i te and pyrrhot i te do no t change their appearance. F . P . Treadwell 
found t h a t if the mineral is heated t o dull redness with ferrum reductum, in an a tm. 
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of carbon dioxide, ferrous sulphide is formed. T. T. Read observed t h a t if placed 
in a soln. of copper sulphate, t h e chalcopyrite becomes richer in copper sulphide. 
F . Thomas observed t h a t a soln. of ferric sulphate decomposes the mineral slowly, 
and if powdered rapidly, as observed by F . Thomas, and M. de K. Thompson, the 
decomposition is faster after an oxidizing roast a t 450°—480°. J . B. Cammerer 
showed t h a t a soln. of 4 mols of ferric chloride when heated with a mol of finely-
powdered chalcopyrite, yields 5 mols of ferrous chloride, a mol of cupric chloride, 
and 2 gram-atoms of sulphur. F . W. Schmidt found t h a t chalcopyrite is de­
composed by an ammoniacal soln. of mercuric cyanide ; and P . V. Gladkoff, 
t h a t chalcopyrite rapidly precipitates gold from a dil. soln. of gold chloride. 
A. K. Burn discussed the flotation of the ore in sea-water, and A. M. Gaudin and 
W. D . Wilkinson, flotation in the presence of dixanthogen. 

The mineral barnhardite was found by F . A. Genth 7 on D. Barnhard t ' s land, 
Cabarrus Co., Nor th Carolina, and i t has been reported from a few other localities. 
Analyses presented by F . A. Genth, N. S. Higgins, and F . von Dieffenbach agree 
approximately with cuprous ferric pentasulphide, Cu4Fe2S6 , or 2Cu2S.Fe2S3 . 
The mineral occurs in bronze-yellow compact masses. I t tarnishes easily on 
exposure to air. I t s sp. gr. is 4-521, and its hardness 3*5. B . H . Kraus and 
J . P . Goldsberry gave 4*521 for the sp. gr. ; 38*806 for the mol. vol., and for the 
topic axial ratios x '• 1I* '• <**=3*3856 : 3*3856 : 3*3856. I t may be chalcopyrite 
par t ly altered to chalcocite. Cuprous ferrous stannic sulphide, Cu2S.FeS.SnS2 , 
was discussed in connection with tin—7'. 76, 24. 

I n 1725, J . F . Henckel 8 referred to a mineral which he called Kwpfer-lazul ; 
J . G. Wallerius applied several terms to the brown or violet copper ore, or cuprum 
sulfure et ferro mineralisalutn ; A. Cronstedt called it Koppar-lazur or miner acupri 
lazurea ; A. G. Werner, Buntkupfererz ; R. Kirwan, purple, copper ore ; and 
R. J . Haiiy, cuivre pyriteux hepatique. Several other names have been proposed ; 
F . S. Beudant , phiUipsite—after W. Phill ips—but the t e rm was already in use for 
an aluminosilicate ; B . F . Glocker, poihilopyrite—from rrot/ctAos", variegated ; 
A. Brei thaupt , poikiHte, and also BuntkupferJcies ; W. Haidinger, bornite—after 
I . Bques a Born ; J . D . Dana, erubescite—from erubescene, to redden ; and 
C. W. Blomstrand, chalcomiMite. 

A m a s s i v e mineral resembl ing bornite w a s described b y C F . Rammel sberg . 8 I t c a m e 
from Guanasev i , Mex ico ; i ts s p . gr. ranged from 5-19 t o 5-24, a n d i t s hardness w a s 3 . 
T h e mineral w a s cal led castiUtte, a n d i t s compos i t ion w a s represented by the formula 
(Cu,Ag) a S.2(Cu,Pb,Au,Ke)S , bu t , as emphas i zed b y JT. IX D a n a , a n d G. KaIb , i t i s probably 
a n impure borni te . R . Pearce observed a re lated mineral in B u t t e , Montana . 

Analyses were reported by the early workers, M. H . Klaproth , 1 0 W. Hisinger, 
R. Brandes, J . J . Berzelius, C. F . Plat tner , P . Berthier, C. Staaf, A. Chodneff, 
W. and R. Phillips, C. Bergemann, and T. Bodemann ; and by the later workers, 
C. F . Rammelsberg, F . Sandberger, F . Katzer, L. Mrazek, G. A. Kenngot t , C. Mene, 
L. Ii . de Koninck, W. I . Macadam, P . T. Cleve, D . Forbes, 1. Domeyko, M. Booking, 
A. Hilger and E . von Gerichten, E . von Bibra, B . J . Harr ington, A. d'Achiardi, 
J . D . Dana , H . F . Collins, E . H . Kraus and J . P . Goldsberry, etc . J . J . Berzelius, 
W. Hisinger, and W. and R. Phillips concluded from their analyses t h a t the mineral 
is a complex of 2Cu2S-FeS; while C F . P la t tner regarded i t as a complex cuprous 
ferric trisulphide, 3Cu2S-Fe2S8 , i.e. Cu3FeS3 , which C. F . Rammelsberg represented 
by Cu2S.CuS.FeS. Actually, as emphasized by C F . Rammelsberg, the analyses 
extend over a considerable range—the copper being 45 to 7O per cent., and the 
iron, 6*5 to 15 per cent. As F . von Schaffgotsch showed, quite a number of different 
formulae might be defended as giving the best representative value ranging from 
Cu2S : F e 2 S 3 = 3 : 1 to 9 : 1. G. Nordenstrom, C F . Rammelsberg, and P . Groth 
favoured 3Cu 2 S.Fe 2 S 3 ; and P . T. Cleve, E . T. Allen, and B. J . Harrington, 
5Cu2S-Fe2S3 ; and E . H . Kraus and J . P . Goldsberry gave formula* Cu6Fe2S6 , 
Cu 8 Fe 2 S 7 , etc. , u p to Cu 7 6Fe 2S 4 1 , where the minerals are represented by the general 
formula : CUwFe2SJn+3. H . Baumhauer proved by microscopic observations t h a t 
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t h e b o r n i t e is p a r t i c u l a r l y l iable t o c o n t a i n a d m i x t u r e s — p r i n c i p a l l y c h a l c o c i t e . 
J . C. R a y showed t h a t b o r n i t e is r e l a t i ve ly u n s t a b l e a n d r e a d i l y passes i n t o cha l ­
coc i te a n d cha l copyr i t e w i t h w a t e r in sea led b o m b s a t 100° t o 175°. A. !F. R o g e r s 
sugges t ed t h a t t h e v a r i a t i o n in o t h e r cases is d u e t o t h e ex i s t ence of solid soln . of 
Cu 2 S in C u F e S 2 . 

T h e discuss ion o n t h e f o r m a t i o n of c h a l c o p y r i t e i n n a t u r e app l ies t o a la rge 
e x t e n t t o bo rn i t e , for b o t h m i n e r a l s a r e p r i m a r y c o n s t i t u e n t s f rom w h i c h m a n y 
o t h e r c o p p e r m ine ra l s a r e de r ived . B o t h m i n e r a l s i n d e e d f r e q u e n t l y occur t o g e t h e r . 
T h e o b s e r v a t i o n s of B . L o t t i , R . B e c k a n d W . v o n F i r c k s , A . Schenck , J . F . K e m p , 
S. G. L a s k y , W . H . W e e d , J . C a t h a r i n e t , H . W . T u r n e r a n d A. F . R o g e r s , a n d P . y o n 
Jeremeeff on t h e occur rence of c h a l c o p y r i t e in se rpen t i zed , d ior i t i c , a n d p e g m a t i t i c 
rocks a p p l y also t o b o r n i t e , a n d ag ree w i t h t h e a s s u m p t i o n t h a t b o r n i t e is of 
m a g m a t i c or igin. T h e occur rence of b o r n i t e h a s b e e n also d i scussed b y A . F r e n z e l , 
W . L i n d g r e n , C Kle in , A. F . R o g e r s , H . S c h n e i d e r h o h n , R . H . Sales , E . W e i n s c h e n k , 
P . Geijor, C. B a r e t , F . B . L a n e y , P . K r u s c h , F . Beysch l ag , T . L . W a l k e r , K . Schloss-
m a c h e r , a n d R . M. Overbeck . P s e u d o m o r p h s of b o r n i t e a f t e r cha lcoc i t e a n d 
c h a l c o p y r i t e h a v e b e e n obse rved , a n d d i scussed b y C. C. v o n L e o n h a r d , F . P . Menne l , 
a n d K . Sch lossmacher . G. G i lbe r t d i scussed w h a t he ca l led t h e a n t i p a t h y of 
b o r n i t e for p y r r h o t i t e , because h e be l ieved t h a t t h e m i n e r a l s a r e m u t u a l l y exc lus ive , 
a n d if a spec imen of one m i n e r a l is found , t h e o t h e r will be a b s e n t . 

A . R e u s s o b s e r v e d c rys t a l s of b o r n i t e in t h e m a s o n r y of a b l a s t - fu rnace a t 
T r a u t e n a u , B o h e m i a ; F . N . Gui ld , i n cav i t i e s in t h e m a s o n r y of a s m e l t e r a t Miami , 
Ar i zona ; a n d A. N . Winche l l , i n a fu rnace a t B u t t e , M o n t a n a . A . L a c r o i x , a n d 
A. D a u b r e e o b s e r v e d c rys t a l s of b o r n i t e occur o n R o m a n b r o n z e coins a n d b r o n z e s 
w h i c h w e r e e x p o s e d t o t h e w a t e r s of t h e t h e r m a l sp r ings a t B o u r b o n n e - l e s - B a i n s . 

M. Book ing o b t a i n e d a p r o d u c t r e sembl ing b o r n i t e b y m e l t i n g , u n d e r a l a y e r of 
s o d i u m chlor ide , a m i x t u r e of 36 g r m s . of copper , 10 g r m s . of i ron , a n d s u l p h u r ; 
a n d F . M a r i g n y , u n d e r a l aye r of b o r a x , a m i x t u r e of 20 p a r t s of p y r i t e s , 45 p a r t s 
of coppe r , a n d 20 p a r t s of s u l p h u r . C. D o e l t e r o b t a i n e d b o r n i t e b y h e a t i n g a 
m i x t u r e of different p r o p o r t i o n s of c u p r o u s , cup r i c , a n d ferr ic ox ides i n h y d r o g e n 
su lph ide a t 100° t o 200° . H e t h u s o b t a i n e d cub i c c rys t a l s of C u 3 F e S 3 , a n d w i t h 
o t h e r m i x t u r e s , p r o d u c t s l ike C u 9 F e 4 S 1 0 , a n d C u 4 F e 4 S 7 . E . G. Zies a n d co -worke r s 
found p y r r h o t i t e pas ses i n t o c h a l c o p y r i t e a n d p r o b a b l y b o r n i t e w h e n i t is h e a t e d 
in a sea led t u b e w i t h a soln. of c o p p e r s u l p h a t e . 

T h e colour of b o r n i t e r a n g e s b e t w e e n c o p p e r - r e d a n d p i n c h b e c k - b r o w n o n a 
f r e sh ly - f r ac tu red surface , b u t t h e sur face q u i c k l y t a r n i s h e s a n d a p p e a r s i r i descen t . 

S o m e of t h e n a m e s j i roposed for t h e m i n e r a l 
refer t o t h e l u s t r e of t h e t a r n i s h ; a n d o t h e r 
n a m e s , l ike peacock ore, a n d horse-flesh ore, 
a r e m i n e r s ' n a m e s s u g g e s t e d b y t h e co lour 
of t h e m i n e r a l . T h e s t r e a k is p a l e g rey i sh -
b lack , a n d J . L . C. S c h r o e d e r v a n d e r K o I k 
f o u n d t h a t t h e co lour of t h e s t r e a k o r p o w d e r 
va r i e s w i t h different s p e c i m e n s . B o r n i t e m a y 
occur m a s s i v e -with a g r a n u l a r o r c o m p a c t 
s t r u c t u r e ; a n d , a s s h o w n b y C C . v o n L e o n -
h a r d , a n d W . Ph i l l ip s , i t occu r s in cub ic 
c ry s t a l s w h o s e h a b i t m a y b e cub ic w i t h t h e 
faces r o u g h or c u r v e d . F . M o h s s u g g e s t e d 
t h a t t h e c r y s t a l s a r e r h o m b o h e d r a l w i t h a n 
ang le of 95° , b u t W . H a i d i n g e r s h o w e d t h a t 
t h e c r y s t a l s a r e r ea l ly cub ic , a n d h e c o m ­
p a r e d t h e effects of t w i n n i n g of b o r n i t e 

w i t h t h a t of fluorite. T h e c r y s t a l s w e r e a lso desc r ibed b y A . B r e i t h a u p t , 
L.. B u c h r u c k e r , A . L e v y , J . D . D a n a , e t c . T w i n n i n g m a y o c c u r a b o u t t h e (111)-
p l a n e , a n d t h e r e m a y b e p e n e t r a t i o n t w i n n i n g h e x a g o n a l in fo rm. T h e r e a r e t r a c e s 

- S j <8>-/z? Q = CU; ®-Ct/"i 
— 7k>vfi?2c/ £x/s 

FiO. 6 2 7 . — T h e U n i t Cubic Cell of 
Borni te . 
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of c l e a v a g e o n t h e ( l l l ) - f a c e . P . F . K e r r , a n d W . d e J o n g m a d e o b s e r v a t i o n s on 
t h e X - r a d i o g r a m of b o r n i t e , C u 5 F e S 4 . T h e u n i t c u b i c cell is i l l u s t r a t e d b y F i g . 627 . 
A c c o r d i n g t o J . W . G r u n e r ' s s u m m a r y , of t h e 4 0 c o p p e r a t o m s in t h e u n i t cell , 32 
a r e c u p r o u s a n d 8 a r e c u p r i c . T h e 32 s u l p h u r a t o m s o c c u p y t h e p o s i t i o n of o x y g e n 
in m a g n e t i t e , a n d f o r m a t e t r a h e d r a l n e t w o r k of f ace -cen t r ed , c lose -packed pa r t i c l e s . 
T h e 32 c u p r o u s a t o m s a r e a r r a n g e d i n t h e s a m e m a n n e r , a n d t h e i r t e t r a h e d r a b e a r 
t h e s a m e r e l a t i o n s h i p t o t h o s e of t h e S - a t o m s , t h a t a pos i t i ve t e t r a h e d r o n does t o 
a n e g a t i v e one . T h e r e is a sma l l , negl igible d i s c r e p a n c y of less t h a n 3 p e r c e n t , 
of t h e p a r a m e t e r of t h e c u p r o u s a t o m . T h e s t r u c t u r e of t h e s e 64 a t o m s closely 
r e sembles t h a t of P b S ( s o d i u m ch lo r ide t y p e ) . T h e e igh t c u p r i c a t o m s , a n d e i g h t 
f e r rous a t o m s a r e p l a c e d in t h e c e n t r e s of s o m e of t h e t e t r a h e d r a of s u l p h u r a n d 
c u p r o u s a t o m s . T h e v a r i a b l e c o m p o s i t i o n of b o r n i t e b e t w e e n C u 6 F e 2 S 6 a n d 
C u 1 8 F e 2 S 1 2 is t h e r e s u l t of a n i s o m o r p h o u s r e p l a c e m e n t of f e r rous b y cupr i c a t o m s 
a n d vice versa. T h e s e t w o t y p e s of a t o m s h a v e v e r y s imi la r pos i t i ons , be ing c o m ­
p a r a b l e w i t h pos i t i ve a n d n e g a t i v e t e t r a h e d r a . P a r t i a l r e p l a c e m e n t s h o u l d 
t he r e fo r e be c o m m o n . H . S c h n e i d e r h o h n s t u d i e d t h e m i c r o s t r u c t u r e of po l i shed 
sur faces ; J . W . G r u n e r , i n t e r g r o w t h s w i t h c h a l c o p y r i t e a n d cha lcoc i t e ; P . Geijer , 
cor ros ion figures w i t h n i t r i c a n d h y d r o c h l o r i c ac ids , a n d soln. of p o t a s s i u m c y a n i d e , 
a n d W . F a c k e r t u sed t h e cor ros ive l iqu id r e c o m m e n d e d a b o v e for c h a l c o p y r i t e . 
G. M. S c h w a r t z s t u d i e d i n t e r g r o w t h s w i t h cha l coc i t e . 

F . S a n d b e r g e r g a v e 5-7 for t h e s p . gr . ; F . K a t z e r , 4-91 ; C. Staaf , 4-988 ; 
P . T . Cleve, 4-81 t o 5-425 ; C. F . R a m m e l s b e r g , 5-03 ; a n d E . T . Allen, 5-037 t o 
5-103 a t 25° /25° . T h e s p . gr . , of course , v a r i e s w i t h t h e c o m p o s i t i o n . F . H . K r a u s 
a n d J . P . G o l d s b e r r y g a v e for t h e s p . gr . t h e m o l . vo l . : 

C u 6 F e 2 S 6 C u 1 0 F e 8 S 8 C u 1 8 F e 2 S 9 Cu 1 2 Fe 2 S 1 0 

S p . gr. . . . 4-9 5 0 7 2 5-086 5-248 
MoI. vo l . . . . . 34-977 32-989 32-672 31-/516 

T h e t o p i c a x i a l r a t i o s x '• «A : <» we re al l 3-2704 for C u 6 F e 2 S 6 ; 3*2072, for C u 1 0 F e 2 S 8 ; 
3 1 9 5 0 for C u 1 2 F e 2 S 9 ; a n d 3-1587 for C u 1 4 F e 2 S 1 0 . J . J . S a s l a w s k y c a l c u l a t e d t h e 
c o n t r a c t i o n w h i c h occu r s in t h e f o r m a t i o n of b o r n i t e . T h e h a r d n e s s of t h e m i n e r a l 
is 3 . A . Sella f o u n d t h e sp . h t . t o be 0 1 1 9 5 . J . J o I y g a v e 430° for t h e m . p . , 
w h a t e v e r t h a t m a y m e a n . A. d e G r a m o n t e x a m i n e d t h e s p a r k s p e c t r u m . 
R . D . H a r v e y , a n d F . Be i j e r inck s h o w e d t h a t t h e e lec t r ic c o n d u c t i v i t y of t h e 
m i n e r a l is good , a n d inc reases w i t h rise of t e m p . ; a n d T . W . Case obse rved no 
c h a n g e i n t h e r e s i s t ance on e x p o s u r e t o l igh t . E . T . W h e r r y f o u n d t h a t b o r n i t e 
is a p o o r r a d i o - d e t e c t o r ; H . S. R o b e r t s a n d L . H . A d a m s d i scussed t h e use of 
b o r n i t e a s a r a d i o - d e t e c t o r , a n d W . O g a w a f o u n d t h a t t h e t h e r m o e l e c t r i c force of 
b o r n i t e a g a i n s t c o p p e r is 6650/z, vo l t , a n d t h e c u r r e n t flows f rom c o p p e r t o t h e 
m i n e r a l a t t h e h o t j u n c t i o n . 

J . F . L . H a u s m a n n f o u n d t h a t whi le b o r n i t e is r e ad i l y ox id i zed i n m o i s t a i r , i t 
is n o t ox id ized i n d r y a i r . J . W . Mel lor ' s o b s e r v a t i o n s o n t h e o x i d a t i o n of t h e 
p o w d e r e d m i n e r a l i n a l im i t ed s u p p l y of a i r a r e i n d i c a t e d i n F i g . 626 . B o r n i t e 
ox id izes f a s t e r t h a n c h a l c o p y r i t e . F . C a r m i c h a e l o b s e r v e d t h a t O-Ol p e r cen t , of 
p o w d e r e d b o r n i t e is ox id ized w h e n t h e p o w d e r e d m i n e r a l is a g i t a t e d for 13 d a y s 
w i t h -water a n d o x y g e n . S. H . E m m e n s , W . H . E m m o n s , R . C. Wel ls , C. R . v a n 
H i s e , a n d V. H . G o t t s c h a l k a n d H . A . B u e h l e r s t u d i e d t h i s sub jec t—v ide infra, 
i ron p y r i t e s . R . B l a n c h a r d a n d P . F . Boswel l d i scussed t h e f o r m a t i o n of l imon i t e 
f r o m b o r n i t e . J . L e m b e r g o b s e r v e d t h a t w i t h a lka l ine b r o m i n e - w a t e r , b o r n i t e 
a c q u i r e s a b r o w n i s h - b l a c k film of c o p p e r a n d ferr ic ox ides . J . L e m b e r g found t h a t 
b o r n i t e is so luble i n cone , h y d r o c h l o r i c o r n i t r i c a c id w i t h t h e s e p a r a t i o n of su lphur , 
a n d i n a bo i l ing soln . of p o t a s s i u m c y a n i d e — p y r i t e , c h a l c o p y r i t e , m a g n e t i t e , a n d 
lo l l ing i te a r e n o t so lub le in t h a t m e n s t r u u m . E . E . a n d I . W . W a r k s tud ied t h e 
effect of s u l p h o - c o m p o u n d s o n t h e f lo ta t ion of t h e mine ra l . S. W . Y o u n g a n d 
N . P . Moore f o u n d t h a t b o r n i t e is s t a b l e i n a 0 - I iV-H 2 SO 4 s a t . w i t h h y d r o g e n sul­
p h i d e ; a n d w i t h a n a lka l i ne soln . of p o t a s s i u m su lph ide , or w a t e r sa t . w i th h y d r o g e n 
s u l p h i d e , b o r n i t e is p e p t i z e d , a n d t h e col loidal soln. forms chalcoci te , a n d cha lco-
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pyrite. J . D. Sullivan found t h a t bornite is soluble in soln. of ferric sulphate. 
J*. Lemberg said t ha t with potassium ferrocyanide and hydrochloric acid, brown 
copper ferrocyanide and prussian blue are formed—vide supra, chalcopyrite. 

C. F . Rammelsberg 1X applied the te rm cupropyrite to a mixture of chalcopyrite 
and pyrite ; i t had the general properties of cubanite—vide infra—but differed 
from it in chemical composition and sp .g r . C H . Scheidhauer represented i t by 
the formula : CuFe2S3 , or Cu2Fe4S6 , and proposed to call i t barracanite in allusion 
to its occurrence a t Barracanao, Cuba. Analyses were reported by C. H . Scheid­
hauer, and J . D. Dana. P . Groth and K. Mieleitner considered it to be cupric 
ferric disulphide, Cu(FeS2)2- The crystals belong to the cubic system ; and the 
sp. gr. given by J . D. Dana is 4-17 to 4*18. 

A. Brei thaupt applied the te rm cuban, and E . J . Chapman cubanite to a bronze-
or brass-yellow, massive mineral from Barracanao, Cuba. Analyses reported b y 
C. H . Scheidhauer, P . T. Cleve, and R. Schneider correspond with cuprous ferric 
hexasulphide, Cu2Fe4S6 , or Cu2S-Fe4S5, or Cu2S.FeS2 .3FeS. C. F . Rammelsberg, 
and G. A. Kenngot t regarded cubanite as a variety of bornite with a high pro­
portion of iron sulphide. R. Schneider gave the formula CuFeS4 for cubanite. 
C. F . Rammelsberg based his formula on the reaction between cubanite and silver 
ni t rate which is symbolized : Cu2S.3FeS.FeS2-f-10AgNO3=4Ag2S.FeS2-{-2Cu(NO3)2 
+ 3 F e ( N O 3 ) 2 + 2 A g . The crystals belong to the cubic system ; and the sp. gr. 
is 4-026 to 4*042, and the hardness 3*5. H . E . Merwin and co-workers argued t h a t 
cubanite and chalmersite are really the same minerals, both rhombic ; and P . Geijer, 
t h a t cubanite and chalcopyrite are the same. J . W. Gruner, G. W. Schwarz, 
P . Ramdohr , A. Bibolino, N. W. and M. J . Buerger, and W. H. Newhouse 
discussed intergrowths with chalcopyrite. 

E . H u s s a k 1 2 described a brass- or bronze-yellow mineral from Minas Geraes, 
Brazil, which -was called chalmersite—after G. Chalmers. According to C. Palache, 
analyses reported by G. KaIb and M. Bendig, and E . T. Allen, corresponded with 
Cu2S-Fe4S5, or CuFe2S3 , whilst E. Hussak gave CuFe2S4 , or Cu2S.Fe4S7 . P . Groth 
and K. Mieleitner regarded chalmersite as a sulphosalt, FeCu(FeS3). The rhombic 
crystals were found by C. Palache to have the axial ratios a : b : c=0-5725 : 1 : 0-9637; 
C. Hlawatsch gave 0-5822 : 1 : 0-5611 ; and E . Hussak, 0-5734 : 1 : 0-9649. The 
thin, elongated prisms have their vertical faces strongly striated, and the crystals 
are rarely tabular , parallel to (010). Twinning about the twinning plane (110) 
are common, and there are also contact and penetrat ion twins probably about the 
plane (112). H . Schneiderhohn discussed the microstructure. F . Rinne showed 
t h a t the crystals are isomorphous with those of chalcocite ; there is a marked 
resemblance between the crystals of chalmersite and pyrrhoti te . E. Thomson, 
G. KaIb and M. Bendig, and H . E . Merwin and co-workers emphasized the identi ty 
of chalmersite and cubanite. The sp. gr. of chalmersite is 4-04 to 4-68 ; its hardness 
3-5 ; and its m.p. 910° to 920°. H . E . Merwin and co-workers add t h a t chalmersite 
is unique in having only one axis, the a-axis, of high magnetic susceptibility ; the 
susceptibilities of the 6- and c-axes are feeble. E . Hussak, E . T. Allen, and 
H . Schneiderhohn discussed the paragenesis of the mineral. 

C. W. Blomstrand 1S described a massive mineral resembling pyri te with a tinge 
of brown, occurring a t Nya Kopparberg, Sweden ; he called i t chalcopyrrhotite, 
or ra ther chalkopyrrhotin. The analysis corresponds with CuFe4S6 ; C. W. Blom­
strand gave cupric ferrous ferricm hexasulphide, CuS.Fe2S3 .2FeS ; C. F . Rammels­
berg, Cu2S.2FeS.4Fe aS s ; and P . Groth and K. Mieleitner, (Fe,Cu)3(FeS8)2. The 
sp. gr. is 4-28, and the hardness 3-5 to 4-0. The mineral vallerite from Kavel torp, 
described by P . Ramdohr and O. Oedman, has the composition Cu2Fe4S7 . 

R . Schneider1 4 prepared potassium cuprous ferric tetrasulphide, 2K2S.3Cu2S. 
Fe2S3 , or K2Cu3FeS4 , by melting together powdered copper and iron with potassium 
carbonate and sulphur ; likewise also with the corresponding sodium cuprous 
ferric tetrasulphide, 2Na2S.3Cu2S.Fe2S3, or Na2Cu3FeS4 . The salts form bronze-
coloured rhombic plates, which, according t o L. Cambi and L. Szeg5, are really 
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sol id soln . w i t h a t e t r a g o n a l l a t t i c e a : c = l : 1-182. R . Schne ide r f o u n d t h a t by-
t r e a t i n g p o t a s s i u m ferr ic s u l p h i d e w i t h s i lver n i t r a t e , s i lver ferric disulphide, 
Ag 2 S-Fe 2 Ss , o r A g F e S 2 , is f o rmed , a n d w i t h s o d i u m ferric su lph ide , s i lver ferric 
tetrasulphide, 2 A g 2 S . F e S 2 , o r A g 4 F e S 4 , is fo rmed—v ide supra, t h e s o d i u m sa l t . 

W . H a i d i n g e r 1 5 o b s e r v e d a t J o a c h i m s t h a l , B o h e m i a , a m i n e r a l w h i c h h e cal led 
s ternberg i te—afte r C. S t e r n b e r g . A . B r e i t h a u p t cal led i t sillier pyrites, a n d 
C. W . B l o m s t r a n d , argyropyrrhotite. A n a l y s e s , n o t v e r y c o n c o r d a n t , r e p o r t e d b y 
F . H . M. Z ippe , C. F . R a m m e l s b e r g , a n d C. V r b a , c o r r e s p o n d , in t h e idea l ized case , 
w i t h s i lver ferrous tr isulphide, A g F e 2 S 3 , o r A g 2 S . F e 4 S s . W . S. v o n W a l t e r s h a u s e n 
desc r ibed a n o t h e r m i n e r a l f rom J o a c h i m s t h a l , B o h e m i a , a n d h e cal led i t a r g e n t o -
pyrite. T h e a n a l y s i s c o r r e s p o n d e d w i t h s i lver ferrous pentasulphide , A g F e 3 S 5 . 
G. Cesaro s t u d i e d t h e s e c o m p o u n d s . A . W e i s b a c h a lso f o u n d i n t h e E r z g e b i r g e 
a m i n e r a l "which h e ca l led argyropyrite . T h e ana lys i s c o r r e s p o n d e d w i t h s i lver 
ferrous henasu lph ide , A g 3 F e 7 S 1 1 . C. V r b a l ikewise r e p o r t e d a m i n e r a l w h i c h he 
ca l led fr iese i te—after M. v o n F r i e se . T h e a n a l y s e s c o r r e s p o n d e d wi th s i lver ferrous 
OCtosulphide, A g 2 F e 5 S 8 . T h e y al l be long t o t h e r h o m b i c s y s t e m , a n d C. H i n t z e 
r e p r e s e n t e d t h e i r c o m p o s i t i o n a n d a x i a l r a t i o s a s follows : 

a : b : c 
S t e r n b e r g i t e , A g F o 2 S 8 . . . . . . . 0-5832 : 1 : 0-8391 
A r g y r o p y r r h o t i t e , A g 3 F e 7 S 1 1 . . . . . . 0-5800 : 1 : 0-3000 
F r i e s e i t e , A g 2 F e 6 S 8 . . . . . . . 0-5970 : 1 : 0-73/S2 
A r g e n t o p y r i t e , A g F e 3 S 6 . . . . . . . 0-5812 : 1 : 0-2749 

A. W e i s b a c h r e p r e s e n t e d s t e r n b e r g i t e b y A g 3 F e 6 S 0 , a r g y r o p y r i t e by A g 3 F e 7 S 1 1 , 
a n d a r g e n t o p y r i t e , A g 3 F e 9 S 1 5 ; a n d all t h r e e mine ra l s b y t h e gene ra l f o rmu la 
A g 3 F e n 4 6 S 2 n + 9 , wh ich h e c o m p a r e d w i t h t h e fe l spar fo rmu la N a n C a 1 _ WA12 — wSi2 + n 0 8 , 
b u t Gr. Cesaro does n o t t h i n k t h e r e is a n y t h i n g i n t h e c o m p a r i s o n . A . S t r e n g com­
p a r e d t h e f o r m u l a c a l c u l a t e d f rom t h e a n a l y s e s of all t h e s i lver p y r i t e s , a,nd 
c o n c l u d e d t h a t t h e y c a n b e r e p r e s e n t e d a s c o m b i n a t i o n s of s i lver su lph ide , i.e. 
acantliite, A g 2 S , w i t h pl?em&n, t h a t is , solid soln . of a c a n t h i t e w i t h p y r r h o t i t e , w h i l s t 
s t e r n b e r g i t e c o r r e s p o n d s w i t h t h e s imple f o r m u l a A g F e 2 S 3 . C. F . A a m m e l s b e r g 
r e p r e s e n t e d t h e s i lver p y r i t e s a s m i x t u r e s of 3 A g 2 S - F e 2 S 3 w i t h 3 F e S - F e 2 S 3 . 
G. Cesaro r e g a r d e d t h e s i lver p y r i t e s ser ies a s s i lver su lphofe r r i t e s of ac ids 
of t h e g e n e r a l f o r m u l a ( n - f - 2 ) F e 2 S 3 . ( 2 m — n — 4 ) H 2 S , w h e r e t h e b a s i c i t y is 
p—(2m—n—4)/(n-f-2). F o r t h e po ly - sa l t , a r g e n t o p y r i t e , p—%9 a n d i t is symbo l i zed 
A g 2 S . 3 F e 2 S 3 ; for t h e m e t a - s a l t , fr ieseite, p = \9 a n d i t is symbo l i zed 
A g 2 S . F e S . 2 F e 2 S 3 ; for a r g y r o p y r i t e , j?—1-4, a n d i t lies b e t w e e n t h e m e t a - a n d p y r o -
s a l t — t h e p a r e n t ac id is s u p p o s e d t o be H 7 F e 5 S 1 2 ; a n d s t e r n b e r g i t e is t h e n o r m a l 
o r tho - sa l t , A g 2 S . 2 F e S . F e 2 S 3 . H e r e p r e s e n t e d a r g e n t o p y r i t e b y t h e fo rmula : 

A g - S - F e < C s _ F e = = g 

a n d t o e x p l a i n t h e excess of s u l p h u r i n s o m e cases h e a s s u m e d t h e ex i s t ence of 
c o m p l e x c h a i n s — S — S — S — (S2) n . Of cour se , c o n s t i t u t i o n a l formulae h a v e n o 
p a r t i c u l a r m e a n i n g in cases l ike t h e s e , w h e r e t h e c o m p o s i t i o n r a n g e s b e t w e e n l imi ts 
s o m e d i s t a n c e a p a r t . G. Cesaro l a t e r g a v e for s i lver p y r i t e s , A g F e 2 S 3 ; a r g y r o ­
p y r r h o t i t e , A g 3 F e 7 S 1 1 ; a r g e n t o p y r i t e , ( A g 1 0 F e ) ( F e 7 S n ) 4 ; s t e r n b e r g i t e , A g 4 F e 9 S 1 5 t o 
A g 8 F e 1 6 S 2 3 ; a n d fr iesei te , A g 6 F e 1 6 S 2 3 t o A g 8 F e 2 1 S 3 3 . O. L u e d e c k e sugges ted t h a t 
t h e s i lver p y r i t e s a r e morphotrope Mischungen of s t e r n b e r g i t e a n d m a r c a s i t e ; wh i l s t 
F . Z a m b o n i n i r e g a r d e d t h e silver pyrites a s sol id soln. of t h e r h o m b i c su lpho- sa l t 
A g F e 2 S 3 , w i t h r h o m b i c c t -pyr rho t i t e , w h e n t h e l a t t e r h a s m o r e o r less s u l p h u r in 
sol id soln . T h i s s e e m s one of t h e m o s t p l aus ib l e guesses a s t o t h e n a t u r e of s t e rn ­
be rg i t e a n d p y r r h o t i t e , a n d t h e h y p o t h e s i s w a s s u p p o r t e d b y V. N ik i t i n . 

S t e r n b e r g i t e occur s in i m p l a n t e d c ry s t a l s fo rming rose-l ike o r fan-l ike agg rega t e s 
w h i c h a r e co loured p i n c h b e c k - b r o w n w i t h a v io le t t a r n i s h o n s o m e of t h e faces . 
T h e a x i a l r a t i o s of t h e r h o m b i c c r y s t a l s w e r e f o u n d b y W . H a i d i n g e r t o b e 
0-5832 : 1 : 0 -8391. T w i n n i n g occu r s a b o u t t h e (110)-plane ; a n d t h e c r y s t a l s m a y 
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be t a b u l a r , pa ra l l e l t o (001). T h e (001)-faces m a y be s t r i a t e d para l le l t o t h e 
(001)/(301)-edge. T h e p y r a m i d s a r e s t r i a t e d pa ra l l e l t o t h e i n t e r sec t i on w i t h t h e 
(OOl)-face. T h e (OOl)-cleavage is per fec t , a n d t h e t h i n laminee a r e flexible l ike 
t in-foi l . T h e c rys t a l s were d i scussed b y W . H . Miller, V . Groldschmidt, a n d 
J . D . D a n a . W . H a i d i n g e r g a v e 4*215 for t h e sp . gr . , a n d A . B r e i t h a u p t , 4*101 ; 
t h e h a r d n e s s is 1*0 t o 1*5, a n d t h e mine ra l , l ike g r a p h i t e , l eaves a t r a c e o n p a p e r . 
F . Bei je r inck found t h a t t h e m i n e r a l is a good e lec t r ica l c o n d u c t o r . C D o e l t e r 
syn thes i zed s t e r n b e r g i t e b y w a r m i n g a m i x t u r e of ferric ox ide a n d s i lver ch lor ide 
in a c u r r e n t of h y d r o g e n ch lor ide . T h e art if icial c ry s t a l s were cubic o c t a h e d r a , 
so t h a t t h e c o m p o u n d m a y b e d i m o r p h o u s . 

A r g y r o p y r i t e occurs i n bronze-yellow- c ry s t a l s -which, acco rd ing t o A. W e i s b a c h , 
a r e r h o m b i c w i t h t h e ax i a l r a t i o s a : b : c = 0 - 5 7 3 1 : 1 : 0-2968, o r 0*5859 : 1 : 0*30176. 
T h e sp . gr . is 4*1 t o 4*2, a n d t h e h a r d n e s s , 3 t o 4 . A r g e n t o p y r i t e w a s sa id b y 
W . S. v o n W a l t e r s h a u s e n t o occur in s tee l -grey or t i n - w h i t e , monocl in ic , s ix-s ided 
t w i n c rys t a l s w i t h n o c leavage ; a n d G. T s c h e r m a k o b s e r v e d p s e u d o m o r p h s in 
sma l l h e x a g o n a l c rys t a l s ; b u t A . Schrauf showed t h a t t h e c rys t a l s of a r g e n t o p y r i t e 
a r e r ea l ly r h o m b i c a n d a r e p s e u d o h e x a g o n a l b y r e p e a t e d t w i n n i n g . T h e ax ia l 
r a t i o s a r e a : b : c—0-5812 : 1 : 0*2749, l ike s t e r n b e r g i t e if t h e c-axis be mu l t i p l i ed 
b y 3 . T h e sp . g r . is 5*5 or m o r e , a n d t h e h a r d n e s s , 3 t o 4 . F . Bei je r inck sa id t h a t 
t h e m i n e r a l is a good e lect r ical c o n d u c t o r . F r i e se i t e occurs in t h i n , t r a n s l u c e n t , 
d a r k g reen i sh -g rey p l a t e s be longing t o t h e r h o m b i c s y s t e m , a n d , a c c o r d i n g t o 
C. V r b a , h a v i n g t h e ax ia l r a t i o s a : b : c = 0 * 5 9 7 0 : 1 : 0*7352. T w i n n i n g occurs 
a b o u t t h e (110)-p lane . T h e t a b u l a r c rys t a l s a r e pa ra l l e l t o (001), a n d t h e (0Ol)-
faces a r e s t r i a t e d pa ra l l e l t o t h e ( 0 0 1 ) / ( l l l ) - e d g e . T h e r e m a y be fea the r - l ike 
s t r i a t i o n s o n t h e t w i n s . T h e (001)-c leavage is perfec t , a n d t h e lamineo a r e flexible. 
T h e s p . gr . is 4*212 t o 4*220, a n d t h e h a r d n e s s 1 t o 2 . 

H . Mal fa t t i 1 6 p r e p a r e d c a l c i u m ferric sulphide , Ca (FeS 2 ) 2 , b y t r e a t i n g m i x t u r e s 
of h y d r a t e d ferric ox ide , a n d ca l c ium h y d r o x i d e w i t h h y d r o g e n su lph ide , a n d 
bar ium ferric su lphide , Ba ( FeS 2 ) 2> in a s imi la r w a y . J . T h u g u t t t r e a t e d a m i x t u r e 
of h y d r a t e d ferr ic ox ide a n d m a g n e s i u m h y d r o x i d e w i t h h y d r o g e n su lph ide , a n d 
obtained magnesium ferric hydroxysulphide, (Mg(OH)2-Fe2S3 .2H2O. R. Schneider 
prepared cadmium ferric disulphide, CdS-Fe2S3, and cadmium ferrous sulphide, 
2CdS-FeS , b y t h e m e t h o d s e m p l o y e d for t h e s i lver s a l t s . 
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§ 42. The Iron Sulphides—Iron Disulphide. 
L a p y r i t e e s t a l ' i n d u s t r i e c h i m i q t i e ce q u e Ie p a i n e s t a l ' a l i m e n t r a t i o n d e l ' h o m m e . — 

P . T B U C H O T . 

The term pyrites—m?p, tire—was employed by the ancients t o denote a number 
of minerals which gave sparks when struck with a hammer. I t was employed by 
Dioscorides, in his Ue materia, fnedica (5. 89), and by Pliny, in his Historic/, naturalis 
(36. 3O), a t the beginning of our era, for copper and iron pyrites, as well as for 
molares or milestones. Pliny's use of the t e rm is analogous to the use of <rnZvos 
by Theophrastus, in his IJept \C0os (19), wri t ten about 315 B.C. According to 
E. O. von Lippmann, 1 the misy of Dioscorides and Pliny, was probably a form of 
copper pyrites. According to G. Hoffmann, the Grecian word rropiTqs is synonymous 
with the fnarquashitha of the Arabians, a t e rm borrowed from the Aramaeans, and 
employed by Aby Mansur MuwafFak, an Arabian writer of the ten th century. 
The t e rm appeared later as marcasite for a var iety of pyri te. Geber, in his Sufntna 
perfectionis magisterii, and other writings, employed the t e rm marcasite for pyrites, 
and, still later, as pointed out by E . Darmstadter , i t was applied by the 
pharmaceutis ts of the Middle Ages to bismuth (q.v.). G. Agricola translated the 
t e rm pyri tes by Kis, and J . F . Henckel designated crystalline pyrites marchasita. 
G. Agricola appears t o have regarded copper pyri tes as a var iety of iron pyrites. 
J . G. Wallerius classed different varieties of sulphur ferro mineralisatum as (i) Kies, 
or iron pyri tes ; (ii) Marcasite ; (iii) Wasserkies. Analogous classifications were 
made by L. A. Emmerling, and A. Brei thaupt . J . Hill called the globular form 
pyrite*, t he crystalline form marcasite, and the massive form mundic. The t e rm 
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marcasite was used by the old writers for ant imony and bismuth. The white 
pyrites, Wasserkies, or pyrites fuscus lamellosus of J . G. Wallerius, received various 
te rms in allusion to its paler colour, and in allusion to cockscomb or spear-shaped 
crystals. J . B . Ii. Rome de TIsIe, and R. J . Hatiy a t first regarded i t as an irregular 
variety of common pyrites, bu t later, he distinguished between the prismatic, 
rhombic, or white pyrites, and the ordinary form crystallizing in various modifi­
cations of the cube. The analyses of J . J . Berzelius, and C. Ha tche t t established 
the chemical identi ty of the two varieties, for both had a composition approaching 
FeS 2 , and accordingly R. J . Hai iy spoke of the la dimorphie de fer sulfur^. 
W. Haidinger applied the te rm marcasite to the white or prismatic variety, and pyrite 
to the cubic form. Both varieties can be included in the general t e rm pyri tes— 
A. Brei thaupt used the te rm marcasite in this general way. 

T h e t e r m s Wasserkies a n d Lebererz w e r e a p p l i e d b y G. Agr i co l a , A . C r o n s t e d t , a n d 
J . F . L . H a u s m a n n t o t h e m a r c a s i t e v a r i e t y . A . C r o n s t e d t t r a n s l a t e d i t pyrites aquostis, 
w h i c h , a s J . D . D a n a sa id , h a s l i t t l e a p p l i c a b i l i t y , b u t m a y h a v e b e e n u s e d i n a l lu s ion t o t h e 
g r e a t e r t e n d e n c y of t h e m i n e r a l t o b e c o m e m o i s t a n d t o w e a t h e r t h a n is t h e c a s e w i t h p y r i t e . 
G. Agr ico la cons ide r s t h e t e r m Wasserkies t o b e a n e a r l y c o r r u p t i o n of Weisserkies w h i t e 
i r o n p y r i t e s . T h e t e r m w a s a lso u s e d for eas i ly d e c o m p o s a b l e p y r i t e s a n d h e n c e p y r r h o t i t o 
w a s i n c l u d e d . A . B r e i t h a u p t t r a n s l a t e d G. Agr i co l a ' s L e b e r e r z a s hepatopyrites, a n d 

• E . F . G locke r t r a n s l a t e d t h e W a s s e r k i e s a s hydropyrites. T h e -white c o p p e r o r e of 
J . F . H e n c k o l w a s ca l led b y A . G. W e r n e r , L . A . E m m e r l i n g , a n d A . B r e i t h a u p t , Weiss-
kupfererz, a n d t h e l i g h t co lour w a s a t t r i b u t e d t o t h e p r e s e n c e of a r s e n i c . I t -was t h o u g h t 
b y A . B r e i t h a u p t t o h a v e chemisch gebundes Wasser, a n d t o bo a def in i te m i n e r a l spec ies 
w h i c h h e ca l led hydropyrites—but J . J . Be rze l i u s , a n d J . F . ~L». H a u s m a n n d i d n o t r e g a r d 
i t a s a m ine ra log i ca l i n d i v i d u a l . A . B r e i t h a u p t u s e d t h e t e r m lcmehidite—a d i m i n u t i v e 
f o r m : Xoyx&iov of Xoyxj), t h e h e a d of a j a v e l i n — f o r a v a r i e t y of m a r c a s i t e , w i t h a b o u t 
5 p e r c e n t , of a r s en i c ; a l so kyrosite—from Kvpajcris', a c o n f i r m a t i o n — f o r a n o t h e r a r s e n i c a l 
v a r i e t y w h i c h J . J . Be rze l ius cons ide red t o b e m o r e p r o b a b l y a m i x t u r e of c o p p e r s u l p h i d e 
a n d a r sen ica l p y r i t e s ; a n d F . S a n d b e r g e r ca l led a n o t h e r v a r i e t y of m a r c a s i t e w i t h a b o u t 
2-7 p e r cen t , of a r sen ic , melalonchidite. A v a r i e t y of p y r i t e f rom B i b a d e o , Gal ic ia , con­
t a i n i n g t i n a n d z inc , w a s ca l l ed b y G. Schu l z a n d A . P a i l l e t t e , ballesterosite a f t e r 
L*. Ba l l e s t e ros . S. L . Penf ie ld s h o w e d t h a t t h e blueite, a n d ivha.ton.ite of S. H . E m m o n s , 
a r e n icke l i fe rous v a r i e t i e s of p y r i t e . 

Numerous analyses and descriptions of pyri te have been reported—e.g., by 
C. F . Rammelsberg,2 M. Amelung, C. von Hauer , G. A. Kenngott , J . F . Williams, 
C. Mene, A. d'Achiardi, F . A. Genth, E . C. Schiffer, V. Poschl, E . G. de Angelis d O s s a t , 
A. Piut t i and E. Stoppani, C. von John and C. F . Eichleiter, E . H. Kraus and 
J . D. Scott, J . SamojlofT, E. T. Allen and co-workers, A. LifTa, E . Arbeiter, K. Borne-
mann and O. Hengstenberg, F . Kolbeck, H . Laspeyres, S. L. Penfield, W. Vernadsky, 
T. Ii. Walker, H . H . Knox, J . H . L. Vogt, C. Doelter, E . Weinschenk, A. Girard 
and H . Morin, G. Lunge, A. Voelcker, A. Eschka, M. Watanabe and W. R. Land-
wehr, G. H. Thiel, etc. The results are well summarized by the formula FeS 2 . 
Samples containing some nickel, (Fe,Ni,Co)S2, were reported by W. H . Emmons , 
S. L. Penfield, F . Kolbeck, and H . Laspeyres ; cobalt, by H . Laspeyres, F . Kolbeck, 
W. Vernadsky, and E. Ebermayer. The presence of gold, and silver in pyri te 
was discussed by A. Schmidt, F . Behrend, E . Nowak, H . Bucking, J . Samojloff, 
A. Kromayer, W. Mietzschke, and G. H . F . Ulrich. W. N. Har t ley and H . Ramage 
found sodium, potassium, copper, silver, and calcium in all the samples they 
examined, and gallium, indium, thallium, lead, manganese, and nickel in some of 
them. L. Lukacs found calcium, gold, mercury, arsenic and ant imony in a number 
of samples. H . N . Stokes, and many others have discussed cupriferous pyri tes ; 
L. C. Mar quar t reported up to 5 percent , of thallium in some pyrites—vide 5 . 36, 1. 
C. U. Shepard applied the t e rm teluspyrine to a telluriferous pyri te from Sunshine 
Camp, Colorado ; W. N. Har t ley and H. Ramage, and others have noted the 
presence of selenium in pyrites. G. Schulz and A. Paillette found zinc and t in 
in some pyrites. Arsenical pyri te , and manganiferous pyri te were discussed 
by W. Vernadsky. W. N. Har t ley and H . Ramage found p la t inum in some 
varieties. 

ivha.ton.ite
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M a n y i n v e s t i g a t o r s h a v e a s s u m e d t h a t p y r i t e c o n t a i n s b o t h fe r rous a n d ferr ic 
i r on , a n d t h a t t h e molecu le is a c c o r d i n g l y c o m p l e x . N . S. Kurnakofx a n d co -worke r s 
a s s u m e d t h a t t h e m a r k e d c o n t r a c t i o n w h i c h occu r s in t h e f o r m a t i o n of p y r i t e f rom 
i t s e l e m e n t s , a s -well a s t h e g r e a t h a r d n e s s of p y r i t e ag ree w i t h t h e a s s u m p t i o n t h a t 
t h e molecu le is h i g h l y p o l y m e r i z e d (FeS 2 ) w . P . G r o t h sugges t ed t h a t t h e molecu le 
i s d o u b l e d , w = 2 , a n d a d d e d t h a t t h e i ron is p r o b a b l y p r e s e n t in t h e fe r rous s t a t e . 
E . W e i n s c h e n k , for i n s t a n c e , r e g a r d e d t h i s s u l p h i d e a s a k i n d of m a g n e t i t e a n d 
r e p r e s e n t e d i t b y t h e f o r m u l a ( F e S 2 ) 3 , i n w h i c h o n e - t h i r d of t h e i ron is fe r rous , a n d 
t w o - t h i r d s , ferr ic . T h i s is s u p p o s e d t o b e s u p p o r t e d b y C. F . R a m m e l s b e r g ' s 
o b s e r v a t i o n s : 

^ S - F e < S — & — F e = S 

W. B . Brown's formula 

*/ 
S- S. 

Fe^- S F e — S - ^ F e X 1 
\ S- -S / 

E . Weinschenlc's formula 

o n t h e f o r m a t i o n of p y r i t e b y h e a t i n g m a g n e t i t e in a n a t m . of h y d r o g e n s u l p h i d e . 
A. P . B r o w n ' s e x p e r i m e n t s i n d i c a t e d t h a t whi le i n m a r c a s i t e al l t h e i r on is in 
t h e fe r rous s t a t e , in p y r i t e , one-fifth is in t h e fe r rous s t a t e , a n d four-fif ths i n t h e 
ferr ic s t a t e . H e the re fo re g a v e 4 F e ' " S 2 (vide supra) for t h e f o r m u l a of p y r i t e , 
a n d F e " S 2 for m a r c a s i t e . H . N . S t o k e s c o u l d find n o difference i n t h e r e l a t i v e 
p r o p o r t i o n s of f e r rous a n d ferr ic i r o n i n m a r c a s i t e a n d p y r i t e — v i d e infra, p y r i t e . 
E . W e i n s c h e n k sa id t h a t t h e f o r m u l a , S = F e — S — S — F e = S , w h i c h a s s u m e s al l 
t h e i ron in p y r i t e t o b e ferr ic , is n o t p r o b a b l e b e c a u s e of t h e e a s y r e d u c i b i l i t y of t h e 
ferr ic s u l p h i d e ; H . N . S t o k e s b a s e d a s imi la r conc lus ion on t h e f ac t t h a t ferr ic 
o x i d e is formed, b y t h e a c t i o n of z inc c a r b o n a t e in a n a lka l ine soln. , a n d in t h e 
a b s e n c e of a n ox id iz ing a g e n t , on p y r i t e a n d m a r c a s i t e , a n d he s u g g e s t e d t h a t t h e s e 
m i n e r a l s shou ld be f o r m u l a t e d F e 2 S 3 ( S ) . I t will be r e m e m b e r e d t h a t in d e d u c i n g 
conc lus ions f rom r e a c t i o n s of t h i s t y p e , i t is a s s u m e d t h a t d u r i n g t h e r e a c t i o n t h e r e 
is n o essen t ia l c h a n g e in t h e a r r a n g e m e n t of t h e a t o m s of t h e i ron c o m p o u n d w h e n 
t h e s u l p h u r a t o m s a r e d i sp laced b y o x y g e n . T h e different conc lus ions o b t a i n e d 
b y s t u d y i n g different r e a c t i o n s s h o w t h a t w h a t e l sewhere h a s b e e n cal led t h e ru l e 
of t h e c o n s t a n c y of s t r u c t u r a l a r r a n g e m e n t c a n n o t be d e p e n d e d u p o n . J . L o c z k a 
s h o w e d a f o r m u l a , 

F e > | 

J . Loczka 's formula 

w h i c h a s s u m e s t h e i r on t o be all in t h e fe r rous s t a t e , a n d is in a g r e e m e n t w i t h t h e 
f ac t t h a t on w e a t h e r i n g , p y r i t e fu rn i shes fe r rous s u l p h a t e a n d s u l p h u r i c a c i d . T h i s 
is in a c c o r d w i t h t h e o b s e r v a t i o n s of P . G r o t h , C. Doe l t e r , L . Benedek , E . T . Al len 
a n d co -worke r s , a n d G. W . P l u m m e r ; a n d w i t h t h e X - r a d i o g r a m s o b s e r v e d b y 
W . L . B r a g g , A . R e i s , M. IJ. H u g g i n s , J . B e c k e n k a m p , P . P . E w a l d a n d W . F r i e d r i c h , 
a n d P . Niggl i—vide infra, p y r i t e s . L . C. J a c k s o n a lso f o u n d t h a t t h e m a g n e t i c 
p r o p e r t i e s of p y r i t e i n d i c a t e t h a t i r on is p r e s e n t in t h e fe r rous fo rm. P y r i t e m a y 
be long t o a p e r s u l p h o - s a l t a n a l o g o u s t o t h e p e r o x y - s a l t s typi f ied b y b a r i u m d iox ide , 
B a O 2 . T h e c o n s t i t u t i o n of p y r i t e "with b i v a l e n t i r on is t h e n r e p r e s e n t e d e i t h e r b y 
F e = S = S or b y J . .Loczka 's f o r m u l a (vide supra). T h e t w i n n i n g of t h e s u l p h u r 
a t o m s f a v o u r s t h e a s s u m p t i o n t h a t i r o n p y r i t e s is a fe r rous d i su lph ide , F e + + — S - S - , 
c o n t a i n i n g a b i v a l e n t d i a t o m i c a n i o n , a s in t h e case of s u c h pe rox ides a s 
N a + O - — O - N a + ; a n d of t h e m e r c u r o u s ion H g ' - — H g + i n m e r c u r o u s n i t r a t e . 
T h e a s s u m p t i o n is m a d e b y A. W e r n e r t h a t t h e i ron is q u a d r i v a l e n t in p y r i t e , 
S = F e = S ; a n d t h i s h y p o t h e s i s is modif ied b y P . Pfeiffer w h o a s s u m e d t h a t p y r i t e 
h a s t h e c o m p l e x r ad i c l e s [Fe(S 2 ) 6 ] a n d [ ( S 2 ) F e 0 ] . E . A r b e i t e r s t u d i e d t h e o x i d a t i o n 
of p y r i t e b y h y d r o g e n d iox ide , a n d c o n c l u d e d t h a t one - fou r th of t h e s u l p h u r is 
d i f ferent ly o r i e n t e d f rom t h e r e m a i n i n g t h r e e - f o u r t h s because i t is m o r e r e a d i l y 
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ox id ized . Consequen t ly , in a g r e e m e n t w i t h A. B e u t e l F s f o r m u l a for c o b a l t i t e , 
E . A r b e i t e r r e p r e s e n t e d t h e c o n s t i t u t i o n of p y r i t e : 

E . Arbeiter 's formula 

Analyses of marcas i t e , m a d e a t t h e b e g i n n i n g of t h e n i n e t e e n t h c e n t u r y , b y 
C. H a t c h e t t , 3 a n d J . J . Berzel ius s h o w e d t h a t i t s u l t i m a t e c o m p o s i t i o n is t h e s a m e 
a s t h a t of p y r i t e , name ly , F e S 2 . T h i s w a s conf i rmed b y t h e w o r k of F . J . M a l a g u t i 
a n d J . Duroche r , A. Vogel a n d C. R e i s c h a u e r , F . S a n d b e r g e r , C. T r a p p , 
C. F . P l a t t n e r , C. H . Sche idhaue r , J . A . Antipoff, E . Arbe i t e r , E . T . A l l en a n d 
co-workers , E . A m m e r m a n n , E . M a n a s s e , F . Schondor f a n d R . Sch rode r , G. S i rov ich , 
A. B r e i t h a u p t , e t c . M. J . B u e r g e r c o n c l u d e d t h a t t h e p u b l i s h e d a n a l y s e s show-
t h a t p u r e p y r i t e h a s t h e compos i t i on F e S 2 , a n d m a r c a s i t e FeS1-Q8 5 . T h e p r o p o r t i o n 
of arsenic was d iscussed b y E . Arbe i t e r , a n d B . K o s m a n n — v i d e a r s e n o p y r i t e , 
a n d loll ingite ; t h e n ickel a n d coba l t , b y B . K o s m a n n ; a n d t h e t h a l l i u m , b y 
A. B r e i t h a u p t . 

C. F . R a m m e l s b e r g r e g a r d e d a r sen ica l m a r c a s i t e a s a m i x t u r e of, s ay , 2 6 F e S 2 
a n d F e A s 2 ; a n d A. B e u t e l l d i scussed t h i s s u b j e c t r e g a r d i n g F e S 2 a n d F e A s 2 a s 
i s o m o r p h o u s , a sub j ec t d iscussed b y J . W . R e t g e r s , a n d A. A r z r u n i . W . B . B r o w n 
s u p p o s e d t h a t m a r c a s i t e c o n t a i n e d o n l y fe r rous i ron , a n d s h o u l d be r e p r e s e n t e d : 

W . P . Brown's formula A . Beute l l ' s formula E . Arbeiter's formula 

A. B e u t e l l u sed t h e d o u b l e d fo rmula j u s t i n d i c a t e d , a n d i t w a s f a v o u r e d b y P . G r o t h . 
E . A r b e i t e r s h o w e d t h a t w h e n oxid ized w i t h h y d r o g e n d i o x i d e , half t h e s u l p h u r 
a t o m s b e h a v e different ly f rom t h e o t h e r half in a g r e e m e n t w i t h t h e a s s u m p t i o n 
t h a t t h e y a r e different ly or ien ted in t h e molecule a s j u s t i n d i c a t e d . F . Be i j e r inck 
f a v o u r e d t h e r ing fo rmu la ; a n d M. L.. H u g g i n s g a v e a poss ib le s t r u c t u r e for t h e 
space- la t t i ce—v ide infra. 

T h e h i s t o r y a n d compos i t ion of d i m o r p h i c pyri tes , t h a t is, i r o n d isulphide , F e S 2 , 
a s i t a p p e a r s in t h e fo rm of cubic pyrite a n d r h o m b i c marcas i t e , h a s been p r e v i o u s l y 
d i scussed in connec t ion w i t h t h e i ron su lph ides . G. K o n i g s b e r g e r a n d O. R e i c h e n -
h e i m 4 be l i eved t h a t a t h i r d modif ica t ion a p p e a r s a t 400°, b u t E . T . Al len a n d 
co-workers , a n d E . Arbe i t e r were u n a b l e t o conf i rm t h e ex i s t ence of fo rms of t h e 
d i s u l p h i d e o t h e r t h a n m a r c a s i t e a n d p y r i t e . As i n d i c a t e d below, t h e r e is a col lo idal 
f o r m of t h e d i su lph ide . P y r i t e occurs spa r ing ly t h o u g h f r e q u e n t l y in rocks of al l 
ages—from t h e o ldes t igneous rocks , t o t h e l a t e r m e t a m o r p h i c rocks , a n d c o m ­
p a r a t i v e l y r e c e n t a l luv ia l depos i t s ; i t w a s cal led b y J . F . H e n c k e l , in 1725 , t h e 
Jack-in-every-street-Pyrite. I t is c o m m o n l y a s soc ia t ed w i t h m a g n e t i t e o r haema t i t e , 
a n d i n t h e n e i g h b o u r h o o d of me ta l l i c ve ins , i t m a y b e a c c o m p a n i e d b y m e t a l 
su lphide—e .g . , cha l copy r i t e , bo rn i t e , cha lcoc i te , spha le r i t e , ga l ena , e t c . A c c o r d i n g 
t o A. A . J u l i e n , p y r i t e t e n d s t o p r e d o m i n a t e i n t h e c rys t a l l ine r o c k s l a rge ly con­
s t i t u t e d of m a g n e s i a - a n d i ron -micas , h o r n b l e n d e , ch lo r i t e , a n d s e r p e n t i n e s u c h a s 
d io r i t e , ch lor i t e - a n d ho rnb lende - sch i s t s , e t c . I t is p r o m i n e n t a s well in w e a t h e r e d 
e r u p t i v e rocks a n d m o s t g r a n i t e s , m a r b l e s , a n d c lays ; i t occu r s s c a t t e r e d i n 
a n t h r a c i t e a n d n e a r l y all meta l l i fe rous ve ins , a n d in c l ay b e d s . T h e p y r i t i c 
d e p o s i t s i n n a t u r e h a v e a w ide ly different or ig in a n d h i s t o r y , (i) S o m e h a v e 
c rys t a l l i zed d i r ec t l y f rom r o c k m a g m a s , a n d were fo rmed a t a h i g h t e m p . , t h u s , 
J . H . L . V o g t f o u n d t h a t t h e i r on su lph ides a r e soluble in s i l ica te m a g m a s a t h i g h 
t e m p . , a n d t h a t t h e y a r e a m o n g s t t h e ear l ies t m ine ra l s t o c rys ta l l i ze f rom s u c h m a g ­
m a s , (ii) O t h e r s a r e f o r m e d b y c o n t a c t m e t a m o r p h i s m , a n d t h e y m a y b e c o n n e c t e d 
w i t h t h e e r u p t i o n of i gneous r o c k s a l t h o u g h h igh t e m p , m i n e r a l s a r e u s u a l l y a b s e n t , 
a n d t h e g a n g u e c o n t a i n s b a r i t e a n d ca lc i te , a s well a s qua r t z—e .g . , t h e d e p o s i t s of 
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R i o Tinto , Spain, discussed b y J . H . Collins, A. M. F in layson , F . Klockniann, 
L . de L a n n a y , H . Preiswerk, J . Gonzalo y Tarin, J . H . L . Vogt , B . Wetz ig , e tc . ; 
t h e deposits of Rammelsberg , Harz , Germany, discussed b y F . K l o c k m a n n , 5 

J. H . L . Vogt , W . Lindgren a n d J . I ) . Irving, e tc . ; and the deposi ts of Mount 
Lyel l , Tasmania , discussed b y J . W . Gregory, (iii) Another class is generally 
t h o u g h t t o represent a phase of igneous inject ion for t h e y h a v e a close relation 
t o the igneous rock formations—e-g-* the Norweg ian deposi ts a t Vignas , Sul i te lma, 
and Roros ; t h e Swedish deposi ts a t F a h l u n a n d Bersbo ; and t h e Bavar ian deposi t 
a t Bodenmais . All these deposi ts m a y have been modified in structure and 
mineral association b y dynamic metamorphism. W . A . Tarr no ted sulphide, 
inclusions in Jopl in calcites, and also al ternating deposi ts of pyr i te and marcasite . 
Marcasite, said he, is deposi ted b y acidic soln. , pyri te b y neutral or s l ight ly acidic 
soln. , and melnikovi te b y alkaline soln. The occurrence of pyri tes is discussed b y 
P . Truchot , Les pyrites (Paris, 1907) , and b y A. W . G. Wilson, Pyrites in Canada 
(Ottawa, 1912) ; and the paragenesis , b y W. H . Newhouse . 

Pyr i te and other sulphides m a y be precipi tated b y chemical react ions in sedi­
ments , and t h u s appear in sed imentary format ions—clays , shales, marls, l imestone, 
coal, e tc . In m a n y cases, the pyri tes is supposed t o h a v e been formed b y the 
reduction of soln. of iron sulphate b y organic mat ter . M. L o n g c h a m p 6 observed 
iron pyrites as a deposi t from the mineral water in a narrow channel of the thermal 
spring a t Chaudesaigue ; J. J . Noggerath found the l imestone in the thermal springs 
of Aix-la-Chapelle was covered wi th a film of pyrites ; and G. Bischof made 
analogous observat ions . H e also found t h a t water conta in ing sulphates and 
organic matter was able t o convert ferrous carbonate into pyrit ic crystals . A. Liver-
sidge ment ioned a case of the formation of pyr i te on twigs in the h o t spring a t 
Tempo, N e w Zealand ; and H . Kiefer, in t h e rocks of t h e Upper R h i n e ; 
J . L . G. Meinecke found the wood in a swamp at Ddlau was incrusted with pyri tes ; 
IJ. W . Gilbert, and H . F . Link made similar observat ions . R. Bakewel l showed 
t h a t some mouse droppings accidental ly kept in a flask in contac t wi th a soln. of 
ferrous sulphate for some t ime , became covered wi th crystals of pyrites . Obser­
vat ions on the subject were made b y G. Forchhammer, A. Daubree , C. W . C. Fuchs , 
F . F o u q u e and A. Michel-Levy, and F . J . Malaguti and J . Durocher. A. Gautier 
discussed the formation of hydrogen sulphide b y the decay of organic matter . 
According t o M. W . Beyerinck, certain micro-organisms—bacteria, algae, infusoria, 
and nagel lata—favour the formation of pyrites in surface soils b y evolv ing hydrogen 
sulphide as a product of the reduction of sulphates . J . v o n Fodor said t h a t micro­
organisms in soils h a v e been discovered only a t a d e p t h of about 5 metres . 
Observat ions on t h e formation of pyrites b y the reduction of sulphates by s w a m p 
water, spring water , e tc . , were made b y A. R. W h i t m a n , C. O. Harvey , V. R o d t , 
C. Ochsenius, W . FeId, H . Schneiderhohn, R. Brauns , A. Lacroix , H . Winter and 
G. Free, and E . J o u k o w s k y . G. Sirovich d id n o t favour t h e hypothes i s t h a t 
pyri tes is formed, geological ly, b y the reduct ion of ferrous sulphate soln. b y organic 
matter : 7 C - l - 4 : F e S 0 4 ^ 2 F e C 0 3 4 - 2 F e S 2 - j - 5 C 0 2 ; nor d id E . T. Al len and co-workers 
obtain sat isfactory results in the reduction of ferrous sulphate soln. by starch and 
glucose, e v e n a t t e m p , as high as 300° ; b u t t h e frequent occurrence of pyri tes 
on coal, and i t s occasional format ion o n w o o d , indicate t h a t the reduction 
m a y occur. 

According t o E . T. Allen and co-workers, t h e sulphide produced b y ascending 
waters is a lways pyri te , never marcasite , and such waters are naturally hot , and 
nearly a lways alkaline. A. Daubree noted t h e formation of pyrite in the springs 
of Carlsbad where t h e t e m p , is a b o u t 55° . The deposit ion of pyri tes by the Tuscan 
lagoons, was observed b y J . Noggerath and G. Bischof ; R. Bunsen noted tha t the 
hot vapours of t h e fumaroles in Ice land are s lowly convert ing the ferrous silicate 
of the rocks in to pyr i tes ; and A. Lacroix observed t h a t pyrite and pyrrhotite were 
formed in t h e eruption of Vesuv ius i n April, 1906, owing t o the act ion of hydrogen 
sulphide o n the volat i l ized ferrous chloride. E . T. Allen and co-workers found t h a t 



204 INORGANIC AND THEORETICAL CHEMISTRY 

b o t h m a r c a s i t e a n d p y r i t e c a n be fo rmed b y t h e a g e n c y of h y d r o g e n s u l p h i d e u n d e r 
geological cond i t ions ; a n d a d d e d t h a t py r i t e , in t h e m a j o r i t y of cases , a n d m a r c a s i t e , 
i n al l cases , c rys ta l l ize f rom a q . soln. T h e p y r i t e of d e e p ve ins , m e t a m o r p h i c 
c o n t a c t s , t h e r m a l spr ings , a n d m a g m a s h a s been f o r m e d b y hot soln. , a n d t h e s e 
soln . n e v e r c o n t a i n s t r o n g mine ra l ac ids , b u t a r e genera l ly , if n o t a l w a y s , a lka l ine . 
T h e p y r i t e a n d m a r c a s i t e of surface ve ins , on t h e o t h e r h a n d , a r e f o r m e d f rom cold 
soln. wh ich of ten c o n t a i n a re la t ive ly high p r o p o r t i o n of s u l p h u r i c ac id . 

J . R . B l u m 7 descr ibed p s e u d o m o r p h s of p y r i t e a f te r b a r y t e s ; A . B r e i t h a u p t , 
a f te r fluorite ; G. v o m R a t h , a f ter m a g n e s i t e ; K . Z i m a n y i , a f ter ca lc i t e ; 
G. T s c h e r m a k , af ter aug i t e ; E . Doll , a f te r t o u r m a l i n e , a n d e p i d o t e ; a n d 
F . S c h u m a c h e r , a f te r b io t i t e . Fossi ls also m a y cons i s t of p y r i t e s w h e n t h e m i n e r a l 
h a s been formed b y t h e r educ t ion of soln. of f e r rous s u l p h a t e b y o rgan i c m a t t e r ; 
a n d i t m a y also exp la in t h e f o r m a t i o n of nodu le s of p y r i t e a n d m a r c a s i t e f ound in 
c lays , a n d cha lk beds. A. Gau t i e r , for i n s t a n c e , s h o w e d t h a t h y d r o g e n s u l p h i d e 
is one of t h e p r o d u c t s of t h e p u t r e f a c t i o n of o rgan ic m a t t e r , a n d t h a t t h e p y r i t e 
which forms t h e s u b s t a n c e of some fossil bones a n d shells is p r e c i p i t a t e d b y h y d r o g e n 
su lph ide g iven off b y t h e decompos ing o rgan ic m a t t e r . T h i s s u b j e c t w a s d i scussed 
b y P . Fa l lo t , a n d E . . l oukowsky . 

U n l i k e p y r i t e , m a r c a s i t e does n o t occur a s a p r i m a r y c o n s t i t u e n t of m a g m a s , 
because , a s s h o w n b y E . T . Al len a n d co -worke r s , 8 m a r c a s i t e is u n s t a b l e a t t e m p , 
exceed ing 450°—vide infra. M a r c a s i t e occurs on ly in s e d i m e n t a r y depos i t s , a n d 
meta l l i fe rous ve ins . I t is fo rmed in surface ve ins f rom cold acidic soln. , a n d 
m i x t u r e s of p y r i t e a n d m a r c a s i t e m a y h a v e b e e n fo rmed a t h ighe r t e m p . , u p t o , 
say , 300°, or in t h e p resence of less acid, o r b o t h . T h e f o r m a t i o n of p y r i t e is f a v o u r e d 
b y a lka l ine soln. , a n d t e m p , exceed ing 450°. G. V. Doug la s , F . R . a n d K. R . H o r n , 
V. R . v o n Zepharov ich , T . B r a n d e s , T . Schecrer , H . N . S tokes , W . S. T. S m i t h a n d 
C E . S ieben tha l , a n d E . T . Allen a n d co-workers o b s e r v e d m a r c a s i t e a n d p y r i t e 
assoc ia ted t o g e t h e r in concen t r i c l aye r s , e t c . C H i n t z e m e n t i o n s t h i r t y - o n e 
cases where t h e t w o minera l s h a v e i n t e r g r o w n o r been p r e c i p i t a t e d o n e on t h e 
o the r . As in t h e case of p y r i t e (q.v.), i t m a y b e fo rmed b y w h a t a p p e a r s t o b e . t h e 
r e d u c t i o n of s u l p h a t e soln. , a s obse rved b y E . F . Glocker . A . A. Ju l i en sa id t h a t 
m a r c a s i t e is la rgely or whol ly t h e p y r i t e s of t h i n s e a m s a n d coa t ings in coa l -beds , 
l igni t ic shales , do lomi tes , l imes tones , a n d in genera l u n a l t e r e d s e d i m e n t a r y rocks 
l ike s ands tones , g r a y w a c k e schis ts , p e a t , c lay , b i t u m i n o u s coals , ca s t s of fossils, 
a n d ve ins of ga lena . I t occurs in s t a l ac t i t i e fo rms . E . K a l k o w s k y obse rved i n c r u s t a ­
t ions—marcas i te patina—on some w o o d e n pi les . S p e a r - s h a p e d c rys t a l s o c c u r in 
t h e p las t i c c lay of t h e b rown coal f o r m a t i o n of L i t t m i t z , a n d Al t sa t t e l l , B o h e m i a , 
w h e r e i t was m i n e d for i t s s u l p h u r , a n d t h e m a n u f a c t u r e of fe r rous s u l p h a t e . 
C. W i n k l e r descr ibed c ryp toc rys t a l l i ne p y r i t e s fo rmed in t h e ins ide of c a s t - i r o n 
t u b e s convey ing su lph ide l iquors in t h e m a n u f a c t u r e of s o d i u m c a r b o n a t e ; t h e s e 
c rys ta l s , accord ing t o C. Doel te r , a r e m a r c a s i t e . C R e i d e m e i s t e r o b s e r v e d t h e 
c ry s t a l s were fo rmed in t h e j o in t s of a p l a n t u s e d for t h e pur i f ica t ion of s u l p h u r . 
P s e u d o m o r p h s of m a r c a s i t e af ter m a n y m i n e r a l s h a v e b e e n o b s e r v e d . H . Schne ide r -
h o h n n o t e d t h e following sequence : s ider i te—»pyrrhot i te«->marcasi te—»pyri te ; 
a n d E . Dcill a lso n o t e d p s e u d o m o r p h s of p y r i t e a f te r m a r c a s i t e . J . F . L . H a u s m a n n 
r e p o r t e d smal l c ry s t a l s of p y r i t e in t h e sole of a n o ld r o a s t i n g fu rnace in t h e H a r z . 
B . v o n C o t t a a lso obse rved p y r i t e s as a fu rnace p r o d u c t ; a n d G. L o w e o b s e r v e d 
t h a t in t h e sub l ima t ion , a t a du l l r e d - h e a t , of a m m o n i u m chlor ide c o n t a i n i n g s o m e 
s u l p h a t e f rom a n i r o n vessel l ined w i t h c lay, cubes a n d o c t a h e d r a of p y r i t e s w e r e 
fo rmed on t h e surface of t h e c l ay . 

T h e s e p a r a t i o n of p y r i t e s f rom o t h e r mine ra l s b y e l ec t ro s t a t i c a n d e l ec t ro ­
m a g n e t i c processes w a s d iscussed b y P . A n d r e , 9 T . Crook, G. R i g g , P . T r u c h o t , 
P . R e h b i n d e r a n d co-workers , a n d A. W . G. Wi l son . 

The preparation of iron disulphide—pyrite and marcasite.—J. L.. Proust , 
C. F . B u c h o l z a n d A . F . Geh len , J . J . Berze l ius , C F . R a m m e l s b e r g , L,. Gede l , 
and R . S c h e u e r o b t a i n e d i ron d i s u l p h i d e b y h e a t i n g a m i x t u r e of i r on o r f e r rous 
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s u l p h i d e a n d s u l p h u r be low a r e d - h e a t . A c c o r d i n g t o J . J . Berze l ius , w h e n ferric 
ox ide o r i t s h y d r a t e , ferrosic o x i d e , fe r rous c a r b o n a t e , o r o n e of t h e lower i ron 
su lph ides is e x p o s e d t o t h e a c t i o n of h y d r o g e n s u l p h i d e a t a t e m p , s h o r t of r edness , 
a v i g o r o u s r e a c t i o n a t first occurs , a n d s t e a m , s u l p h u r d iox ide , a n d h y d r o g e n a r e 
e v o l v e d wh i l s t a lower s u l p h i d e of i r o n is f o rmed , w h i c h a f t e r w a r d s t a k e s u p m o r e 
s u l p h u r w i t h t h e e v o l u t i o n of h y d r o g e n . J . J . Berze l ius a lso s a id t h a t w h e n a n 
i n t i m a t e m i x t u r e of fe r rous suli>hide w i t h half i t s w e i g h t of s u l p h u r is h e a t e d i n a 
r e t o r t t o a t e m p , s h o r t of r e d n e s s , i r o n d i su lph ide is f o r m e d a s a b u l k y , yellow-
p o w d e r . J . J . Berze l ius , C. Doe l t e r , L . Gede l , T . G. P e a r s o n a n d P . L . R o b i n s o n , 
a n d I J . A. Sayce a d d e d t h a t h y d r o g e n su lph ide a t a low t e m p . , b e t w e e n 100° a n d 
a r e d - h e a t , fo rms i ron d i su lph ide , b u t C. F . R a m m e l s b e r g a d d e d t h a t t h e p r o d u c t 
is a n o x y s u l p h i d e , n o t t h e d i s u l p h i d e . F . W o h l e r h e a t e d a n i n t i m a t e m i x t u r e of 
ferr ic ox ide , s u l p h u r , a n d a m m o n i u m ch lo r ide t o a t e m p , a l i t t l e a b o v e t h e s u b ­
l i m a t i o n p o i n t of t h e a m m o n i u m chlor ide , a n d o b t a i n e d a r e s idue cons i s t ing of 
smal l , b rass -ye l low o c t a h e d r a a n d c u b e s of p y r i t e w h i c h cou ld be s e p a r a t e d f rom 
t h e r e s t of t h e p o w d e r b y l ev iga t ion . S. M e u n i e r a d d e d t h a t v a r i o u s s a l t s of i r o n 
—e.g. , f e r rous c a r b o n a t e — c a n be e m p l o y e d i n p lace of ferr ic ox ide . F . F o r e m a n , 
a n d E . W e i n a c h e n k o b t a i n e d c ry s t a l s b y a s imi la r p rocess . C. F . R a m m e l s b e r g 
m e l t e d i ron w i t h a n excess of s u l p h u r , a n d o b t a i n e d a m a s s s imi la r t o p y r i t e s , 
a n d b y t h e a c t i o n of h y d r o g e n s u l p h i d e o n s ide r i t e or m a g n e t i t e , b e t w e e n 100° 
a n d 500°, he o b t a i n e d p s e u d o m o r p h s of p y r i t e . J . D u r o c h e r p a s s e d a m i x t u r e of 
t h e v a p o u r of ferr ic ch lor ide a n d h y d r o g e n s u l p h i d e t h r o u g h a r e d - h o t po rce l a in 
t u b e , a n d o b t a i n e d s m a l l cub ic c r y s t a l s ; wh i l s t F . Sch lagdenhauf fen also o b t a i n e d 
t h e c r y s t a l s b y t h e a c t i o n of t h e v a p o u r of c a r b o n d i s u l p h i d e o n ferric ox ide a t a 
h igh t e m p . E . Gla tze l h e a t e d in a r e t o r t a n i n t i m a t e m i x t u r e of p h o s p h o r u s 
p e n t a s u l p h i d e w i t h tw ice i t s w e i g h t of a n h y d r o u s ferr ic ch lo r ide , u n t i l t h i o p h o s -
p h o r y l ch lor ide w a s n o longer evo lved , a n d a f te r l ev iga t ion i n w a t e r , i so la ted c r y s t a l s 
of p y r i t e r e m a i n e d . Acco rd ing t o N . C o s t e a n u , s o d i u m or p o t a s s i u m p e n t a s u l p h i d e 
c a n be e m p l o y e d in p l ace of p h o s p h o r u s p e n t a s u l p h i d e . H . IST. W a r r e n o b t a i n e d 
p y r i t e b y h e a t i n g a m i x t u r e of ferr ic ox ide a n d p o t a s s i u m t h i o c y a n a t e . C D o e l t e r 
s h o w e d t h a t i n t h e e x p e r i m e n t s of J . D u r o c h e r , a n d C. F . R a m m e l s b e r g , t h e 
r e a c t i o n occu r s a t a b o u t 200° , a n d t h a t i t is b e t t e r t o use a m o r p h o u s ferric ox ide 
t h a n haemat i t e o r me ta l l i c i ron . C. G e i t n e r o b t a i n e d brass -ye l low c r y s t a l s of 
p y r i t e b y h e a t i n g i ron , m a g n e t i t e , o r ferric o x i d e a n d s u l p h u r o u s ac id in sea led 
t u b e s a t 200° . 

H . d e S e n a r m o n t h e a t e d a so ln . of p o t a s s i u m o r s o d i u m p o l y s u l p h i d e w i t h 
fe r rous o r ferr ic s u l p h a t e in a sea led t u b e a t 180°, a n d o b t a i n e d a ye l low p r o d u c t ; 
a n d b y h e a t i n g p r e c i p i t a t e d fe r rous s u l p h i d e w i t h a soln . of h y d r o g e n s u l p h i d e in a 
sea led t u b e , h e o b t a i n e d c ry s t a l s of p y r i t e ; a b l a c k p r e c i p i t a t e o b t a i n e d in t h i s 
p rocess is cons ide red b y L . Gede l t o be ferric s u l p h i d e . E . T . Al len a n d co -worke r s 
r e p r e s e n t e d t h e r e a c t i o n s : F e 2 ( S 0 4 ) 3 + H 2 S = 2 F e S O 4 + H 2 S O 4 - f - S , a n d F e S O 4 f-S 
+ H 2 S ^ - - F e S 2 + H 2 S O 4 . A. Sch leede a n d H . Bugg i sch e m p l o y e d a n ana logous p r o ­
cess ; a n d C. O . H a r v e y boi led a so ln . of f e r rous s u l p h a t e w i t h h y d r o g e n su lph ide , 
w a t e r , s u l p h u r , a n d c h a l k : F e S 0 4 + H 2 S + C a C 0 3 = H 2 0 - } ~ C 0 2 + F e S 2 + C a S 0 4 . 
C. D o e l t e r h e a t e d in sea led t u b e s a m i x t u r e of s ide r i t e , haemat i t e , o r m a g n e t i t e w i t h 
w a t e r s a t u r a t e d w i t h h y d r o g e n s u l p h i d e for 72 h r s . a t 80° t o 90°, a n d o b t a i n e d 
cub ic c r y s t a l s of p y r i t e . S ide r i t e g a v e t h e b e s t r e su l t s ; o n l y a smal l y ie ld w a s 
o b t a i n e d w i t h m a g n e t i t e . C. D o e l t e r also h e a t e d fe r rous ch lor ide , w a t e r , a n d 
h y d r o g e n s u l p h i d e in a sea led t u b e for 16 d a y s a t 200°, a n d he o b t a i n e d p y r r h o t i t e 
w h e n a i r w a s e x c l u d e d , a n d p y r i t e w h e n s o m e a i r w a s p r e s e n t . C. D o e l t e r a lso 
n o t i c e d t h a t c r y s t a l s of p y r i t e w e r e f o r m e d in h i s e x p e r i m e n t s on t h e so lubi l i ty of 
p y r i t e i n w a t e r , a n d i n soln . of s o d i u m su lph ide . T h e b lack , a m o r p h o u s p r e ­
c i p i t a t e f o r m e d b y t h e a c t i o n of a lka l i p o l y s u l p h i d e s o n fe r rous sa l t s , is, acco rd ing 
t o E . T . Al len and co -worke r s , a m i x t u r e of fe r rous su lph ide a n d s u l p h u r . T h i s 
m i x t u r e , w h e n h e a t e d , g r a d u a l l y passes i n t o t h e d i su lph ide , a l t h o u g h some b l a c k 
p r e c i p i t a t e r e m a i n s u n c h a n g e d e v e n a f t e r h e a t i n g for severa l d a y s w i th a n excess 
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of polysulphide a t 100°. The influence of t ime is shown b y heat ing sy s t ems w i t h 
3 grms. of ferrous sulphate, 2-5 grms. sodium sulphide, 0*75 grm. sulphur, and 
1OO c.c. of water at 100° for 2 and 7 days , when the products contained respect ive ly 
75 and 95 per cent, of pyrite . E . T. Allen and co-workers found t h a t w h e n t h e 
products are purified b y boiling w i t h 20 per cent, hydrochloric acid, the proportions 
of pyrite formed at 300°, 200°, and 100° were respectively 97, 71 , and 51 per cent . 
Marcasite was absent , so t h a t the remaining 3 , 29, and 49 per cent, are amorphous 
disulphide. The evidence for t h e existence of the amorphous disulphide in t h e 
alkaline soln. is as follows : While the products of acidic soln. which conta in t h e 
mos t marcasite are the best crystall ized, those from alkaline soln. -which conta in 
the mos t disulphide are a lmost black, dull, and lustreless a t the lower t e m p . T h e 
proportion of pyrite is increased b y raising the t e m p . , or prolonging the t i m e of t h e 
react ion—both condit ions are favourable t o the product ion of an amorphous 
substance. Moreover, marcasite is n o t changed w h e n i t is heated several d a y s w i t h 
a soln. of sodium polysulphide a t 300°. Hence , the first product of the union of 
sulphur and ferrous sulphide from an alkali polysulphide soln. is amorphous iron 
disulphide which s lowly crystall izes into pyrite . 

According t o E . T. Allen and co-workers, t h e first act ion of hydrogen sulphide 
on a soln. of a ferric salt is t o reduce the soln. w i th t h e s imultaneous deposit ion of 
sulphur ; and in closed vessels, w h e n the hydrogen sulphide cannot escape or be 
oxidized, the reaction : FeSO 4 -J -S - I -H 2 S=FeS 2 - I -H 2 SO 4 , occurs. The speed of 
th i s reaction is very small a t ordinary t emp. , b u t at 200° i t is comparat ive ly rapid. 
W h e n hydrogen sulphide and sulphur act on a soln. of ferrous sulphate , the crystals 
of the disulphide are small ; their size is greater the higher is t h e t e m p . ; other 
conditions—e.g. , a s low react ion—favour the formation of large crystals . Thus , 
b y arranging the experiment a t 200° so t h a t hydrogen sulphide was s lowly g iven 
off from a thiosulphate soln., N a 2 S 2 O 3 - J - H 2 O = N a 2 S O 4 - J - H 2 S , in the presence 
of a ferric salt, comparat ive ly large crystals of a mixture of pyrite and marcasite 
were formed. I n order that pyrite m a y be the principal product , the soln. should 
be neutral, or only sl ightly acid. The reaction which occurs w h e n a mixture of 
ferrous sulphate and sodium thiosulphate is heated in a sealed tube a t 90° t o 200° , 
results in the formation of a mixture of sulphur and pyrite . The reaction can be 
symbol ized : 4 N a 2 S 2 0 3 + F e S 0 4 = F e S 2 - J - 3 S - J - 4 : N a 2 S 0 4 . I t is possible t h a t in t h e 
case of ferrous sulphate, the hydrogen sulphide from the th iosulphate reacts : 
F e S 0 4 - j - 4 : H 2 S = F e S 2 4 3 S - h 4 H 2 0 ; but since the pyrite is s imilarly formed wi th 
soln. of ferrous chloride, it is thought t h a t ferrous thiosulphate is first formed : 
FeSO 4 -J-Na 2 S 2 O 3 ^-Na 2 SO 4 -J-FeS 2 O 3 . a n d t k a t t h i s r e a c t 8 : F e S 2 O 3 - f 3 N a 2 S 2 O 3 
= F e S 2 - f - 3 S + 3 N a 2 S O 4 . Pyrite was also synthes ized by the th iosulphate react ion 
b y W. FeId, and R. F . Carpenter and E . Linder. W. Mecklenburg and V. R o d t , 
and V. R o d t found that in the absence of air, ferric sulphide decomposes in to 
pyrite and ferrous sulphide : F e 2 S 3 = F e S H - F e S 2 . 

According to E . T. Allen and co-workers, hydrated ferric ox ide along wi th 100 c.c. 
of water saturated wi th hydrogen sulphide, was heated in a sealed tube for 7 d a y s 
a t 140°, and the yellowish-brown product was boiled w i t h 20 per cent , hydrochloric 
acid t o remove hydrated ferric oxide and ferrous sulphide. A b o u t 9O per cent , of 
the remainder was pyrite, and IO per cent, marcasite . H y d r a t e d ferric ox ide 
which has been dried at 100° is less susceptible to a t tack b y hydrogen sulphide 
t h a n the hydrate which has not been dried. In these cases, the pyr i te is immedia te ly 
formed b y the direct union of sulphur and ferrous sulphide, as s h o w n b y C. Doel ter , 
— t h e hydrogen sulphide water probably acts as a weak so lvent ; s imilarly also 
marcasite can be regarded as a product of the addit ion of sulphur t o ferrous sulphide 
w h i c h gradually forms from the soln. Since pyri te can be formed b y the ac t ion 
of sulphur on crystall ine pyrrhotite , i t follows, as pointed o u t b y E . T. Al len a n d 
co-workers, t h a t i t is n o t the exac t nature of the solid phase reacts w i t h t h e sulphur, 
b u t rather the composi t ion of t h e soln. in which i t forms, which determines w h e t h e r 
the product shall be pyrite or marcasite . A mixture of 2*2 grms. of artificial 
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pyrrhot i te , 0*8 grm. of sulphur, 0*1 grm. of sod ium hydrocarbonate , and 1OO c.c. 
of -water was saturated w i t h hydrogen sulphide, a n d sealed in a glass tube . T h e 
compos i t ion of t h e soln. w a s similar t o t h a t of a w a r m " sulphur " spring, a n d it 
served as a so lvent for t h e sulphur which was gradual ly absorbed b y the pyrrhoti te . 
T h e vessel was h e a t e d for 2 m o n t h s a t 70° , w h e n t h e undecomposed pyrrhot i te 
w a s removed b y boil ing t h e product w i t h 20 per cent , hydrochloric acid. The 
dense , brass-yel low product conta ined all pyr i te a n d no marcasi te . The react ion 
proceeds more quickly a t 300° ; thus , a mix ture of 5 grms. of pyrrhot i te , 1-75 grms. 
sulphur, 0-2 grm. of sod ium hydrocarbonate , and 1OO c.c. of water saturated wi th 
hydrogen sulphide, w a s similarly treated for 4 d a y s a t 300° , w h e n the product 
conta ined 95 per cent , pyr i te . V. R o d t prepared pyr i te b y boil ing a mixture of 
freshly-precipitated ferrous sulphide and sulphur suspended in water ; and i t is 
formed b y t h e act ion of hydrogen sulphide on hydrated ferric ox ide w h e n the first 
product of t h e act ion is ferric sulphide, and if a t an e levated t e m p . , t h e ferric sulphide 
decomposes into iron disulphide. The react ion : F e 2 S 3 - > F e S - f - F e S 2 , does n o t occur 
in t h e presence of substances hav ing an alkaline reaction. A . JL. T. Moesveld 
observed pyri te is formed in faintly-alkal ine or neutral soln. , and marcasite , in acidic 
soln. Li. A. Sayce found t h a t pyri te is formed w h e n hydrogen sulphide, a t about 
300° , ac ts on ferric ox ide (q.v.). 

V. Rodt , and W . FeId observed t h a t whenever sulphur and ferrous sulphide 
are boi led together in neutral or feebly acidic soln. , pyri te is formed. E . T. Al len 
and co-workers found t h a t t h e first product of t h e act ion of hydrogen sulphide 
on a soln. of ferric sulphate can be represented b y : Fe 2 (SO 4 )S-J-H 2 S=S-+-2FeSO 4 
4 - H 2 S O 4 , w h e n t h e hydrogen sulphide is prevented from ox idat ion or e s c a p e — 
say , b y confining t h e mixture in a sealed t u b e — a second reaction : FeSO4-J-S 
- J - H 2 S = F e S 2 - J - H 2 S O 4 , occurs. T h e ve loc i ty of the latter reaction is s low a t 
room t e m p . , b u t faster a t 200° . The product of t h e act ion a t 200° for 2 days , 
is washed first w i t h water , t h e n digested wi th a m m o n i u m sulphide to remove the 
excess of sulphur, boi led "with 2 0 per cent , hydrochloric acid, washed in an a t m . 
of carbon dioxide, and dried in vacuo . Marcasite is the main product . Sulphuric 
ac id is here a product of the react ion in which marcasite forms, a n d the concen­
trat ion of the acid increases during t h e progress of the reaction. A greater initial 
concentrat ion of acid favours the deve lopment of marcasite . Thus , w i th 5 grms. 
of a m m o n i u m ferrous sulphate , IOO c.c. of water saturated wi th hydrogen sulphide 
and, 

F r e e H , S O 4 . 0 - 5 0 0 - 5 7 0 - 7 8 1 1 8 g r m . 
M a r c a s i t e . . 5 7 7 5 9O 9 2 - 5 |>er c e n t . 
P y r i t e . . 4 3 2 5 IO 7-5 

Working a t different t e m p , w i th the same mixture , but w i th O-17 grm. of free 
sulphuric acid, a t 300°, 200°, and 100°, the products contained respect ively 43 , 68, 
and 92 per cent , of marcasite . This shows t h a t the higher the t e m p . , the greater 
is the proportion of pyri te . I t was also observed t h a t a l though a high con­
centrat ion of acid favours t h e product ion of marcasite , there is for each t e m p , a 
certain critical cone, of acid which inhibi ts the react ion : FeSO 4 4-H 2 S-J-S — F e S 2 
-4-H2SO4 . This critical cone, of acid is smaller, t h e lower is the t emp. I t bears 
n o relation t o t h e solubi l i ty of the sulphide, for a t room t e m p , the quant i ty is a 
fraction of 1 per cent . , whereas a t 200° i t is be tween 3*5 and 5 per cent, during 
periods of a few weeks . 

F . Wohler h e a t e d marcasi te and pyri te for 4 hrs. a t about 445°, but observed 
no transformation of the one in to t h e other, but the observat ions of E . T. Allen 
a n d Co-workers s h o w e d t h a t marcas i te s lowly changes into pyri te a t this t e m p . , 
a n d J . Konigsberger and O. Re ichenhe im found a marked decrease in the 
electrical res is tance of marcas i te near 520° such t h a t the resistance becomes of 
t h e s a m e order as t h a t of pyri te . T h e y consider t h a t their results prove t h a t 
marcasi te changes in to pyri te , a n d t h a t t h e change is irreversible. E . T. Al len 
and co-workers observed n o ev idence of a n y change a t 300° and 350°, a l though 
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F i o . 6 2 8 . — H e a t i Ii g 
C u r v e s of M a r c a s i t e 
a n d I?yr i te . 

J . K o n i g s b e r g e r a n d O. R e i c h e n h e i m t h o u g h t t h a t t h e c h a n g e beg ins b e t w e e n 
250° a n d 300° . T h e h e a t i n g cu rves , F i g . 628 , s h o w t h a t b e t w e e n 500° a n d 600° 
m a r c a s i t e u n d e r g o e s a c h a n g e w h i c h is a c c o m p a n i e d b y t h e e v o l u t i o n of h e a t . 
A . Cavazz i cons ide red t h a t t h e h e a t s of c o m b u s t i o n of t h e t w o fo rms a r e t h e 

s a m e , b u t i n v iew of t h e h e a t i n g c u r v e s , t h i s c a n m e a n 
o n l y t h a t t h e m e t h o d of m e a s u r e m e n t w a s n o t sens i t ive 
e n o u g h t o d e t e c t a difference. T h e c o n d i t i o n of i n ­
s t a b i l i t y of m a r c a s i t e r evea led b y i t s possess ing m o r e 
ene rgy , is i n acco rd w i t h t h e g r e a t e r chemica l a c t i v i t y of 
m a r c a s i t e . F o r s o m e unknown, r ea son , m o n o t r o p i c fo rms 
of ten c rys ta l l i ze f rom s o m e p a r t i c u l a r so lven t , o r w i t h i n 
a l i m i t e d t e m p , r a n g e , a n d t h e f o r m a t i o n of m a r c a s i t e i n 
ac id ic so ln . is a n e x a m p l e of t h i s . A rise of t e m p , 
h a s t e n s t h e m o n o t r o p i c r e a c t i o n : marcasite—>• p y r i t e ; a t 
low t e m p , i t is i m m e a s u r a b l y s low or zero ; a b o v e 450° , 
i t is fas t e n o u g h t o m e a s u r e . H e n c e , i t is poss ib le t h a t 
p y r i t e n e v e r c h a n g e s t o m a r c a s i t e w i t h o u t first p a s s i n g 
i n t o soln. , whi le t h e o p p o s i t e c h a n g e r e a d i l y occu r s . 
H . V . A n d e r s o n a n d K . G. Chesley fol lowed t h e c h a n g e 

of m a r c a s i t e i n t o p y r i t e a t 415° b y o b s e r v a t i o n s o n t h e X - r a d i o g r a m s . P . v o n 
Jeremeeff, a n d J . R . B l u m m e n t i o n e d p s e u d o m o r p h s of m a r c a s i t e a f te r p y r i t e , b u t 
E . T . Al len a n d co-workers ' o b s e r v a t i o n s s h o w t h a t p a r a m o r p h s of p y r i t e a f t e r 
m a r c a s i t e a r e poss ib le , b u t p a r a m o r p h s of m a r c a s i t e af ter p y r i t e a r e imposs ib le . 

P y r i t e h a s a h ighe r d e n s i t y t h a n m a r c a s i t e , a n d if H . Ie Cha te l i e r ' s l a w — 2 . 
17, 4 — w e r e app l i cab l e t o i r revers ib le c h a n g e s , i t s hou ld b e poss ib le t o effect t h e 
t r a n s f o r m a t i o n of m a r c a s i t e t o p y r i t e b y p r e s s u r e ; b u t t h e r e is n o w a r r a n t for 
a s s u m i n g t h a t p ress , f avour s al l c h a n g e s a c c o m p a n i e d b y a r e d u c t i o n in vol . , 
i r r e spec t ive of t h e i r revers ib i l i ty . E . T . Al len a n d co -worker s , h o w e v e r , f o u n d 
t h a t n o p y r i t e f o r m a t i o n w a s o b s e r v e d w h e n a few g r a m s of m a r c a s i t e w e r e c o m ­
pressed for 5 h r s . a t 10,000 a t m . a t o r d i n a r y t e m p . , or w h e n c o m p r e s s e d a t 2,00O 
a t m . a t 300° t o 400° . 

As j u s t i nd i ca t ed , F . W o h l e r o b t a i n e d n o e v i d e n c e of t h e f o r m a t i o n of m a r c a s i t e 
b y h e a t i n g p y r i t e for 4 h r s . a t 445° . N o r d i d C. Doe l t e r succeed i n s y n t h e s i z i n g 
m a r c a s i t e b y h e a t i n g a m i x t u r e of fer rous s u l p h a t e a n d c a r b o n a t a r e d - h e a t in a 
c u r r e n t of h y d r o g e n su lph ide , b y t h e a c t i o n of coal -gas a n d h y d r o g e n s u l p h i d e o n 
h e a t e d ferrous s u l p h a t e , or b y t h e ac t i on of h y d r o g e n s u l p h i d e on h e a t e d fe r rous 
c a r b o n a t e . H e o b t a i n e d t w i n n e d c rys t a l s of m a r c a s i t e b y t r e a t i n g fe r rous s u l p h a t e 
w i t h dis t i l led w a t e r , w i t h soda- lye , or w i t h a soln . of s o d i u m s u l p h i d e — b u t t h i s 
h a s n o t been conf i rmed—vide supra. L . Michel r e p o r t e d t h a t a g g r e g a t e s of w h a t 
a p p e a r e d t o be r h o m b i c m a r c a s i t e w e r e o b t a i n e d a s a b y - p r o d u c t in s y n t h e s i z i n g 
g a r n e t , b y h e a t i n g in a g r a p h i t e c ruc ib le a t 1200° for 5 h r s . a m i x t u r e of t i t a n i f e r o u s 
i ron ore , ca lc ium su lph ide , silica, a n d c a r b o n . T h e r e s u l t h a s n o t b e e n conf i rmed . 

H . S c h n e i d e r h o h n , 1 0 F . V. v o n H a h n , a n d F . B e r n a u e r o b s e r v e d s p e c i m e n s of 
m a r c a s i t e wh ich a p p e a r e d t o c o n t a i n t h e co l lo idal i ron d isu lphide , p r e s u m a b l y 
m a r c a s i t e ; a n d t h e hyd roge l f o u n d i n Miocene c l a y s of t h e Melnikoff E s t a t e s , 
S a m a r a , Russ i a , w a s n a m e d melnikoffite , melnikowite, o r tnelnikovile, b y B . D o s s . 
T h e h y d r o g e l w a s e x a m i n e d b y H . E h r e n b e r g . H y d r a t e d i r o n d i s u l p h i d e w a s 
s t u d i e d b y M. P . Tsch i rv in sky , Li. M. Jegunoff, J . H a b e r m a n n , a n d K . A n d r e e ; 
a n d B . Doss o b s e r v e d t h a t i t occu r r ed i n a n u m b e r of di f ferent loca l i t ies . W . F e I d 
s h o w e d t h a t t h e h y d r o g e l of fe r rous su lph ide c a n b e c o n v e r t e d i n t o t h e h y d r o g e l 
of i r o n d i su lph ide b y t h e s equence of r e a c t i o n s : 2 F e S -+-3SO2== 2 F e S 2 O 3 4 - S ; 
F e S 2 0 8 + 3 H 2 S = 4 S + 2 H 2 0 4 - F e S . H 2 0 ; a n d F e S . H 2 O - f S = F e S 2 + H 2 O . B . D o s s 
o b s e r v e d t h a t t h e col loidal meln ikofn te m a y b e r e g a r d e d a s a s t a g e "in t h e t r a n s ­
f o r m a t i o n of h y d r o t r o i l i t e i n t o p y r i t e : Tro i l i t e g e l - > m e l n i k o f n t e gel—>melnikomte 
—>pyrite. E . T . A l l en a n d co -worke r s o b s e r v e d t h a t w h e n a n a lka l i p o l y s u l p h i d e 
a c t s o n a soln . of ferr ic s u l p h a t e , t h e f o r m a t i o n of a m o r p h o u s i r on d i s u l p h i d e 
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r ecedes t h e formation of p y r i t e ; J . D . C la rk a n d P . L*. M e n a u l f o u n d t h a t c r y s t a l -
n e p y r i t e is p e p t i z e d b y a lka l ine so ln . i n t h e p r e s e n c e of h y d r o g e n s u l p h i d e ; a n d 

F . V . v o n H a h n o b t a i n e d a h y d r o s o l b y s p l u t t e r i n g f r o m t h e p y r i t e a r c u n d e r 
•water ; if in a so ln . of a lka l i - lye , t h e sol is v e r y s t a b l e . M e l n i k o m t e is b l a c k w i t h 
a s t ee l -g rey l u s t r e ; i t s s p . gr . i s 4*2 t o 4-3 ; a n d i t s h a r d n e s s 2 t o 3 . K . C. B e r z 
s u g g e s t e d t h a t m e l n i k o m t e is a m i x t u r e of s u l p h i d e a n d o x i d e . W h e n h e a t e d i n a 
d r y t u b e , s u l p h u r i s s u b l i m e d . W i t h bo i l ing w a t e r , i t i s h y d r o l y z e d f o r m i n g 
fe r rous s u l p h i d e a n d s u l p h u r , wh i l e , a c c o r d i n g t o L . B e n e d e k , p y r i t e suffers t h i s 
t r a n s f o r m a t i o n b e t w e e n 300° a n d 400° . B . D o s s r e p r e s e n t s t h e r e a c t i o n : F e S 2 
= F e S - | - S , a n d F e S + 2 H 2 O = F e ( O H ) 2 + H 2 S . M e l n i k o m t e i s i n so lub le in w a t e r . 
P o t a s h - l y e d e c o m p o s e s t h e m i n e r a l t o f o r m o r a n g e - r e d h y d r a t e d ferr ic ox ide . 
A n a lka l ine soln . of b r o m i n e - w a t e r d e c o m p o s e s m e l n i k o m t e r a p i d l y , w h i l s t J . L e m -
b e r g f o u n d t h a t p y r i t e is d e c o m p o s e d o n l y s lowly. A IO p e r c e n t . soln . of iod ine 
a n d p o t a s s i u m iod ide s t r o n g l y a t t a c k s m e l n i k o m t e . DiI . h y d r o c h l o r i c a c id a t 
o r d i n a r y t e m p , a t t a c k s i t s lowly, b u t w h e n w a r m e d , i ron p a s s e s i n t o so ln . , a n d 
a ske l e ton of s u l p h u r r e m a i n s . T h e m i n e r a l is p e p t i z e d b y a so ln . of h y d r o g e n 
s u l p h i d e , a n d l ikewise b y a IO p e r c e n t . soln . of s o d i u m s u l p h i d e — n o t e A . Te r re i l ' s 
a n d C. D o e l t e r ' s e x p e r i m e n t s o n p y r i t e — v i d e infra. H o t ace t i c ac id h a s o n l y a 
s l igh t a t t a c k on t h e m i n e r a l ; b u t i t is d i sso lved b y w a r m n i t r i c ac id . A so ln . of 
p o t a s s i u m c y a n i d e r a p i d l y c o n v e r t s melnikoffi te i n t o so luble f e r rocyan ide , b u t 
p y r i t e u n d e r t h e s a m e c o n d i t i o n s is o n l y s l igh t ly a t t a c k e d . 

T h e phys ica l propert ies of p y r i t e . — P y r i t e occur s in c r y s t a l s o r a g g r e g a t e s of 
c r y s t a l s , a n d f r e q u e n t l y in fine o r g r a n u l a r m a s s e s . I t s o m e t i m e s o c c u r s i n 
r a d i a t i n g s ubf ib rous masse s , in r e n i f o r m or g l o b u l a r n o d u l e s , a s wel l as s t a l a c t i t i c . 
T h e c o l o u r o n fresh sur faces is n e a r l y u n i f o r m , p a l e b rass -ye l low, a n d t h e 
s t r e a k is g r een i sh -b l ack o r b r o w n i s h - b l a c k . A c c o r d i n g t o J . L . C. S c h r o e d e r 
v a n d e r K o I k , 1 1 t h e s t r e a k is p a l e b r o w n t o p a l e v io le t . H . d u Bo i s o b s e r v e d p l eo -
c h r o i s m w i t h a po l i shed sur face of t h e c r y s t a l ; J . K o n i g s b e r g e r s t u d i e d t h e 
p leochro ic reflect ion ; a n d E . P . T . T y n d a l l o b s e r v e d n o c h a n g e in t h e ref lect ing 
p o w e r a t low t e m p . 

J . B . L . R o m e d e TIsIe, R . J . H a i i y , A . G. W e r n e r , a n d N . S t e n o s h o w e d t h a t 
t h e m a n y f o r m s in w h i c h t h e crysta l s occu r c a n be al l de r i ved f rom t h e c u b e , a n d 
t h a t t h e c r y s t a l s be long t o t h e cub ic s y s t e m . E . T . Al len a n d co -worke r s f ound 
t h a t t h e ar t i f ic ial c r y s t a l s of p y r i t e s h o w b o t h t h e cub ic a n d t h e o c t a h e d r a l faces, 
b u t b o t h fo rms o c c u r a lone ; p y r i t o h e d r a w e r e n o t o b s e r v e d . T h e faces were 
a l w a y s w a r p e d a n d imper fec t . T h e ang les w e r e close t o t h e t h e o r e t i c a l v a l u e s . 
T h e i s o m o r p h i s m of p y r i t e w i t h i ron , n icke l , a n d c o b a l t s u l p h o a r s e n i d e s "was 
d i scussed b y C. F . R a m m e l s b e r g . T h e c r y s t a l s of p y r i t e e x h i b i t v a r i o u s fo rms of 
t w i n n i n g . T h e t w i n n i n g is t h a t c h a r a c t e r i s t i c of p e n e t r a t i o n t w i n s w i t h pa ra l l e l 
a x e s . T h e a p p a r e n t l y s imp le c r y s t a l s m a y r ea l ly b e s u p p l e m e n t a r y t w i n s . E v e n 
w h e n t h e c r y s t a l s o c c u r in s imp le c u b e s t h e s y m m e t r y of t h e t w i n n i n g is r evea l ed 
b y t h e w e l l - m a r k e d s t r i a t i o n s w h i c h a r e pa ra l l e l t o a l t e r n a t e p a i r s of edges , so t h a t 
t h e s t r i a t i o n s o n t h e s e faces a r e a t r i g h t - a n g l e s t o t h o s e o n t h e a d j a c e n t faces. 
T h e r e p e t i t i o n of m i n u t e c r y s t a l faces , b y w h a t is ca l led a n osc i l l a to ry c o m b i n a t i o n , 
s o m e t i m e s t e n d s t o p r o d u c e r o u n d e d faces . T h e faces of t h e o c t a h e d r a l fo rms a r e 
gene ra l l y s m o o t h a n d b r i g h t . T h e p e n t a g o n a l d o d e c a h e d r o n is so cha rac t e r i s t i c 
of t h e c r y s t a l s of p y r i t e , t h a t t h e f o r m is s o m e t i m e s ca l led t h e pyritohedron ; whi le 
t h e d o d e c a h e d r o n i s c o m p a r a t i v e l y r a r e . T h e c r y s t a l s a r e s o m e t i m e s a b n o r m a l l y 
d e v e l o p e d so t h a t t h e y a r e rod - l ike o r a c i c u l a r ow ing t o t h e i r e longa t ion i n t h e 
d i r e c t i o n of a c u b i c a x i s ; a n d t h e c r y s t a l s m a y be a b n o r m a l l y deve loped w i t h 
t e t r a g o n a l o r r h o m b i c s y m m e t r y . I n t h e so-ca l led s u p p l e m e n t a r y t w i n n i n g , one 
c r y s t a l a p p e a r s t o p r o j e c t e n t i r e l y t h r o u g h t h e o t h e r . S o m e p y r i t o h e d r a l c ry s t a l s 
h a v e t h e i r faces s t r i a t e d pa ra l l e l t o t h e c u b i c edges , a n d o t h e r s h a v e t he i r faces 
s t r i a t e d p e r p e n d i c u l a r t o t h o s e e d g e s ; t h e f o r m e r a r e t he rmoe lec t r i c a l i y pos i t i ve 
t o c o p p e r , a n d t h e l a t t e r , n e g a t i v e . S o m e c r y s t a l s of p y r i t e a r e p a r t l y p o s i t i v e 
a n d p a r t l y n e g a t i v e . 
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T h e various crystal forms of pyr i te were described b y A . d'Achiardi , G. B . d'Aohiardi, 
C. Areva lo , A . Arzruni, E . F . Ayres , V. L . Ayres , F . Azzini , F . A . Bannis ter , M. Bauer , 
F . B e c k e , J . B e c k e n k a m p , G. Boeries , A . Bre i thaupt , A . Brez ina , W . C. Br6gger, 
A . Brunlechner, M. J . Buerger, L . Busat t i , H . B u t t g e n b a c b , A . Cathrein, O. Cesaro, 
K . Chudoba, J. H . Collins, L . Colomba, J- D . D a n a , E . Dol l , C. Doel ter , O. Di i s ing , 
H . Ehrenberg, J . E y e r m a n , G. Fl ink, A. Franzenau, A . Franzenau a n d L . T o k o d y , 
A . Frenzel , P . Gaubert , F . A. Gentb , E . Glatzel , V . Goldschmidt 'and co-workers, G. Greim, 
H . F . Grondijs a n d C. Schouten , P . Groth, G. H a a g a n d I. Sucksdorff, E . H a t l e , 
A. C. H a w k i n s , R . Helmhacker , C. H in tze , W . H . H o b b s , H . Hofer , E . H u s s a k , 
S. Ich ikawa, P . v o n Jererneeff, K. J i m b o , G. KaIb, G. A . K e n n g o t t , N . v o n Kokscharoff, 
J . Krenner a n d K. Zimanyi , A. Lacroix , H . Laspeyres , G. Leonhard, A . Liffa, A . Liver-
sidge, M. L o w a n d co-workers, G. Lowe , O. Luedecke , A . Martelli , B . Mauritz , L . Maros , 
W . J . Mead and C. O. Swanson, R . MeIi, H . Miers, L . Miropolsky, A. J . Moses, O. Miigge, 
L . F . Navarro , P . Niggl i , A . E . Nordenskjold, C. Palacb6 and H . O. W o o d , XJ. Panich i , 
R . L . Parker a n d W . O. K e n n e d y , S. L . Penfield, L . S. Ramsdol l , G. v o m R a t h , 
R. Reinicke , J". W . Retgors , P . y Rico , A. F . Rogers , G. Rose , V . Ros i cky , A. Sadebeck, 
J . SamdFjloff, F . Sandberger, F . Sansoni , E . Scacchi , F . Scharff, C. Schmidt , E . Schnaebele , 
AV. B . Smith , G. Smolar, L. J . Spencer, A . Stelzner, G. Struver, E . Tacconi , L . T o k o d y , 
F . T). Tosaos , H . Traube, C. Travis , R . Tronquoy , G. Tschermak, P . Tschirwinsky, 
G. H . F . IJlrich, T. W a d a , M. W e b s k y , E . Weinschenk, HT. P . Whi t loek , F . J . Wi ik , 
G. H . Wil l iams, D . F . Wiser, K. Zerrenner, K. Zimanyi , e tc . 

T h e c l eavages (100) a n d (111) a r e i nd i s t i nc t . T h e corros ion figures we re 
i nves t i ga t ed b y A. J o h n s e n , V . Pcischl, E . Becke , E . H . K r a u s a n d J . D . S c o t t , 
E . T h o m s o n , B . Gran igg , M. Leo , J . L e m b e r g , S. I c h i k a w a , IL. T o k o d y , G. T a m m a n n 
a n d W . K r i n g s , G. R o s e , a n d H . S c h n e i d e r h o h n . S. I c h i k a w a n o t e d t h a t t h e 
s y m m e t r y of all e t ch ing figures co r re sponds w i t h t h e h e m i h e d r a l s y m m e t r y of t h e 
c rys t a l s . T h e p i t s a n d s t r i a t i ons a r e closely r e l a t ed . T h e p i t s on p y r i t e c rys t a l s , 
w i t h n a t u r a l e t ch ings , a re a c c o m p a n i e d b y s t r i a t i ons on t h e s a m e faces. If t h e 
e t ch ing progresses f a r the r , eye - shaped p i t s a r e p r o d u c e d w i t h a c e n t r e of t e t r a g o n a l 
p y r a m i d a l form a t t h e e x t r e m i t i e s of t h e b i n a r y h e m i h e d r a l ax i s of s y m m e t r y so 
t h a t t h e e t ched c rys t a l is modified t o a cube- l ike form, t h e n g r a d u a l l y modif ied .to a 
t e t r a h e d r a l form, a n d is a t l a s t who l ly d issolved a w a y . M. W a t a n a b e found t h a t 
t h e cube faces of p y r i t e a re co r roded a b o u t 1-3 t i m e s qu icke r t h a n t h e o c t a h e d r o n 
faces. T h e g l id ing-plane, (121), w a s n o t e d b y G. Smola r , b u t t h i s h a s n o t been 
confirmed. K . Ve i t s t ud i ed t h e sub jec t . T h e microscopic a p p e a r a n c e of po l i shed 
sect ions was descr ibed b y A. A. J u l i e n , B . Gran igg , F . N . Gui ld , a n d H . Schne ide r ­
h o h n . K . Vei t , F . D . A d a m s , a n d M. J . Buerge r s t u d i e d t h e d e f o r m a t i o n of t h e 
c rys ta l s b y p ressure . 

W . L . B r a g g s tud ied t h e X -rad iograms of p y r i t e , a n d t h e r e su l t s were in agree­
m e n t wi th t h e a s s u m p t i o n t h a t t h e i ron a t o m s a r e a r r a n g e d in a f ace -cen t red 

l a t t i ce ; a n d , if a ser ies of n o n - i n t e r s e c t i n g three- fo ld 
axes a re chosen, one p a s s i n g t h r o u g h e a c h i ron a t o m , so 
t h a t each smal l c u b e h a s a single d i a g o n a l w h i c h is a 
three-fold ax i s of s y m m e t r y . !Bach c u b e c o n t a i n s o n e 
su lphu r a t o m which lies o n t h e d i a g o n a l n e a r t h e e m p t y 
corner , a n d d iv ides t h e d i a g o n a l i n t h e r a t i o 1 : 4 . 
P . Niggli r ep re sen t ed t h e l a t t i c e b y F i g . 629, in a c c o r d 

j£ - A wi th t h e scheme for closest p a c k i n g . T h e s imple f o r m u l a 
fe = c °f p y r i t e is t a k e n t o be in a c c o r d w i t h t h a t of 

F io . 629.—Space-lattico J - L o c z k a » a n d in t h e d i a g r a m t h e b l a c k d o t is con -
of Pyri te . s idered a s t h e c e n t r e of g r a v i t y of t h e S 2 - a t o m s . I n 

t h a t case , t h e space- la t t i ce r e sembles t h a t for s o d i u m 
chlor ide . J . W . G r u n e r sa id t h a t t h e S -S radic les in p y r i t e c a n b e c o m p a r e d t o 
d u m b - b e l l s whose a x e s a re para l l e l t o t h e three- fo ld cub ic a x e s . T h e r ad ic l e s 
a r e so d i s t r i b u t e d t h a t e ach o c t a n t of u n i t c u b e c o n t a i n s half a r ad ic le ; b u t 
t h e a x e s of ad jo in ing radic les (which a re less a p a r t t h a n t h e l e n g t h of t h e e d g e 
of u n i t cube) a r e n o t pa ra l l e l . E a c h S - a t o m of t h e rad ic le fo rms t h e c o r n e r 
of t h r e e t e t r a h e d r o n s wh ich a r e s y m m e t r i c a l w i t h r e spec t t o t h e th ree - fo ld 
ax i s in w h i c h t h e r ad ic le lies. T h e s e s l ight ly d i s t o r t e d t e t r a h e d r a a r e l i n k e d 
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t o o t h e r se t s of t e t r a h e d r a d i r ec t l y , a s wel l a s by- m e a n s of rad ic les . T h i s 
a r r a n g e m e n t c a n n o t wel l b e s h o w n i n a t w o - d i m e n s i o n a l d i a g r a m . T h e c e n t r e s 
of g r a v i t y of t h e d u m b - b e l l s a r e i n t h e pos i t i ons of f ace -cen t r ed cubes , a n d , 
t he re fo re , t h e rad ic les a r e i n a c lose -pack ing . T h i s g ives a v e r y dense s t r u c t u r e 
for p y r i t e . Z inc b l e n d e h a s a u n i t cell n e a r l y t h e s a m e size a s p y r i t e , a n d e a c h 
cell c o n t a i n s four molecu les , b u t p y r i t e h a s tw ice a s m a n y a t o m s of s u l p h u r i n t h e 
s a m e v o l u m e . E . O n o r a t o f o u n d b o t h t h e (210)-spacings a r e e q u a l t o 2*406 A. ; 
R . J u z a a n d W . B i l t z o b s e r v e d n o ev idence of i n t e r m e d i a t e fo rms in t h e r e a c t i o n : 
FeS 2 - ->FeS-f -S—vide infra. T h e s t r u c t u r e of t h e space - l a t t i ce h a s b e e n a lso d i s ­
cussed b y H . V . A n d e r s o n a n d K . G. Chesley, A . R e i s , M. L . H u g g i n s , F . H a a g , 
R . Schar ize r , N . H . K o l k m e i j e r , P . F . K e r r , F . R . a n d K . R . v a n H o r n , a n d 
J . B e c k e n k a m p . P . P . E w a l d a n d W . F r i e d r i c h c a l c u l a t e d t h e d e n s i t y t o b e 5-38, 
t h e s ide of t h e e l e m e n t a r y c u b e a = 5 * 4 0 X 10~"8 c m . ; t h e d i s t a n c e b e t w e e n t w o 
i ron a t o m s in t h e d i r ec t i on (110) is 3*82 X 1 0 ~ 8 c m . ; t h e d i s t a n c e b e t w e e n t h e 
t w o s u l p h u r a t o m s of t h e S 2 - complex , in t h e d i r e c t i o n of t h e t r i g o n a l ax i s , (111) , 
is 2*06 X 10~~8 cm . , w h i c h is c loser t h a n i t is in o t h e r k n o w n s u l p h i d e s ; a n d t h e 
d i s t a n c e of t h e c e n t r e of g r a v i t y of t h e S 2 - c o m p l e x f rom t h e c e n t r e of g r a v i t y 
of t h e i ron a t o m is 2 -7Ox 10~ 8 c m . in t h e d i r e c t i o n of t h e (OOl)-face. H . M. P a r k e r 
a n d W . J . W h i t e h o u s e g a v e for t h e spac ing of t h e cell , 5-405 A . ; for t h e d i s t a n c e 
b e t w e e n t h e c e n t r e s of a d j a c e n t s u l p h u r a t o m s , 2-14 A. ; a n d b e t w e e n a d j a c e n t 
s u l p h u r a n d i r on a t o m s , 2*26 A. R . v o n NardrofE c a l c u l a t e d for t h e d e n s i t y , 
5"4056O ; a n d I . Of teda l , 5*414. M. L . H u g g i n s s t u d i e d t h e effect of t h e space -
l a t t i c e s t r u c t u r e o n t h e p r o p e r t i e s of p y r i t e ; P . Niggl i , t h e e l ec t ron ic s t r u c t u r e ; 
J . R . T i l l m a n , t h e i n n e r p o t e n t i a l ; a n d J . F o r r e s t , t h e m a g n e t i c l a t t i c e . 

N u m e r o u s o b s e r v a t i o n s h a v e b e e n m a d e o n t h e specific grav i ty of p y r i t e . 
G. A . K e n n g o t t f ound v a l u e s r a n g i n g f rom 4-807 t o 5-028 ; V. Pdsch l , 5-169 t o 
4-903 ; A . B r e i t h a u p t , 4-960 t o 5 - 1 5 8 ; F . E . N e u m a n n , 5-042 ; A. S. H e r s c h e l 
a n d G. A . l a b o u r , 4-66 ; K. M a d e l u n g a n d R . F u c h s , 4-9803 ; H . N . S tokes , 5-041 
t o 4 - 5 6 3 ; J . D . D a n a , 4-95 t o 5-10 ; J . Samojloff, 4-99O ; E . C. Sehiffer, 5-016 ; 
C. F . R a m m e l s b e r g , 4-826 t o 4 -919—bes t r e p r e s e n t a t i v e v a l u e 5-OO; A. A . .Tulien, 
5-01 ; F . Ko l lbeck , 4-85 t o 4-95 ; a n d O. U . S h e p a r d , 4-863. Acco rd ing t o 
E . T . Allen a n d co -worke r s , t h e s p . gr . of ar t i f icial p y r i t e is 5-02, w h i c h is v e r y n e a r 
t h e v a l u e of p y r i t e f rom E l b a ; a n d V. R o d t g a v e 4-588 a t 18° /4° . F . Gieseler g a v e 
4-838 a t 25*74*° for t h e s p . gr . of t h e s y n t h e t i c d i su lph ide ; a n d ca l cu l a t ed 24-8 for 
t h e m o l . vol . , a n d 8-9 for t h e a t . vol . of t h e c o n t a i n e d s u l p h u r . T h i s m e a n s a 
c o n t r a c t i o n of 41-4 p e r cen t , d u r i n g t h e f o r m a t i o n of t h e c o m p o u n d . H . J u z a 
a n d W . Bi l t z obse rved t h e sp . gr . a t 25°/4° a n d mo l . vol . : 

F e S « . 
S p . g r . . 
M o l . v o l . 

1 - 9 4 2 
4 - 9 7 8 

2 3 - 7 

1-907 
4 - 9 7 5 

2 3 - 5 

1-72O 
4 - 8 9 6 

2 2 - 7 

1 -4SO 
4 - 7 6 9 

2 1 - 4 

1 -345 
4 - 7 2 5 

2 0 - 9 

1-187 
4 - 6 0 5 

2 0 - 4 

1 1 1 8 
4 - 5 9 3 

1 9 - 9 5 

1 -068 
4 - 6 3 7 

1 9 - 4 

1 -028 
4 - 7 3 6 

18-7 

a n d t h e r e su l t s a r e p l o t t e d in F i g . 630. T h e r e su l t s of t h e X - r a d i o g r a m s a r e 
i n d i c a t e d a t t h e b o t t o m . W . H . Goodchi ld , J . J . S a s l a w s k y , N . S. Kurnako f f a n d 
S. F . S c h e m t s c h u s c h n y , a n d I . M a y d a l l a lso ca l ­
c u l a t e d v a l u e s for t h e vol . c o n t r a c t i o n w h i c h 
occu r s d u r i n g t h e f o r m a t i o n of p y r i t e f rom i t s 
e l e m e n t s ; a n d F . J . M a l a g u t i a n d J . D u r o c h e r 
a t t e m p t e d t o c o r r e l a t e t h e s p . gr . w i t h t h e 
c rys t a l l i ne fo rm, b u t n e i t h e r G. A . K e n n g o t t 
n o r A . A . J u l i e n t h o u g h t t h e r e w a s a n y good 
r e a s o n for a d o p t i n g t h e sugges t ion . T h e hard­
n e s s of p y r i t e is b e t w e e n 6 a n d 6*5 ; A . A . J u l i e n 
g a v e 6*51. P y r i t e is one of t h e h a r d e s t of t h e 
s u l p h i d e m i n e r a l s . I r o n p y r i t e s is so h a r d t h a t 
i t will t a k e a good pol ish , a n d s o m e is u s e d for c h e a p jewel lery , w h e n i t is c u t 
in t h e f o r m of a flat r o s e t t e . P o l i s h e d p l a t e s of p y r i t e h a v e been found in t h e 
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graves of the Incas of ancient Peru, and they are now known as Inoastones ; 
t hey are thought to have been used as mirrors. F . PfafT gave 58 for the boring 
hardness of pyri te on the (lOO)-face when t h a t of talc is uni ty . According t o 
V. Poschl, the scratching hardness of pyri te is 182-2 and 199-1 respectively under 
loads of 20 and 5O grms. when the hardness of topaz is 1000 ; and with one and the 
same face, the hardness does not vary with the direction of scratching. The hard­
ness of different faces of one and the same crystal is the same when the surface 
conditions are constant, differences occur when there is a change in the s t ructure. 
C. Viola discussed the cohesion of the crystals ; and although Gr. Smolar regarded 
(121) as a gliding plane, O. Miigge observed no change under a press, of 35,000 a tm. , 
bu t cleavage on the (001)-face appeared. Pyri te , a t ordinary temp. , is very 
resistant towards high press. F . T). Adams found t h a t under a compression of 
43,0OO lbs. applied in 17 minutes, pyr i te crushed t o powder wi thout showing any 
signs of plastic deformation, bu t M. J . Buerger obtained evidence of the phenomenon. 
W. Voigt measured the elastic constants of pyri te , and found for the elastic modulus 
35,300 kgrms. per sq. mm. in the direction of a cubic face, and 25,3OO kgrms. per 
sq. mm. in the direction of the rhombic dodecahedron face, the torsion modulus 
in the direction of surface is 10,750 kgrms. per sq. mm., and the compressibility 
is 0-OOOH4 kgrm. per sq. mm. F . D . Adams gave 0 -7OxIO - 6 for the compressi­
bility of pyri te ; P . W. Bridgman gave 0-6728-1-95 X 1O-** a t 30°, and —0-6716-
1-95 X 10~2 a t 75° for press, up to 12,00O kgrms. per sq. cm. ; L . H . Adams and 
E . D . Williamson found the coeff. of compressibility of pyri te to be £=0*71 X 10~6 

for press, ranging from O to 10,000 megabars ; and for dfifdp, Ti. H . Adams gave 
—0-O11* ; whilst E . Madelung and R. Fuchs obtained £=0-O e 71 ; and W. Voigt, 
/S=O-O5113. Iu. Hopf and G. Iiechner gave for the velocity of sound in absolute 
units , 5-43 X 105 ; and A. Eucken, 5-020 X IO5. 

According to H . Fizeau,1 2 the coeff. of thermal expansion of pyri te a t 40° is 
ct=0-000009071 when taken a t right-angles to a na tura l face of the cube, and 
0-00000908 when taken in a group of crystals, wi thout reference to any common 
direction. F . Pfaff gave 0-000010084 for the linear coeff. between 0° and 100° ; 
H . Kopp gave 0*000034 for the coeff. of cubical expansion between 15° and 47°. 
S. Valentiner and J . Wallot observed t h a t between —25-2° and 18-5°, the linear 
coeff. a = 0 0 f i 8 4 3 ; between —46-2° and —25-2°, 0-05773 ; between —70-5° and 
—46-2°, 0-06709 ; between —131*9° and —104-3°, 00 5 516 ; between —154-9° and 
— 131-9°, 00 5 392 ; and between —175-2° and —154-9°, 0-05295. The subject was 
studied by E. Griineisen. H . de Senarmont found the thermal conductivity of 
pyri te to be large. F . E3. Neumann found the specific heat of pyr i te to be 0-1267 
to 0-1279 ; A. de la Rive and F . Marcet gave 0-1396 ; A. S. Herschel and 
G. A. Lebour, O l 2 5 ; H . V. Regnaul t , 0-1301 between 14° and 100° ; H . Kopp , 
0 1 2 3 0 to 01238 between 18° and 47° ; J . Thoulet and H . Lagarde, 0-13029 ; 
J . JoIy, 01301 to 0-1306 between 12° and 100° ; A. Sella, 0-1460 ; S. Pagliani, 
0-1295 between 20° and 100° ; and K. Bornemann and O. Hengstenberg, 0-1284 
between 0° and 100°, and O-l 290 for a sample with 1 per cent, of SiO2 . K . Forsterl ing 
calculated values from the elastic constants and the vibrat ion frequency ; and 
I . Maydell studied the mol. h t . A. Eucken and F . Schwers gave for the sp. h t . 
between —189-1° and —251-4°, and R. Ewald, between —135° and 28°—the full 
collection is given by H. Miething : 

28° —38° —135° — 1 8 9 1 ° —216-2° —243-0* — 261-4° 
S p . h t . O-1219 0 1 0 8 7 0 0 6 4 0 0 0 2 5 9 O-OO70 0-0012 0-00054 
MoI. h t . 14-64 1 3 0 4 7-63 3 1 1 0-952 0-139 0-0648 

According to H . Rose, J . J . Berzelius, B . G. Bredberg, and C. F . Rammelsberg, 
when pyr i te is heated not very strongly in a closed vessel, i t dissociates with t h e 
evolution of sulphur, and a t a higher temp, passes into ferrous sulphide (q.v.) ; 
and, according to J . L . Proust , the residue retains the form and colour of the 
original pyri tes, though i t is more bulky. The product is dull, and exhibits surface 



I R O N 213 

cavi t ies formed b y local fusion, a n d i t m a y be c r u m b l e d t o pieces w h e n squeezed 
b e t w e e n t h e fingers. F . F o u q u e a n d A. Miche l -Levy a d d e d t h a t t h e p r o d u c t is 
pu lve ru l en t a n d n o t c rys ta l l ine . T h e thermal dissociat ion of p y r i t e i n t o p y r r h o t i t e 
a n d s u l p h u r v a p o u r was s t ud i ed b y B . T. Allen a n d co-workers , a n d A. F . Gill 
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Fio . 63 J.—The Vapour Pressures of 
Decomposing Iron. Disulphide. 

- ^FeS* 

-The Vapour Pressures 
of Pyri tes . 

—vide supra. E . Arbe i t e r obse rved t h a t s u l p h u r dist i ls off w h e n t h e p y r i t e is 
h e a t e d in v a c u o . O. Mugge discussed t h e t h e r m a l c o n t a c t m e t a m o r p h o s i s of 
py r i t e s in c l ay shales , e t c . ; a n d W . E i te l , t h e pas sage of p y r i t e i n t o p y r r h o t i t e . 
G. T a m m a n n a n d G. Batz obse rved a b r e a k in t h e h e a t ­
ing cu rve a t 684° d u e t o t h e loss of su lphu r . E . T . Allen 
a n d co-workers found t h a t t h e d issocia t ion proceeds 
s lowly a t a b o u t 575°, a n d r a p i d l y a t 657° t o fo rm 
F e S ( S ) n ; a n d th i s in a n a t m . of s u l p h u r when t h e 
dissociation pressure is 1 atm. at 689°. W. Hempel 
a n d C. Schube r t , a n d C. S c h u b e r t said t h a t dissocia­
t i on begins a t 480°, a n d is ended above 1400° ; a n d 
E . K o t h n y , t h a t d issocia t ion begins a t 200°, a n d a t 

^ m W T O W ' 
- ^ o - . -- F I G . 633.—The Disso-
700 , in a n ine r t gas , jo—1 a t m . ; O. B a r t h found t h e ciation Pressure of Pyri te . 
d issociat ion begins a t 350°, a n d w h e n a i r is exc luded , 
P = 1 a t m . a t 6 0 0 ° ; a n d J . Jo Iy , a t 450° . C. S c h u b e r t m e a s u r e d t h e dissociat ion 
press . , a n d L . H . B e r g s t r o m found t h e d issocia t ion t e m p , t o be 800°, a t 40 
t o 60 a t m . press . E . T . Allen a n d R . H . L o m b a r d represen ted the i r observa­
t i ons on t h e dissocia t ion press . , p m m . , by log p-~— 191942-61T - 1 —434-195075 
log T-f-1497-56707 ; t h e obse rved resu l t s were : 

675° 
0-75 

f>95° 
3-5 

010° 
13-5 

025° 
36-3 

045 ' 
100-5 

005° 
251 

<M-r 
243 

680° 
518 

689° 
760 P 

T h e resul t s a re p l o t t e d in F ig . 633 . L . d ' O r found t h e pa r t i a l press . , p m m . , of S 2 

is r e l a ted t o t h e abso lu te t e m p , be tween 548° a n d 676° b y l o g j » ~ — 1 3 - 3 8 0 T - 1 

-f-log T + 1 3 * 8 2 0 5 . T h e observed a n d ca lcu la ted resu l t s were : 

p \ Obs. 

our 
28-5 
30 

019° 
(59) 
59 

054° 
226 
223-5 

604-.V 
331 
333-5 

070° 
408 
413 

T h e p a r t i a l p ress . , p, of t h e s u l p h u r in i t s different fo rms were : 

S 6 

548° 
2-8 
0001 
0 0 , 1 

601° 
3 0 

0 1 4 
0 0 0 2 

019° 
59 

0-5 
0-01 

«37° 
119 

1-95 
0157 

er>4° 
223 5 

6-65 
0-25 

676* 
500 
504-5 

076° 
504-5 

33-5 
2 0 

A. C. H a l f e r d a h l g a v e log p = — 9 9 1 2 - 0 9 T " ! + 2 9 - 8 5 4 3 log T—757084. 
gave for t h e d issocia t ion press . , p m m . , F e S 2 - F e S + S : 

M. G. Racde r 

590° 
2-8 

012° 
22 

687° 
73 

661° 
140 

663° 
250 

672° 
393 

G80a 

575 
086° 
772 
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G. M a r c h a l obse rved t h a t t h e d i ssoc ia t ion of p y r i t e i n v a c u o beg ins a t 500° ; i t i s 
r a p i d a t 550° ; a n d is c o m p l e t e d in 8 h r s . a t 670° t o 680° , o r in 2 h r s . a t 850° . A t 
1200°, t h e res idue is a m i x t u r e of fe r rous s u l p h i d e a n d a l i t t l e i ron . D i s soc i a t ion 
is v e r y r a p i d i n a n a t m . of n i t r o g e n a t 850° . R . J u z a a n d W . B i l t z ' s r e su l t s a r e 
s u m m a r i z e d in F i g . 632 . T h e d o t t e d c u r v e a n d i n n e r o r d i n a t e s refer t o t h e v a p . 
p ress , of i ron d i su lph ide a t different t e m p . T h e r e su l t s of t h e o b s e r v a t i o n s o n t h e 
X - r a d i o g r a m s a r e i n d i c a t e d a t t h e b o t t o m . O b s e r v a t i o n s w e r e also m a d e b y 
H . K a m u r a , F . d e R u d d e r , a n d M. G. R a e d e r (F ig . 631) . T h e r e su l t s of W . F . d e 
J o n g a n d H . "W*. V . Wi l l ems , b y X - r a d i o g r a m s , a n d of L . d 'Or , b y a b s o r p t i o n s p e c t r a , 
s h o w t h a t t h e d i ssoc ia t ion is a r evers ib le r e a c t i o n i nvo lv ing o n l y t w o solid p h a s e s , 
— F e S a n d F e S 2 - C. F o n t a n a t h o u g h t t h a t F e 3 S 4 ex i s t s , b u t t h e X - r a d i o g r a m s 
s h o w n o ev idence of t h i s . 

R . Cusack sa id t h a t t h e me l t ing -po in t of p y r i t e is 642° ; J . J o I y g a v e 450° ; b u t , 
a cco rd ing t o L . B e n e d e k , w h e n p y r i t e is h e a t e d t o r ednes s i n a n i n e r t a t m . , s a y of 
c a r b o n d iox ide , i t loses half i t s s u l p h u r t o fo rm fe r rous su lph ide , a n d a s imi la r r e s u l t 
is o b t a i n e d a t 300° t o 400° in a n a t m . of s t e a m . H e n c e , p y r i t e decomposes before i t 
r eaches t h e m . p . J . B a u m a n n c a l c u l a t e d t h e t emperature of c o m b u s t i o n o r t h e t e m p , 
of t h e f lame p r o d u c e d b y b u r n i n g p y r i t e : 2 F e S 2 - J - H O - F e 2 0 3 + 4 S 0 2 , a n d f o u n d 
1216° ; t h i s v a l u e is scarce ly half a s g r e a t a s t h a t g iven b y F . B o d e . J . S. D o t i n g 
o b t a i n e d 965° ; a n d F . d e R u d d e r a n d M. F e r r e r p o i n t e d o u t t h a t t h e t e m p , is 
smal le r if p y r i t e b e t a k e n as F e S 2 r a t h e r t h a n a s FeS- f -S . A . Cavazz i g a v e for t h e 
h e a t of c o m b u s t i o n or ox idat ion of p y r i t e , 1-55 CaIs. p e r g r a m ; W . H . E m m o n s , 
2-7 CaIs. ; a n d E . E . Somerme ie r , 1-557 CaIs. E . T . Al len a n d R . H . L o m b a r d 
d i d n o t succeed i n ca l cu la t ing s a t i s f ac to ry v a l u e s for t h e h e a t of d i s soc ia t ion f rom 
t h e obse rved d i ssoc ia t ion d a t a b e c a u s e of t h e c h a n g e in t h e d e n s i t y of s u l p h u r 
v a p o u r w i t h p ress . , a n d on a c c o u n t of t h e v a r i a t i o n in t h e c o m p o s i t i o n of t h e 
solid p h a s e , p y r r h o t i t e . H . K a m u r a c a l c u l a t e d f rom t h e o b s e r v e d a b s o r p t i o n of 
h e a t , t h e h e a t Of format ion (FeS,S g a 8 ) = 18-611 CaIs. ; W . G. M i x t e r o b s e r v e d 
(FeS a m 0 rphou8 ,Sg t t S )=FeS 2 c r y s t +16-7 C a I s . ; o r ( F e , 2 S ) = 3 5 - 5 CaIs. F . d e R u d d e r 
a n d M. F e r r e r g a v e (FeS,S g a s ) = 18-513 CaIs. ; a n d H . K a m u r a , 18-611 CaIs. 
L . d ' O r g a v e 2 F e S 2 = 2 F e S + S 2 — 6 1 CaIs., a n d t h e e n e r g y of fixation of t h e first 
s u l p h u r a t o m is 90-5 CaIs., a n d t h a t of t h e second , 82-5 CaIs. F o r s u l p h u r i n t h e 
gaseous fo rm, t h e v a l u e s c a l c u l a t e d for t h e h e a t of f o r m a t i o n a r e : (FeS ,^S 2 ) 
= 3 0 - 5 CaIs. ; ( F e S , S ) = 8 1 - 5 CaIs. ; (Fe ,S 2 ) = 69-5 CaIs. ; a n d (Fe ,2S) = 171-5 CaIs. 
F . de R u d d e r g a v e 18-518 CaIs. for t h e h e a t of d i ssoc ia t ion . A. C. H a l f e r d a h l f o u n d 
t h e h e a t of d e c o m p o s i t i o n of p y r i t e s t o a solid soln . of fe r rous su lph ide a n d s u l p h u r , 
t o be —10 CaIs. a t 575° t o 680° . H e a lso g a v e , a t r o o m t e m p . , 7 F e S 2 - » F e 7 S 8 + 3 S 2 
—8910 cals . ; a n d a t 625° , 2 F e S 2 - > 2 F e S + S 2 — 3 4 , 2 6 0 cals . K . K . Ke l l ey s t u d i e d 
the entropy. 

T h e index of refract ion for X - r a y s ca l cu l a t ed b y R . v o n Nardrof f , 1 3 B . D a v i s 
a n d R . v o n Nardroff, a n d B . D a v i s w a s found t o be 3-35 x 1 0 - 6 for M o K a - r a y s , a n d 

2 - 8 7 x 1 0 - 0 for t h e M o K £ - r a y s ; a n d 
1 7 - 6 x 1 0 - 6 for t h e C u K a - r a y s , a n d 
1 3 - 2 x 1 0 - 6 for t h e C u K £ - r a y s . W . W . 
Cob len tz m e a s u r e d t h e u l t r a - r e d ref lect­
i n g p o w e r of p y r i t e , a n d f o u n d t h a t i t 
g r a d u a l l y i nc reased f rom 25 p e r c e n t , a t 
2/u, t o 34 p e r cen t , a t 12/JL—hatched l ine , 
F i g . 634 . T h e low reflect ion a t 2/u, w a s 
a t t r i b u t e d t o l a ck of po l i sh s ince a n o t h e r 
s a m p l e h a d a c o n s t a n t ref lect ing p o w e r 

f rom Sjj. t o 14/x of a b o u t 32 p e r c e n t . H e also f o u n d t h e c u r v e for t h e u l t r a - v i o l e t 
ref lect ing p o w e r t o b e t h a t i n d i c a t e d i n F i g . 634 , w h i c h coup led u p t h e o b s e r v a t i o n s 
of E . P . T . T y n d a l l . T h e effect of age ing o n t h e op t i c a l p r o p e r t i e s of t h e surface 
in t h e region 24O t o 3 2 0 m/x is s h o w n b y t h e d o t t e d l ine , F i g . 634 . T h e s u b j e c t w a s 
s t ud i ed b y J . K o n i g s b e r g e r a n d co -worker s , a n d W . E h r e n b e r g a n d co -worke r s . 

F i o . 

0-5 0-6 O'7/i 

6 3 4 . — T h e Ref l ec t ing P o w e r of 
P y r i t e . 
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A. d e G r a m o n t s t u d i e d t h e spark spec trum ; a n d G. E . Claussen , t h e s p a r k a n d 
arc spectrum. C. Doe l t e r f o u n d t h a t p y r i t e is o p a q u e t o t h e X - r a y s * H . R a e t h e r 
s t u d i e d t h e a c t i o n of c a n a l r a y s ; a n d K . R . D i x i t , t h e p o t e n t i a l of p y r i t e s for 
e lec t ron ic diffract ion. G. A . L i n d s a y a n d H . R . Voorhees , a n d S. T a n a k a a n d 
G. O k u n o s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m ; B . D a v i s a n d R . v o n Nardroff, 
t h e re f rac t ion of t h e X - r a y s ; P . d e la Cierva a n d J . L o s a d a , t h e reflection of X - r a y s ; 
O. Ste l l ing, t h e a b s o r p t i o n of X - r a y s ; a n d H . R a e t h e r , t h e diffract ion of e l ec t rons . 
J . O. P e r r i n e f o u n d t h a t n o fluorescence is p r o d u c e d in u l t r a -v io l e t r a y s . 
A. P o c h e t t i n o o b s e r v e d t h a t p y r i t e shows a b lu i sh -g reen c a t h o d o l u m i n e s c e n c e ; 
a n d J . Ca la fa t y L e o n , a v io le t t h e r m o l u m i n e s c e n c e w h e n t h e p o w d e r is s t r e w e d 
on a h o t , b u t n o t r ed -ho t , m e t a l p l a t e ; A . K a r l s t u d i e d t h e t r ibo luminescence . 
A. R o h d e f o u n d t h a t t h e photoe lectr ic effect w i t h p y r i t e is g r e a t e r t h a n t h a t of 
p y r r h o t i t e o r of m a r c a s i t e . A . Meissner f o u n d t h a t w h e n p y r i t e , in a n e lec t r ic 
field of 10OO t o 2000 vo l t s , is h e a t e d t o 135°, t h e r e is p r o d u c e d a pyroelectric 
effect of 3*7 v o l t s . P . K i r c h n e r a n d H . R a e t h e r s t u d i e d t h e d ispers ion of c a t h o d e 
r a y s b y t h e c rys t a l . M. v o n L a u e a n d E . R u p p obse rved n o difference in t h e 
e lec t ron diffract ion f rom different faces of t h e c r y s t a l s . P . G a u b e r t , E . T . W h e r r y , 
A . Schleede a n d H . Buggisch , J . N . F r e r s , a n d H . S. R o b e r t s a n d L . H . A d a m s 
s t u d i e d i t s use a s a radio-detector . 

R . J . H a i i y 1 4 obse rved t h a t w h e n p y r i t e is r u b b e d w i t h a piece of c lo th , t h e 
frict ional electricity is n e g a t i v e . H . F . Vieweg s t u d i e d t h e sub jec t . F . Bei je r inck , 
a n d R . G. H a r v e y found t h a t t h e e lectrical conduct iv i ty of p y r i t e is good. 
J . K d n i g s b e r g e r a n d O. R e i c h e n h e i m g a v e 0 0 0 3 8 1 m e r c u r y u n i t for t h e sp . 
c o n d u c t i v i t y of p y r i t e a t 20-5° ; H . L o w y o b t a i n e d a h ighe r v a l u e . T h e e lectrical 
res i s tance of p y r i t e a t 40° is 1*282 o h m s , w h e n t h a t of m a r c a s i t e is 239*5 o h m s . 
O b s e r v a t i o n s were m a d e b y J . Pe l le t ie r , R . W . F o x , F . B r a u n , E . v a n Aube l , 
A . A b t , C. Bede l , J . F . L . H a u s m a n n a n d F . C. Hen r i c i , M. F a r a d a y , W . Skey , 
H . Dufe t , a n d H . Meyer . O. R e i c h e n h e i m , a n d K . B a e d e k e r g a v e 0-024 o h m for 
t h e s p . r e s i s t ance a t 0° ; a n d J . K o n i g s b e r g e r a n d co-workers found t h a t t h e 
c o n d u c t i v i t y of p y r i t e is 50O t i m e s t h a t of m a r c a s i t e , a n d t h a t t h e e lectr ical res is t ­
ance , R, of p y r i t e , para l le l t o t h e 6-axis, a n d a t 0°, c a n be r ep re sen t ed b y 
2 2 = 0 0 2 4 0 ( 1 -t~O-OO3850+O-OOOO3702)e_ 2 4 0 / ( 0 + 2 7 3 ) 2 7 3 . T h e observed resu l t s a r e : 

— 78" 20° 8 5 ° 121° 2 6 0 ° 34(>J 

H . . 0 0 2 5 1 0 0 2 4 0 0-0279 O-O30O 0 0 3 5 7 0-0388 

H e n c e , t h e r e s i s t ance increases s lowly u p t o a b o u t 350°, a n d t h e n reverses . T h e 
t r a n s i t i o n p o i n t c o r r e s p o n d s w i t h P . Wei s s ' a b r u p t fall in t h e f e r r o m a g n e t i s m . 
I t is a s s u m e d t h a t a n a l lo t rop ic modif ica t ion fo rms b e t w e e n 300° a n d 400° . 
Acco rd ing t o J . K o n i g s b e r g e r a n d K . Schil l ing, t h e a b s o l u t e e lectr ical r e s i s t ance 
pe r c.c. of a v e r y p u r e s a m p l e of n a t i v e i ron su lph ide , F e S 2 , p e r p e n d i c u l a r t o t h e 
c-axis , fell f rom 0-000802 a t —189° t o 0-000256 a t 277°, a n d 0-000262 a t 31()°, 
a n d a t h ighe r t e m p e r a t u r e s , t h e r e s i s t ance increases a l i t t l e . T h e e lec t r ica l resis t­
ance , m e a s u r e d para l le l t o t h e c-axis , falls f rom 0-00107 a t —188° t o a b o u t 0-0O0387 
a t 350°, a n d t h i s r e p r e s e n t s t h e r a n g e of s t a b i l i t y of w h a t is cal led a-pyrites ; t h e 
r e s i s t ance rises f rom 0-000380 a t 350° t o 0-000375 a t 445° . A b o v e t h e t r an s i t i on 
p o i n t , 348° -350° , t h e s t ab le f o r m is ca l led y8-pyrites. T h e t r a n s i t i o n p o i n t for t h e 
e lec t r ica l r e s i s t ance co r r e sponds w i t h P . Weiss* a b r u p t fall in t h e f e r r o m a g n e t i s m 
a t a b o u t 348° . B . B e c k m a n n g a v e 0*00294 for t h e sp . r e s i s t ance in o h m s a t 0° , 
a n d o b s e r v e d t h a t t h e r a t i o R : # 0 = 1 - 0 6 3 a t 15-8°, a n d 0-390 a t —258° ; o r : 

lOO-O* 54-2° 44-5° 14-6° 0 ° — 7 8 6° — 1 9 3 ° 
R . 0-1437 0 1 2 3 5 0 1 1 9 2 0-1070 OIOIO 0 0 7 3 3 0 0 5 1 3 o h m . 

I n t h e v i c i n i t y of 0° , R== R0(I +0-003530-|-O-O6602). A. Wese ly , F . S t r e in t z a n d 
co-workers , a n d J . K o n i g s b e r g e r a n d co-workers , e m p h a s i z e d t h e increase i n t h e 
r e s i s t ance p r o d u c e d b y surface films. T h e m i n i m u m obse rved in t h e re s i s t ance 
c u r v e b y J . K d n i g s b e r g e r a t —10° w a s n o t conf i rmed b y B . B e c k m a n ; n o r d i d 
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A. Wese ly confirm J . Kon igsbe rge r ' s obse rva t ions of a dec rease i n t h e r e s i s t ance 
a t 360° . F . S t r e i n t z a n d A. Wese ly gave 0-0023 t o 0-0035 for t h e t e m p , coeff. of 
t h e res i s t ance ; a n d B . B e c k m a n g a v e 0*00353 a t 0° , a n d h e r e p r e s e n t e d t h e res is t ­
a n c e a s a func t ion of t h e t e m p , b y R=R^e*0, w h e r e R is t h e r e s i s t ance a t 0° ; 
JR0 t h e res i s tance a t 0° ; a n d a, t h e t e m p , coeff. B . B e c k m a n n f o u n d t h a t : 

— 19-3° —78-6° 44-5° 54-2° 100-9° 
R : R0 . O-508 0-726 1 18O 1-223 1-422 

F . S t r e i n t z a n d A. Wel l ik obse rved t h a t p ress , e x e r t s a m a r k e d influence o n 
t h e resu l t s ; a n d B . B e c k m a n g a v e for t h e effect of p ressu re , p a t m . , w h e n 
i?=--01010 o h m , 

p . . 770 1255 1860 2390 2550 
8R/R . 0-0182 0-02915 0-04215 0-05305 005720 

P . Collet observed a res idua l e.m.f. opposed t o t h e c u r r e n t t h r o u g h t h e c r y s t a l , 
a n d t h e po la r i za t ion effect m a y be refer red t o t h e r m o e l e c t r i c p h e n o m e n a . 
C. W . H e a p s found t h a t t h e res i s t ance is n o t inf luenced b y a m a g n e t i c field. 
J . Kon igsbe rge r a n d co-workers , a n d C. Doe l t e r m a d e o b s e r v a t i o n s on t h e t h e o r y 
of t h e electr ical c o n d u c t i v i t y of p y r i t e . K . F i s c h b e c k s t u d i e d t h e e lec t ro ly t i c 
res i s tance of p y r i t e s ; a n d S. Borowik , t h e e lec t ro ly t ic va lve ac t i on . 

T . J . Seebeck m a d e some o b s e r v a t i o n s on t h e thermoelectr ic force of p y r i t e ; 
a n d W . G. H a n k e l found t h a t t h e t he rmoe lec t r i c force of t h e (HO)- or t h e ( l l l ) - f a c e 
of p y r i t e t o w a r d s coppe r is pos i t ive , whi l s t t h e (21O)-face is p a r t l y pos i t ive a n d 
p a r t l y nega t i ve . H . M a r b a c h also found some c rys t a l s of p y r i t e a r e pos i t ive , o t h e r s 
n e g a t i v e ; a n d A. Schrauf a n d E . S. D a n a obse rved t h a t m o s t of t h e s a m p l e s of 
p y r i t e which t h e y e x a m i n e d were n e g a t i v e t o w a r d s copper . T h e sub jec t w a s 
e x a m i n e d b y G. Str i iver , H . S u t t o n , M. X i m u r a a n d co-workers , a n d K . B a e d e k e r . 
G. R o s e supposed t h a t t h e r e is a re la t ion b e t w e e n t h e h e m i h e d r y of t h e c ry s t a l s of 
p y r i t e a n d the i r t he rmoe lec t r i c b e h a v i o u r , b u t C. F r i ede l cons ide red t h a t t h i s h a s n o t 
been es tab l i shed ; t h e sub jec t w a s d iscussed b y J . Curie , J . S te fan , a n d J . B e c k e n -
k a m p . W . Ogawa found t h a t a c u r r e n t of 13,000/x v o l t w a s deve loped w i t h a 
couple of copper a n d p y r i t e . A. M. Iljeff observed t h a t a cy l inde r of c o m p r e s s e d 
p o w d e r of p y r i t e b e t w e e n t w o coppe r e lec t rodes g ives a t h e r m o e l e c t r i c c u r r e n t 
flowing in t h e d i r ec t ion of t h e fall of t e m p . J . Kon igsbe rge r a n d J . Weiss o b s e r v e d 
a t he rmoe lec t r i c force of 0-0OO129 v o l t b e t w e e n 20° a n d 80° ; a n d 0-000200 v o l t 
a t 50° , where t h e c u r r e n t flowed f rom t h e p y r i t e t o t h e copper . A. A b t e x a m i n e d 
t h e the rmoe lec t r i c force b e t w e e n p y r i t e a n d cha l copyr i t e . W . H . Ecc les s t u d i e d 
t h e Pe l t i e r effect. E . T . W h e r r y found p y r i t e is a good radio-detector ; a n d t h e 
sub jec t w a s discussed b y W . Ogawa , A. C. H a w k i n s , P . G l a u b e r t , F . F r e y , A . S c h l e e d e 
a n d H . Buggisch. J . N . F r e r s s t ud i ed t h e s y s t e m F e S 2 - P b S ; F e S 2 - P t , a n d F e S 2 - Z n O . 

W . Skey found t h a t i n sea-water , t h e e l ec tromot ive series of t h e su lph ides is : 
F e S , MnS , ZnS , S n S 2 , H g S , Ag 2 S , P b S , C u 2 S , F e S 2 , S b 2 S 3 , so t h a t p y r i t e is pos i t i ve 
t o w a r d s ga lena . R . C. Wel ls found t h a t t h e e lectrode potent ia l of p y r i t e i n AT-KCl 
is 0-90 v o l t ; i n N-H2SO4, 0-95 vo l t ; in 2V-NaOH, 0-14 v o l t ; a n d in 2V-Na2S, 
—0-17 vo l t . K . R . D ix i t s t ud i ed t h e inne r p o t e n t i a l ; a n d H . B . Bu l l a n d 
co-workers , t h e e lec t rokine t ic po t en t i a l . M. E . Conrad found t h a t t h e 
e lectromot ive force of p y r i t e is pos i t ive a n d of z inc n e g a t i v e in soln . 
of p o t a s s i u m or s o d i u m h y d r o x i d e , a n d su lphur i c ac id , a n d R . Z u p p i n g e r 
f ound t h e effect is d imin i shed b y a rise of t e m p . V. H . G o t t s c h a l k a n d 
H . A . Bueh l e r g a v e for t h e e.m.f. in vo l t s of t h e mine ra l s a g a i n s t c o p p e r 
i n d is t i l led w a t e r : m a r c a s i t e , 0-37 ; cha lcopyr i t e , 0-18 t o 0-30 ; p y r i t e , 0*18 ; 
b o r n i t e , 0-17 ; h e m a t i t e , 0-08 t o 0-26 ; s t ibn i t e , —0-17 t o 0-6 ; a n d z inc —0*83. 
A . Liipschitz a n d R . v o n Hass l inge r f o u n d p y r i t e pos i t ive a g a i n s t a ca lomel e l ec t rode 
w i t h a n e l ec t ro ly t e of su lphur i c ac id w i t h a n d w i t h o u t fe r rous a n d ferric s u l p h a t e s . 
V. H . G o t t s c h a l k a n d H . A . B u e h l e r found t h a t t h e p o t e n t i a l of p y r i t e a g a i n s t c o p p e r 
in dis t i l led w a t e r is 0*18 v o l t ; a n d t h a t w i t h p y r i t e a n d ga l ena i n dis t i l led w a t e r , t h e 
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p y r i t e is n o t a t t a c k e d , a n d t h e ga lena is a t t a c k e d ; w i t h spha le r i t e in p lace of 
ga lena , t h e spha le r i t e is a t t a c k e d . R . C. Wel ls found t h a t in t h e cell p y r i t e 
I iV r-Fe2(S04)3(acidified) | s o d i u m su lph ide | p y r i t e , t h e e.m.f. a f te r 0 -1 , 1-0, 5*0, 
a n d 1OO min . were respec t ive ly 1-CM, 1*02, l-OO, a n d l-OO vol t . G. T a m m a n n found 
t h a t w i t h p y r i t e a g a i n s t 4JV-ZnSO4 a n d zinc, t h e e.m.f. w a s 1*26 v o l t ; a g a i n s t a 
s a t . BO In. of l ead ch lor ide a n d lead , 0-65 v o l t ; 2.ZV-CuSO4 a n d copper , 0-20 v o l t ; 
a n d a s a t soln. of s i lver s u l p h a t e a n d silver, 0*03 v o l t . G. N . L i b b y found t h a t a 
p y r i t e a n o d e in a cell of t h e B u n s e n t y p e g a v e tw ice t h e v o l t a g e of a cell w i t h z inc 
b l ende a s a n o d e . A. M a t s u b a r a a n d J . T a k u b o s t u d i e d t h e c a t h o d i c b e h a v i o u r 
of p y r i t e . 

K . G. E m e l e u s a n d J . W . B e c k found t h e n o r m a l c a t h o d e fall of po t en t i a l of 
i ron p y r i t e s , in vo l t s , in : 

Argon Neon NItroRen Oxygon AIr 
V o l t s . . . 222 168 288 373 314 

a n d t h a t a single c rys t a l b e h a v e s l ike a n o r d i n a r y po lyc rys ta l l ine m e t a l in t h e 
glow d ischarge w h e n used a s a c a t h o d e . T h e y ca lcu la ted t h e work- func t ion of 
p y r i t e for e lec t rons t o be 4*8 vo l t s . 

I n t h e e lectrolysis of p y r i t e s u s p e n d e d i n mol t en p o t a s s i u m h y d r o x i d e , 
E . F . S m i t h n o t e d t h a t w i t h a n ickel c rucib le a s c a t h o d e , a n d a p l a t i n u m wire a s 
a n o d e , a b o u t half t h e s u l p h u r is oxid ized ; w i t h marcas i t e , o x i d a t i o n is comple t e . 
R . S a x o n observed t h a t w i t h finely-powdered p y r i t e in IO p e r cen t , su lphur i c acid , 
w i t h i ron as c a t h o d e , c a r b o n a s a n o d e , b o t h fer rous a n d ferric s u l p h a t e s a p p e a r 
in t h e e lec t ro ly te , a n d if a n i ron a n o d e is used, o n l y fer rous s u l p h a t e is fo rmed . 
H e also no t i ced t h a t if p y r i t e s be i m m e r s e d in a soln. of a m m o n i u m s u l p h a t e a n d 
ch lor ide , a n d s u b j e c t t o electrolysis whi l s t t h e p y r i t e s is in c o n t a c t w i t h t h e c a r b o n 
e lec t rode , i ron passes i n t o soln. I . Bernfe ld obse rved t h a t w i t h a p y r i t e a n o d e 
in ac id ic soln. , i ron goes i n t o soln. , a n d w i t h smal l c u r r e n t dens i t ies s u l p h u r is 
depos i t ed on t h e a n o d e , a n d w i t h la rge c u r r e n t dens i t ies , su lphur i c acid is fo rmed ; 
w i t h p y r i t e as a n o d e in a lka l ine soln. , i ron is c o n v e r t e d i n t o h y d r o x i d e a n d all t h e 
s u l p h u r fo rms su lphu r i c ac id ; "with p y r i t e a s c a t h o d e in acidic soln., h y d r o g e n 
su lph ide a p p e a r s a t t h e c a t h o d e ; a n d w i t h p y r i t e a s c a t h o d e in a lka l ine soln. , 
s u l p h u r fo rms a lka l i su lph ide . K . F i s chbeck s t u d i e d t h e c a t h o d i c r e d u c t i o n of 
p y r i t e in 2 p e r c en t , su lphu r i c ac id ; M. P a d o a a n d B . Zanel la , t h e electrolysis of 
soln. of a m m o n i u m o r sod ium chlor ide a n d a m m o n i u m t h i o c y a n a t e soln. w i t h a 
p y r i t e a n o d e , w h e r e b y t h e i ron goes i n t o soln. in t h e ferric s t a t e ; a n d R. C. Wel ls , 
t h e anod ic a n d c a t h o d i c po la r i za t ion of p y r i t e in soln. of p o t a s s i u m chlor ide . 

A . W . S m i t h 1 5 f o u n d t h a t t h e HaU effect w i t h p y r i t e increases p r o p o r t i o n a l l y 
w i t h t h e m a g n e t i c field ; a n d G. Nicola i g a v e for field of H g aus s : 

H . 
Mall cons tant 

9,16O 
— 21-7 

10,100 
— 22-9 

11,15O 
— 2 8 O 

12,2OO 
- 3 3 O 

13,30O 
— 38 O 

14,4OO 
— 42-O 

SS? 

T h e m a g n e t i c properties of p y r i t e were e x a m i n e d b y J . J . Berze l ius , 1 0 T . J . Sec-
beck , M. F a r a d a y , a n d C. B . Greiss . F . Gieseler sa id t h a t t h e p u r e su lph ide is 
n o n - m a g n e t i c . J . H u g g e t t a n d G. C h a u d r o n 
also sa id t h a t p y r i t e is n o n - m a g n e t i c a n d t h a t 
i t unde rgoes o x i d a t i o n a t 400° . R . J u z a a n d 
W . Bi l t z obse rved t h e suscep t ib i l i t y of different 
su lph ides , a n d t h e r e su l t s a r e s u m m a r i z e d i n 
F ig . 635 , a l o n g w i t h t h e r e su l t s of o b s e r v a t i o n s 
o n t h e X - r a d i o g r a m s . Accord ing t o F . S t u t z e r 
a n d co-workers , t h e m a g n e t i c susceptibi l i ty of 
p y r i t e is 4-53 x 1 0 ^ 6 vol . u n i t ; a n d L . C. J a c k s o n 
sa id t h a t t h e suscep t ib i l i t y is i n d e p e n d e n t of 
t h e t e m p . ; a n d af te r m a k i n g a l lowance for t h e 
d i a m a g n e t i c p rope r t i e s of t h e s u l p h u r a t o m s i n i ron py r i t e s , t h e i ron a t o m 
possesses a smal l , res idua l , pos i t i ve m a g n e t i c moment. W . R . Crane g a v e 
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F i o . 635 .—The Magnetic Suscep­
t ibi l i ty of the Iron Sulphides. 
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1 ' 86OxIO-G t o 159 XlO - O for t h e m a s s m a g n e t i c su scep t i b i l i t y of p y r i t e ; a n d 
F . S t u t z e r a n d co-workers , 4 X 10-«, for t h e coeff. of m a g n e t i z a t i o n . T h e s u b j e c t 
w a s s t u d i e d b y O. Grene t , a n d L . P a u l i n g a n d M. Li. H u g g i n s . 

T h e phys ica l properties of m a r c a s i t e . — T h e g e n e r a l m o d e of o c c u r r e n c e , a n d 
p r e p a r a t i o n of m a r c a s i t e h a v e b e e n d iscussed i n c o n n e c t i o n w i t h p y r i t e ; a n d t h e r e 
a r e , a s in t h e case of p y r i t e , p s e u d o m o r p h s a f t e r p y r r h o t i t e , ga l ena , c o p p e r p y r i t e s , 
s ider i te , ca lc i te , b a r y t e s , e t c . T h e co lour of m a r c a s i t e is p a l e b ronze-ye l low, 
w i t h a t i nge of g reen ; t h e co lour d e e p e n s o n e x p o s u r e . T h e m i n e r a l r e a d i l y 
t a r n i s h e s . T h e s t r e a k is greyish- or b r o w n i s h - b l a c k . J . L . C. S c h r o e d e r v a n d e r 
KoIk 1 7 sa id t h a t t h e s t r e a k is g reen i sh -grey . J . A . H e d v a l l d i scussed t h e c h a n g e s 
in co lour which occur on h e a t i n g t h e m i n e r a l . M a r c a s i t e occu r s in s t a l a c t i t i c f o r m s 
w i t h a r a d i a t i n g i n t e r n a l s t r u c t u r e , h a v i n g t h e e x t e r i o r s o m e t i m e s c o v e r e d w i t h 
p ro j ec t i ng c rys ta l s . T h e s t a l ac t i t i c f o r m m a y o c c u r i n l a y e r s w i t h g a l e n a o r 
spha le r i t e , or b o t h , a n d t h i s r e sembles s c h a l e n b l e n d e , h e n c e i t h a s b e e n ca l led 
Sc/ialenmarcasite. Marcas i t e a lso occu r s i n g l o b u l a r , r en i fo rm, a n d o t h e r i m i t a t i v e 
shapes . T h e genera l a p p e a r a n c e of m a r c a s i t e h a s g i v e n r ise t o s o m e spec ia l 
desc r ip t ive t e r m s . F o r e x a m p l e , radiated pyrites—Strahlkies—occurs i n r a d i a t i n g 
masses a n d in s imple c r y s t a l s ; cockscomb pyrites—Kantmkies—occurs in a g g r e g a t e s 
of flattened, t w i n n e d c r y s t a l s h a v i n g c res t - l ike f o r m s ; spear pyrites—Speerkies— 
occurs in t w i n n e d c r y s t a l s w i t h r e - e n t e r i n g ang le s w h i c h h a v e s o m e r e s e m b l a n c e t o 
t h e head of a s p e a r ; capillary pyrites—Zellkies—occurs i n ce l lu lar masse s f o r m e d 
b y t h e i nc rus t a t i on of c ry s t a l s of o t h e r m i n e r a l s t h a t h a v e d i s a p p e a r e d , t h e m a r c a s i t e 
is he re usua l ly m i x e d w i t h p y r i t e ; a n d hepatic pyrites—Leberkies pyrites fuscus— 
occurs mass ive in dul l co lours , a n d t h e t e r m inc ludes b r o w n s p e c i m e n s of a n y 
p y r i t e a l t e r ed m o r e or less t o l i m o n i t e . 

R . J . H a u y , C. C. L e o n h a r d , a n d J . A. H . L u c a s s h o w e d t h a t t h e crys ta l s of 
m a r c a s i t e , or fer sulfure blane, a r e r h o m b i c . J . J . B e r n h a r d i , J . F . L . H a u s m a n n , 
a n d F . Mohs a lso m a d e o b s e r v a t i o n s on t h e r h o m b i c c ry s t a l s , a l t h o u g h A. G e h m a c h e r 
showed t h a t s o m e m e a s u r e m e n t s a g r e e d w i t h t h e a s s u m p t i o n t h a t s o m e c r y s t a l s 
a r e monoc l in ic . T h e ax ia l r a t i o s of t h e r h o m b i c c r y s t a l s g iven b y A. S a d e b e c k 
a r e : a : b : c = 0 - 7 6 6 2 : 1 : 1-2342 ; V . M. G o l d s c h m i d t g a v e 0-7580 : 1 : 1-2122 ; 
J . F . L . H a u s m a n n , 0-75241 : 1 : 1-18473 ; G. , T . P r i o r , 0-7662 : 1 : 1-2342 ; 
A. G e h m a c h e r , a n d W . F . d e J o n g , 0-762256 : 1 : 1-216698 ; a n d for t h e ar t i f icial 
c rys t a l s , E . T . Al len a n d co-workers g a v e 0-7646 : 1 : 1-2176. T h e c o m m o n h a b i t 
of t h e c rys t a l s of m a r c a s i t e is p y r a m i d a l a n d also t a b u l a r , pa ra l l e l t o t h e (0Ol)-face ; 
w i t h t h e b r a c h y d o m e s a n d p inaco ids deep ly s t r i a t e d pa ra l l e l t o t h e (010) / (001)-edge. 
E . T . Allen a n d co-workers f ound t h a t t h e art i f icial m i n e r a l h a s t h e s e faces s imi l a r ly 
s t r i a t ed , a n d t h e p y r a m i d a n d p r i s m zones a r e e v e n m o r e p r o m i n e n t l y s t r i a t e d 
para l le l t o t h e base ; t h e c o m m o n h a b i t of t h e artificial c r y s t a l s i s a lso t a b u l a r , 
and p y r a m i d a l . T h e c rys t a l s of m a r c a s i t e s h o w twinning: a b o u t t h e ( H O ) - p l a n e , 
a n d t h e t w i n n i n g is f r equen t l y r e p e a t e d so a s t o p r o d u c e , in s o m e cases , s t e l l a t e 
fivelings ; t w i n n i n g a b o u t t h e (101)-plane is less f r equen t , a n d t h e c r y s t a l s t h e n 
cross a t angles a p p r o a c h i n g 60° . T h e t w i n n i n g w a s d i scussed b y C. Vio la , 
F . W a l l e r a n t , a n d F . Schondor f a n d E . Sch roede r . E . T . Al len f o u n d t h a t t h e 
art if icial c r y s t a l s occur t w i n n e d a b o u t t h e (110) -p lane , a n d t h a t t h e y a r e t a b u l a r 
pa ra l l e l t o t h i s p l a n e , a n d e l o n g a t e d a long t h e v e r t i c a l ax i s , a n d t h e (101)- a n d 
( O i l ) - d o m e s a r e p r o m i n e n t . T h e art i f icial p y r a m i d a l c r y s t a l s a r e d e v e l o p e d m o r e 
s y m m e t r i c a l l y t h a n t h e t a b u l a r c rys t a l s , a n d t h e y a r e less f r e q u e n t l y t w i n n e d . 
T h e (101)- a n d ( O l l ) - d o m e s a r e cha rac t e r i s t i c , a n d t h e s t r i a t e d p r i s m s , ( H O ) , a r e 
u s u a l l y p r o m i n e n t . T h e c r y s t a l s of m a r c a s i t e w e r e d e s c r i b e d b y M. J . B u e r g e r , 
G. F l i n k , F . A . B a n n i s t e r , N . W a t i t s c h , C. A . T e n n e , O. L u e d e c k e , C. O. T r e c h -
m a n n , F . S a n d b e r g e r , E . R . S m i t h a n d R . A . S c h r o e d e r , W . I ) . J o h n s t o n , 
G. W e r n e r , P . G r o t h , A. B r e i t h a u p t , A . F r e n z e l , A . S te lzner , H . T r a u b e , E . T h o m s o n , 
F . R o e m e r , B . K o s m a n n , C. H i n t z e , A . G e h m a c h e r , V . R . v o n Z e p h a r o v i c h , A. K o c h , 
A . B r u n l e c h n e r , G. G r a t t a r o l a , A . d ' A c h i a r d i , G. Ia Val le , P . T s c h i r w i n s k y , 
A. L a c r o i x , R . P . G r e g a n d W . G. L e t t s o m , J . H . Collins, P . v o n Jeremeeff , 
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J . D . D a n a , e t c . T h e c l e a v a g e o n t h e (HO)-face is r a t h e r d i s t i nc t , while t h a t on 
t h e (Oi l ) - face a p p e a r s o n l y i n t r a c e s . T h e cor ros ion figures w e r e s t u d i e d b y 
H . S c h n e i d e r h o h n ; a n d t h e mic roscop ic s t r u c t u r e of po l i shed sur faces a l so , b y 
F . N . Gui ld , a n d H . S c h n e i d e r h o h n . J . K o n i g s b e r g e r d i s t i n g u i s h e d t h e a n i s o t r o p y 
of m a r c a s i t e f r o m t h e i s o t r o p y of p y r i t e . W . F . d e J o n g f o u n d t h a t X - r a d i o -
g r a m s of m a r c a s i t e c o r r e s p o n d w i t h a l a t t i c e w i t h a==6*79 A. , 6 = 4 - 4 5 A. , a n d 
<5=5-42 A . — t h e v a l u e s for misp icke l be ing a = 6 * 4 4 A. , 6 = 4 * 7 6 A. , a n d c—5*63 A . 
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M. J . B u e r g e r f o u n d t h a t t h e r e a re t w o F e S 2 - m o l s . p e r u n i t cell ; a n d t h a t t h e 
l a t t i c e d i m e n s i o n s a r e a — 3-37 A. , 6-=4-44 A. , a n d c = 5 - 3 9 A. T h e p a i r e d s u l p h u r 
a t o m s a r e 2-25 A. a p a r t ; t h e u n p a i r e d s u l p h u r a t o m s , 2*96 A. ; t h e i ron a t o m s . 
5-52 A. ; a n d t h e s u l p h u r - i r o n a t o m s , 2*21 A. T h e a t o m s in t h e (QOl)-, (10O)-, 
a n d (OlO)-elevat ions a r e i n d i c a t e d in F i g . 636 . N . Alsen o b s e r v e d t h e p a r a m e t e r s : 
«,=r3'35 A . , 6 = 4 * 4 0 A. , a n d c-=5*35 A. , a n d h i s c o n s t r u c t i o n of t h e a r r a n g e m e n t of t h e 
c o m p o n e n t a t o m s is i n d i c a t e d in F i g . 637 . O b s e r v a t i o n s were m a d e b y P . F . K e r r , 
b y H . V. A n d e r s o n a n d K . G. Ches ley , F . R . a n d 
K . R . v a n H o r n , a n d b y W . J a n s e n . M. L . H u g g i n s 
d i scussed t h e s t r u c t u r e of t h e space - l a t t i c e a n d 
a s s u m e d t h a t t h e s u l p h u r a t o m s o c c u r in pa i r s , 
e a c h s u l p h u r a t o m be ing l inked , b y p a i r s of e lec ­
t r o n s , t o one s u l p h u r a t o m a n d four i ron a t o m s , 
a n d e a c h i ron a t o m t o s ix s u l p h u r a t o m s . 

C. F . R a m m e l s b e r g g a v e 4-865 t o 4-9OO—best 
r e p r e s e n t a t i v e v a l u e 4-9O—for t h e specific grav i ty 
of m a r c a s i t e ; V . P o s c h l f o u n d 4*607 t o 4-879 ; 
E . M a d e l u n g a n d R . F u c h s , 4-8487 ; H . N . S t o k e s , 
4-88O t o 4*891 ; F . S a n d b e r g e r , 5-08 ; F . E . N e u ­
m a n n , 4*882 ; J . O . D a n a , 4-678 t o 4*847 ; A . B r e i t -
h a u p t , 4-601 t o 4-879 ; G. R o s e , 4*848 ; a n d 
C. H i n t z e , 4*65 t o 4*88. F . W o h l e r ' s v a l u e , 4*74, is 
t o o low. T h e b e s t r e p r e s e n t a t i v e v a l u e is 4*88. E . T . Al len g a v e 4*887 a t 25° for 
t h e s p . gr . of ar t i f ic ial m a r c a s i t e , a n d f o u n d t h a t w h e n t h e c o m p o u n d is heated* t o 
610° for s o m e t i m e t h e s p . gr . r ises t o 4*911, c o r r e s p o n d i n g w i t h i t s t r a n s f o r m a t i o n 
t o p y r i t e , w h o s e s p . gr . is > 5 * 0 2 . T h e lower v a l u e o b s e r v e d is a t t r i b u t e d t o t h e 
p o r o s i t y of t h e p r o d u c t . O t h e r o b s e r v a t i o n s were m a d e b y C. H a t c h e t t , A. P . B r o w n , 
G. R o s e , E . P a l l a , A . A . J u l i e n , N . W a t i t s c h , E . T . Al len a n d co -worker s , a n d 
E . S t u t z e r a n d co -worke r s . J . J . S a s l a w s k y d i scussed t h e c o n t r a c t i o n which 
o c c u r s w h e n m a r c a s i t e is f o r m e d f r o m i t s e l e m e n t s . Acco rd ing t o A. A. J u l i e n , 
t h e h a r d n e s s of m a r c a s i t e o n t h e m a c r o d o m e face is 6, a n d on m o s t of t h e o t h e r 
faces , 6*5. V . P o s c h l f o u n d t h a t for l o a d s of 20 a n d 5O g rms . , t h e s c r a t c h i n g h a r d ­
nes s of m a r c a s i t e is r e spec t i ve ly 140*2 a n d 134*1 w h e n t h e v a l u e for t o p a z , a s 
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s t a n d a r d , is 1000 ; t h e cor responding va lues for p y r i t e a r e 182-2 a n d 199-1 respec­
t ive ly—v ide supra, p y r i t e . O. Miigge obse rved n o c h a n g e in m a r c a s i t e a f t e r i t 
h a d b e e n subjec ted to a press , of 20,000 a t m . E . M a d e l u n g a n d R . F u c h s g a v e 
0-O681 for t h e coeff. of compressibil i ty i n m e g a b a r s p e r sq . c m . 

T h e specific hea t of marcas i t e m a y be a l i t t le g r e a t e r t h a n t h a t of p y r i t e , t h o u g h 
t h e avai lable ev idence is n o t sufficient t o p r o v e t h e s t a t e m e n t . H . V . R e g n a u l t 
gave 0-1332 for t h e sp . h t . of m a r c a s i t e , a n d A. Sella, 0-1460. As s h o w n b y 
E . T. Allen a n d co-workers , a n d E . Arbe i t e r , a n d i n d i c a t e d in c o n n e c t i o n w i t h 
py r i t e , m a r c a s i t e slowly changes i n t o p y r i t e b y a m o n o t r o p i c o r i r revers ib le c h a n g e ; 
t h e speed of t h e reac t ion is acce le ra t ed b y a rise of t e m p , a n d is a t t e n d e d b y a n 
evo lu t ion of h e a t — F i g . 638—and a decrease i n t h e e lect r ical r es i s t ance , b u t t h e 

c h a n g e is n o t inf luenced b y a n increase of 
p ress , u p t o 10,000 a t m . — v i d e supra, p y r -
r h o t i t e , a n d p y r i t e . E . A r b e i t e r showed t h a t 
w h e n m a r c a s i t e is h e a t e d in v a c u o , s u l p h u r 
is dis t i l led off. R . Cusack g a v e 642° for t h e 
IUeItUlS-POiUt of m a r c a s i t e , a n d J . J o I y 440°, 
b u t s ince m a r c a s i t e pas ses i n t o p y r i t e be low 
t h i s t e m p . , t he se s t a t e m e n t s d o n o t m e a n 
w h a t t h e y say . A. Cavazzi found t h e h e a t s 
of combus t ion of p y r i t e a n d m a r c a s i t e a r e t h e 
same , n a m e l y , 1-55 CaIs., b u t , a s E . T . Allen 
a n d co-workers showed, t h e c o n t a i n e d e n e r g y 
of ma rca s i t e is p r o b a b l y g r e a t e r t h a n t h a t of 
p y r i t e (g.v.). 

J . Kon igsberge r g a v e 3-5 for t h e r e f r ac t ive i ndex of m a r c a s i t e ca l cu l a t ed f rom 
t h e electr ical conduc t iv i t y . C. Doe l t e r found t h a t m a r c a s i t e is o p a q u e t o t h e X - r a y s . 
O. R o h d e found t h a t ma rca s i t e has a la rger p h o t o e l e c t r i c effect t h a n p y r r h o t i t e , b u t 
a smal ler one t h a n p y r i t e . 

F . Bei jer inck, a n d R . Gr. H a r v e y found t h a t t h e e lectr ical conduct iv i ty of 
ma rca s i t e is m u c h smal le r t h a n t h a t of p y r i t e (g.v.). T h e va lue s for t h e e lect r ical 
c o n d u c t i v i t y of ma rca s i t e , in S i emen ' s u n i t s , t a k e n pa ra l l e l t o e a c h of t h e t h r e e 
axes , a re i nd ica t ed in F ig . 638. K . B a e d e k e r g a v e 16-56 o h m s for t h e e l ec t r i c 
r e s i s t a n c e a t 0° a n d para l le l t o t h e &-axis; a n d A. Wese ly , 2-4 o h m s a t 0° . Obser­
v a t i o n s were m a d e b y T . d u Moncel . Accord ing t o J . K on igsbe r ge r a n d O. R e i c h e n -
he im, t h e c o n d u c t i v i t y of m a r c a s i t e is 500 t i m e s smal le r t h a n t h a t of p y r i t e . A 
c ry s t a l of marcas i t e which h a d been h e a t e d t o 400° , h a d t h e e lec t r ica l r e s i s t ance , R, 
para l le l t o t h e 6-axis, a t 0°, # = 1 6 - 5 8 ( 1 + 0 0 0 2 6 4 0 + 0 - 0 0 0 0 9 0 ^ - 1 8 5 0 0 / ( 0 + 2 7 3 ) 2 7 3 . 
T h e va lues t a k e n para l le l t o t h e a- a n d c-axis a r e n e a r l y t h e s a m e . T h e o b s e r v e d 
va lues para l le l t o t h e 2>-axis a r e : 
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F i o . 638 .—Act ion of H e a t on the 
Electrical Conduct iv i ty of Marcasite. 
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T h e thermoelectr ic force of ma rca s i t e w a s s t u d i e d b y M. K i m u r a a n d co-workers , 
a n d T . d u Moncel . R . C. Wel ls f ound t h e e lectrode potent ia l of m a r c a s i t e in 
N-KCl t o be 0-72 vo l t ; in 2VT-H2SO4, 0-94 v o l t ; in 2V-NaOH, —0-22 v o l t ; a n d 
in W - N a 2 S , —0-07 vo l t . A. L ipsch i t z a n d R . v o n Hass l i nge r obse rved t h a t t h e 
e lec tromot ive force of m a r c a s i t e is pos i t ive a g a i n s t a ca lomel e l ec t rode in s u l p h u r i c 
ac id w i t h a n d w i t h o u t ferrous a n d ferric s u l p h a t e s ; a n d V. H . G o t t s c h a l k a n d 
H . A . Bueh le r , t h a t m a r c a s i t e i n dis t i l led w a t e r a g a i n s t c o p p e r g ives 0-37 v o l t . 
E . F . S m i t h obse rved t h a t t h e s u l p h u r of m a r c a s i t e is c o m p l e t e l y ox id ized w h e n a 
suspens ion of t h e p o w d e r e d mine ra l in m o l t e n p o t a s s i u m h y d r o x i d e is e lec t ro lyzed 
u n d e r cond i t i ons w h e r e a b o u t half t h e s u l p h u r of p y r i t e is ox id ized . K . F i s c h b e c k 
s t u d i e d t h e e l ec t rochemica l r e d u c t i o n of m a r c a s i t e ; M. P a d o a a n d B . Zane l l a , t h e 
e lect rolys is of soln. of a m m o n i u m or s o d i u m chlor ide , a n d a m m o n i u m t h i o c y a n a t e 
w h e r e b y t h e i ron dissolves in t h e ferr ic s t a t e ; a n d R . C. Wel l s , t h e a n o d i c a n d 
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c a t h o d i c po l a r i za t i on of m a r c a s i t e . F . S t u t z e r a n d co -worke r s f o u n d t h e m a g n e t i c 
suscept ibi l i ty of m a r c a s i t e t o be 5-43 X 10~ 6 vo l . u n i t . J . H u g g e t t a n d G. C h a u d r o n 
sa id t h a t m a r c a s i t e is n o n - m a g n e t i c a n d i t u n d e r g o e s o x i d a t i o n i n a i r a t 400° . 

A c o m p a r i s o n of pyrite a n d m a r c a s i t e . — A genera l c o m p a r i s o n of t h e p ro -
pe r t i e s of p y r i t e a n d m a r c a s i t e — s u m m a r i z e d b y A. A. J u l i e h 1 8 (w i th modif icat ions) 
in T a b l e X C I V — s h o w s t h a t t h e co lour of p y r i t e is b rass -ye l low, t h a t of m a r c a s i t e 
is m o r e g rey . H . N . S t o k e s a d d e d t h a t w i t h s u i t a b l e p r e c a u t i o n s a g a i n s t mi s l ead ing 
t a r n i s h colours , p y r i t e c a n b e r e a d i l y d i s t i ngu i shed f rom m a r c a s i t e b y t h e colour , 
b u t i t is s o m e t i m e s imposs ib le t o d r a w a n y sa t i s f ac to ry conc lus ions f rom t h e co lours 
of fine-grained conc re t ions , o r f rom spec imens w i t h r o u g h surfaces . T h e c r y s t a l s 
of p y r i t e a r e cub ic ; t h o s e of m a r c a s i t e r h o m b i c ; t h e h a b i t of p y r i t e is s t r i a t e d 
c u b e s o r p e n t a g o n a l d o d e c a h e d f a , t h a t of m a r c a s i t e is t a b u l a r or p y r a m i d a l , 
u s u a l l y fibrous a n d r a d i a t i n g . T h e f r ac tu re of p y r i t e is u s u a l l y concho ida l , t h a t 
of m a r c a s i t e u n e v e n a n d r a d i a t i n g . T h e s t r e a k of p y r i t e h a s u s u a l l y a g reen ish 
t i n g e ; t h a t of m a r c a s i t e , g rey ish . C. F r e b o l d d i s t i ngu i shed p y r i t e f rom m a r c a s i t e 
b y t h e i r X - r a d i o g r a m s . E . Grill t r e a t e d b o t h mine ra l s w i t h h y d r o g e n pe rox ide , 
b u t p y r i t e a lone g ives a depos i t of s u l p h u r . T h e s p . gr . of p y r i t e is g r e a t e r — 
r e p r e s e n t a t i v e va lue s a t 25° be ing 5*03 for p y r i t e a n d 4*88 for m a r c a s i t e , b u t 
H . N . S tokes a d d e d t h a t t h e a t t e m p t t o ca l cu la t e t h e p r o p o r t i o n s of m a r c a s i t e 
a n d p y r i t e f rom t h e s p . gr . of t h e s a m p l e is i l lusive. P y r i t e is s l igh t ly h a r d e r t h a n 
m a r c a s i t e ; t h e e lec t r ica l c o n d u c t i v i t y of p y r i t e is 500 t i m e s t h a t of m a r c a s i t e . 
Marcas i t e is m o r e suscep t ib le t o a t m . o x i d a t i o n a t o r d i n a r y t e m p , o r w h e n h e a t e d . 
P y r i t e dissolves c o m p l e t e l y in n i t r i c ac id , wh i l s t m a r c a s i t e dissolves w i t h t h e 
s e p a r a t i o n of s u l p h u r . 

L . Gedel , a n d R . Scheue r s e p a r a t e d t h e different su lph ides of i ron b y t r e a t ­
m e n t w i t h cone , hyd roch lo r i c ac id . T h e p o w d e r e d m i x t u r e is e x t r a c t e d wi th 
c a r b o n d i su lph ide t o r e m o v e free s u l p h u r ; t h e n t r e a t e d w i t h cone , ac id w h e r e b y 
fe r rous su lph ide d isso lves comple t e ly , wh i l s t ferric su lph ide dissolves w i t h t h e 
s e p a r a t i o n of a n e q u i v a l e n t of s u l p h u r : F e 2 S 3 + 4 H C l = - 2 F e C l 2 + 2 H 2 S - J - S . T h e 
s u l p h u r is e x t r a c t e d b y c a r b o n d i su lph ide , a n d c a l c u l a t e d t o ferric su lph ide . T h e 
r e s idua l i ron d i su lph ide is d isso lved b y cone , n i t r i c ac id or a q u a regia . T h e p r o ­
p o r t i o n of fe r rous s u l p h i d e c a n be ca l cu l a t ed f rom t h e t o t a l s u l p h u r or t o t a l i ron , 
a n d t h a t p r e s e n t a s F e 2 S 3 a n d F e S 2 . C. W . D i c k s o n o b s e r v e d t h a t wh i l s t p y r r h o t i t e 
is c o m p l e t e l y so luble i n IO p e r c en t , n i t r i c ac id , m a g n e t i t e is scarce ly a t t a c k e d . 

Acco rd ing t o H . N . S tokes , if t h e m i n e r a l is boi led w i t h a soln. of i ron-
a l u m c o n t a i n i n g a g r a m of ferric i ron , a n d 16 c.c. of 25 p e r cen t , s u l p h u r i c ac id 
p e r l i t re , t h e p r o p o r t i o n of s u l p h u r ox id ized in t h e case of p y r i t e is 60-4 p e r cen t , 
of t h e c o n t a i n e d s u l p h u r , whi l s t w i t h m a r c a s i t e o n l y 18 p e r cen t , is ox id ized . T h e 
r e a c t i o n w a s u t i l i zed b y E . T . Allen a n d co-workers for finding t h e r e l a t i ve p r o ­
p o r t i o n s of m a r c a s i t e a n d p y r i t e i n a s a m p l e of py r i t e s—v ide infra. T h e chemica l 
ana lys i s of p y r i t e s w a s desc r ibed b y E . T . Allen a n d J . J o h n s t o n , F . Chio, M. D i t -
t r i c h , L*. G a d a i s , E . Mengler , R . Miiller, P . L . R o b i n s o n a n d co -worker s , A. M. S m o o t , 
G. W e y m a n , a n d E . Z in t l a n d F . Schloffer. 

The chemical properties of pyrite and marcasite.—H. Rose i» observed 
t h a t p y r i t e d issoc ia tes a t a lower t e m p , w h e n i t is h e a t e d in hydrogen t h a n w h e n 
i t is h e a t e d s i m p l y in a c losed vessel . N o h y d r o g e n su lph ide was fo rmed . 
H . Conder , a n d T . J . Drakelejr , h o w e v e r , f o u n d t h a t a t a dul l r ed -hea t , h y d r o g e n 
s u l p h i d e a n d fer rous su lph ide a r e fo rmed ; wh i l s t G. Gallo sa id t h a t t h r e e s t ages 
c a n b e d e t e c t e d in t h e r e d u c t i o n : (i) 2 F e S 2 + H 2 = F e 2 S 3 + H 2 S , c o m m e n c i n g a t 
228° t o 230° ; (ii) F e 2 S 8 + H 2 = 2 F e S + H 2 S , c o m m e n c i n g a t 280° t o 285° ; a n d 
(iii) F e S + H 2 = F e + H 2 S , c o m m e n c i n g a t 370° t o 375°. N o s u l p h u r c o m p o u n d 
a n a l o g o u s t o F e 8 O 4 w a s obse rved—v ide supra, t h e p r e p a r a t i o n of ferrous su lph ide . 
H . C o n d e r d i scussed t h e " h y d r o g e n r o a s t i n g ." of p y r i t e s t o recover s u l p h u r a n d 
i ron . W h e n p y r i t e is h e a t e d i n a ir , i t fu rn ishes s u l p h u r d ioxide , a n d fer rous 
s u l p h a t e , b u t a t a h i g h e r t e m p . , a bas ic ferric s u l p h a t e o r ferric ox ide is fo rmed , 
N e x t t o s u l p h u r , p y r i t e s is t h e m o s t i m p o r t a n t m a t e r i a l for t h e m a n u f a c t u r e of 
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the sulphur dioxide required for the manufacture of sulphuric acid. For this 
purpose the pyrites is roasted in special ovens. If the pyri te be heated in a 
closed vessel with a limited supply of air, so t h a t the pyri te is in excess, the 
products are sulphur dioxide and ferrous sulphate ; and if the pyri te is heated in 
air to 100°, or ground dry in a mortar , these are the first products of the oxidation. 
P . Truchot represented the reactions involved in roasting pyrites by the equations : 
FeS2-J-O2=FeSH-SO2 ; 2 F e S + 3 0 2 = 2 F e O + 2 S 0 2 ; 2FeOH-O=Fe 2 O 3 ; 2SO2H-O2 
= 2 S O a , and 2 F e O + 2 S O 3 = 2 F e S O 4 , and a t about 530°, 2 F e S O 4 = S O 2 + S O 3 + F e 2 O 3 . 
In some cases, ferrosic oxide is formed : F e S 2 + 1 0 F e 2 O 3 + O 2 = 7 F e 3 O 4 + 2 S O 2 . 

TABLE XCIV.—CoairAKisoisr OF PYBKHOTITB, MABCASITE, AND PYBITE. 

C o m p o s i t i o n . 

H a r d n e s s 
s t ee l 

w i t h 

Specific gravi ty-
Colour . 

S t r e a k . 

F r a c t u r e 
G r a i n s . 

C r y s t a l s 

I g n i t i o n i n c losed 
txibe 

H e a t i n g t o 450" 
Specific h e a t 
!Nitric a c i d . 

H y d r o c h l o r i c a c i d . 

A l t e r a t i o n 

Pyrrhotite 

F e 6 S 6 t o F e 1 6 S 1 7 , 
a n d c o m m o n l y 
n ic kelifer ous 

3 5-4-5 

4-4-4-68 (4-67) 
B r o n z e - ye l low t o 
s t e e l t o m b a c k -

b r o w n 
G r e y i s h - b l a c k 

U n e v e n 
C o m p a c t a n d m a g ­

n e t i c 
R a r e : h e x a g o n a l , 

g e n e r a l l y t a b u l a r , 
a n d m a g n e t i c 

TJ n c h a n g o d 

S t a b l e 
O-15OO 
I n s o l u b l e 

Marcasito 

So lub le w i t h s e p a r a ­
t i o n of s u l p h u r a n d 
h y d r o g e n s u l p h i d e 

I r i d e s c e n t t a r n i s h 

F e S 3 

6-0-6-5 
S t r i k i n g fire i m p e r ­

fec t ly , -with s t r o n g 
s u l p h u r o u s o d o u r 

4-68-4-85 (4-88) 
G r e y i s h - w h i t e to | 

bronze-yellow-

Green i sh - g r e y t o 
b r o w n i s h - b l a c k 

U n e v e n , r a d i a t i n g 
C o l u m n a r s t r u c t u r e 
C o m m o n : O r t h o -

r h o m b i e , of ten in 
s t r i a t e d t w i n s , 
t o o t h l i k e or c r e s t ed 
fo rms , e t c . 

Y ie ld ing a s u b l i m a t e 
of sulphux" an t i a 
m a g n e t i c r e s idue 

S t a b l e 
0 1 3 3 2 
So lub le w i t h s epa ra ­

t i o n of s u l p h u r 
I n s o l u b l e 

Pyrite 

I r i d e s c e n t , 
efflorescent 

o f ten 

F e S -

6 0 - 7 0 
S t r i k i n g fire r e a d i l y 

w i t h w e a k s u l p h u r ­
o u s o d o u r 

4 - 7 4 - 5 1 9 (5-03) 
G o l d e n t o p a l e b r a s s -

ye l low 

B r o w n i s h - b l a c k 

Conch o ida l t o u n e v e n 
Of ten f ibrous a n d 

r a d i a l 
A b u n d a n t : i s o m e t r i c 

c u b e s , p y r i t o h e d r a , 
o c t a h o d r a , e t c . 

(L.ike m a r c a s i t e ) 

( ' o n v e r t e d t o p y r i t e 
0 1 3 0 6 
(L ike m a r c a s i t e ) 

I n s o l u b l e 

I r i d e s c e n t , efflores­
c e n t , o r h e p a t i c 
c o l o u r 

The formation of soluble sulphate after 6 h r s \ roasting amounted to 1-0108 ; after 
12 h r s \ , 0-4816 ; and after 18 hrs ' . , 00994 per cent. This shows t h a t the sulphate 
is formed early in the operation of roasting pyrite, and decomposes in the later 
stages. If the supply of air is very limited, and if the temp, is high enough, some 
sulphur m a y distil off as well—vide supra, the action of hea t on pyri te—and in 
large pieces, sulphur may distil from the interior and burn a t the surface. I n either 
case pyrrhot i te is formed to which A. Scheurer-Kestner and A. Kosenstiehl gave 
the formula FeS ; T. Sidot, Fe 3 S 4 ; and H. V. Regnault , Fe6S6—vide supra. If 
the temp, rises rapidly, the ferrous sulphide may fuse before the volatiles are evolved, 
and leave a vitreous, vesicular slag. The air which has access to the surface of the 
pyrite forms a film of ferric oxide, which, according to A. Lemoine, oxidizes the 
ferrous sulphide lower down, and the reduced ferric oxide is re-oxidized by t h e air. 
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T h e r e a c t i o n w a s s t u d i e d b y T . L . P h i p s o n , T . G i b b , F . W a r l i m o n t , F . B o d e , 
ES. R i c h t e r s , E . K n o p , M. F o r t m a n n , B . G. B r e d b e r g , J . L . P r o u s t , M. B r a u n i n g , 
F . C. T h o m p s o n a n d N . Ti l l ing, J . M i l b a u e r a n d J . T u c e k , W . E i t e l , H . S a i t o , 
B . N e u m a n n a n d co-workers , J . J e l i n e k , 
H . W . Ne l son a n d co -worke r s , H . E . W o i s e n , 
a n d I . N . K u z m i n u i k h . P . T r u c h o t g a v e 440° 
t o 450° for t h e t e m p , a t w h i c h t h e o x i d a t i o n 
of t h e s u l p h u r i n p y r i t e beg ins ; A . W . W a r ­
w i c k sa id 2 9 0 0 - 3 1 5 ° , a n d t h e h e a t of t h e o x i ­
d a t i o n m a y ra ise t h e t e m p , t o 455° . J . W . MeI-
lor c o m p a r e d t h e p e r c e n t a g e a m o u n t s of t h e 
c o n t a i n e d s u l p h u r in p y r i t e a n d m a r c a s i t e a f t e r 
h e a t i n g 2 t o 3 h r s . a t different t e m p , i n a 
c u r r e n t of air , a n d t h e r e su l t s a r e s u m m a r i z e d 
in F i g . 639 . T h e y s h o w t h a t t h e o x i d a t i o n 
of m a r c a s i t e se t s in before t h a t of p y r i t e , 
b u t t h e r e a f t e r t h e y f0Ho1Wr a long s imi la r l ines . 
T h e s u b j e c t w a s s t u d i e d b y F . G. J a c k s o n . 
A . W . W a r w i c k m e a s u r e d t h e r e s u l t o n a 
r i s ing t e m p , a n d f o u n d t h a t a s a m p l e w i t h 15-2 p e r c en t , of s u l p h u r , a f t e r 
h e a t i n g : 

/<M0° 

F i o . 6 3 9 . — T h e O x i d a t i o n of P y r i t e 
a n d M a r c a s i t e a t d i f f e r e n t T e m ­
p e r a t u r e s in A i r . 

T i m e 
T e m p e r a t u r e 
S u l p h u r . 

0 
. 150° 

15-2 

1 
203° 

13-2 

2 
203° 

1 O l 

3 
203 ° 

7-4 

4 
321° 

5-6 

8 
357° 

2 1 

18 h r s . 
400° 

O" 11 p e r c e n t 

T h e r e w a s n o e v i d e n c e of t h e f o r m a t i o n of a n i n t e r m e d i a t e fe r rous s u l p h i d e , 
a n d h e r e p r e s e n t e d t h e r e a c t i o n b y t h e e q u a t i o n s : F e S 2 + 5 0 — F e O + 2 S 0 2 J 
2 S 0 2 + 0 2 = - 2 S 0 3 : S O 3 + F e O = - F e S O 4 : F e S O 4 + F e O = ^ F e 2 O 3 + S O 2 ; t h e in i t i a l 
a n d e n d s t a t e s be ing 4 F e S 2 + 1 1 0 2 = ^ 2 F e 2 O 3 + 8 S O 2 . T h e r o a s t i n g of p y r i t e s — 
p y r i t e a n d m a r c a s i t e — f o r s u l p h u r d iox ide (q.v.) h a s p l a y e d a n i m p o r t a n t p a r t in 
t h e m a n u f a c t u r e of s u l p h u r i c ac id . A. W u r m s h o w e d t h a t in some cases s u l p h u r 
m a y be fo rmed b y t h e o x i d a t i o n : F e S 2 + 7 O + H 2 O = - F e S O 4 + H 2 S O 4 ; 6 F e S O 4 
+ 3 0 - f 3 H 2 0 = 2 F e 2 ( S 0 4 ) 3 + 2 F e ( O H ) 3 ; F e S 2 + H 2 S O 4 - F e S O 4 + H 2 S + S ; a n d 
F e S 2 + F e 2 ( S 0 4 ) 3 = 3 F e S 0 4 + 2 S . T h e f o r m a t i o n of s u l p h u r in t h e w e a t h e r i n g of 
p y r i t e s w a s d i scussed b y F . D i t t l e r . T h e s p a r k s o b t a i n e d w h e n p y r i t e s is s t r u c k 
w i t h s tee l , we re a t t r i b u t e d b y A. J o h n s e n t o t h e h e a t deve loped b y t h e fr ict ion 
ox id iz ing t h e p a r t i c l e s a n d t h e h e a t so d e v e l o p e d ra ised t h e m t o a r e d - h e a t . 
G. F . H i i t t i g a n d 1 \ L i i r m a n n s h o w e d t h a t t h e r e a c t i o n b e t w e e n p y r i t e s a n d 
o x y g e n is revers ib le , t h a t t h e final p r o d u c t is a solid soln. of o x i d e a n d su lph ide ; 
a n d t h a t t h e s e t w o r e a c t o n cool ing t o fo rm fer rous s u l p h a t e : 4 F e 2 O 3 + F e S 
^ = F e S 0 4 + 8 F e O . T h e c o m p o s i t i o n of t h e sol id soln. is g iven b y n— 1 = 13*0 
—6-66 log (psojpoj, w h e r e nr* is t h e F e : S r a t i o . E . F . S m i t h d is ­
cussed t h e e l ec t ro ly t i c o x i d a t i o n of p y r i t e s in m o l t e n a lka l i h y d r o x i d e — v i d e 
supra. 

A c c o r d i n g t o J . J . Berze l ius , m a n y s a m p l e s of p y r i t e s a r e c o n v e r t e d in to h y d r a t e d 
ferr ic o x i d e a n d s u l p h u r i c ac id w h e n e x p o s e d t o m o i s t air , a n d m a r c a s i t e , indeed , 
of ten b e c o m e s q u i c k l y c o v e r e d w i t h a n efflorescence of fer rous s u l p h a t e . 
J . J . Berze l ius t h o u g h t t h a t t h e f a c t t h a t t h e efflorescence shows itself o n l y 
i r r e g u l a r l y on a m a s s of m a r c a s i t e , s h o w s t h a t fe r rous su lph ide is p r e s e n t a s well 
a s i ron d i s u l p h i d e . T h e t w o f o r m a g a l v a n i c coup le w i t h t h e d i su lph ide fo rming 
t h e n e g a t i v e po le . T h e d i su lph ide , h e a d d e d , r e m a i n s u n a l t e r e d , b u t is s h a t t e r e d b y 
t h e e x p a n s i v e force of t h e g r o w i n g c r y s t a l s of fe r rous s u l p h a t e . W h e n t h e soluble 
s a l t is w a s h e d o u t b y w a t e r , t h e r e is n o ev idence of t h e f o r m a t i o n of free s u l p h u r . 
L . G m e l i n r e p o r t e d free s u l p h u r i n t h e p r o d u c t s of t h e efflorescence of m a r c a s i t e 
f rom S c h r i e s h e i m . J . J . Berze l ius f o u n d a s a m p l e which effloresced in h u m i d 
a i r i n 12 h r s . , e x p a n d e d ten- fo ld in 4 d a y s . I r o n p y r i t e s imper fec t ly r o a s t e d 
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so t h a t on ly a part of the disulphide is converted t o monosulphide , shows a marked 
t e n d e n c y t o efflorescence. 

Many examples h a v e been q u o t e d — b y J. S. Newberry, J . Gray, A. de Se lie, 
P . A. Dufrenoy, G. F . Becker, T. Egleston, T. Scheerer, A. Girard and H . Morin, 
and C. Mene—but explanat ions are n o t so- easy t o find. J . F . Hencke l a t tr ibuted 
the ready weathering t o the presence of impurities, densi ty , texture , e tc . , as he 
said unius rei plures possunt esse causce ; A. G. Werner also suspected t h a t t h e 
presence of arsenic might favour decomposit ion ; J. J . Berzelius, manganese , 
e tc . ; F . Stromeyer, free sulphur ; and C. Hatche t t , the presence of " a small 
port ion of o x y g e n being previously combined wi th a part, or -with the general mass 
of sulphur, a t the t ime of the original formation of these substances , so t h a t t h e 
s ta te of the sulphur is tending to tha t of oxide, and thus a further addit ion of o x y g e n 
becomes faci l i tated." J . L . Proust considered t h a t pyri tes wi th the smal lest 
proportion of sulphur are m o s t liable t o decomposit ion, but C. H a t c h e t t said t h a t 
this is so far from being in accord wi th facts , t h a t " I might be induced t o adopt t h e 
contrary opinion." J . J . Berzelius considered t h a t the presence of pyrrhot i te in 
pyrites favoured the weathering of pyri tes , b u t F . Kohler considered t h a t his 
analyses did n o t agree. Later on, J . J . Berzelius said t h a t i t seems " h ighly 
probable tha t the falling asunder of ordinary pyrites arises from t h e electrochemical 
act ion of e lectronegative bisulphuret -which is here and there m i x e d wi th i t in small 
particles ." F . Senft favoured this hypothes is . A. Girard and H . Morin attr ibuted 
the phenomenon t o " the enclosure of a c lay easi ly a t tacked either b y atmospheric 
agents , or b y water , m a y well be a ready cause of their a l terat ion." J . Fournet 
said t h a t " a spontaneous t endency to dimorphism produces the dis integration of 
the minerals, and this is fol lowed b y chemical act ion ." H e asked : May n o t 
prismatic marcasite be s imply an unstable form of pyrites , pyrite , t h e stable form ? 

i'ust as prismatic ajragonite is the unstable form of calcium carbonate, and rhom-
>ohedral calcite the stable form. J. Nicol , and J . P . Kimbal l at tr ibuted the differ­

ence in the t endency t o decomposit ion an exposure to the atmosphere , t o some 
pecul iarity in the s tate of molecular aggregation, or t o molecular differences arising 
from crystal l ine structure. A. A. Jul ien found t h a t the variet ies of pyr i tes which 
weather easiest are mixtures of marcasite and pyri te in in t imate associat ion. 
H . Schneiderhohn attr ibuted the differences t o the presence of colloidal disulphide 
which is very susceptible to at tack ; and F . Zirkel found pyri te from sedimentary 
deposi ts weathers more readily than that from crystal l ized rocks. The subject w a s 
discussed b y H. Willert. According t o U. Panichi , if t h e ( l l l ) - f a c e s of pyr i t e 
predominate , the crystals succumb to attack far more readily t h a n if the (210)-faces 
are dominant . F . Katzer attr ibuted the resistance of a pyr i te from Bornia to the 
compact nature of the surfaces of the crystals . F . Carmichael observed t h a t 
powdered marcasite agi tated for 13 days w i th water and o x y g e n , suffers 0*29 per 
cent , oxidat ion, and pyrite , 0-02 per cent. 

J . J . Berzelius added that since the efflorescence of pyr i tes is a t t e n d e d b y t h e 
evo lut ion of heat , the spontaneous inf lammation of pyrit iferous coals m a y be 
expla ined w h e n the coals are heaped up in masses—with in or w i thout t h e m i n e — 
and exposed to humid air. H. Macpherson and co-workers s h o w e d t h a t n o t o n l y 
is t h e heat of oxidat ion of importance, but tha t the dis integration produced b y 
the v o l u m e changes on oxidation, noted b y J. J . Berzelius, faci l i tates t h e access 
of air t o the coal itself, and tha t this favours rapid ox idat ion a n d ignit ion. T h e 
drainage water from some mines contains ferrous sulphate derived from t h e ox ida­
t ion of pyrites . Advantage is taken of the reaction in the o ld m e t h o d of preparing 
ferrous sulphate by exposing pyrites in heaps in mois t air, and col lect ing the drainage 
water in tanks for evaporat ion. The manufacture of fuming sulphuric acid (q.v.) 
near Nordhausen invo lves the oxidat ion of t h e pyrit iferous s lates t o form t h e 
vitriol s t o n e — a mixture of ferrous and ferric su lphates—which is subjected t o d r y 
dist i l lat ion for the acid. W. H . E m m o n s said t h a t the heat of ox idat ion is e n o u g h 
t o raise the t e m p , of average mine-water by 12-7°. 
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E . F . S m i t h found t h a t a current which would complete ly oxidize the sulphur 
in marcasite in a g i v e n t i m e would oxidize less t h a n half of the sulphur in pyrite 
in the same t ime . This remaining sulphur w a s held v e r y tenaciously , though 
the mineral w a s subjected t o more powerful currents and longer-continued act ion 
t h a n in the case of marcasite or pyrrhot i te . F inal ly , b y adding an equal quant i ty 
of cupric oxide, and using a more powerful current, all of the contained sulphur was 
oxidized. Prev ious t o the addit ion of cupric ox ide but 21 or 22 per cent , of the 
sulphur iwas oxidized. 

The first s ign of weathering is t h e dull ing of the surface which then becomes mat t , 
and later brown. W h e n the grains of pyri tes h a v e succumbed t o "weathering influ­
ences, there is a brownish film of l imonite or goeth i te admixed with a l itt le yel lowish-
green free sulphur, and ferric and ferrous sulphates . This subject was discussed b y 
W . Mietzschke, M. Hol land, F . v o n Kobel l , F . Senft , O. J . Heinrich, H . Bauerman, 
J . R o t h , J . R. B l u m , and G. Rose . S. H . E m m e n s represented the order in which 
sulphides oxidize , beginning with t h e one mos t easi ly a t tacked : marcasite , millerite, 
chalcocite , galena, and zinc blende ; C. R. v a n Hise gave : Fe , Cu, Zn, P b , and A g 
sulphides ; W. H . E m m o n s gave : sphalerite, chalcocite , pyrrhot i te , chalcopyrite , 
pyri te , galena, and enargite ; whi ls t for the a t tack wi th 0-05TiV-ET2SO4, R. C. Wei ls 
gave : pyrrhoti te , sphalerite, galena, chalcopyrite , and pyrite ; and V. H . Gott-
schalk and H . A. Buehler measured the e.m.f. of various mineral sulphides in 
disti l led water against copper—vide supra. F . JCohler showed t h a t the crust on 
weathered marcasite m a y contain a comparat ive ly large proportion of ferrous sul­
phate , and this crystal l izing in t h e minute pores and fissures forms an efflorescence, 
and, as indicated above , dis integrates the grains more complete ly . E . Arbeiter, 
and H . N . Stokes , in agreement wi th general observat ions , h a v e shown t h a t 
marcasite weathers m u c h more rapidly than pyrite , and t h a t some specimens of 
pyri te are remarkably resistant t o weathering influences. The formation of basic 
sulphates , sulphates , and sulphuric acid in the early s tages of the ox idat ion of 
pyri tes , and the s imultaneous formation of ferrous sulphide was discussed by 
Ju. Benedek, W . A. Caldecott , S. H . E m m e n s , J . Loczka , T. Scheerer, and C. Winkler. 
E . Di t t l er observed no sulphate formation in a current of carbon dioxide. T. F . Win-
mill observed n o formation of ferric sulphate . E . T. Allen and co-workers found 
t h a t in a sealed tube , filled w i th air, ferrous and ferric sulphates and sulphur 
dioxide are formed a t 100° ; a similar reaction occurs if pyri tes is tr i turated in air, 
and in ordinary air a t 75°, some hydroxide is formed. The s tages in the trans­
formation of pyr i tes to l imonite are : F e S 2 - > F e S 0 4 — > F e 2 ( S 0 4 ) 3 — > F e 2 O 3 . « H 2 0 . The 
reactions have been symbol ized : 2FeS2-J-7 O2H-2H2O== 2FeSO 4 -+-2H 2SO 4 ;~12FeSO4 
H - 3 O 2 + 6 H 2 O ==4Fe 2 (S0 4 ) 3 -h 4Fe (OH) 3 . The ferrous and ferric sulphates m a y be 
in part washed a w a y b y currents of water, and if calcium, magnes ium, barium, or 
s tront ium compounds are in the track of the underground current of water, crystals 
of su lphates of these bases m a y be formed—e.g. , epsomite , selenite, barytes , etc . 
J . W E v a n s discussed th is subject and represented the react ion wi th calc ium 
carbonate : 4 F e S 2 - h l 5 0 2 + 3 H 2 0 + 8 C a C 0 3 = = 2 F e 2 0 3 . 3 H 2 O H - 8 C a S 0 4 H - 8 C 0 2 . The 
ferric su lphate in these waters is a n act ive oxidiz ing agent , and acts as an o x y g e n 
carrier t o surrounding ores. I t ac ts on pyr i te : Fe 2 (S0 4 ) 3 - f -FeS 2 =^3FeSO 4 - f -2S, 
and the nascent sulphur is oxidized t o sulphurous and finally sulphuric acid. This 
subject w a s discussed b y H . Schneiderhohn, and F . C. Thompson and N . Tilling. 
The l imonite m a y appear as a residual depos i t l ike beds of laterite ; as a so-called 
gossan-cap or a mass of porous l imoni te ex tend ing to a considerable depth in an 
outcrop of pyr i te or chalcopyrite ; a n d as pseudomorphs of l imonite after pyrite . 
H . M. Chance, and S. H . E m m e n s discussed the pyrit ic origin of iron ores ; 
G. M. Schwartz , and W . A. Tarr, the weather ing of pyrit ic ores to l imonite. 
H . L a u b m a n n , P . W . Jeremejeff, E . Hussak , A. Lacroix, E . Geinitz, E . Doll , 
H . B . Nor th , a n d J . R . B l u m observed pseudomorphs of l imonite after pyrite , or 
marcasi te ; J . R . B l u m , goeth i te ; G. C. Hoffmann, and J. R. B lum, haematite ; 
A. Reuss , ga lena ; J . Holdsworth , quartz ; F . P . Mennel, bornite ; H . A. Miers, 
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chalcocite ; F . Kretschmer, stilpnomelane ; and W. Eitel, R. Brauns, and O. Miigge, 
pyrrhot i te . S. Hilpert said t h a t the oxidation may go to ferrosic oxide ; and 
A. Xjacroix to melanterite, F e S 0 4 . 7 H 2 0 , if the oxidation has been rapid. A. R. Whit­
man represented the sequence in the formation of china-clay and chlorite from 
felspar by metasomatic replacement by the equations : (i) 2 F e S 2 + 2 H 2 0 + 7 0 2 
= 2 F e ( H S 0 4 ) 2 ; ( i i ) 1 5 F e ( H S 0 4 ) 2 + F e S 2 = 2 F e S 2 + 7 F e 2 ( S 0 4 ) 3 + 7 H 2 S 0 4 + 8 H 2 0 ; (iii) 
4KAlS i s0 8 +3H 2 S0 4 - j - 7H 2 0=H 4 Al 2 Si 2 0 9 -hAl 2 (S0 4 )3 -h2K 2 Si03+8H 2 Si0 3 ; and 
(iv) H 4 A l 2 S i 2 0 9 + 3 H 2 S 0 4 = A l 2 ( S 0 4 ) 3 + 2 H 2 S i 0 3 + 3 H 2 0 . According to A. Mats-
ubara, natural sulphide ores convert the H*-ions of ground water into HS'-ions with 
a lower surface potential . 

O. Weigel 2 ° observed tha t water dissolves 0-044889 mol of pyri te per litre, and 
0-044084 mol of artificial pyrite ; E . Ditt ler found the solubility of pyrite in water 
is small, but increases if oxygen is passed through the liquid ; C. Doelter observed 
t h a t a t 80°, O-IO grm. of pyrite dissolves in 100 grms. of distilled water ; a n d 0*037 
grm. of marcasite dissolves in IOO grms. of water. Observations were also made by 
J . W. Evans, and E . Dittler. A. N. Winchell noted t h a t by passing air through 
water with 300 grms. of finely-powdered pyri te in suspension for IO months , an 
appreciable quant i ty of ferric sulphate and sulphuric acid passed into soln. 
F . F . Grout obtained similar results ; and V. A. Gottschalk and H . A. Buehler 
observed a more rapid a t tack. J . W. Gruner found t ha t when 15 grms. of pyri te 
were t reated with about 500 c.c. of pea t water for 77 days, 23 par ts of Fe per million 
passed into soln. ; and a trace only dissolved in 30 days. J . W. Evans showed t h a t 
•with frequently-renewed -water, powdered pyri te is slowly decomposed forming 
soluble iron sulphate ; and t h a t aerated water charged with calcium carbonate 
slowly converts pyri te into limonite as indicated above. C. A. Burghardt found 
t h a t water in a sealed tube a t 120° decomposes pyrite forming sulphuric acid, 
ferrous and ferric sulphates, and hydrogen sulphide. C F . Tolman and J . D. Clark 
observed t ha t when pyri te is kept with water in a sealed tube a t 41° for 3 months , 
some hydrogen sulphide is formed. S. F . Emmons observed t h a t water with 
dissolved hydrogen sulphide or alkali sulphide dissolves some pyri te ; and 
G. F . Becker found t h a t a t room temp. , one pa r t of pyri te is soluble in 1800 par t s 
of 1-5 molar sulphide soln. H . Freundlich and co-workers studied the adsorption 
of water. H . Freeman also observed the solubility of iron sulphide in soln. of 
alkali sulphide. F . Foreman observed t h a t in a sealed tube artificial pyri te in 
contact with water a t 100° dissolved 0-64 par t of Fe per million, and a t 250°, 
0*72 pa r t per million. With natura l pyrite : 
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H. N. Stokes observed t h a t by circulating alkaline water about pyri te and mar­
casite, haematite and hydra ted ferric oxide are formed, and the sulphur forms alkali 
sulphide and thiosulphate. C. A. Burghardt observed t h a t powdered pyri te and 
water in a sealed tube a t 120° form hydrogen sulphide, sulphuric acid, ferric and 
ferrous sulphates, and a little hydra ted ferric oxide. I J . Benedek found t h a t s team 
a t 300° to 400° converts pyri te into ferrous oxide and hydrogen sulphide. E . T. Allen 
and co-workers added t h a t pyrrhot i te is an intermediate s ta te in the reaction. 
E . Griinert represented the action of steam on pyri te by the equations : FeS 2 
^ F e S + S ; 6 S + 4 H 2 0 = F * 4 H 2 S + 2 S 0 2 ; S Q 8 " + S = S a O 8 " ; F e S + H 2 O = H 2 S + F e O ; 
and 3 F e O + H 2 0 = F e 8 0 4 + H 2 . V. H . Gottschalk and H . A. Buehler discussed 
the relative speeds of oxidation of pyri te and marcasite under these conditions. 
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The reaction was studied by F . C. Thompson and N . Tilling. A. F . Taggart made 
experiments on the notat ion of pyr i te ; E . Arbeiter found t h a t hydrogen dioxide 
in 10 per cent. soln. with a lit t le hydrochloric acid acts on powdered pyri te more 
readily than on marcasite. P . Ozegoff observed t h a t both minerals are completely 
decomposed by 3O per cent, hydrogen dioxide; and E . Grill observed t h a t with 
pyri te alone is there a separation of sulphur. 

H . Moissan observed t h a t fluorine does not a t t ack pyri te in t he cold, b u t a t 
about 200° there is a violent a t tack . L. E . Bivot and co-workers found t h a t when 
t rea ted with alkali-lye through which chlorine is rapidly passed, finely-divided 
pyri te is completely decomposed. W. Kangro and R. Fliigge found t h a t a t 900° 
all t h e iron was removed from pyr i te in 3O minutes, and the distillate contained 
ferric chloride and sulphur monochloride. A. A. Jul ien found t h a t bromine 
vapour a t ordinary t emp, a t tacks pyri te less rapidly t h a n marcasite ; and t h a t the 
a t t ack with bromine water is fairly rapid. J . Lemberg observed t h a t a soln. of 
bromine in alkali-lye gradually decomposes pyri te . W. S. Allen and H. B. Bishop 
opened up the powdered mineral for analysis by shaking i t with a soln. of bromine 
in carbon tetrachloride. H . Wur tz observed tha t , unlike pyrrhot i te , pyri te is not 
dissolved by a freshly-prepared soln. of iodine, and E . Wilke-lDorfurt and E. A. Wolf 
found t h a t pyri te is decomposed by heating i t in the vapour of iodine trichloride. 
G. Gore, and E . Zalinsky observed t h a t pyr i te is insoluble in hydrofluoric acid. 
According to A. P . Brown, when dried hydrogen chloride is passed over pyri te and 
marcasite for an hour a t 210°, the result is no t very marked, bu t by raising the 
temp. , the differences in the rates of a t tack on the two minerals is more marked. 
The percentage amounts of sulphur lost in the different cases were : 

15° 310° 325° Red-heat 
P y r i t e . . 0 -93-0-94 10-73 17-13 46-47 
Marcasite . . . 0-59-0-77 7 1 9 10-70 — 

Pyr i te is not easily a t tacked b y dil. hydrochloric acid. A. P . Brown said t h a t the 
cold or hot, cone, or dil. hydrochloric acid a t tacks the mineral very slowly ; when 
pyri te was t rea ted for an hour -with the boiling cone, acid, of sp. gr. 1*2, only 2*56 
out of 46*67 per cent, of iron passed into soln. Similar results were obtained with 
marcasite, and in both cases no evolution of hydrogen sulphide was observed. 
E . T. Allen and co-workers, and E . Weinschenk said t h a t pyri te and marcasite 
are almost insoluble in hoty»conc. hydrochloric acid, bu t V. R o d t observed t h a t in 
the presence of strong reducing agents, like s tannous chloride, pyri te , and par­
ticularly marcasite, are dissolved by the warm acid. H . St. C. !Deville found t h a t 
pyr i te is converted by hypochlorous acid into iron sulphate. G. Spezia observed 
t h a t an aq. soln. of potassium chlorate, a t 15° to 16° for 21 hrs. , oxidized some 
pyri te to sulphate. 

E . E . and I . W. Wark studied the effect of sulpho-compounds on the flotation 
of pyri te . E . F . Smith found t h a t pyri te and marcasite are no t dissolved by cold 
sulphur monochloride, bu t a t 140°, decomposition is complete, and ferric chloride 
is formed ; H . B . Nor th and C. B. Conover found t h a t the reaction is complete in a 
sealed tube a t 319°. H . Danneel and F . Schlot tmann noted t h a t the sulphide is 
a t tacked by sulphoryl chloride. According to A. Terreil, a 10 per cent. soln. of 
nllrftli sulphide a t t acks marcasite slowly, b u t no t pyrite—vide supra. Gr. E . Becker 
also found t h a t pyri te is far less readily a t tacked than marcasite by a soln. of 
sodium sulphide, or of hydrosulphide. C. Doelter observed t h a t marcasite is more 
readily dissolved t h a n pyri te by a soln. of sodium sulphide. The a t tack is 
favoured by raising the t emp. The actions of sodium sulphide and hydrosulphide 
were studied by R. E . Stevens ; pyrrhot i te is formed. A. M. Gaudin and 
W. D . Wilkinson studied the action of dixanthogens. R. F . Bacon treated iron 
sulphides with sulphur dioxide so as to liberate sulphur and produce iron oxide. 
Xi. Wdhler and co-workers, and the Rhenania Verein Chemischer Fabriken repre­
sented the reaction : 3 F e S 2 + 2 S O 2 = F e 8 O 4 + 8 S . J . Milbauer and J . Tucek observed 
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t h a t ferrous sulphate is formed as an intermediate product particularly about 600°. 
The action of sodium sulphite was studied by R. E . Stevens, and represented by 
the equation : FeS2-HNa2SO8=Na2S2O3-J-FeS. Pyri tes is bu t slowly affected by 
t rea tment with dil. sulphuric acid, and A. P . Brown, E. T. Allen and co-workers, 
and E . Divers and T. Shimidzu found t h a t boiling, cone, sulphuric acid slowly 
decomposes both minerals with the evolution of sulphur dioxide, the formation 
of ferric sulphate, and the separation of sulphur. With pyri te during 1 hr ' s . 
action, 14-81 per cent, of iron dissolved, and with marcasite, 12*77 per cent. 
R. C. Wells found t h a t the sulphides are a t tacked by 0057.ZV-H2SO4 in the order : 
pyrrhot i te , sphalerite, galena, chalcopyrite, and pyri te. V. Lenher found t h a t 
selenium oxydichloride a t tacks pyri te slowly in the cold, and vigorously when 
heated forming sulphur dioxide, and selenium monochloride. 

A. P . Brown found tha t powdered pyrite gave no appreciable loss when heated 
to 325° in an a tm. of nitrogen ; and t h a t when the powdered mineral is heated a t 
335°, in the vapour of ammonium chloride, a sublimate of ammonium sulphide is 
formed, and the amounts of sulphur lost by pyri te and marcasite in about 25 minutes, 
were respectively 7-06, and 9*50 per cent. Pyr i te and marcasite are a t tacked by 
nitric acid, and by aqua regia, yielding a ferric salt, sulphuric acid, and sulphur. 
The reaction with nitric acid was studied by E . T. Allen and co-workers. 
H . B. Yardley observed t h a t the sulphur is oxidized to sulphuric acid, and this 
more rapidly a t 100° than a t a higher temp. G. Kingsley found t h a t 'with 5 per 
cent, nitric acid, no sulphate is formed a t 75°, bu t only ni t rate and sulphur. Accord­
ing to G. J . Brush and S. L. Penfield, when the finely-powdered minerals are t reated 
with cone, nitric acid under the same conditions, pyri te dissolves completely, whilst 
marcasite leaves a residue of sulphur. A common method of opening pyrites for 
analysis, is to digest i t with boiling aqua regia made by mixing 1 par t of fuming 
hydrochloric acid with 3 or 4 par t s of nitric acid of sp. gr. 1-36 to 1-40. According 
to G. Chaudron and G. Juge-Boirard, during the dissolution of pyrites in nitric acid 
or aqua regia, there is always a separation of free sulphur, in the case of marcasite 
or pyrites containing other sulphides, if the temp, exceeds 60°. If the acid is 
allowed to act a t room temp. , there is no separation of sulphur, but the t ime required 
for the dissolution is much longer. H . Rose observed tha t when pyrites is heated 
in phosphine, the reaction can be symbolized : 3 F e S 2 + 4 P H 3 = F e 3 P 4 - J - 6H 2 S. 
R. F . Weinland and Li. Storz found t h a t when powdered pyrite is heated many days 
with a soln. of sodium arsenite, some sulphur is formed—the reaction proceeds 
farther with marcasite. According to G. W. Plummer, when pyri tes is heated to 
250° with arsenic trichloride in a sealed tube, a colloidal soln. of arsenic, not 
arsenic sulphide, is formed ; and when heated with an excess of bismuth trichloride 
in an a tm. of carbon dioxide, decomposition is complete in about 5 minutes, and 
•with both pyrite and marcasite, all the iron is in the ferrous s ta te ; t he sulphur 
forms some monochloride, and about 91 per cent, appears as bismuth sulphide. 

According to H . Rose, when pyrites is heated with carbon, carbon disulphide 
is formed ; bu t A. Mouriot, and T. J . Drakeley observed t h a t a t 500°, in an a tm . 
of carbon dioxide, the sulphur is given off as hydrogen sulphide. According to 
E . Griinert, the reaction in an a tm. of steam furnishes the phases which appear in 
the reactions between steam and pyrite, and between s team and carbon. The 
hydrolytic action on sulphur results in the formation of sulphur dioxide, which is 
reduced by the carbon. The desulphurization of the pyrites by carbon proceeds 
bet ter in the presence of s team t h a n in dry nitrogen, in the la t ter case, some sulphur 
is probably adsorbed by the carbon. F» C. Thompson and N. Tilling represented 
the reaction with carbon monoxide by FeS 2 +CO=FeS- I -COS. W. Thorner 
represented the reaction with carbon dioxide by the equation : FeS 2H-2C0 2 
4-2H 2 0=S-f -H 2 S-f -Fe(HC0 8 ) 2 . The reaction was studied by F . C. Thompson 
and N . Tilling, and N . D. Costeanu. T. J . Drakeley, and L. Benedek found t h a t 
dry carbon dioxide does not ac t a t 500°, bu t the moist gas results in the formation 
of hydrogen sulphide ; N. D . Costeanu observed t ha t a t 1000°, the pyri te decomposes 
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i n t o fer rous su lph ide a n d s u l p h u r , a n d t h a t t h e fe r rous s u l p h i d e r eac t s w i t h t h e 
c a r b o n d iox ide t o p r o d u c e c a r b o n m o n o x i d e , s u l p h u r , a n d fe r rous ox ide ; a t 1100°, 
ferric ox ide t a k e s t h e p lace of fe r rous ox ide . G. W . P l u m m e r , a n d K . B . R o g e r s 
f o u n d t h a t p y r i t e s is r ead i ly d e c o m p o s e d w h e n i t is h e a t e d t o 250° in t h e v a p o u r 
of c a r b o n t e t r a c h l o r i d e . M. B e r t h e l o t sa id t h a t e ther i n t h e p resence of a i r e x t r a c t s 
s o m e s u l p h u r f rom p y r i t e s . A c c o r d i n g t o H . C. B o l t o n , '* t h r e e spec imens of p y r i t e , 
w i t h c itric ac id for 12 h r s . in t h e cold, g a v e n o t r a c e s of gas , a n d t h r e e of p y r r h o t i t e 
l i b e r a t e d i t in t h e cold, a n d freely on boi l ing. All t h e spec imens w e r e d e c o m p o s e d 
b y di l . hyd roch lo r i c ac id e x c e p t i n g one s a m p l e of p y r i t e . " B y t h e p ro longed c o n t a c t 
of p y r i t e w i t h a cone . soln. of c i t r ic ac id , a t 15° t o 22°, t h e r e w a s ev idence of decom­
pos i t i on in 8 d a y s , a n d in a m o n t h , t h e soln . h a d a c q u i r e d a r e d d i s h colour , a n d 
r e a c t e d for i ron a n d s u l p h u r i c ac id . F i n e l y - p o w d e r e d p y r i t e is q u i c k l y a t t a c k e d 
b y a m i x t u r e of p o t a s s i u m n i t r a t e a n d c i t r ic ac id in t h e cold, o r b y a boi l ing m i x t u r e 
of p o t a s s i u m n i t r a t e o r c h l o r a t e a n d c i t r ic ac id . Pa ra l l e l r e su l t s were o b t a i n e d 
w i t h tartaric ac id a n d p o t a s s i u m c h l o r a t e ; a n d wi th oxa l i c ac id a n d p o t a s s i u m 
n i t r a t e . T . Gr. P e a r s o n a n d P . L*. R o b i n s o n found t h a t , un l i ke fe r rous a n d ferr ic 
su lph ides , p y r i t e a n d m a r c a s i t e a r e insoluble in soln. of p o t a s s i u m cyan ide . 
E . A l b e r t s s t u d i e d t h e d e c o m p o s i t i o n of p y r i t e w h e n h e a t e d in t h e v a p o u r of carbon 
tetrachloride. A. J . S c a r l e t t a n d co-workers s t u d i e d t h e emuls i f ica t ion of b e n z e n e 
b y p y r i t e s . 

J . S t r u e v e r o b s e r v e d t h a t w h e n p y r i t e is la id on copper foil, t h e m e t a l is s lowly 
b l ackened , a n d r a p i d l y so w i t h m a r c a s i t e ; s imi la r r e su l t s were o b t a i n e d w i t h s i lver. 
H . D i t z o b s e r v e d t h a t a m i x t u r e of a l u m i n i u m a n d p y r i t e furn ishes 50 p e r cen t , 
of t h e i ron a s m e t a l w h e n t r e a t e d a s i n t h e t h e r m i t e p rocess ; t h e r e m a i n i n g i r on 
f o r m s a s lag of A l 2 S 3 . F e S . 

J . A . S m y t h e found t h a t w h e n p y r i t e is t r e a t e d w i t h m o l t e n p o t a s s i u m 
hydroxide* a t 150°, a n i n t ense b lood- red co lour is deve loped , w h i c h , w h e n a l i t t l e 
w a t e r is a d d e d , c h a n g e s t o pa l e g reen . T h e soln. con t a in s some t h i o s u l p h a t e . 
R . E . S t e v e n s r e p r e s e n t e d t h e a c t i o n of s o d i u m hydroxide b y t h e e q u a t i o n : 
8 F e S 2 4 - 3 0 N a O H = 4 F e 2 O 3 - j - 1 4 N a 2 S - | - N a 2 S 2 O 3 - h l 5 H 2 O . I n o p e n i n g u p p y r i t e s 
for ana lys i s , bes ides a q u a regia o r n i t r i c acid , w i t h o r "without b r o m i n e , H . C. Moore , 
K . L i s t , a n d S. W . P a r r r e c o m m e n d fusion w i t h s o d i u m dioxide ; A. H . L o w , 
t r e a t m e n t w i t h a m i x t u r e of p o t a s s i u m h y d r o s u l p h a t e , t a r t a r i c ac id , a n d su lphu r i c 
ac id ; O. B i n d e r , fusion w i t h a m i x t u r e of s o d i u m c a r b o n a t e a n d p o t a s s i u m n i t r a t e ; 
a n d W . C. E b a u g h a n d C. B . S p r a g u e , fusion w i t h a m i x t u r e of s o d i u m c a r b o n a t e 
a n d zinc ox ide . Acco rd ing t o G. T a m m a n n a n d G. B a t z , t h e b r e a k in t h e h e a t i n g 
c u r v e of p y r i t e s a t 684° does n o t occur if c a l c i u m ox ide be p r e s e n t ; t h e l i be ra t ed 
s u l p h u r c o m b i n e s w i t h t h e l ime t o fo rm ca lc ium s u l p h a t e a n d su lph ide . A m i x t u r e 
of p y r i t e s a n d l ime is o n l y s l igh t ly r e d u c e d w h e n h e a t e d w i t h w o o d cha rcoa l . B y 
t h e i n t e r a c t i o n of l ime a n d p y r i t e s a diff icul t ly-reducible ca l c ium i ron o x y s u l p h i d e 
is fo rmed , a n d o n l y a sma l l q u a n t i t y of fe r rous ox ide . P . B e r t h i e r found t h a t 
w h e n p y r i t e s is h e a t e d w i t h l ead ox ide , t h e m i x t u r e fuses a n d g ives off s u l p h u r 
d iox ide ; i t r equ i r e s 50 p a r t s of l e ad ox ide t o 1 p a r t of p r y i t e s t o expe l al l t h e 
s u l p h u r . W h e n 6 p a r t s of l ead ox ide a r e used , t w o l aye r s a r e p r o d u c e d — a lower 
l a y e r of l ead su lph ide , a n d a n u p p e r l a y e r of a m i x t u r e of l ead a n d ferrous su lph ides 
a n d ox ides . F . M a r t i n a n d O. F u c h s r e p r e s e n t e d t h e r eac t ion wi th ferric ox ide b y 
t h e e q u a t i o n : 2 F e 2 O 3 + 7 F e S 2 = I I F e S + 3 S O 2 . 

C. D o e l t e r o b s e r v e d t h a t w i t h a IO p e r c e n t . soln. of s o d i u m carbonate , 7*08 
p e r c en t , d i sso lved f rom p y r i t e a n d 4*17 p e r cen t , f rom m a r c a s i t e ; a n d H . N . S tokes 
f o u n d t h a t if p y r i t e o r m a r c a s i t e be h e a t e d i n a sea led t u b e w i t h s o d i u m h y d r o -
carbonate a t 185°, a lka l i s u l p h i d e a n d t h i o s u l p h a t e , a n d ferric ox ide a re fo rmed . 
T h e r e a c t i o n is in p a r t revers ib le . If o t h e r c a r b o n a t e s of t h e h e a v y m e t a l s be 
p r e s e n t , t h e y ie ld of t h i o s u l p h a t e is i nc reased . T h e r eac t ion of p y r i t e or m a r c a s i t e 
w i t h copper carbonate i n t h e p re sence of a lka l i c a r b o n a t e o r h y d r o c a r b o n a t e , in a 
sea led t u b e a t 160° t o 180° for 14 h r s . , is symbo l i zed : 2FeS 2 -+-GCuCO 3 - f -2KHCO 3 
= 3 C u 2 S - f - F e 2 O 3 - J - K 2 S O 4 + 8 C O 2 4 - H 2 O . A s imi la r resu l t w a s o b t a i n e d w i t h s i lver 
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carbonate . J . W . E v a n s f o u n d t h a t w i t h w a t e r c o n t a i n i n g c a l c i u m carbonate i n 
soln. , p y r i t e a n d m a r c a s i t e fu rn i sh h y d r a t e d ferr ic ox ide . H . N . S t o k e s o b s e r v e d 
t h a t w i t h z inc carbonate , 8 F e S 2 + 1 4 Z n C O 3 + 2 K H C O 3 = 1 4 Z n S + 4 F e 2 O 3 + K 2 S 2 O 3 
+ 1 6 C O 2 + H 2 O , a n d w i t h l ead carbonate , t h e r e a c t i o n w a s s y m b o l i z e d : 8 F e S 2 
+ 1 4 P b C 0 3 + N a 2 C 0 3 = = 1 4 P b S + 4 F e 2 0 3 + N a 2 S 2 0 3 + 1 5 C 0 2 . S ince p y r i t e a n d m a r ­
cas i t e p r o d u c e ferr ic o x i d e w h e n t r e a t e d w i t h z inc c a r b o n a t e in a lka l ine soln. , in 
t h e a b s e n c e of o x y g e n , h e a s s u m e d t h a t t h e molecule is ferr ic s u l p h i d e i n c o m b i n a ­
t i o n w i t h s u l p h u r F e 2 S 3 ( S ) . T h e s u l p h u r r e a c t s : 4 S + 3 N a 2 C O 3 = 2 N a 2 S + N a 2 S 2 O 3 
+ 3 C O 2 ; a n d S + N a 2 S = N a 2 S 2 ; whi le t h e ferr ic su lph ide r e a c t s : F e 2 S 3 + 3 N a 2 C 0 3 
^ F e 2 O 3 + 3 N a 2 S + 3 C O 2 . If t h e su lph ide i n soln. is r e m o v e d b y p r e c i p i t a t i o n , a s 
is t h e case w h e n t h e r e a c t i o n occu r s i n t h e p r e sence of h e a v y m e t a l c a r b o n a t e s , t h e 
r e a c t i o n m a y p roceed t o a n end . T h i s shows h o w , i n n a t u r e , p y r i t e m a y p a s s i n t o 
haemat i t e w i t h o u t o x i d a t i o n . 

J . K r u t w i g found t h a t w h e n p y r i t e s m i x e d w i t h s o d i u m chlor ide is h e a t e d i n a 
c u r r e n t of air , s o d i u m s u l p h a t e , ferr ic ch lor ide a n d ox ide , a n d ch lo r ine a r e e v o l v e d ; 
if s t e a m be p r e s e n t , h y d r o g e n ch lo r ide a n d n o t ch lo r ine is g i v e n off. A . P . B r o w n 
o b s e r v e d t h a t a t o r d i n a r y t e m p . , cold o r boi l ing, a 10 p e r c e n t . soln. of copper 
su lphate h a s v e r y l i t t l e a c t i o n o n p y r i t e or m a r c a s i t e , b u t if t h e m i x t u r e s b e h e a t e d 
in sealed t u b e s for 6 h r s . a t 200°, al l t h e i r on of m a r c a s i t e pa s se s i n t o soln . a s fe r rous 
s u l p h a t e , whi le w i t h p y r i t e t h e p r o d u c t c o n t a i n s 2 mo l s of ferr ic s u l p h a t e for 1 m o l 
of fe r rous s u l p h a t e . H e c o n c l u d e d the re fo re t h a t t h e i ron of m a r c a s i t e is who l ly 
in t h e fe r rous c o n d i t i o n , F e " S 2 , w h i l s t t h a t of p y r i t e is four-fifths ferric, a n d one-
fifth fe r rous , F e " S 2 ( F e ' " S 2 ) 4 . H . N . S tokes , h o w e v e r , f o u n d t h a t a t 200° , t h e 
soln . of c o p p e r s u l p h a t e d e c o m p o s e s m a r c a s i t e m o r e r a p i d l y t h a n p y r i t e ; f e r rous 
a n d ferr ic sa l t s a r e f o r m e d in b o t h cases , t h e f o r m e r be ing found who l ly in soln. , 
t h e l a t t e r in t h e p r e c i p i t a t e ; t h e r e is n o m a r k e d difference i n t h e r e l a t i ve a m o u n t s 
of f e r rous a n d ferr ic sa l t s in e i t h e r case ; a n d t h e p r e c i p i t a t e also c o n t a i n s c u p r o u s 
s u l p h i d e a n d ox ide , a n d poss ib ly c o p p e r a s wel l . T h e f o r m a t i o n of a ferr ic s a l t 
is t o be a sc r i bed t o t h e a c t i o n of fe r rous sa l t o n t h e cupr ic sa l t , whi l s t some o x i d a t i o n 
of s u l p h u r t o s u l p h u r i c ac id occur s ; a n d a n y ferric sa l t wh ich is n o t p r e c i p i t a t e d 
will b e r e d u c e d b y t h e su lph ides . T h e r e l a t i ve p r o p o r t i o n s of fe r rous a n d ferric 
sa l t s d e p e n d o n t h e e s t a b l i s h m e n t of a n equ i l i b r i um b e t w e e n t h e soln. a n d t h e 
p r o d u c t s of t h e d e c o m p o s i t i o n of t h e p y r i t e o r ma rca s i t e , a n d n o t on a n y f u n d a ­
m e n t a l c h e m i c a l difference i n t h e t w o mine ra l s . I n t h e r e a c t i o n -with a n e u t r a l 
soln . of c o p p e r s u l p h a t e a n d m a r c a s i t e o r p y r i t e , a t 100° t o 200°, t h e s u l p h u r is n o t 
c o m p l e t e l y ox id ized since cup r i c a n d c u p r o u s su lph ides a r e fo rmed : 5 F e S 2 
+ 1 4 C u S 0 4 + 1 2 H 2 0 = 7 C u 2 S + 5 F e S 0 4 + 1 2 H 2 S 0 4 in which 3 0 p e r c e n t , of t h e 
s u l p h u r is ox id ized ; a n d 4 F e S 2 + 7 C u S O 4 + 4 H 2 O = 7 C u S + 4 F e S 0 4 + 4 H 2 S 0 4 in 
w h i c h 12-5 p e r cen t , of t h e s u l p h u r is oxid ized . T h e r e a c t i o n is m o r e c o m p l e x 
t h a n t h i s because of t h e i n t e r a c t i o n of t h e su lph ides w i t h t h e s u l p h a t e soln . 
E . G. Zies a n d co -worke r s found t h a t w h e n p y r i t e is h e a t e d i n a sea led t u b e 
w i t h a so ln . of c o p p e r s u l p h a t e , covell i te a n d cha lcoc i t e a r e f o r m e d . I n t h e 
p r e s e n c e of q u a r t z , 99*3 p e r cen t , of t h e coppe r is c o n v e r t e d t o c u p r o u s s u l p h i d e . 
T h e r e a c t i o n w a s a lso s t u d i e d b y A. P . B r o w n , E . C. Su l l ivan , F . F . G r o u t , a n d 
G. S .^Nish iha ra . W h e n p y r i t e is s imi lar ly t r e a t e d w i t h a n e u t r a l soln . of cupric 
chloride* H . N . S t o k e s obse rved t h a t t h e m i n e r a l is c o m p l e t e l y c o n v e r t e d i n t o 
fe r rous s a l t a n d s u l p h u r i c ac id w i t h a co r r e spond ing r e d u c t i o n of t h e c o p p e r f r o m 
t h e c u p r i c t o t h e c u p r o u s s t a t e in acco rd wi th t h e e q u a t i o n : F e S 2 + 1 4 C u C l 2 + 8 H 2 O 
= = 1 4 C u C l + F e C l 2 + 2 H 2 S 0 4 + 1 2 H C l . A. P . B r o w n o b s e r v e d t h a t s i lver n i t ra te 
r e a d i l y decomposes p y r i t e a n d m a r c a s i t e fo rming fer rous a n d ferric sa l t s ; b u t t h e 
r e s u l t s w i t h s i lver su lphate we re indefini te . S. A. K a m e n e z k y s t u d i e d t h e 
a c t i o n of si lver n i t r a t e . A c c o r d i n g t o K . K i n o s h i t a , w h e n m a r c a s i t e is bo i led 
in a 3 p e r c e n t , s i lver n i t r a t e so lu t ion , i t s sur face t a r n i s h e s t o t o b a c c o - b r o w n , 
t h e n r e d , a n d finally b lue , whi le p y r i t e b e c o m e s on ly s l igh t ly b r o w n i s h . I n 
t h e r e a c t i o n , f e r rous s u l p h a t e , s u l p h u r i c ac id , a n d b a s i c ferr ic s u l p h a t e a r e 
fo rmed , b u t i n di f ferent p r o p o r t i o n s for t h e t w o m i n e r a l s . J . L e m b e r g f o u n d 
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t h a t a t 70° a s u l p h u r i c ac id soln . of s i lver s u l p h a t e co lours p y r i t e a n d m a r c a s i t e 
r e d d i s h "with a v io le t t i nge , a n d i n t h e co ld s o m e si lver is f o rmed . A. P . B r o w n 
sa id t h a t a soln. of Sold chloride is r e ad i l y d e c o m p o s e d b y m a r c a s i t e a n d p y r i t e 
f o rming fe r rous a n d ferric sa l t s . Accord ing t o W . Skey , m a r c a s i t e a n d p y r i t e in 
soln . of s i lver o r go ld sa l t s , a t o r d i n a r y t e m p . , a r e s lowly c o v e r e d w i t h a film of 
s i lver o r gold . Marca s i t e a c t s m o r e r a p i d l y t h a n p y r i t e . T h e s e r e a c t i o n s w e r e 
also e x a m i n e d b y M. L e o , F . Z a m b o n i n i , C. P a l m e r a n d E . S. B a s t i n , a n d S. Meun ie r . 
Acco rd ing t o F . M a r t i n a n d O. F u c h s , w h e n p y r i t e m i x e d w i t h c a l c i u m su lphate 
i s h e a t e d t o 700°, half t h e s u l p h u r is evo lved a s s u l p h u r d iox ide , a n d a p a r t is g iven 
off a s s u l p h u r . W . O. H i c k o k o b s e r v e d n o r e a c t i o n w i t h a soln. of s t a n n o u s chloride . 
Accord ing t o H . N. S tokes , w h e n m a r c a s i t e o r p y r i t e is h e a t e d w i t h a soln. of l ead 
Chloride, in a sea led t u b e filled w i t h c a r b o n m o n o x i d e , for 12 h r s . a t 180°, ga l ena 
a n d l ead s u l p h i d e a r e f o r m e d : 4 F e S 2 H - 7 P b C l 2 4 - 4 H 2 0 = 7 P b S - | - 4 F e C l 2 - h H 2 S O 4 
+6HCl. 

A. P . B r o w n s t u d i e d t h e a c t i o n of a n a q . soln. of p o t a s s i u m p e r m a n g a n a t e o n 
p y r i t e a n d m a r c a s i t e , a n d f o u n d t h a t t h e r e l a t i ve p r o p o r t i o n s of s u l p h u r ox id ized 
b y 0 ' 0 I iV-KMnO 4 , a n d b y 1, 3 , a n d 5 p e r c e n t . soln. a t different t e m p . , we re a s 
follow : 

T i m e (hrs.) 
20° ) P y r i t e 

I M a r c a s i t e 
\ M a r c a s i t e 

0-0IiV-KMnO4 

r 

1 
. 0 - 7 8 

1 0 7 
4 - 0 5 

. 3 -17 

5 
1-72 
2 - 3 8 
5 - 6 4 
5 -61 

1 per cent. 

1 
1-72 
1-22 
6 - 0 3 
6 - 4 3 

KMnO4 

5 
1-8O 
2 - 2 3 
6 -88 
9-1O 

3 per cent. 

1 
1-65 
2 - 7 2 
5 - 5 2 
5 - 2 5 

. KMnO4 

5 
2 - 8 1 
2 - 8 3 

1 1 - 0 8 
7 - 5 5 

5 per cent. 

1 
2 - 3 9 
2 - 1 0 
7 - 9 5 
8 -38 

KMnO 

5 
2 - 7 9 
3 - 3 9 

1 4 - 9 8 
1 6 - 3 6 

W h i l s t t h e t o t a l s u l p h u r oxidized b y t h e ac t ion of a n excess of p e r m a n g a n a t e i n a 
g iven t i m e is g r e a t e r i n t h e case of m a r c a s i t e t h a n of p y r i t e , n o re la t ion w a s 
o b s e r v e d b e t w e e n t h e a m o u n t of s u l p h u r ox id ized a n d t h e q u a n t i t y of m i n e r a l 
decomposed . H . N . S t o k e s f o u n d t h a t a n ac id ic soln. of p o t a s s i u m p e r m a n g a n a t e 
a t t a c k s m a r c a s i t e m o r e qu ick ly t h a n p y r i t e , b u t t h e difference is n o t g r e a t e n o u g h 
t o be used a s a m e a n s of m e a s u r i n g t h e r e l a t ive p r o p o r t i o n s of t h e t w o mine ra l s 
in a m i x t u r e . 

I J . TJ. de K o n i n c k o b s e r v e d t h a t ferric sal ts—ferr ic chlor ide o r a m m o n i u m i ron-
a l u m — a t t a c k p y r i t e a t 170° t o 200° , fo rming a fer rous sa l t a n d su lphur i c acid ; 
wh i l s t J . H . I J . V o g t found t h a t p y r i t e is s lowly a t t a c k e d b y a 3O p e r cen t . soln. of 
ferric ch lor ide in t h e cold, fo rming a t r a c e of su lphu r i c ac id ; a n d A. A. J u l i e n 
o b s e r v e d t h a t a soln. of ferric ch lor ide is r e d u c e d b y m a r c a s i t e . F . A. E u s t i s sa id 
t h a t w i t h p y r i t e , t h e r e a c t i o n : 2 F e C l 3 + F e S 2 = 3 F e C l 2 + 2 S is 40 p e r cen t , off com­
p le t i on . Acco rd ing t o R . J . Tra i l l a n d W . R . McClel land, a soln. of ferric ch lor ide 
a t t a c k s p y r r h o t i t e b u t n o t p y r i t e . T h e r e a c t i o n w a s s t u d i e d b y E . K o p p , 
W . F . H i l l e b r a n d a n d H . N . S tokes , G. S. N i s h i h a r a , a n d F . F . G r o u t . H . N . S tokes 
found t h a t boi l ing di l . soln. of ferr ic sa l t s a t t a c k p y r i t e r ap id ly , t h e ac t i on is slow, 
b u t app rec i ab l e , w i t h cold soln. , a n d t h e difference in t h e effects w i t h p y r i t e a n d 
m a r c a s i t e a r e so m a r k e d t h a t t h e r e a c t i o n c a n b e u t i l i zed q u a n t i t a t i v e l y for de te r ­
m i n i n g t h e p r o p o r t i o n s of t h e t w o mine ra l s in a m i x t u r e . T h e m e t h o d w a s also 
e x a m i n e d , a n d e m p l o y e d b y E . T . Al len a n d co-workers—v ide supra. T h e reac t ion 
m a y be r e g a r d e d a s t a k i n g p l ace in t w o s t a g e s : F e S 2 - f - F e 2 ( S 0 4 ) 3 = 3 F e S 0 4 H - 2 S ; 
a n d 2 S + 6 F e 2 ( S 0 4 ) 3 4 - 8 H 2 0 = 1 2 F e S 0 4 + 8 H 2 S 0 4 . A soln. con t a in ing a g r a m of 
ferr ic i r on p e r l i t re in t h e fo rm of a m m o n i u m ferric a l u m is a conven i en t s t r e n g t h 
t o e m p l o y . T h e p e r c e n t a g e of s u l p h u r ox id ized va r i e s w i t h t h e c o n c e n t r a t i o n of 
t h e ferr ic sa l t , so t h a t t h e p e r c e n t a g e decreases a s t h e r e d u c t i o n p roceeds . T h u s : 

***** {foSSSSt 67-8 
71-4 
69-2 
23-2 

88-7 
65-2 
78-5 
22-5 

95-2 
63-2 

1 0 0 0 
16-2 

1 0 0 
60-4 

a n d a t 20° a n d 100° t h e p e r c e n t a g e s of s u l p h u r oxidized when t h e r educ t i on w a s 

file:///Marcasite
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completed were respectively 80-8 and 60-4 with pyrite, and 30-6 and 17*4 with 
marcasite. The general results show tha t when pyrite or marcasite is boiled with 
an excess of a soln. of ferric salt until the reaction is complete, the ratio of sulphur 
oxidized to mineral decomposed is definite and characteristic of each mineral when 
s tandard conditions are employed- The amount of sulphur oxidized in pyri te is 
about 60-4 per cent, and in marcasite about 18-0 per cent, of the to ta l sulphur. 
These figures are called the characteristic oxidation coefficients. 
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§ 43 . Ferrous Sulphate 
In the first century of our era, Dioscorides, in his JJepi vArjs la.Tpi.Krjs, used the 

t e rm xcL^KCLV^ov> chalcaruhon,—from x°^K°s* copper ; &v0os, flower—which is 
what was later called vitriol. He said (5. 74) : 

C h a l c a n t h u m is a sol idif ied l i q u i d w h i c h a p p e a r s in t h r e e f o r m s . O n e k i n d is p r o d u c e d 
f rom t h e l i q u i d u s w h i c h t r i c k l e d o w n d r o p b y d r o p , a n d c o n g e a l i n c e r t a i n m i n e s , a n d 
h e n c e t h e C y p r i a n m i n e r s ca l l i t stcUactis, a n d P e t e s i u s ca l l ed i t pinarion. A s e c o n d k i n d 
co l l ec t s i n c e r t a i n c a v e r n s , a n d i s a f t e r w a r d s p o u r e d i n t o t r e n c h e s , w h e r e i t c o n g e a l s , 
w h e n c e i t d e r i v e s i t s n a m e pectos. T h e t h i r d k i n d is ca l l ed hephthon, a n d i t is m a d e m o s t l y 
in S p a i n . I t h a s a b e a u t i f u l co lou r , b u t is w e a k . I t is p r e p a r e d b y d i g e s t i n g i t w i t h 
w a t e r , bo i l ing t h e l i qu id , a n d t h e n t r a n s f e r r i n g i t t o t a n k s t o s e t t l e . A f t e r s o m e d a y s , i t 
c o n g e a l s a n d s e p a r a t e s i n t o m a n y s m a l l p i eces , h a v i n g t h e f o r m of d i ce , w h i c h s t i c k t o g e t h e r 
l ike g r a p e s . T h e m o s t v a l u a b l e k i n d is b l u e , h e a v y , d e n s e , a n d t r a n s l u c e n t . 

Contemporaneously with Dioscorides, Pliny, in his Historia naturalis (86. 32), 
designated the same substance atramentum sulorium. The literal meaning of the 
t e rm is " shoemaker 's blacking," and these words were used because the substance 
was employed for blackening leather. Pliny said : 

la.Tpi.Krjs
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' The name chcUcatUhum given, by the Greeks to atram&ntum stitorium shows t h a t they 
recognized, its relationship to copper. There is no substance of an equally miraculous 
nature . I t is made in Spain from -wells of this kind of -water. This water is boiled -with 
an equal quan t i ty of pure water, and then poured into wooden tanks (fish-ponds). Across 
these t anks are fixed beams, to -which hang cords stretched by little stones. Upon these 
cords adheres the linvue in drops of a vitreous appearance, somewhat resembling a bunch 
of grapes. After removal, it is dried for about th i r ty days. I t is of a blue colour, and of 
a brilliant lustre. I t is very like glass. I t s solution is the blacking used for colouring 
leather. Chalcanthum is made in m a n y other -ways. I t s kind of ear th is sometimes dug 
from ditches, from the sides of which exude drops, -which solidify by the winter frosts into 
icicles, called etalagmixz, and there is none more pure . When its colour is nearly -white, 
with a slight tinge of violet, i t is called leuhv'rort. I t is also made in rock basins, the rain­
water collecting the limus into them, where it becomes hardened. I t is also made , in the 
same way as salt, by the intexise hea t of the sun. Hence it is t h a t some distinguish two 
kinds, the mineral, and artificial. The la t ter is paler t h a n the former, and is as much 
inferior to i t in quali ty as it is in colour. 

Accord ing t o K . B . H o f m a n n , 1 t h e chalkanihon o r chalkanthos of t h e a n c i e n t s 
w a s i ron-v i t r io l c o n t a m i n a t e d w i t h c o p p e r s u l p h a t e , a n d J . B e r e n d e s sa id t h a t 
p r o b a b l y t h e s a m e s u b s t a n c e was cal led chalcites ; whi l s t t h e f o u r t h - c e n t u r y -writer 
Marce l lus Burd iga l l ens i s app l i ed t h e t e r m chalcanthum viride cyprium t o atramentum 
sutorium. T h i s c o m p o u n d w a s a lso desc r ibed in t h e second c e n t u r y b y C Galen , 
i n h is De compositione medicamentorum ; a n d , acco rd ing t o E . D a r m s t a d t e r , i t is 
a l l u d e d t o in G e b e r ' s De investigatione perfection is. 

T h e t e r m vitriol is m e n t i o n e d in a w o r k o n c h e m i c a l t e c h n o l o g y — C o m p o s i t i o n s 
ad tingenda—dating, p r o b a b l y , f rom t h e beg inn ing of t h e e i g h t h c e n t u r y ; a n d t h e 
t e r m is u s e d for a n i m p u r e fer rous s u l p h a t e . T h e w o r d w a s e m p l o y e d b y A l b e r t u s 
M a g n u s , w h o , ea r ly in t h e t h i r t e e n t h c e n t u r y , in t h e fifth b o o k of h is De rebus 
metallicis et mineralibus, sa id t h a t atram&ntum viride a quibusdam vitreolum vocatur 
— " t h e t e r m vitriol is app l i ed t o green a t r a m e n t " ( ferrous s u l p h a t e ) — s o t h a t 
G. Agricola cou ld s ay , in h is De natura fossilium (Basilea?, 213 , 1546), t h a t in r e c e n t 
y e a r s t h e n a m e vitriolum h a s been a p p l i e d t o t h i s s u b s t a n c e . T h e t e r m vi t r io l 
comes f rom t h e Liatin vitrium, g lass , in a l lus ion t o t h e g lassy a p p e a r a n c e of t h e 
c r y s t a l s of t h e v i t r io l s . A l t h o u g h P l i n y emphas i ze s t h e b lue colour of vi t r iol 
( coppe r s u l p h a t e ) , h i s so lu t ion for co lour ing l e a t h e r w a s a l m o s t c e r t a i n t o h a v e 
b e e n fer rous s u l p h a t e . B o t h i ron a n d c o p p e r s u l p h a t e s were t h u s k n o w n t o t h e 
R o m a n s , b u t t h e t w o s u b s t a n c e s were n o t c lear ly d i s t i ngu i shed t h e one f rom t h e 
o t h e r . G. Agr ico la sa id t h a t t h e r e a re t h r e e va r ie t i e s of atramentum sutorium— 
viride (green) , cceruleum (blue) , a n d candidum (whi te ) . These n o d o u b t respec t ive ly 
i n d i c a t e fe r rous , copper , a n d zinc s u l p h a t e s . T h e p s e u d o n y m o u s Basi l Va len t ine , 
i n t h e s i x t e e n t h or s e v e n t e e n t h c e n t u r y , in h is Von den natilrlichen und ubernatiir-
lichen Dingen (Leipzig , 1624), sa id t h a t w h e n m a r s (iron) is d isso lved in oil of v i t r io l 
vitriol of Mars is fo rmed ; a n d in his Letztes Testament (S t r a s sbu rg , 1651), a s well 
a s h i s Haliographia (Bononiae, 1644), h e sa id : 

Calcine a mixture of equal par t s of the filings of Maw and sulphur in a brick kiln until 
the colour is purple, then pour on it distilled water or vinegar which extracts a green 
colour. Abstract two par t s of t h a t -water, and let it shoot (crystallize). Thus you have 
noble vitriol. . . . Re turn thanks to God, the creator of minerals, metals , and all other 
things. 

G. Agr icola , in h is De re metallica (Basilea?, 1556), said t h a t vi t r iol can be m a d e 
b y four different processes . I n t w o of t he se m e t h o d s m i n e - w a t e r con ta in ing v i t r io l 
is co l lec ted e i t he r b y m e a n s of b u c k e t s o r b y p u m p i n g a n d e v a p o r a t i n g in p i t s a s 
desc r ibed b y Dioscor ides , a n d P l i n y . I n a t h i r d m e t h o d , me lan t e r i a , sory , chalc i t i s , 
or m i s y — p r e f e r a b l y t h e t w o f o r m e r — w a s w e a t h e r e d , t h e soluble m a t t e r s e x t r a c t e d 
w i t h w a t e r , a n d t h e so lu t ion e v a p o r a t e d for c rys t a l l i za t ion . Accord ing to H . C. a n d 
L . H . H o o v e r , t h e t e r m misy re fe r red t o a yel low, ochreous ma te r i a l , a n d sory, 
a b l ack i sh s t one , b o t h i m p r e g n a t e d w i t h v i t r io l ; chalcitis referred to p a r t i a l l y 
d e c o m p o s e d p y r i t e s , a n d melanteria—from /xeAav, i n k — t o a n a t i v e v i t r i o l — t h e 
m o d e r n m e l a n e r i t e , h y d r a t e d fe r rous s u l p h a t e . J . D . D a n a sugges ted t h a t m i s y 
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was in par t copiapite, a basic ferric sulphate. G. Agricola's objections to misy 
and chalcite may have been due to their copper contents. The fourth method, 
from vitriolic earth or stones, is thus described : 

The ore is a t first carried and. heaped u p , a n d is t h e n left for five or s ix m o n t h s e x p o s e d 
t o the rain of spring a n d a u t u m n , t o t h e h e a t of summer , a n d t o t h e rime a n d frost of 
winter. I t m u s t be turned over several t imes w i t h shove l s , so t h a t t h e par t a t t h e b o t t o m 
m a y be brought t o t h e t o p , a n d i t i s t h u s vent i l a t ed a n d cooled ; b y th i s m e a n s t h e ear th 
crumbles u p a n d loosens , a n d t h e s tone changes from hard t o soft . T h e n t h e ore i s covered 
-with a roof, or e lse i t i s t a k e n a w a y a n d p laced under a roof, a n d remains i n t h a t p lace 
s ix , s even , or e ight m o n t h s . Afterwards a s large a por t ion as is required is t h r o w n i n t o a 
v a t , -which is half-filled w i t h water ; th i s v a t is one hundred feet long, twenty- four feet 
wide , e ight feet deep . I t has a n opening a t t h e b o t t o m , so t h a t -when i t is opened t h e 
dregs of t h e ore from which t h e vitriol comes m a y be drawn off, a n d i t h a s , a t t h e h e i g h t 
of one foot from t h e b o t t o m , three or four l i t t le holes , so t h a t , w h e n closed, the water m a y 
be retained, and w h e n opened the so lut ion flows out . T h u s the ore i s m i x e d w i t h water , 
stirred -with poles and left in the t a n k unti l the e a r t h y port ions s ink t o t h e b o t t o m a n d t h e 
water absorbs t h e juices . T h e n the l i t t le holes are opened , the so lut ion flows o u t of t h e 
v a t , a n d is caught in a v a t below it ; th i s v a t is of t h e s a m e l ength as t h e other, b u t t w e l v e 
feet wide and four feet deep . If t h e so lut ion is n o t sufficiently v i tr io lous i t is m i x e d w i t h 
fresh ore ; but if i t conta ins e n o u g h vitriol , a n d y e t h a s n o t e x h a u s t e d all of t h e ore rich 
in vitriol , i t is wel l t o dissolve t h e ore again w i t h fresh water . A s s o o n as t h e so lut ion 
becomes clear, i t i s poured in to the rectangular leaden caldron through launders , a n d is 
boi led unt i l the water is evaporated . Afterwards as m a n y th in str ips of iron a s t h e nature 
of t h e so lut ion requires, are t h r o w n in , a n d t h e n i t is boi led again unt i l it is th ick e n o u g h , 
w h e n cold, t o congeal in to vitriol . T h e n i t is poured into t a n k s or v a t s , or a n y o ther 
receptacle , in w h i c h all of i t , ap t t o congeal , does so w i th in t w o or three d a y s . T h e so lut ion 
which does n o t congeal is e ither poured back into t h e caldron t o be boi led again, or i t is 
p u t aside for dissolv ing the n e w ore, for i t is far preferable t o fresh -water. T h e solidified 
vitr iol is h e w n out , a n d h a v i n g once more been t h r o w n in to the caldron, is re-heated unti l 
i t l iquefies ; -when l iquid, it is poured into moulds t h a t it m a y be m a d e in to cakes . If the 
so lut ion first poured o u t is n o t sat isfactori ly th ickened , i t is condensed t w o or three t imes , 
a n d each t ime liquefied in the caldron a n d re-poured in to t h e moulds , in whicsh manner pure 
cakes , beautiful t o look a t , are m a d e from it. 

The oxidation of pyrites has been previously described. N. JLemery discussed 
the contamination of iron-vitriol with copper-vitriol, and J . F . Vigani obtained 
green iron-vitriol by the action of iron on blue copper-vitriol until all the copper is 
precipitated from the soln. by the metallic iron. N. Lemery showed t h a t a mixture 
of sulphur and iron-filings in contact with water becomes heated—vide, supra, 
chemical properties of iron—and N. Lefevre observed t h a t when a mixture of iron-
filings and sulphur is weathered, iron-vitriol is formed. Crystals of vitriolum n&artis 
were prepared by J . R. Glauber, and G. E . Stahl, in the seventeenth and eighteenth 
centuries, by evaporating a soln. of iron in sulphuric acid. 

The transformation of iron pyrites into iron-vitriol by weathering was a puzzle 
to the early chemists, and the history was discussed by H . Kopp, and E . O. von 
Lippmann. In 1669, J . Mayow had the right explanation, for he said t h a t the acid 
spirit of which vitriols are composed seems to be produced by the action of the 
nitro-aerial spirit on the sulphur of pyrites, the acid spirit then unites with the iron 
to form vitriol. He added : 

Vitriols are produced from, the s tone or rather the sa l ine-sulphureous earth usual ly 
cal led marchas i te (pyrites) , a n d from it on the appl icat ion of fire t h e flowers of c o m m o n 
sulphur are e l ic i ted in considerable abundance . B u t after th i s ear th h a s b e e n e x p o s e d 
for s o m e t i m e t o t h e air a n d w e t weather a n d t h e n (as i t s nature is) h a s fermented s p o n ­
taneous ly , i t wil l b e found to be r ichly impregnated -with vitriol . N o d o u b t t h e nitro-
aerial spirit , effervescing w i t h t h e metal l ic sulphur of t h e s e marchas i tes , conver t s the ir 
more f ixed part in to a n ac id l iquid, wh ich , direct ly i t i s produced , a t t a c k s t h e meta l l i c 
partic les of t h e sa id s t o n e a n d draws t h e m o u t a n d a t las t coalesces w i t h t h e m t o form 
vitr iol . 

J. F. Henckel supposed that the pyri tes abstracts salty or acidic particles from 
the air, and is thus converted into vitriol; and G. Brandt, that the pyrites, by 
taking up moisture from the air, passes into vitriol. The advocates of the phlogiston 
theory—e.g., G. A. Scopoli—believed that the conversion of pyrites to vitriol was a 
process involving the removal of phlogiston, but A. L. Lavoisier proved that oxygen 
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is absorbed by the pyri tes "whereby i t is converted into vitriol. I n other -words, 
the oxidation of the sulphide—pyrites—transforms it into a sulphate—vitriol. This 
interpretat ion of the phenomenon of the -weathering of pyri tes was generally 
accepted as the antiphlogiston doctrine and became the dominant theory in 
chemistry. 

I t was observed t h a t an aq. soln. of vitriol becomes turbid when i t is exposed 
to the air. T. Bergman showed t h a t this is due to the absorption of oxygen from 
the atmosphere so t h a t the iron in the soln. becomes a stronger calx. In this s ta te , 
i t requires more acid to mainta in it in soln. This, by the antiphlogiston theory, 
means t h a t the ferrous sulphate in soln. is oxidized by exposure to air forming ferric 
sulphate. J . L. Proust , however, established the existence of two iron sulphates 
as chemical individuals. He showed t h a t the green sulphate contains 27 per cent, 
of oxygen, whilst the red variety contains 48 per cent. The green, lower sulphate 
came to be called ferrous sulphate, FeS0 4 .wH 2 0 , and the red, higher sulphate, 
ferric sulphate, Fe 2 (S0 4 ) 3 , nH 2 0 . J . L. Proust showed t h a t the chemical properties 
of the two sulphates are quite different, and t h a t oxidizing agents—e.g., nitric acid 
—convert ferrous into ferric sulphate, whilst reducing agents—like hydrogen sul­
phide—convert ferric into ferrous sulphate. 

Two hydra ted ferrous sulphates occur in na ture—the monohydrate , and the 
heptahydra te . The heptahydra te occurs in two crystalline forms. Analyses of 
na tura l waters carrying ferrous sulphate in solution were reported by T. Pusch, 2 

H. Bley, L. von Bar th and R. Wegscheider, J . C. Essener, G. C Wittstein, and 
N . O. Hamberg. Ferrous sulphate often accompanies pyri te as an efflorescence— 
e.g., a t Copperas Mountain, Ohio, where it is associated with a lum and pyri te . 
I t also occurs in solution in m a n y mine-waters where i t has been formed by the 
oxidation of pyri te or marcasite. When the water has had. the opportuni ty of 
concentrating, monoclinic crystals of heptahydra ted ferrous sulphate are formed. 
This has taken place in the mine a t Goslar, Harz ; a t Bodenmais, Bavaria ; Falun, 
Sweden ; Hurlet , Scotland ; and many other places. The mineral so formed was 
called atramentum viride by C. Gesner ; vitriolum viride, or vitriolum ferri, or 
vitriolum martis, b y J . G. Wallerius ; tnelanterie, by F . S. Beudant , and this was 
altered to melanterite, i ts present name ; luchite, by A. Carnot ; and alcaparrosa 
verde, by A. Raimondi . This is probably the salt described by the ancient writers 
indicated above, and it is and has been also called copperas, and green vitriol. A 
rare rhombic form of the heptahydra te was reported by G. H . O. Volger to occur 
a t Windgalle in the Swiss Canton Uri—i .e. t he Pagus tauriscorum of the Romans ; 
and the mineral was accordingly called tauriscite. I t was also observed by 
J . A. Krenner to occur a t Schmollnitz, Slovakia. J . B . Macintosh described an 
impure monohydrate from Chile, and R. Scharizer applied the t e rm ferropallidite, 
to a sample from Alcapa Rossa, Calama, Chile ; and J . A. Krenner called a sample 
from Schmollnitz, Slovakia, schomolnokite. 

A n a l y s e s of melanter i te -were reported b y "W. T . Sehaller,* GL Vavr inecz , J . J a n o w s k y , 
J . Thie l , J . E . E d g r e n , E . Manasse , A . Frenzel , V . Z s i v n y , A . Carnot , a n d L. Michel, and 
t h e results correspond w i t h monoc l in ic , h e p t a h y d r a t e d ferrous su lphate , F e S O 4 . 7 H 8 O . 
T h e ana lys i s of taurisc i te reported b y Q. H . Volger , a n d J . A . Krenner , agree -with t h e 
a s s u m p t i o n t h a t t h e rhombic crys ta l s are a l so h e p t a h y d r a t e d ferrous su lphate . T h e 
ana lys i s of ferropall idite or s c h o m o l n o k i t e , reported b y It . Scharizer, a n d J . X>onau, agree 
t h a t t h e mineral i s m o n o h y d r a t e d ferrous su lphate , FeSO4.HT2O. Ana lyses of ferrous 
s u l p h a t e -were m a d e b y T . T h o m s o n . 

The preparation o i ferrous sulphate.—G. Tammann 4 noted t h a t anhydrous 
ferrous sulphate is formed when a mixture of lead sulphate and iron is heated to 
about 540° ;• the reaction is turbulent , and is symbolized : PbSO 4 - I -Fe=Pb-I-FeSO 4 
- h < H CaIs. Ii . Hackspill and co-workers noted t h a t it is formed in a similar way 
by heat ing iron with an excess of alkali sulphate. B. Neumann observed t h a t 
ferrous sulphate is formed when a mixture of sulphur dioxide and oxygen acts on 
ferrosic oxide : Fe8O4H-2SO2-I-O2^FeSO4-I-Fe2Os-I-SO3 » a n d * e r r o u s sulphate 
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m a y be r e g a r d e d as a n i n t e r m e d i a t e s t age i n t h e c a t a l y t i c a c t i o n of i ron ox ide in 
t h e o x i d a t i o n of s u l p h u r d iox ide t o t h e t r i ox ide . Acco rd ing t o G. K e p p e l e r , s o m e 
ferr ic ox ide is fo rmed . T h e F a r b w e r k e v o r m . Meis te r L u c i u s u n d B r u n i n g , a n d 
J . d ' A n s sugges t ed t h a t f e r rous su lph i t e is fo rmed as a t r a n s i e n t i n t e r m e d i a t e 
p r o d u c t , a n d t h a t t h i s is ox id ized t o t h e s u l p h a t e . G. K e p p e l e r a n d J . d ' A n s 
n o t e d t h a t fe r rous s u l p h a t e is f o rmed w h e n s u l p h u r d iox ide a c t s o n ferric s u l p h a t e : 
F e 2 ( S 0 4 ) 3 - l - S 0 2 ^ 2 F e S 0 4 + 2 S 0 3 . R- Cox d i scussed t h e f o r m a t i o n of f e r rous 
s u l p h a t e w h e n h y d r o g e n s u l p h i d e a c t s on ferric ox ide or h y d r o x i d e in t h e purif i­
c a t i o n of coa l -gas . E . T . Al len a n d co-workers n o t i c e d t h a t fe r rous s u l p h a t e is 
f o r m e d w h e n p y r r h o t i t e , m a r c a s i t e , o r p y r i t e is t r i t u r a t e d in a m o r t a r , o r h e a t e d 
in a i r t o 100° ; E . K o t h n y , w h e n p y r i t e is h e a t e d i n a i r t o 250° t o 290° ; a n d H . S a i t o , 
P . T r u c h o t , a n d A . W . W a r w i c k also n o t e d t h a t fe r rous s u l p h a t e is f o r m e d a s a n 
i n t e r m e d i a t e o r b y - p r o d u c t in t h e o x i d a t i o n of p y r i t e s — F . W a r l i m o n t o b s e r v e d 
t h a t w i t h p y r r h o t i t e , t h e f o r m a t i o n of fe r rous s u l p h a t e beg ins a b o u t 400°, a n d a t 
420° , t o 430°, 11-0, 15*6, a n d 20-2 p e r cen t , we re f o r m e d r e spec t i ve ly i n 3 , 4 , a n d 
5 h r s . J . K o I b n o t e d t h e f o r m a t i o n of f e r rous s u l p h a t e w h e n p y r i t e is h e a t e d w i t h 
c o p p e r ox ide in a i r ; a n d V. Tafel a n d E . Greu l ich , w h e n c h a l c o p y r i t e is h e a t e d 
a b o v e 300° . 

R . B r a n d e s , a n d F . S t o l b a s h o w e d t h a t h y d r a t e d fe r rous s u l p h a t e c a n be 
d e h y d r a t e d a t a su i t ab l e t e m p . A. A d o l p h s , a n d F . Kraff t f ound t h a t t h e s a l t is 
d e h y d r a t e d in t h e h i g h v a c u u m of t h e c a t h o d e l igh t a t 280° ; H . Sa i t o , K . F r i e d r i c h , 
a n d K . F r i e d r i c h a n d A. Bl ickle obse rved a b r e a k in t h e t i m e - t e m p , c u r v e w h e n 
h y d r a t e d fer rous s u l p h a t e is h e a t e d i n air , a n d t h i s c o r r e s p o n d s w i t h t h e p a s s a g e 
of t h e m o n o h y d r a t e t o t h e a n h y d r o u s sa l t . T . E . T h o r p e a n d J . I . W a t t s h e a t e d 
t h e h y d r a t e in h y d r o g e n t o p r e v e n t o x i d a t i o n — H . P r e c h t a n d K . K r a u t r e com­
m e n d e d 100° ; E . K o t h n y , 250° ; J . K e n d a l l a n d A. W . D a v i d s o n , 270° ; J . K e n d a l l 
a n d A. W . D a v i d s o n , a n d F . W a r l i m o n t , 290° ; J. d ' A n s , a n d G. K e p p e l e r a n d 
J . d ' A n s , 300° t o 320° ; a n d J . A. H e d v a l l a n d J . H e u b e r g e r , 300° in c a r b o n d iox ide . 
R . d e F o r c r a n d obse rved t h a t in h y d r o g e n , t h e l a s t mo l . of w a t e r is s lowly expe l l ed 
a t 180°, b u t r e c o m m e n d e d 250° for t h e c o m p l e t i o n of t h e a c t i o n ; h e a d d e d t h a t 
a b o u t 1*5 p e r cen t , of a bas ic s u l p h a t e is u n a v o i d a b l y fo rmed a t t h e s a m e t i m e . 
E . Greu l ich sa id t h a t all t h e w a t e r is n o t expe l led f r o m fe r rous s u l p h a t e in h y d r o g e n 
e v e n a t 200°, a n d t h a t 1-9 p e r cen t , of ferric s u l p h a t e is f o r m e d ; h e r e c o m m e n d e d 
t r e a t i n g fe r rous ch lor ide w i t h 100 p e r cen t , s u l p h u r i c ac id in a n a t m . of h y d r o g e n , 
a n d d r i v i n g off t h e excess of s u l p h u r i c ac id a t 230° in a n a t m . of h y d r o g e n . 
T . Bo la s , a n d A. IB ussy a n d L . R . L e c a n u o b t a i n e d w h a t t h e y r e g a r d e d a s t h e 
a n h y d r o u s sa l t b y t r e a t i n g t h e h y d r a t e d sa l t a t o r d i n a r y t e m p , w i t h s u l p h u r i c ac id 
of s p . gr . 1*843. E . H o w l a n d F . P e r r y a lso r ecove red t h e s a l t in t h e a n h y d r o u s 
f o r m f rom acidic l iquors b y e v a p o r a t i n g t h e lye t o a c o n c e n t r a t i o n of 75 p e r c e n t , 
free su lphur i c ac id . A. C. K n o w l e s e v a p o r a t e d t h e soln . of f e r rous s u l p h a t e b y 
s p r a y i n g i t in h o t a i r or h o t gas . 

The hydrated forms of ferrous sulphate.—J. R. Glauber, and G. E . Stahl 
p r e p a r e d a soln. of fe r rous s u l p h a t e b y d isso lv ing i ron in s u l p h u r i c ac id u n t i l t h e 
ac id is s a t u r a t e d , a n d e v a p o r a t i n g t h e f i l tered soln . for c r y s t a l l i z a t i o n . F e r r o u s 
s u l p h a t e a b s o r b s o x y g e n f rom t h e a i r so r e a d i l y t h a t t h e c r y s t a l s o b t a i n e d b y 
e v a p o r a t i n g t h e a q . soln . a r e l iable t o be c o n t a m i n a t e d w i t h ferr ic s u l p h a t e . 
P . A . v o n Bonsdorff r e c o m m e n d e d s a t u r a t i n g di l . s u l p h u r i c ac id (1 : 4 o r 1 : 5) 
w i t h i r on b y boi l ing t h e m i x t u r e i n a n a r r o w - n e c k e d flask u n t i l i t is n e a r t h e p o i n t 
of c rys t a l l i za t ion . T h e l i qu id is t h e n s t r a i n e d t h r o u g h a filter, m o i s t e n e d w i t h 
w a t e r , i n t o a vessel r insed o u t w i t h di l . s u l p h u r i c ac id . T h e ac id p r e v e n t s t h e l i qu id 
f r o m hydro lys i s , a n d t h e funne l shou ld h a v e a long n e c k r e a c h i n g t o t h e b o t t o m 
of t h e vessel . T h e c ry s t a l s a r e a l lowed t o d r a i n , a n d d r i ed b y p r e s s u r e b e t w e e n 
b i b u l o u s p a p e r a t 30° . P . Geiseler , a n d A. P icc in i a n d F . M. Zuco e m p l o y e d a 
s imi la r p rocess . E . Cohen a n d A . W . Visser t r i e d t o p r e v e n t t h e o x i d a t i o n of t h e 
soln. b y u s i n g a n a t m . free f r o m a i r i n a S o x h l e t ' s a p p a r a t u s a n d air-free w a t e r . 
C L . Mayer e l ec t ro lyzed soln. of a lka l i s u l p h a t e o r h y d r o s u l p h a t e w i t h e l ec t rodes 
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of i ron , o r of ox ide o r c a r b o n a t e m i n e r a l s , a n d o b t a i n e d soln . f r o m w h i c h h y d r a t e d 
f e r rous s u l p h a t e cou ld b e o b t a i n e d b y c rys t a l l i za t ion . 

W . K i s t i a k o w s k y n o t i c e d t h a t w h e n a s t r i p of i r on is d i p p e d in a 2 p e r c en t , 
so ln . of s o d i u m s u l p h a t e a n d e x p o s e d t o a i r c o n t a i n i n g c a r b o n d iox ide , t h e i r on 
i s e r o d e d n e a r t h e in t e r f ace of a i r a n d soln. t o f o r m s o d i u m c a r b o n a t e a n d fe r rous 
s u l p h a t e . A soln. of fe r rous s u l p h a t e is f o r m e d w h e n fer rous o x i d e o r h y d r o x i d e is 
d i s so lved in s u l p h u r i c ac id . J . B e h r e n s o b s e r v e d t h a t a s l u r r y of g y p s u m a n d f resh ly-
p r e c i p i t a t e d fe r rous h y d r o x i d e r e a c t s in a n a t m . of c a r b o n d iox ide t o fo rm fe r rous 
s u l p h a t e : F e O + C O 2 + C a ^ O 4 = C a C O 3 + F e S O 4 . I . S u r g a n u m a n o t i c e d t h a t t h e 
s u l p h u r o u s gases f rom m i n e r a l sp r ings a c t o n f e r rug inous rocks a n d c lays p r o d u c i n g 
m e l a n t e r i t e . G. C. W e s t b y , a n d D . Peniakoff de sc r ibed processes for u s ing su l ­
p h u r o u s , w a s t e gases f rom t h e i n d u s t r i e s for m a k i n g fe r rous s u l p h a t e so ln . 
C. W i n k l e r , a n d G. A g d e also u t i l i zed w a s t e ac id , o r ac id f rom t h e l ead c h a m b e r s 
for p r e p a r i n g fe r rous s u l p h a t e f rom i ron ; a n d i n s t e a d of u s i n g i ron , A . Bu i s ine 
u s e d i n c o m p l e t e l y r o a s t e d p y r i t e s ; t h e w a s t e ox ide f r o m an i l ine w o r k s ; 
A . P e z z o l a t o , p y r i t e r e d u c e d b y p r e h e a t i n g w i t h c a r b o n ; G. Meun ie r , ar t i f ic ial 
f e r rous s u l p h i d e ; G. K o g a n , a n d C. Mene , b l a s t - fu rnace s lags ; a n d T . R i t t e r h a u s , 
s p a t h i c i ron ore . 

J . J. Berze l ius o b t a i n e d a soln . free? f rom ferric s a l t b y d isso lv ing fe r rous s u l p h i d e 
i n s u l p h u r i c ac id . A . L . D a y o b t a i n e d m i x e d c o p p e r a n d fe r rous s u l p h a t e s b y t h e 
a c t i o n of dil . s u l p h u r i c ac id o n b o r n i t e , or o n m i x t u r e s of p y r r h o t i t e a n d cha lcoc i t e 
o r covel l i te . T h e f o r m a t i o n of f e r rous s u l p h a t e a s a s t a g e i n t h e w e a t h e r i n g of i r on 
p y r i t e s is a v e r y o ld p rocess—v ide supra. I t w a s d i scussed b y A. P . B r o w n , 
E . D i t t l e r , T . J . D r a k e l e y , 8 . H . E m m e n s , W . H a i d i n g e r , A . L a c r o i x , J . !Lefort, 
W . T h o r n e r , a n d A. W u r m . E . T . Al len a n d co -worke r s o b t a i n e d a soln. of fe r rous 
s u l p h a t e b y t h e a c t i o n of m a r c a s i t e o r p y r i t e on a soln . of ferr ic s u l p h a t e ; a n d 
A. H u t i n r e p r e s e n t e d t h e r e a c t i o n : F e 2 ( S 0 4 ) 3 + F e S 2 + 2 0 2 = 3 F e S 0 4 + 2 S 0 2 ; a n d 
F e 2 ( S 0 4 ) 3 + F e S 2 + 4 H 2 0 — 3 F e S 0 4 + 2 S 0 2 + 4 H 2 . A . a n d P . B u i s i n e also r e d u c e d 
a so ln . of ferr ic s u l p h a t e w i t h i ron : F e 2 ( S 0 4 ) 3 + F e = 3 F e S 0 4 . T . v o n G r o t t h u s 
f o u n d t h a t a n a lcohol ic soln. of ferr ic s u l p h a t e is r e d u c e d t o fe r rous s u l p h a t e i n a 
c losed vessel b y e x p o s u r e t o l i gh t ; W . H . R o s s o b t a i n e d a s imi la r r e s u l t b y e x p o s i n g 
a soln . of s u g a r a n d ferric s u l p h a t e t o u l t r a -v io l e t l i gh t ; a n d A . K ail a n , b y expos ing 
t h e soln . t o r a d i u m r a y s . W . F e I d a lso d iscussed t h e f o r m a t i o n of fe r rous s u l p h a t e 
b y h e a t i n g soln. of t h e p o l y t h i o n i c ac ids . 

O. M u s t a d r e c o m m e n d e d p r e p a r i n g a soln . of f e r rous s u l p h a t e b y d issolv ing 
t h e h y d r a t e d s a l t i n w a t e r acidified w i t h s u l p h u r i c ac id , a n d a l lowing t h e soln . t o 
s t a n d for s o m e w e e k s i n c o n t a c t w i t h i ron so a s t o n e u t r a l i z e t h e ac id , a n d k e e p 
t h e s a l t in t h e f e r rous s t a t e . A . F . W . v o n E s c h e r t r i t u r a t e d t h e h y d r a t e d s a l t 
w i t h r e d u c e d i ron , d i s so lved i t in w a t e r a t 60° t h r o u g h wh ich a c u r r e n t of h y d r o g e n 
w a s p a s s e d , r e m o v e d t h e free ac id w i t h b a r y t a - w a t e r , a n d a l lowed t h e m i x t u r e t o 
s t a n d a few d a y s . N . A . Tananae f f d i s so lved t h e h y d r a t e d s a l t in boi led w a t e r 
s a t u r a t e d w i t h c a r b o n d iox ide , a d d e d h y d r o g e n i z e d p a l l a d i u m , a n d k e p t t h e 
soln . in an a t m . of h y d r o g e n ; F . W . H o r s t t r e a t e d t h e h o t so ln . w i th h y d r o g e n 
s u l p h i d e gas , a n d t h e n w i t h c a r b o n d iox ide . G. B a i l h a c h e o b s e r v e d t h a t t h e a q . 
so ln . c a n b e p r e s e r v e d for a l ong t i m e in a n a t m . of c a r b o n d iox ide . F . W . H o r s t 
s a i d t h a t t h e soln . c a n b e k e p t f r o m o x i d a t i o n , for a s h o r t t i m e , b y cover ing i t w i t h a 
l a y e r of b e n z e n e . 

T h e pickl ing of iron w i t h ac ids , a n d in s o m e -wet processes of ex tract ing products from 
ferruginous ores, furnishes as w a s t e - p r o d u c t s acidic l iquors conta in ing ferrous su lphate in 
so ln . , a n d from w h i c h t h e sa l t c a n b e recovered. This subject w a s discussed b y Bergbau 
A k t i e n Oesel lschaft Friedrichssegen, S. E . Coburn, G. A g d e , E . V . Chambers and co-workers, 
C. A . Hal l , L . H i r t , A . C. K n o w l e s , L . K u g e l , L . S i m m o n d s , H . Stabler, H . C. Stewart , 
L . Thorel , a n d G. W e i n t r a u b . 

A c c o r d i n g t o P . A . v o n Bonsdorff , c o m m e r c i a l fe r rous s u l p h a t e , o r g reen v i t r io l , 
o r c o p p e r a s m a y be c o n t a m i n a t e d w i t h ferr ic, cupr i c , z inc , m a n g a n e s e , t i n , 
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aluminium, magnesium and calcium sulphates, and arsenious acid. The copper 
and ferric salts can be removed by digesting a soln. of the salt in sulphuric acid with 
metallic iron, or ferrous sulphide, out of contact with air ; the arsenic, copper, 
and tin can be removed by allowing the soln. sa turated with hydrogen sulphide to 
s tand for some days before filtering. H . Wur tz recommended removing copper 
and ferric salts by digesting the soln. with bar ium carbonate ; and L. Thorel 
removed zinc and manganese by boiling the soln. with potassium hydrotar t ra te . 
The subject was also discussed by C. H . Butcher, E . Merck, and F . Mach and 
P . Lederle. 

The crystals which separate from the aq. soln. a t ordinary temp, are the hepta­
hydrate, F e S 0 4 . 7 H 2 0 , and, according to F . Franckel, the same salt separates from 

an aq. soln. between —1*821° and 
/00 
90' 

56-7° with soln. containing 14*91 
to 35-06 per cent, of FeSO4—vide 
infra, Fig. 64O. This hydra te is 
also called green vitriol, copperas, 
and vitriolum, martis. F . Wirth, 
and F . B. Kenrick studied the con­
ditions under which the hepta-
hydra te separates from soln. con­
taining sulphuric acid—vide infra, 
Fig. 64O. R. Brandes observed 
t h a t the heptahydra te is formed 
when the crystals of one of the 
lower hydrates, or of the anhydrous 
salt are exposed to moist air. 
H . Seymour discussed the con-

of its manufacture. The 

F i a . 640.-

/5 20 25 
Per cent. /"eSP* 

-Percentage Solubi l i ty of Ferrous 
Su lphate in Water . 

t inuous crystallization of the salt in the course 
crystals of the heptahydra te were analyzed by J . J . Berzelius, T. Bergman, 
R. KLirwan, F . Thomas, E . Mitscherlich, and T. Graham."; the analyses of 
melanteri te have been previously indicated. J . B . Ber themot recommended 
purifying the crystals by allowing the salt to crystallize from water acidulated 
with sulphuric acid ; then boiling 500 par t s of the crystals with 550 par t s of 
water, and 8 par ts of iron turnings ; filtering the boiling soln. into a mixture 
of 375 par ts of alcohol of sp. gr. 0*84, and 8 par t s of sulphuric acid with constant 
stirring ; straining the cold liquid from the small crystals which form ; draining 
the crystals on linen ; and drying them between bibulous paper, constantly 
renewed. The alcohol retains in soln. any ferric salt which may be present, 
and the solubility of t h a t salt is increased by the sulphuric acid. N . A. Tananaefi 
recommended washing out the alcohol by boiled water sa tura ted with carbon 
dioxide. Processes were also described by F . Franckel, E . Jordis and H. Vierling, 
L«. Thorel, G. Ruspini, and H. Vierling. 

A. F . de Fourcroy found t h a t cold water dissolves nearly half i ts weight of the 
heptahydra te , and boiling water very nearly its own weight. Observations were 
also made by A. Ure, T. Bergman, E. Tobler, H . G. Greenish and F . A. U. Smith, 
and R. Brandes and E . Firnhaber. H . SchifF found t h a t a soln. sat . a t 15° contains 
37*2 per cent, of F e S 0 4 . 7 H 2 0 ; C. von Hauer, 17*02 per cent. FeSO 4 a t 11° to 14° ; 
W. Stortenbeker, 26*69 per cent. FeSO4 a t 25° ; F . Wir th gave 22*84 per cent. 
FeSO4 a t 25° ; G. Agde and H . Barkholt , 13*80 a t 1° ; 1 7 1 0 a t 9*6° ; 21*30 a t 
21° ; 22-98 a t 25° ; 26*56 a t 34° ; 3 0 0 4 a t 43° ; 34-5O a t 54° ; and 30*20 a t 
80° ; and V. J . Occleshaw, 22*98 a t 25°. F . A. H . Schreinemakers found 24*9 
per cent. FeSO4 a t 30°. R. Brandes observed t h a t the increase in the solubility of 
t h e salt with a rise of temp, continues up to 87*5°, and thereafter the solubility 
decreases with a rise of temp. H e a t t r ibuted this t o hydrolysis whereby a white 
product is formed. A transit ion point a t about 63*5° was observed by G. J . Mulder ; 
a t 64° by W. A. Tilden ; and a t 65° by A. fitard. I. Koppel thought there 
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w a s o n e a t 40° . A . l £ t a rd g a v e for t h e p e r c e n t a g e so lub i l i ty , S, p e r c e n t . 
F e S O 4 : 

— 1° 24 c 52° 60° 07° 94° 102° 112° 130° 152° 
JS . . 1 3 O 22-7 32-5 36-4 37-7 36-7 34-7 2 8 O 17-3 2-5 

so t h a t f rom —2° t o 65° , £ = 1 3 - 5 + 0 3 7 8 8 0 ; f r o m 65° t o 98°, £ = 3 7 - 5 , i.e. a con­
s t a n t ; f r om 98° t o 156°, S=37 -5-O-66850 ; a n d a t 156°, t h e s a l t is pract ical ly , 
inso lub le . F . F r a n c k e l o b t a i n e d for t h e p e r c e n t a g e so lub i l i ty : 

— 0-686° —1-824° 0° 2 0 1 0 ° 50-21° 56*7° 6 0 0 1 ° 64*00° 6802° 90-13° 
N . 5 1 8 1 1 14*91 13-53 21OO 32-71 35*06 35-46 35*65 35-96 2 7 1 5 

* v « v " „ * ^ ' 
Solid phase Ice FeSO 4 .7H 2 O FeS04 .4H;2O F e S 0 4 . H 2 0 

T h e r e is a reg ion of m e t a s t a b i l i t y for t h e t e t r a h y d r a t e w h e n a t 65-00° a n d 70-04°, 
t h e r e s p e c t i v e v a l u e s of S a r e 35-73 a n d 35-93 p e r cen t . F e S O 4 . F . K . C a m e r o n 
cons ide r s t h a t t h e sol id p h a s e a b o v e 67*4° is n o t , a s i n d i c a t e d b y F . F r a n c k e l , t h e 
m o n o h y d r a t e , b u t r a t h e r t h e d i h y d r a t e . A c c o r d i n g t o F . F r a n c k e l , t h e eu tec t i c 
t emperature , a t —1-824° a n d 14-91 p e r cen t , of F e S O 4 , w a s g iven b y F . G u t h r i e a t 
— 2 ° , w i t h 16-95 p e r cen t , of F e S O 4 . I . K o p p e l g a v e —2° ; H . Grobe r , —1-8° ; 
a n d E . W . W a s h b u r n a n d E . R . S m i t h , —1-80° . A c c o r d i n g t o F . F r a n c k e l , 
t h e t rans i t ion t emperature for t h e h e p t a - a n d t e t r a h y d r a t e s : F e S O 4 . 7 H 2 O 
^ F e S O 4 . 4 H 2 O - f - 3 H 2 0 occurs a t a b o u t 56-7° ; a n d for t h e t e t r a - a n d m o n o h y d r a t e s : 
F e S O 4 . 4 H 2 O ^ F e S 0 4 . H 2 0 + 3 H « 0 , a t a b o u t 64° . T h e r e is h e r e n o ev idence of 
t h e f o r m a t i o n of t h e al leged h e x a - , p e n t a - , t r i - , a n d d i h y d r a t e s . I n a g r e e m e n t 
w i t h t h e s e o b s e r v a t i o n s b y F . F r a n c k e l , W . Mi i l l e r -Erzbach f o u n d ev idence of t h e 
m o n o - , t e t r a - , a n d h e p t a h y d r a t e s on his v a p . p ress , c u r v e s . T h i s a lso agrees 
w i t h o b s e r v a t i o n s o n t h e s y s t e m : F e S O 4 - H 2 S O 4 - H 2 O i n d i c a t e d be low. O n t h e 
o t h e r h a n d , F . K . C a m e r o n o b s e r v e d a s a n a v e r a g e o n a r i s ing a n d fal l ing t e m p . , 
b r e a k s c o r r e s p o n d i n g w i t h t r a n s i t i o n s a t 56-8°, 61-0°, 64-4°, 65-8°, a n d 67-8°. 
These b r e a k s , a l o n g w i t h t h e so lub i l i ty d a t a of F . F r a n c k e l , F . W i r t h , A . fitard, 
F . A . H . S c h r e i n e m a k e r s , a n d G. A g d e a n d H . B a r k h o l t , a r e i n t e r p r e t e d b y t h e 
so lub i l i t y c u r v e , F i g . 64O. T h e h y d r a t e s were s t u d i e d b y E . N . G a p o n . 

Li. d e B o i s b a u d r a n r e p o r t e d t h e h e x a h y d r a t e , F e S O 4 . 6 H 2 O , t o be fo rmed w h e n 
a soln . of fe r rous s u l p h a t e , s l igh t ly u n d e r - s a t u r a t e d -with r e spec t t o t h e h e p t a h y d r a t e , 
is seeded w i t h a c r y s t a l C o S O 4 . 6 H 2 O o b t a i n e d f rom t h e a q . soln. a t 50° . C. H e n s g e n 
o b t a i n e d t h e h e x a h y d r a t e b y t r e a t i n g t h e h e p t a h y d r a t e w i t h cone , hyd roch lo r i c 
ac id ; T . Bo las , b y e x p o s i n g t h e p y r o s u l p h a t e t o m o i s t a i r ; E . W i e d e m a n n , b y 
m e l t i n g t h e h e p t a h y d r a t e a t 65° a n d r e m o v i n g t h e m o l t e n p o r t i o n ; a n d F . J e r e m i n 
o b t a i n e d colour less p l a t e s f rom a s u l p h u r i c ac id soln. of fe r rous s u l p h a t e . E . Cohen 
a n d A. W . Visser , L . Ro l l a , W . C. S c h u m b , a n d H . S c h o t t k y a s s u m e d t h a t t h e h e x a ­
h y d r a t e h a s a r ea l ex i s t ence , b u t R . d e F o r c r a n d h a d d o u b t s . I n a n y case , t h e 
g reen , ac i cu l a r c r y s t a l s of t h e h e x a h y d r a t e a r e m e t a s t a b l e , a n d soon p a s s i n t o t h e 
h e p t a h y d r a t e . 

A c c o r d i n g t o J . C. G. de M a r i g n a c , w h e n a soln . of fe r rous s u l p h a t e in su lphu r i c 
ac id is e v a p o r a t e d in v a c u o , t h e h e p t a h y d r a t e first s e p a r a t e s , t h e n t h e pentahydrate , 
F e S 0 4 . 5 H 2 0 , a n d finally t h e t e t r a h y d r a t e . F . K . C a m e r o n d o u b t e d if t h i s is a n 
a c c u r a t e d e s c r i p t i o n of t h e f ac t s . L . d e B o i s b a u d r a n f o u n d t h a t w h e n a soln. of 
f e r rous s u l p h a t e is seeded w i t h p e n t a h y d r a t e d c o p p e r s u l p h a t e , p e n t a h y d r a t e d 
fe r rous s u l p h a t e s e p a r a t e s a s a m e t a s t a b l e p h a s e w h i c h is r a p i d l y t r a n s f o r m e d 
i n t o t h e h e p t a h y d r a t e ; he a d d e d t h a t t h e p e n t a h y d r a t e is difficult t o p r e p a r e a n d 
i t c a n b e o b t a i n e d o n l y f rom soln . m u c h s u p e r s a t u r a t e d w i t h r e spec t t o t h e h e p t a ­
h y d r a t e . J . T . C o n r o y s u p p o s e d t h i s s a l t t o be p r e s e n t in cone , su lphu r i c ac id soln. 
of t h e h e p t a h y d r a t e ; a n d T . Bo las , a n d J . B . H a n n a y cons ide red i t to be fo rmed 
b y t h e d e h y d r a t i n g a c t i o n of s u l p h u r i c ac id . A . Schrau f r e p o r t e d t h e p e n t a h y d r a t e 
t o o c c u r i n n a t u r e i n needle- l ike c r y s t a l s a l o n g w i t h m e l a n t e r i t e , a n d he cal led 
t h e m i n e r a l s iderot i le . R . d e F o r c r a n d , F . K . C a m e r o n , F . K . Cameron a n d 
H . D . Crockford, and G. A g d e a n d H . B a r k h o l t exp re s sed d o u b t s a s t o t h e ex i s tence 
of t h e p e n t a h y d r a t e . 
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A s j u s t i nd i ca t ed , J . C. G. d e Mar ignac cons ide red t h a t w h e n a n ac id ic so ln . 
of fe r rous s u l p h a t e crys ta l l izes in v a c u o , t h e l a s t c r o p of c ry s t a l s is t h e t e trahydrate , 
F e S O 4 . 4 H 2 O . P . A. v o n Bonsdorff o b t a i n e d t h e t e t r a h y d r a t e i n a similar manner ; 
a n d H . V. R e g n a u l t , b y e v a p o r a t i n g a soln. of fe r rous s u l p h a t e a t 80° . F . F r a n c k e l 
s h o w e d t h e cond i t i ons of s t a b i l i t y of t h e t e t r a h y d r a t e , F i g . 64O, i n a q . so ln . ; a n d 
F . B . K e n r i c k , t h e cond i t i ons of e q u i l i b r i u m i n s u l p h u r i c ac id soln .—vide supra, 
F i g . 640. F . F r a n c k e l s h o w e d t h a t in a q . soln. , t h e s a l t is s t a b l e b e t w e e n 56*7° 
a n d 64-0°, a n d m e t a s t a b l e b e t w e e n 64-0° a n d 70-04°. J . B . H a n n a y o b t a i n e d t h e 
t e t r a h y d r a t e b y t h e p rogress ive d e h y d r a t i o n of t h e h e p t a h y d r a t e ; a n d P . A . v o n 
Bonsdorff, E . Moles a n d M. Crespi , J . T . Conroy , W . M u l l e r - E r z b a c h , R . Schar ize r , 
H . O. H o f m a n a n d W . Wanjukoff , C. Gaudef roy , R . d e F o r c r a n d , a n d T . E . ThoTpe 
a n d J . I . W a t t s o b t a i n e d t h i s h y d r a t e in a s o m e w h a t s imi la r m a n n e r . 

Accord ing t o O. B . K i i h n , t h e tr ihydrate, F e S 0 4 . 3 H 2 0 , is fo rmed a s a w h i t e 
c r u s t -when a soln. of fe r rous s u l p h a t e is m i x e d w i t h a l a rge excess of s u l p h u r i c 
ac id ; a n d , a cco rd ing t o R . J . !Kane, w h e n a soln . of fe r rous s u l p h a t e , s a t u r a t e d 
w i t h h y d r o g e n ch lor ide , is a l lowed t o cool. T h e g r een c r y s t a l s of t h e h e p t a h y d r a t e 
a r e m i x e d w i t h t h e p a l e g reen c r y s t a l s of t h e t r i h y d r a t e . T . B o l a s r e p o r t e d t h e 
s a m e h y d r a t e t o b e fo rmed b y t h e a c t i o n of s u l p h u r i c ac id o n t h e h e p t a h y d r a t e ; 
a n d J . B . H a n n a y , a n d J . T . Con roy , b y t h e e v a p o r a t i o n of a soln . of fe r rous s u l p h a t e 
in a n excess of s u l p h u r i c ac id a t 60° t o 80° . R . d e F o r c r a n d cou ld n o t conf i rm t h e 
ex i s t ence of t h e t r i h y d r a t e . W . S t o r t e n b e k e r sa id t h a t fe r rous s u l p h a t e f o r m s 
sol id soln . -with t r i t a o c t o h y d r a t e d c a d m i u m s u l p h a t e , so t h a t t h e t r i taoctohydrate , 
3 F e S O 4 . 8 H 2 O , ex i s t s o n l y in t h e i s o m o r p h o u s a d m i x t u r e . 

P . A . von Bonsdorff sa id t h a t w h e n s u l p h u r i c ac id is s lowly a d d e d t o a s a t . soln . 
of fe r rous s u l p h a t e , so a s n o t t o p r o d u c e a n y m a r k e d rise of t e m p . , u n t i l t h e sp . gr . 
is 1-33, a n d t h e soln . is e v a p o r a t e d o v e r cone , s u l p h u r i c ac id , c r y s t a l s of t h e 
h e p t a h y d r a t e a p p e a r ; a n d w h e n a b o u t t w o - t h i r d s of t h e l iqu id h a s e v a p o r a t e d , 
c r y s t a l s of t h e t e t r a h y d r a t e a re d e p o s i t e d ; t h e n follows a c r o p of c r y s t a l s of a ba s i c 
s u l p h a t e ; a n d finally, a d a r k g reen , c rys t a l l ine m a s s of t h e d ihydrate , F e S O 4 . 2 H 2 O , 
is f o r m e d . V . S c h e m l y a n i t z u i n a n d N . D o b r o v o l s k y o b t a i n e d t h e d i h y d r a t e in a 
v a t of c o p p e r a s . T . Bo la s , a n d J . B . H a n n a y o b t a i n e d t h e d i h y d r a t e b y t h e 
d e h y d r a t i o n of t h e h e p t a h y d r a t e b y s u l p h u r i c ac id ; T . E . T h o r p e a n d J . I . W a t t s , 
b y r e p e a t e d t r e a t m e n t of t h e h e p t a h y d r a t e w i t h boi l ing a b s o l u t e a lcoho l ; 
J . T . Conroy , b y t h e a c t i o n of s u l p h u r i c ac id o n t h e t e t r a h y d r a t e ; A . Ii l tard, b y 
h e a t i n g t h e a q . soln. a t t e m p , u p t o 160° ; a n d J . B . H a n n a y , b y h e a t i n g t h e 
h e p t a h y d r a t e , w h e n t h e d i h y d r a t e shows itself a s a b r e a k i n t h e d e h y d r a t i o n c u r v e 
a t 100°. Acco rd ing t o F . K . C a m e r o n , t h e d i h y d r a t e a p p e a r s a s a s t a b l e p h a s e i n 
c o n t a c t w i t h i t s s a t . soln. a b o v e 67*4° u n d e r c o n d i t i o n s w h e r e F . F r a n c k e l , a n d 
o t h e r s sa id t h a t t h e solid p h a s e is t h e m o n o h y d r a t e . F . K . C a m e r o n a lso a d d e d 
t h a t t h e d i h y d r a t e is s t a b l e a t 65° i n c o n t a c t w i t h a q . soln. c o n t a i n i n g o v e r 2-5 p e r 
c en t , of su lphu r i c ac id ; a n d h e o b t a i n e d i t a s a finely-divided, -white, c r y s t a l l i n e 
p o w d e r w h i c h is q u i t e s t a b l e in d r y air , a n d w h i c h d isso lves in w a t e r m o r e s lowly 
t h a n t h e o t h e r h y d r a t e s . 

E . Mi t scher l i ch o b s e r v e d t h a t w h e n t h e h e p t a h y d r a t e is h e a t e d t o 140°, i n v a c u o , 
t h e m o n o h y d r a t e , F e S O 4 - H 2 O , is fo rmed , a n d i t p e r s i s t e n t l y r e t a i n s t h e o d d m o l . 
of w a t e r u p t o b e t w e e n 200° a n d 300° . K . Kl i i s s o b t a i n e d t h e m o n o h y d r a t e b y 
h e a t i n g t h e h e p t a h y d r a t e a t 200° . G. K e p p e l e r a n d J . d ' A n s p o u r e d a feeb ly 
ac id ic soln . of f e r rous s u l p h a t e i n t o a lcohol , a n d h e a t e d t h e p r o d u c t d r i e d b y 
suc t ion , in a c u r r e n t of h y d r o g e n a t 70° , a n d finally a t 160° t o 200° . T h e c o n d i t i o n s 
of s t a b i l i t y in a q . so ln . a r e , a c c o r d i n g t o F . F r a n c k e l , i n d i c a t e d i n F i g . 640, so t h a t 
i t i s cons ide red t o b e t h e s t a b l e p h a s e i n soln. c o n t a i n i n g 35*57 t o 27-15 p e r c e n t . 
F e S O 4 a t t e m p , b e t w e e n 64-0° a n d 90-13°. F . K . C a m e r o n sa id t h a t t h e m o n o ­
h y d r a t e is h e r e m i s t a k e n for t h e dihydrate—cf . F i g . 640 . W . M u l l e r - E r z b a c h 
d e m o n s t r a t e d t h e ex i s t ence of t h i s h y d r a t e f rom i t s effect o n t h e v a p . p ress , c u r v e . 
F . B . K e n r i c k o b s e r v e d t h e m o n o h y d r a t e t o b e t h e s t a b l e p h a s e i n t h e s y s t e m : 
F e S O 4 - H 2 S O 4 - H 2 O in soln . w i t h a m o l of S O 3 i n 2-186 t o 7-93 mo l s of w a t e r . 
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F . W i r t h s h o w e d t h a t t h e t r a n s i t i o n t e m p . : F e S 0 4 . 7 H 2 S 0 4 = ^ F e S 0 4 . H 2 0 - { - 6 H 2 0 , 
is lowered a b o u t 25° b y s u l p h u r i c ac id , a n d h e o b t a i n e d t h e m o n o h y d r a t e b y 
b r i n g i n g t h e h e p t a h y d r a t e i n c o n t a c t w i t h a soln. of c o n c e n t r a t i o n exceed ing 
12-5-ZV--H2SO4. I ) . L#ink, R . Schar ize r , F . J e r e m i n , A. lStard , H . Lescoour, a n d 
A . S c o t t o b t a i n e d i t b y a d d i n g cone , su lphu r i c ac id t o a s a t . soln. of fe r rous 
s u l p h a t e . R . Schar i ze r o b t a i n e d t h e m o n o h y d r a t e b y a l lowing t h e h e p t a h y d r a t e 
t o effloresce for a long p e r i o d i n d r y a i r ; a n d J . B . H a n n a y , a n d E . Moles a n d 
M. Crespi , b y p a s s i n g a i r d r i ed b y s u l p h u r i c ac id o v e r t h e h e p t a h y d r a t e a t 100° . 
R . Schar ize r r e p o r t e d t h e m o n o h y d r a t e t o occu r w i t h r o m e r i t e n e a r Cop iapo , 
Chile, a n d he ca l led i t ferropall idite. I t w a s p r e v i o u s l y o b s e r v e d b y J . B . Mac in to sh . 
T h e m i n e r a l w a s a lso ca l led szomolnokite—after S z o m o l n o k , H u n g a r y — a n d 
schmbllnitzite. D . F l o r e n t i n s a id t h a t t h e m o n o h y d r a t e c a n b e p r e p a r e d i n t h e 
fol lowing m a n n e r ; a n d a d d e d t h a t t h e p r o d u c t is n o n - h y g r o s c o p i c , a n d u n d e r g o e s 
n o c h a n g e w h e n k e p t for long pe r iods , so t h a t i t is su i t ab l e for u se in s t a n d a r d i z i n g 
s u c h soln. a s p o t a s s i u m p e r m a n g a n a t e , e t c . 

Disso lve in 2OO e.e. of 5O p e r c e n t , s u l p h u r i c ac id , u s s i s t ed b y w a r m i n g ozi a -wa te r -ba th , 
4OO g r m s . of f e r rous s u l p h a t e , pur i f ied b y r e - c r y s t a l l i z a t i o n s e v e r a l t i m e s . A l m o s t a s s o o n 
a s s o l u t i o n is c o m p l e t e , t h e m o n o h y d r a t e b e g i n s t o s e p a r a t e a s a co lour less c r y s t a l l i n e 
p o w d e r , w h i c h is co l lec ted o n a s u c t i o n fi l ter , w a s h e d w i t h a l coho l or d r y a c e t o n e , t h e n w i t h 
d r y e t h e r , a n d f inal ly d r i e d b y r e d u c e d p r e s s , o v e r s u l p h u r i c a c i d . T h e y ie ld is a b o u t 
4O g r m s . 

T. G r a h a m , E . Mi t scher l i ch , H . P r e c h t a n d K . K r a u t , J . B . H a n n a y , 
T . E . T h o r p e a n d J . 1. W a t t s , G. K e p p e l e r a n d J . d ' A n s , W . P e t e r s , A. Rosen t i eh l , 
e t c . , o b s e r v e d t h a t t h e h e p t a h y d r a t e g ives off s i x - s even th s of i t s w a t e r a t a com­
p a r a t i v e l y low t e m p . , s a y 115°, b u t t h e r e m a i n d e r is n o t g iven off u n t i l a m u c h 
h i g h e r t e m p , is a t t a i n e d , s a y 280°. T . G r a h a m t h o u g h t t h a t t h i s o d d molecu le 
c a n be expe l led w i t h o u t t h e loss of ac id , b u t R . d e F o r c r a n d o b s e r v e d t h a t if t h e 
d e h y d r a t i o n t e m p , exceeds 140°, i n v a c u o , t h e a n h y d r o u s sa l t is a l w a y s con­
t a m i n a t e d w i t h s o m e basic sa l t . R . Schar i ze r o b s e r v e d t h a t 3 of t h e mo l s . of 
w a t e r a r e evo lved fairly q u i c k l y o v e r s u l p h u r i c ac id in a des icca to r , b u t t h e 
o t h e r 3 mols . o c c u p y a long t i m e — m a n y m o n t h s indeed . T h e first 3 mo l s . 
p a s s off a t 40° , a n d t h e n e x t 3 mols . a t a b o u t 70°, b u t t h e r e m a i n i n g mo l . 
is r e t a i n e d v e r y t e n a c i o u s l y . T . G r a h a m d e s i g n a t e d t h e o d d mol . of w a t e r , 
constitutional water ; J . v o n Liiebig, Halhliydratxvasser. T . G r a h a m w r o t e 
H O . F e . H S O 4 + 6 H 2 O as t h e fo rmu la for t h e h e p t a h y d r a t e , a n d t h i s agrees w i t h t h e 
op in ions of W . Mi i l l e r -Erzbach , R . Schar ize r , a n d D . F l o r e n t i n . W . T. Schal le r 
w r o t e t h e f o r m u l a : 

^ 2 > S O < g > F e + 6 H 2 0 

a n d A. W e r n e r , [ F e ( H 2 O ) 6 S O 4 J - H 2 O . R . R e i n i c k e d iscussed t h e s p a t i a l a r r a n g e ­
m e n t o n t h e a s s u m p t i o n t h a t t h e 6 mols . of w a t e r a r e a r r a n g e d a b o u t 
t h e s ix co rne r s of a n o c t a h e d r o n m o d e l . I n c o n n e c t i o n w i t h T . G r a h a m ' s v iew 
t h a t t h e m o n o h y d r a t e is c o n s t i t u t e d a s if i t w e r e ferrous hydroxyhydrosu l -
p h a t e , F e ( O H ) ( H S O 4 ) , i t is i n t e r e s t i n g t o o b s e r v e t h a t F . B . K e n r i c k p r e p a r e d 
t h e ac id ic sa l t , ferrous hydrosu lphate , F e ( H S 0 4 ) 2 , i.e. P . A. v o n BonsdorfTs 
F e S O 4 - H 2 S O 4 . 6 H 2 O . T h i s is in a c c o r d w i t h C S. M u m m e r y ' s t h e o r y of t h e c a t a l y t i c 
a c t i o n of fe r rous s u l p h a t e on h y d r o g e n d iox ide , e t c . 

T h e phys ica l properties Of ferrous su lphate . Me lan t e r i t e occurs mass ive a n d 
p u l v e r u l e n t ; b u t u s u a l l y in cap i l l a ry , f ibrous , s t a l ac t i t i c , or c o n c r e t i o n a r y forms ; i t s 
c o l o u r i s g r een of v a r i o u s s h a d e s , a n d i n t h e case of t h i n fibres, o r of p u l v e r u l e n t 
fo rms , i t is a l m o s t w h i t e . W h e n i t h a s been exposed t o t h e air , i t becomes 
ye l lowish . A. B u s s y a n d L . R . L e c a n u , a n d C. H e n s g e n said t h a t t h e a n h y d r o u s 
s u l p h a t e is w h i t e , a n d E . Greu l i ch a d d e d t h a t w h e n 1-9 p e r cent , of ferric s u l p h a t e is 
p r e s e n t , t h e co lou r is g r e y i s h - w h i t e . E . J o r d i s a n d H . Vierl ing, J . S. A n d e r s o n , 
a n d N . A. Tananaeff sa id t h e c r y s t a l s of t h e h e p t a h y d r a t e a re b lue o r b lu ish-green ; 
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and A. Piccini and F . M. Zuco, green. A. P . von Bonsdorff observed t h a t the 
crystals are blue -with a green tinge if free from ferric salt, b u t if a ferric salt is 
present the green colour predominates. M. Bamberger and R. Grengg added t h a t 
the pale green crystals of the heptahydra te become greenish-white when cooled to 
—190°. C. Hensgen said t h a t the crystals of the hexahydrate are bright green ; 
Li. de Boisbaudran, and J . C. G. de Marignac, t h a t t he crystals of t he pen tahydra te 
are bluish-green or greenish-blue ; P . A. von Bonsdorff, t h a t the crystals of the 
te t rahydra te are chrysoprase green, pale green, or pale apple-green, wi thout a 
blue tinge ; R. J . Kane, t h a t the crystals of the t r ihydra te are a much paler green 
t h a n those of the heptahydra te ; P . A. von Bonsdorff, t h a t t he crystals of the 
dihydrate are dark green ; and W. Peters described the crystals of the monohydrate 
as parle yellowish-brown. A. lStard said dirty white, F . Jeremin, and D. Florentin, 
•white. The general result is to show tha t the heptahydra te is pale greenish-blue, 
and t h a t the colour weakens as the proportion of water diminishes until the mono-
hydra te appears when i t and the anhydrous salt are colourless or -white. J . S. Ander­
son, and T. Dreisch said t h a t dil. aq. soln. with a mol of salt per litre are nearly 
colourless ; bu t more cone. soln. are pale green. N . A. Tananaeff observed t h a t 
the pale blue crystals form a colourless soln. which becomes green by oxidation, 
and later brownish-yellow. R. Peters added t h a t the soln. in contact with a 
pla t inum electrode charged with hydrogen, is colourless in thin layers, and pale 
green in layers of 1 mm. thickness. 

T. Bolas said t h a t the anhydrous sulphate furnishes white, microscopic, prismatic 
crystals. According to P . Groth, the crystals of the heptahydrate are mono-
clinic prisms probably with a pseudorhombohedral structure. V. R. von 
Zepharovich gave for the axial ratios a : b : c = l - 1 8 2 8 : 1 : 1*5427, and /3=104 0 15-5' ; 
and W. T. Schaller, 1-1828 : 1 : 1-5421 ; and £ = 1 0 4 0 14'. The crystals were 
examined by H . E. Armstrong and E. H . Rood, H . Baumhauer , T. Bergman, 
M. H . Hey, F . S. Beudant , I . Eques a Born, H . J . Brooke, L. J . M. Daubert in , 
C. von Hauer , R. J . Haiiy, R. Kirwan, F . Mohs, C. Pape, J . C. Poggendorff, 
C. F . Rammelsberg, G. Rose, J . B . L. Rome de l'Isle, J . G. Wallerius, W. H . Wollas-
ton, and C. Wollner. The habit of the crystals is in short columns or thick plates 
with -well-developed basal surfaces ; when grown in soln. containing copper sulphate, 
H . Baumhauer found t h a t t h e crystals are pseudorhombohedral ; and in soln. with 
alum, C. Wollner said t h a t the crystals are regular octahedra. F . S. Beudant 
observed the effect of sodium borate and phosphate, lead sulphate, and hydrochloric 
and sulphuric acids ; H . Reinsch observed t h a t the presence of nitric acid had no 
influence on the habi t of the crystals. O. Miigge discussed the formation of 
capillary, curved crystals. R. O. Lehmann described the effect of rapid cooling 
of hot , sat. soln. in the crystallization ; and D. Gernez, the crystallization of super­
saturated soln. J . M. Thomson studied the seeding of supersaturated soln. of 
magnesium sulphate with heptahydra ted ferrous sulphate. E . Kuster observed 
the rhythmic crystallization of the salt in gelatine. A. Drevermann measured 
the rate Of crystallization ; and C. IJ . Wagner, the ra te of dissolution of the crystals. 
G. Schendell said t h a t the rate of crystallization is accelerated in an electric field ; 
and R. Hun t , S. Meyer, and G. Roasio studied the effect of a magnetic field on the 
crystallization of the salt. The cleavage of the crystals of the hep tahydra te is 
perfect on the (001)-faces, and indistinct on the (HO)-face. R. Scharizer said t h a t 
the (010)-cleavage of the te t rahydra te is perfect. The optical character of t he 
crystals of the hep tahydra te is positive ; and A. des Cloizeaux found the optic 
axial angles 2H0=SS0 5 1 ' , 2 # 0 = 9 4 0 13', and 2 F a = 8 6 ° 21-5' for red- l ight ; 
2 ^ = 8 6 ° 49', 2 ^ 0 = 9 4 o 21% and 2 F « = 8 6 ° 13 ' for yellow-light ; and 2 H a = 8 6 ° 3 1 ' , 
2J5r0=94° 46', and 2 F a = 8 5 ° 53-5' for blue-light. M. Erofeef gave 2 F = 8 5 ° 3 1 ' 
for Li-light ; 85° 27 ' for Na-light, and 85° 23 ' for blue-light. R . Scharizer found 
2 V to be large for the t e t rahydra te . The corrosion figures were studied by 
H. Baumhauer, and E . Blasius, and the etching of the crystals by efflorescence, 
by E . Blasius, C. Gaudefroy, and C. Pape . H . G. K. Westenbrink found t h a t the 
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Terlandy 

Afofer />er cent- fe SO* - 7//20 
JP ia. 641. The Specific Gravities of 

Solid. Solutions of Magnesium and 
Ferrous Sulphates. 

X - r a d i o g r a m s c o r r e s p o n d w i t h a space - l a t t i ce h a v i n g a = 1 5 * 3 4 A. , 6 = 1 2 - 9 8 A. , 
a n d c = 2 0 0 2 A . for t h e e l e m e n t a r y cell, a n d 16 mols . F e S O 4 . 7 H 2 O p e r cell . 
A . J o h n s e n sa id t h a t t h e X - r a d i o g r a m s s h o w t h a t t h e 7 o x y g e n a t o m s of t h e 
c o m b i n e d w a t e r a r e n o t s y m m e t r i c a l l y o r i e n t e d i n t h e molecu le . E m * 
d iscussed t h e i n n e r s t r u c t u r e of t h e c rys t a l s . 
F e r r o u s s u l p h a t e fo rms solid soln . a n d is p r o b ­
a b l y i s o m o r p h o u s w i t h t h e s u l p h a t e s of coppe r , 
m a g n e s i u m , z inc , c a d m i u m , v a n a d i u m , c h r o ­
m i u m , m a n g a n e s e , i ron , c o b a l t , a n d n i c k e l — 
vide infra. G. A g d e a n d H . B a r k h o l t s t u d i e d 
t h e solid soln. of c o p p e r a n d fe r rous s u l p h a t e s ; 
a n d E . D i t t l e r , o v e r g r o w t h s of t h e h e p t a -
h y d r a t e w i t h t h a t of c o b a l t s u l p h a t e . A . C a r n o t 
o b s e r v e d t h a t m a n g a n e s e c a n rep lace i ron i n 
i s o m o r p h o u s a d m i x t u r e , a s i n t h e m i n e r a l 
luckite. V. R . v o n Z e p h a r o v i c h found t h a t t h e 
c ry s t a l s of h e p t a h y d r a t e d fe r rous s u l p h a t e a r e 
i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g sa l t of 
m a g n e s i u m , a n d in t h e i m p u r e Swed i sh m i n e r a l , 
botryogene, of J . B l a a s , a n d J . Hockauf , m a g ­
n e s i u m rep laces p a r t of t h e i ron i n solid soln. 
V . R . v o n Z e p h a r o v i c h f o u n d t h a t i s o m o r p h o u s a d m i x t u r e s w i t h 20 p e r cen t , of 
m a g n e s i u m sa l t h a v e t h e a x i a l r a t i o s , a : b : c—1*1814 : 1 : 1*5428, a n d /3—104° 
19*5 ' ; a n d w i t h 4O p e r cen t , of m a g n e s i u m sa l t , 1-1799 : 1 : 1-5434, a n d £ = 1 0 4 ° 2 6 ' 
—see F i g . 6 4 1 . W . S t o r t e n b e k e r ' s s t u d y of t h e solid soln . of t h e t w o sa l t s is 
s u m m a r i z e d in F i g . 6 4 1 . 

O. L e h m a n n desc r ibed a different modif ica t ion of t h e c r y s t a l s of t h e h e p t a -
h y d r a t e wh ich were p r o d u c e d b y cool ing a h o t , acidified, a q . soln. of t h e h e p t a -
h y d r a t e . T h e c ry s t a l s of t h e h e p t a h y d r a t e a re d imorphous . E . Mitscher l ich found 
t h a t t h e c rys t a l s o b t a i n e d b y c rys ta l l i za t ion from a soln. of fer rous s u l p h a t e a t 80° , 
o r b y boi l ing t h e c rys t a l s of t h e h e p t a h y d r a t e w i t h a lcohol , a r e p r o b a b l y r h o m b i c , 
a n d W . H a i d i n g e r s u p p o s e d t h e e igh t - s ided p r i s m a t i c c ry s t a l s so o b t a i n e d were h e m i -
h e p t a h y d r a t e d . G. H . O. Volger , a n d J . A. K r e n n e r e s t ab l i shed t h e ex is tence of a 
labi le , r h o m b i c f o r m of t h e h e p t a h y d r a t e , w h i c h occurs in n a t u r e a s t h e mine ra l 
tauriseite—^vide supra. T h e r h o m b i c h e p t a h y d r a t e is sa id t o b e o b t a i n e d f r o m t h e 
a q . soln . a t a t e m p , a l i t t l e a b o v e 0° , a n d IL. d e B o i s b a u d r a n o b t a i n e d i t b y seeding 
a soln . of t h e h e p t a h y d r a t e -with a c r y s t a l of h e p t a h y d r a t e d m a g n e s i u m , z inc , o r 
nickel s u l p h a t e . W . S t o r t e n b e k e r s a id t h a t t h e r h o m b i c c ry s t a l s a r e m o r e soluble 
t h a n t h e monoc l in ic f o r m ; a n d J . W . R e t g e r s , t h a t t h e i r s p . g r . is less. 
J . "W. R e t g e r s a lso obse rved t h a t t h e c r y s t a l s of t h e solid soln . w i t h a h igh p r o p o r t i o n 
of m a g n e s i u m s u l p h a t e , a r e r h o m b i c — F i g . 6 4 1 . 

IJ. d e B o i s b a u d r a n found t h a t t h e c ry s t a l s of t h e h e x a h y d r a t e a r e monocl in ic , 
poss ib ly i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g n icke l s a l t ; h e could n o t p r e p a r e a 
t e t r a g o n a l h e x a h y d r a t e . J . C. G. d e M a r i g n a c o b s e r v e d t h a t t h e p e n t a h y d r a t e 
fu rn i shes p i n a c o i d a l c ry s t a l s be long ing t o t h e t r ic l in ic s y s t e m . T h e c rys t a l s h a v e 
t h e a x i a l r a t i o s , a : b : c = 0 - 5 9 6 2 : 1 : 0-5770, a n d a = 8 1 ° 2 3 ' , £ = 1 1 0 ° 2 8 ' , a n d 
y = 1 0 5 ° 3 3 ' , a n d t h e y a r e i s o m o r p h o u s w i t h t h e co r r e spond ing coppe r a n d m a n ­
g a n e s e s u l p h a t e s ; XJ. d e B o i s b a u d r a n s t u d i e d t h e i s o m o r p h i s m of t h e c rys t a l s of 
t h e p e n t a h y d r a t e w i t h t h o s e of t h e c o r r e s p o n d i n g c o p p e r s u l p h a t e . E . Mitscher l ich 
o b t a i n e d p r i s m a t i c c r y s t a l s of t h e t e t r a h y d r a t e , wh ich , a c c o r d i n g t o J . C G. de 
M a r i g n a c , a r e monoc l in i c p r i s m s w i t h t h e a x i a l r a t i o s , a : b : c =^0*4373: 1 : 0*5833, 
a n d / J = 9 1 ° 3 ' . R . Schar ize r g a v e for t h e monoc l in ic c rys ta l s of t h e t e t r a h y d r a t e , 
a xb: c-=0-43797 : 1 : 0-58715, a n d 0 = 8 9 ° 2 9 ' . T h e (010)-cleavage is d i s t inc t . 
H . V . R e g n a u l t , a n d P . A . v o n Bonsdorflf sa id t h a t t h e c rys t a l s a r e i s o m o r p h o u s 
w i t h t h e c o r r e s p o n d i n g m a n g a n e s e s a l t . C. F . R a m m e l s b e r g descr ibed a r h o m b i c 
modi f i ca t ion of t h e t e t r a h y d r a t e ; a n d t h e s u b j e c t was discussed b y E . S. v o n 



2 5 4 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

Fedoroff, a n d P . G r o t h . W . S t o r t e n b e k e r obse rved t h a t t h e t r i t a o c t o h y d r a t e ex i s t s 
on ly in i somorphous a d m i x t u r e w i t h t h e monoc l in ic c a d m i u m sa l t . R . Schar ize r 
sa id t h a t t h e m o n o h y d r a t e , fer ropal l id i te , p r o b a b l y occurs in monocl in ic c rys t a l s 
i somorphous w i t h k ieser i te , MgSO 4 -H 2 O ; a n d J . A . K r e n n e r g a v e t h e ax ia l r a t i o s , 
a : b : c = 0 - 9 5 4 4 : 1 : 0-8999. 

T h e specific gravi ty of a n h y d r o u s ferrous s u l p h a t e w a s f o u n d b y E . F i lho l t o 
be 2*841, b u t t h i s v a l u e is t o o low since L». P lay fa i r a n d J . P . J o u l e g a v e 3*138, a n d 
a n d 3-48 a t 4° ; a n d T . E . T h o r p e a n d J . I . W a t t s , 3-346 a t 1 5 ° — t h e b e s t r ep re ­
s e n t a t i v e v a l u e is 3-30. T h e sp . gr . of t h e monocl in ic c rys t a l s of t h e h e p t a h y d r a t e 
w a s d e t e r m i n e d b y P . v a n Muschenbroek , E . G u n t h e r , a n d m a n y o the r s . R . Boy le 
g a v e 1-88 ; L . P l ay fa i r a n d J . P . J o u l e , 1-857, a n d a t 4°, 1-8889 ; E . F i lho l , 1-904 ; 
H . Schiff, 1-884 ; H . J . Bu igne t , 1-902 ; S. Ho lke r , 1-851 a t 15-5° ; C. P a p e , 1-9854 
a t 16° ; J . W . R e t g e r s , 1-898 a t 18°/4°, a n d 1-899 a t 15°/4° ; H . G. F . Schroder , 
1-881 t o 1-897; F . F r a n c k e l , a n d R . Schar izer , 1-89; W . C. S m i t h , 1-896; 
J . L . A n d r e a e , 3-8988 a t 1 1 - 4 7 4 ° ; 1-8989 a t 15- l° /4° ; a n d 1-8959 a t 37-6°/4° ; 
a n d E . Moles a n d M. Crespi, 1-895 a t 25°/4°. L . Michel g a v e 1-95 for t h e sp . gr . of 
me lan t e r i t e , a n d J . J a n o w s k y , 1-79. J . W . R e t g e r s c a l cu l a t ed t h e sp . gr . of t h e 
r h o m b i c fo rm of t h e h e p t a h y d r a t e t o be 1-875 b y e x t r a p o l a t i o n f rom o b s e r v a t i o n s 
on t h e solid soln. w i t h m a g n e s i u m s u l p h a t e , F i g . 6 4 1 . E . S. L a r s e n g a v e 2-2 for 
t h e sp . gr . of t h e p e n t a h y d r a t e . T . E . T h o r p e a n d J . I . W a t t s found t h e sp . gr . of 
t h e t e t r a h y d r a t e t o be 2-227 a t 15° ; R . Schar izer , 2-2775 ; E . Moles a n d 
M. Crespi , 2-293 a t 25°/4° ; a n d F . F r a n c k e l , 2-277. C. P a p e found t h e sp . gr . of 
t h e t r i h y d r a t e t o be 2-268 a t 16° ; a n d T. E . T h o r p e a n d J . I . W a t t s g a v e 2-773 
a t 15° for t h e sp . gr . of t h e d i h y d r a t e . I J . P l ay fa i r a n d J . P . J o u l e g a v e 3-047 for 
t h e sp . gr . of t h e m o n o h y d r a t e ; E . Moles a n d M. Crespi , 2-970 a t 25°/4° ; a n d for 
fer ropal l id i te , J . D o n a u , a n d R . Schar izer g a v e 3-083 a t 20° ; a n d J . A. K r e n n e r , 
3*034. T h e mo lecu lar v o l u m e of t h e a n h y d r o u s sa l t was e s t i m a t e d by T. E . T h o r p e 
a n d J . I . W a t t s ; H . H . S t e p h e n s o n g a v e 48-5 ; a n d 147-5 for t h e h e p t a h y d r a t e . 
E s t i m a t e s were also m a d e b y F . E p h r a i m a n d P . W a g n e r , a n d T. E . T h o r p e a n d 
J . I . W a t t s . H . Schiff e s t i m a t e d t h a t a g r a m of t h e w a t e r of c rys ta l l i za t ion in t h e 
h e p t a h y d r a t e occupies 0-72 c.c. ; a n d E . Moles a n d M. Crespi e s t i m a t e d t h a t t h e mo l . 
vo l . of each of t h e first 3 mo l s . of w a t e r los t b y t h e h e p t a h y d r a t e is 16-3, a n d of 
t h e n e x t 3 , 13-4. H . G. K . W e s t e r n b r i n k c a l c u l a t e d t h e r a t i o — v o l u m e of u n i t 
ce l l : t h e n u m b e r of c o n t a i n e d molecules t o be 241-4 A 3 . T h e mo lecu lar contract ion 
w h i c h occurs w h e n t h e a n h y d r o u s sa l t is fo rmed f rom i t s e l e m e n t s was ca l cu la t ed 
b y H . H . S t e p h e n s o n , I . I . Sas lawsky , N . Schiloff a n d L . L e p i n , a n d J . N . R a k s h i t ; 
for t h e h e p t a h y d r a t e , b y L . d e B o i s b a u d r a n , J . J . Sas lawsky , J . N . R a k s h i t , a n d 
A. B a l a n d i n ; a n d for t h e t e t r a h y d r a t e , d i h y d r a t e , a n d m o n o h y d r a t e , b y J . N . R a k s h i t . 

O b s e r v a t i o n s o n t h e sp . gr . of a q . soln. of fe r rous s u l p h a t e were m a d e b y G. A g d e 
a n d H . B a r k h o l t , P . B a r b i e r a n d XJ. R o u x , F . F l o t t m a n n , G. C h a r p y , A. Heydwei l l e r , 
E . Kle in , J . Kon igsbe rge r , J . G. MacGregor , W . M a n c h o t a n d co -worker s , 
W . W . J . Nicol , G. Quincke , A. H a u k e , G. P iagges i , H . Schiff, H . Sen t i s , C. Tissier , 
J . T h o m s e n , a n d I . T r a u b e . G. T . Ger l ach g a v e for t h e sp . gr . of soln. w i t h t h e 
fol lowing p e r c e n t a g e p r o p o r t i o n s of t h e h e p t a h y d r a t e , a t 15° : 

F e S O 4 . 7 H 2 O . 1 5 1 0 1 5 2 0 2 5 3O 3 5 4 0 p e r c e n t . 
S p . g r . . . 1 0 0 5 1 - 0 2 6 7 1 -0537 1 0 8 2 3 1 1 1 2 4 1 - 1 4 3 0 1 1 7 3 8 1 - 2 0 6 3 1 - 2 3 9 1 

a n d for soln. w i t h t h e following p r o p o r t i o n s of t h e a n h y d r o u s sa l t , a t 18°/4° : 
FeSO4 . 01386 01708 0-2212 0-3614 0-5240 0-6921 0-8668 0-9878 per cent. 
S p . g r . . l-OOOOO 1000035 1-00091 100233 1-00388 100551 1-00791 100832 
E . W i e d e m a n n d iscussed t h e vo l . c h a n g e s wh ich occur w h e n t h e soln. is h e a t e d . 
J . N . R a k s h i t g a v e for soln. w i t h p p e r cen t . F e S 0 4 . 7 H 2 0 , a t 10° /20 0 t o 60°/20° : 

Sp. gr., 
= 1° 
= 5 ° 
= 1 0 ° 
= 2 0 ° 

i o ° 
. 1 - 0 0 7 8 0 
. 1 0 2 9 8 0 
. 1 - 0 5 9 0 0 
. 1 1 1 8 8 0 

2 0 ° 
1-006OO 
1 0 2 7 7 2 
1 0 5 6 2 0 
1 1 1 5 4 0 

3 0 ° 
1 - 0 0 3 3 0 
1 - 0 2 3 7 5 
1 0 5 2 0 0 
1 - 1 1 1 0 

4 0 ° 
0 - 9 9 9 8 0 
1 0 2 O l 5 
1 - 0 4 8 2 8 
1 1 0 7 2 O 

5 0 ° 

1 0 1 6 2 0 
1 - 0 4 4 0 0 
1-1030O 

6 0 ° 

1 0 1 1 6 0 
1 0 3 9 3 6 
1 - 0 9 8 2 0 

Sp.gr
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P . F . G a e h r r e p r e s e n t e d t h e r e l a t i o n b e t w e e n t h e sp . gr . , Z), a n d t h e p e r c e n t a g e 
compos i t i on , C, b y log D—aC, w h e r e a is a c o n s t a n t . H . SchifE g a v e a n in t e r ­
p o l a t i o n fo rmula for soln . w i t h p p e r cen t , of F e S 0 4 . 7 H 2 0 , sp . gr . = l-f-0-0051757> 
4-0-043043^2-0-07682JjS a t 17-2° ; a n d J . G. M a c G r e g o r g a v e for t h e sp . gr . a t 20°, 
Z>=0-99827-f-0-0099486>, w h e r e p d e n o t e s t h e p e r cen t , of F e S O 4 . T h e c o n t r a c t i o n 
w h i c h occurs w h e n t h e h e p t a h y d r a t e is d i sso lved in w a t e r w a s s t u d i e d b y G. C h a r p y , 
I . T r a u b e , L.. P l a y f a i r a n d J . P . J o u l e , C. Tissier , R . B r o o m , H . Schiff, a n d 
G. T . Ger lach . J . N . R a k s h i t f o u n d for t h e c o n t r a c t i o n Sv p e r mo l . wh ich occurs 
o n d isso lv ing p p e r c en t , of t h e h e p t a h y d r a t e i n w a t e r : 

'P= 1° 
p = 5° 
;p = 10° 
p=200 

10° 
. 34-3 

19-8 
. 20-4 

16-3 

2 0 ° 
35-1 
19-6 
18-O 
14-3 

30° 
19-7 
11-7 
13-3 
11-7 

40° 
5-3 
4 -5 

10-2 
1 0 1 

5 0 ° 

3 - 8 
8-9 
9 -7 

6CP 

4 - 3 
8-9 
9 -4 

E . S o n s t a d t o b s e r v e d t h a t t h e r e is a c o n t r a c t i o n w h e n c r y s t a l s of t h e h e p t a h y d r a t e 
a r e a d d e d t o a s a t . soln. of f e r rous s u l p h a t e , a n d t h i s is a t t r i b u t e d t o a d s o r p t i o n . 
I . T r a u b e d i scussed t h e m o l e c u l a r so lu t ion v o l u m e ; A. Taffel, t h e t e m p , of 
m a x i m u m d e n s i t y ; a n d H . G r o s h a n s , t h e d e n s i t y n u m b e r . 

T h e hardness of m e l a n t e r i t e is s a id t o be 2*0 o n M o h s ' scale . J . C. G r a h a m 
found t h e coeff. of diffusion of 2 t o 5 p e r cen t . soln. of fe r rous s u l p h a t e , in w a t e r a t 
14° t o 16°, t o be 0-338 p e r sq . c m . p e r d a y . O b s e r v a t i o n s o n t h e sub jec t were also 
m a d e b y C. L . W a g n e r , R . E . L ie segang , a n d J . J . Co leman . J . D e w a r f o u n d t h a t 
w h e n t h e h e p t a h y d r a t e is s u b j e c t e d t o a h i g h p res s . , i t e x h i b i t s p last ic flow, a s if i t 
were a v i scous fluid. O b s e r v a t i o n s on t h e surface t ens ion of a q . soln. were m a d e b y 
J . L.. M. Poiseui l le , H . Sen t i s , 8 . O k a , a n d C F o r c h . T h e fol lowing o b s e r v a t i o n s 
on t h e surface t ens ion , cr d y n e s p e r cm. , a n d t h e specific c o h e s i o n , a2- p e r sq . m m . , a t 
15° t o 18°, a r e d u e t o A. B r i i m m e r , H . S tocke r , a n d G. Meye r a n d H . S tocker . T h e 
soln. c o n t a i n t h e p e r c e n t a g e p r o p o r t i o n s of F e S O 4 i n d i c a t e d . T h o s e m a r k e d b y 
a n a s t e r i s k a r e b y A. B r i i m m e r , a n d t h e o t h e r s , b y H . S tocker , a lso c o n t a i n e d 0-67 
vol . p e r cen t , of H 2 S O 4 : 

F e S O 4 
a 
a* . 

0 O 0 
72-52 

. 145-24 

3-647* 
68-67 

132-6O 

7 1 8 1 * 
67-36 

125-73 

11-661* 
69-34 

123-80 

15-62 
74-75 

1 2 8 0 4 

17-906* 
76-55 

128-54 

C. B r u n n e r cou ld d e t e c t n o ev idence of a n y a c t i o n b y a m a g n e t i c field on t h e 
cap i l l a ry a s c e n t of t h e a q . soln . Z. H . S k r a u p s t u d i e d t h e cap i l l a ry m o v e m e n t s in 
filter-paper ; a n d J . G. E . D r u c e , a n d E . W . W a s h b u r n , t h e c r awl ing of t h e soln. on 
t h e wal l s of t h e c o n t a i n i n g vessel . 

Li. P l a y f a i r a n d J . P . J o u l e g a v e 0-000072 for t h e coeff. of cub ic thermal e x p a n ­
s i o n of t h e h e p t a h y d r a t e ; a n d J . L . A n d r e a e , 0-000066 b e t w e e n 14° a n d 38°. 
E . W i e d e m a n n a d d e d t h a t t h e h e p t a h y d r a t e e x p a n d s r egu l a r l y u p t o i t s m . p . , 65°, 
a n d w i t h f u r t h e r h e a t i n g t h e r e is a n a b r u p t e x p a n s i o n w h e n t h e s a l t fuses. T h e 
t h e r m a l e x p a n s i o n of a q . soln. of t h e sa l t c a n be c a l c u l a t e d f rom t h e d a t a g iven 
a b o v e . C. H . Lees found t h e t h e r m a l conduct iv i ty of t h e h e p t a h y d r a t e t o be 
0-0013 t o 0*0014 ca l . p e r c m . p e r deg ree p e r s e c o n d a t 15°. C. P a p e was u n a b l e 
t o o b t a i n s a t i s f ac to ry d a t a for t h e specific h e a t of t h e a n h y d r o u s sa l t because i t 
ox id i zed so r e a d i l y w h e n h e a t e d ; for t h e h e p t a h y d r a t e , b e t w e e n 25° a n d 100, he 
o b t a i n e d 0-357 for t h e sp . h t . ; H . K o p p g a v e 0-346 b e t w e e n 18-5° a n d 46-5° ; 
C. F o r c h a n d P . N o r d m e y e r , 0-239 b e t w e e n —190° a n d 14° ; wh i l s t F . G. J a c k s o n 
o b t a i n e d 0-292 b e t w e e n 22° a n d —78-4° ; 0-234 b e t w e e n 22° a n d —190° ; a n d 
0-182 b e t w e e n —78-4° a n d —190° . L . Ho l l a a n d I i . A c c a m e found t h e molecu la r 
h e a t of t h e h e p t a h y d r a t e t o be 92-147, b e t w e e n 0° a n d 18°, a n d of t h e t e t r a h y d r a t e , 
63-587, a difference of 28-56 for t h e loss of 3 mo l s . of w a t e r . C. P a p e g a v e 0-247 
for t h e s p . h t . of t h e t r i h y d r a t e ; b u t o x i d a t i o n p r e v e n t e d h i m d e t e r m i n i n g t h e 
s p . h t . of t h e m o n o h y d r a t e . J . T h o m s e n found t h e sp . h t . of a 4-1 p e r cen t . soln. 
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to be O-951 a t 18° ; and G. Agde and H. Holtmann found, between 25° and 45°, 
for soln. of the percentage composition : 

FeSO 4 

Sp. ht . 
1 
0-999 

5 
0-945 

10 
0-910 

20 
0-860 

25 
0-84O 

35 
0-802 

45 
0-767 

55 
O-732 

65 per cent . 
0-702 

and the results for the ternary system, ferrous sulphate, sulphuric acid, and water 
between 25° and 45°, are summarized in Fig. 642. 

E . Greulich represented the thermal decomposition of ferrous sulphate in the 
absence of air, by the equation : 2 F e S O 4 ^ F e 2 O 3 + S O 3 + S O 2 , and J . d'Ans, and 
G. Keppeler and J . d'Ans supposed t h a t this reaction progresses in two stages : 
6 F e S 0 4 ^ F e 2 ( S 0 4 ) 3 4 - 2 F e 2 0 3 + 3 S 0 2 ; and F e 2 ( S O 4 ) ^ F e 2 O 3 + 3 S O 3 ; or 2FeSO4 
-4 -2S0 3 =Fe 2 (S0 4 ) 3 +S0 2 , or else, if a basic sulphate is formed, 2FeSO44-SO3 
^ F e 2 0 3 . 2 S 0 3 + S 0 2 . The dissociation pressure, P cm., where P=pso ""h^so Po. * 
a t different temp, is : 

JP 
PBO9 

PBO2 

235° 
O l 
0 O 5 
0 0 5 

376° 
2 0 
1 0 
1 0 

482° 
7-3 
3-6 
3-7 

614-5° 
25-4 
10-8 
13-8 

645° 
58-7 
24-9 
3 2 0 

698° 
126-3 c m . 

31-2 c m . 
82-3 c m . 

The press, at tains one a tm. a t 680°. The partial press, of the sulphur trioxide a t 
T 0 K . is logpso = — 2691-8T-1-}-5-1526. Observations on the partial press, of 

the sulphur dioxide and trioxide were made by 
G. Keppeler and J . d'Ans ; the effect of water 
vapour and of ferrosic oxide on the results was 
examined by J . d'Ans ; and the effect of the for­
mation of ferric sulphate on the results, by M. Bo-
denstein and T. Suzuki. J . A. Hedvall and 
J . Heuberger observed t h a t in a current of nitro­
gen, the anhydrous sulphate suffers a perceptible 
decomposition a t 510°. The thermal decomposi­
tion of the anhydrous salt was also studied by 
H. O. Hofman and W. Wanjukoff, G. Marchal, and 
B. Neumann. A. Bussy and I>. R. Lecanu found 
t ha t when heated in a retort with the partial ex­
clusion of air, the anhydrous sulphate decomposes 
first, forming a basic sulphate : 2FeSO 4 =SO 2 
4-Fe2O2(SO4), and finally ferric oxide. H . Ie 
Chatelier said tha t the decomposition begins a t 
700° ; K. Honda and T. Ishiwara observed 
evidence of the decomposition a t 560° ; and 
R. H . Bradford observed no decomposition during 

to 585° ; a t 590°, the vapour of sulphur trioxide appears ; 
3 per cent, is decomposed in 2 nrs. K. Friedrich and 

co-workers said t h a t the end-point of the decomposition 
agrees with the assumption t h a t the ferric sulphate was 
the last to decompose. J . d'Ans observed t h a t in an 
unlimited supply of air, anhydrous ferrous sulphate 
begins to oxidize perceptibly about 245°, and a t 440°, 
the reaction is rapid ; and G. Keppeler added t h a t the 
thoroughly-dried anhydrous sulphate decomposes rapidly 
a t 3OO . Observations were also made by E . Kothny, 
R. H . Bradford, A. Nemes, P . Truchot, and E . F . Kern 
and W. H. Walter. The thermal decomposition of 
anhydrous ferrous sulphate m a current of d ry air was 

found by W. S. !Landis to be first evident a t 550° ; the rate of decomposition is bu t 
slight a t 580° ; i t suddenly increases rapidly a t 600°, so t ha t the reaction ceases in 

/0 15 20 25 SO XH2SQ, 

TIG. 6 4 2 . — T h e Specific H e a t s 
of A q u e o u s So lu t ions of Fer ­
r o u s S u l p h a t e a n d S u l p h u r i c 
Ac id . 

10 to 20 mins. a t 500° 
and a t 625° to 635°, 

^w^mddwmr 
F i o . 643 .—The Thermal 

Decompos i t i on of A n ­
hydrous Ferrous Sul­
p h a t e in Air. 
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a b o u t 2 h r s . , a n d v e r y l i t t l e m o r e decomposi t ion occurs u n t i l t h e t e m p , is ra ised 
t o 960° . H . S a i t o sa id t h e d e c o m p o s i t i o n beg ins a t 550° . F . W a r l i m o n t r e p r e s e n t e d 
t h e r e a c t i o n in a c u r r e n t of a i r b y t h e e q u a t i o n : 6FeSO 4 -+-3O=2Fe 2 (SO 4 )S-^-Fe 2 O 3 . 
T h e p e r c e n t a g e d e c o m p o s i t i o n in 3 h r s . , a t different t e m p . , F i g . 643 , w a s : 

460° 475° 500° 510° 520° 530° 550° 
!Decompos i t ion . T r a c e 3 12 2O 40 80 1OO p e r c e n t . 
H . H . W i l l a r d a n d R . D . F o w l e r d i s c u s s e d t h e s e p a r a t i o n of t h e m e t a l s b y t h e 
d i f f e r e n c e s in t h e r a t e s of t h e t h e r m a l d e c o m p o s i t i o n of t h e i r s u l p h a t e s . 

P . A . v o n B o n s d o r f f o b s e r v e d t h a t t h e c r y s t a l s of t h e h e p t a h y d r a t e e f f lo resce 
i n a i r t o f o r m a w h i t e p o w d e r . F . F r a n c k e l f o u n d t h a t t h e h e p t a h y d r a t e o b t a i n e d 
b y a d d i n g a l c o h o l t o a s a t . s o l n . of f e r r o u s s u l p h a t e l o s e s s o m e w a t e r i n a f e w h o u r s , 
b u t R . d e F o r c r a n d f o u n d t h e l o s s a t 1 5 ° w a s n e g l i g i b l e w i t h t h e p o w d e r e d s a l t . 
R . d e F o r c r a n d o b s e r v e d t h a t t h e t e t r a h y d r a t e d i d n o t e f f lo resce i n a i r a t 1 5 ° , b u t 
i t d o e s s o o v e r c o n e , s u l p h u r i c a c i d ; a n d R . d e F o r c r a n d , a n d D . F l o r e n t i n f o u n d 
t h a t t h e m o n o h y d r a t e d o e s n o t e f f lo resce i n a i r , t h a t i t i s n o n - h y g r o s c o p i c i n a i r , 
a n d d o e s n o t o x i d i z e i n a i r . R . S c h a r i z e r f o u n d t h a t t h e first 3 m o l s . of w a t e r 
a r e l o s t f r o m t h e h e p t a h y d r a t e i n 2 4 h r s . t o 3 w e e k s , d e p e n d e n t o n t h e g r a i n - s i z e 
of t h e m a t e r i a l ; 3 o t h e r m o l s . a r e l o s t v e r y s l o w l y a n d t h e t r a n s f o r m a t i o n i n t o 
t h e m o n o h y d r a t e o c c u p i e s o v e r a y e a r . J . B . M a c i n t o s h a l s o n o t i c e d t h a t m e l a n -
t e r i t e p a s s e s i n t o t h e m o n o h y d r a t e o n e x p o s u r e t o a i r , a n d t h a t t h e c h a n g e i s 
a c c o m p a n i e d b y s o m e o x i d a t i o n . W . M i i l l e r - E r z b a c h o b s e r v e d t h a t o v e r c o n e , 
s u l p h u r i c a c i d , a t 1 4 ° t o 2 2 ° , t h e h e p t a h y d r a t e l o s e s 3 t o 4 m o l s . of w a t e r ; a n d 
R . d e F o r c r a n d o b t a i n e d t h e t e t r a h y d r a t e i n t h i s m a n n e r a f t e r 3 d a y s ' e x p o s u r e 
a t 1 5 ° ; R . S c h a r i z e r a d d e d t h a t t h e m o n o h y d r a t e i s f o r m e d a f t e r 1 3 w e e k s ' e x p o s u r e . 
J . F . L i v e r s e e g e o b s e r v e d t h a t w h e n t h e h e p t a h y d r a t e w a s h e a t e d i n a w a t e r - o v e n 
f o r 9O m i n u t e s , i t l e f t a r e s i d u e c o n t a i n i n g 8 2 - 5 p e r c e n t , o f F e S O 4 , a n d 1 p e r c e n t , 
i n s o l u b l e i n w a t e r . J . P r i t z k e r a n d R . J u n g k u n z f o u n d t h a t 6 m o l s . of w a t e r a r e 
r e m o v e d w h e n t h e h e p t a h y d r a t e i s h e a t e d i n x y l e n e . T . G r a h a m o b s e r v e d t h a t 
i n v a c u o , o v e r p h o s p h o r u s p e n t o x i d e , t h e h e p t a h y d r a t e l o s t 5 -48 m o l s . ; a n d i n t h e 
h i g h v a c u u m of t h e c a t h o d e l i g h t , o v e r p h o s p h o r u s p e n t o x i d e , F . K r a f T t , a n d 
A . A d o l p h s o b s e r v e d a l o s s of n e a r l y 6 m o l s . of w a t e r . R . S c h a r i z e r s t u d i e d t h e 
r a t e of d e h y d r a t i o n of t h e h e p t a h y d r a t e o v e r c o n e , s u l p h u r i c a c i d , a n d u n l i k e t h e 
c a s e w i t h m a n y o t h e r h y d r a t e d s u l p h a t e s , n o p e r i o d of i n d u c t i o n w a s o b s e r v e d . 
M e a s u r e m e n t s of t h e v a p o u r p r e s s u r e of t h e h e p t a h y d r a t e w e r e m a d e b y W . Mi i l l e r -
E r z b a c h , H . P r e c h t a n d K . K r a u t , R . E . W i l s o n , a n d A . H . P a r e a u . E . C o h e n 
a n d A . W . W i s s e r g a v e f o r t h e v a p . p r e s s . , p m m . : 

30-67° 39-96° 44 45° 46 43° 
p 21-76 39-94 52-86 59-63 m m . 

a n d W . C. S c h u m b obse rved t h a t t h e h e p t a h y d r a t e passes i n t o t h e h e x a h y d r a t e 
w h e n p a t 25° is 14*56 m m . E . W i e d e m a n n m a d e o b s e r v a t i o n s on t h i s sub jec t . 

C. P a p e found t h a t t h e h e p t a h y d r a t e show s s igns of d e h y d r a t i o n a t 33°, a n d 
C. Gaude f roy , a t 35° ; b u t J . L . A n d r e a e sa id t h a t n o w a t e r is los t b y t h e c rys ta l s 
in b e n z e n e or in m e t h y l e n e o r e t h y l e n e iod ide a t 37*6°. T . G r a h a m obse rved t h a t 
6 mo l s . of w a t e r a r e los t a t a b o u t 115° ; H . P r e c h t a n d K . K r a u t , in v a c u o a t 79° ; 
J . B . H a n n a y , a t 100° i n a i r d r i ed b y s u l p h u r i c ac id ; E . Moles a n d M. Crespi, 
in d r y a i r a t 100° t o 120° ; R . d e F o r c r a n d , i n h y d r o g e n a t 100° ; W . P e t e r s , in 
h y d r o g e n a t 115° ; T . E . T h o r p e a n d J . I . W a t t s , in h y d r o g e n a t 120° ; A. R o s e n -
s t i eh l , i n h y d r o g e n a t 140° ; a n d G. K e p p e l e r a n d J . d ' A n s , in h y d r o g e n a t 150° t o 
200° . A s i n d i c a t e d a b o v e , t h e s e v e n t h mol . of w a t e r w a s s h o w n b y J . J . Berzel ius , 
R . B r a n d e s , a n d T . G r a h a m t o b e r e t a i n e d r a t h e r t enac ious ly ; E . MitscherJich 
s a id t h a t in a i r i t is los t a b o v e 200° ; T . G r a h a m , a b o v e 280° ; A. D i t t e , a n d 
A. A d o l p h s , a t 280° t o 300° ; a n d E . Greul ich , i n h y d r o g e n a t 300°. I n a i r o r 
h y d r o g e n , d r i ed b y p h o s p h o r u s p e n t o x i d e , J . B . H a n n a y sa id t h a t a p a r t of t h e 
s e v e n t h m o l . p r o p o r t i o n of w a t e r is expe l led a t 100°, a n d T. E . T h o r p e a n d 
J . I . W a t t s , a n d H . P r e c h t a n d K . K r a u t , sa id t h a t a l i a s expel led. I n t h e h igh 

V O L . x i v . s 
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vacuum of the cathode light, in the presence of barium oxide, F . Krafft, and 
A. Adolphs found t h a t the last mol. of water is expelled. According to J . Walt l , 
a t higher temp., the heptahydrate decomposes with the loss of sulphur trioxide 
to form a basic ferric sulphate, not the normal sulphate. H . O. Hofman and 
W. WanjukofE found t h a t when heated in an open tube in d ry air, 3 mols. of water 
are lost between 20° and 72° ; another 3 mols. between 80° and 123° ; between 
132° and 142°, a transformation occurs ; between 150° and 366°, slow oxidation 

occurs forming a basic ferric sulphate without loss 
of w a t e r ; and between 406° and 482°, the last 
mol. of water is expelled, and Fe2O2SO4 is formed. 
E . Moles and M. Crespi found t h a t the first 3 mols. 
of water are expelled a t 60° to 70°, and the next 
3 mols. a t 100° to 120°. R. Scharizer said t h a t in 
d ry air, 3 mols. of 'water are lost a t 40° ; a t 60° to 
80° another 3 mols. of water are expelled, and 
oxidation sets in, and a t 100° the sulphate is 
oxidized to a pale yellowish-brown powder ; be­
tween 100° and 160°, the material retains two-sixths, 
and between 160° and 300°, one-sixth of a mol. of 
water. The remaining half mol. of water requires 
a red-heat for i ts expulsion. H . Saito's heating 
curve, obtained with a thermo-balance, is in­

dicated in Fig. 644. J . B. H a n n a y obtained a heating curve showing breaks 
corresponding with the di- and mono-hydrates. Observations were also made by 
K. Honda and T. Ishiwara, L. Hackspill and A. P . KiefEer, M. Copisarow, K. Fried-
rich and A. Blickle, and K. Friedrich. E . Beutel and A. Kutzelnigg found t h a t the 
heptahydrate effloresces 5*14 times as fast when illuminated by ultra-violet light, 
and loses 3 mols. of water in 2 hrs. 

W. W. J . Nicol, and W. Miiller-Erzbach measured the vap . press, of aq. soln. 
of ferrous sulphate, and for a sat . soln., a t 65°, 75°, 85°, and 95°, the former gave 
jo—165-7, 259-3, and 587*8 mm. respectively. G. Tammann observed t h a t the 
lowering of the vapour pressure of water, 8p mm., with soln. containing w grms. 
of FeSO4 per 1OO grms. of water, is : 

400° 600^800' 
F i a . 6 4 4 . — H e a t i n g Curves of 

H y d r a t e d Ferrous a n d Ferric 
Sulphates . 

w 
Sp 

8-73 
6-6 

15-96 
1 1 0 

23-99 
16-5 

28-39 
20-3 

46*96 
43-7 

53-27 
49-8 

G. Weidemann found t h a t the crystals of the heptahydra te become white a t 
about 73°, they sinter together a t about 80°, and melt a t about 90°. E . Wiedemann 
added t h a t a t the melting-point of the heptahydra te , the liquefaction is only part ial , 
for the salt is more or less transformed into a lower hydra te ; W. A. Tilden found 
t h a t the break in the solubility curve a t 64° corresponds wi th the m.p . of 
the heptahydra te . The lowering: of the freezing-point of aq. soln. by ferrous 
sulphate was observed by C. Blagden, L. C. de Coppet, F . M. Kaoult , N . Sasaki, 
N. Tarugi and W. Manchot, G. Bombardini , L . Kahlenberg, a n d F . Franckel . 
W. Kist iakowsky found t h a t with soln. containing 0-977, 1*458, 2-83, and 5-63 grms. 
of FeSO 4 in 1OO grms. of water, the f.p. were lowered respectively 0-15°, 0-23°, 
0-415°, and 0-725° ; and the mol. lowering of the f.p. ranged from 1-036 to 1-268. 
R. de Forcrand est imated the boiling-point of the heptahydra te to be 118*3°, of 
the te t rahydra te , 118-5°, and of the monohydrate , 300°. G. T. Gerlach found 
the b.p. of soln. with 17-7, 34-4, 50-4, and 53*4 grms. of FeSO 4 per 1OO grms. of 
water t o be respectively 100-5°, 101-0°, 101*5°, and 101*6°. Observations on the 
raising of the boiling-point were made by W. W. J . Nicol, and N . Tarugi 
and G. Bombardini . Li. Kahlenberg found t h a t with soln. containing 3*245, 
15-810, 26-645, and 35-35 grms. of FeSO 4 per 100 grms. of water, the raisings of 
the b.p. were respectively 0*093°, 0*412°, 0*713°, and 1*099°. 

E . Greulich calculated 189*5 CaIs. for t h e heat of formation of anhydrous 
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ferrous sulphate between 316° "and 514°. J . Tkomsen gave for the heat of for­
mat ion of the solid heptahydra te , (Fe ,0 2 ,S0 2 , 7H 2 0)=169*04 CaIs. ; and in aq. 
soln., (Fe,40,S,Aq.) =236-283 CaIs. ; (Fe ,0 ,S0 3 ,Aq. )=93-2 CaIs. ; (Fe,H2S04 ,Aq.) 
=24-84 CaIs. wi th the escape of H 2 gas ; ( Fe(OH) 2 ,H 2S0 4 ,Aq.) =24-92 CaIs. 
Fo r t he heat of formation in dil. soln., E . Greulich gave 234-9 CaIs. R. de Forcrand 
gave FeS0 4 . 4H 2 OH-3H 2 0=FeS0 4 . 7H: 2 0 8 0 u d , 34-902, 5-922, and 1-632 CaIs. accord­
ing as gaseous, liquid, or solid water is assumed in the calculation ; likewise for t he 
solid te t rahydra te , F e S O 4 - H 2 O + 3 H 2 O = F e S 0 4 . 4 H 2 0 , 34-92, 5-939, and 1-650 CaIs. 
according as gaseous, liquid, or solid water enters into reaction ; similarly for t he 
solid monohydra te , F e S 0 4 + H 2 0 = F e S 0 4 . H 2 0 , 17-023, 7-363, and 5-933 according 
as gaseous, liquid, or solid water enters into the reaction. H e observed no thermo-
chemical grounds for assuming the existence of the di-, tri- , penta- , or hexa-hydrates. 
E . Cohen and A. W . Visser calculated 1-912 CaIs. per mol. of water for t he hea t of 
t ransformation of t h e t e t r ahydra te into the heptahydra te . Observations were also 
made b y P . A. Favre and J . T. Silbermann, and "W. P . Jorissen. J . Thomsen gave 
for the beat of neutralization of a soln. of ferrous sulphate with potassium hydrox­
ide, F e S 0 4 + 2 K O H = K 2 S 0 4 + F e ( O H ) 2 + 6 - 3 4 CaIs. ; and with a soln. of bar ium 
hydroxide, 12-084 CaIs. J . Thomsen gave —4-51 CaIs. for the hea t of solut ion of 
a gram of the heptahydra te in 400 grms. of water ; P . A. Favre and C A . Valson 
gave —4-364 CaIs. ; R. de Forcrand gave —4-323 CaIs. for the heat of soln. of the 
hep tahydra te ; 1-599 CaIs. for the t e t rahydra te ; and 7*538 CaIs. for the mono-
hydra te . Observations were also made by P . A. Favre and J . T. Silbermann, 
and T. Graham. E . Greulich calculated 12-3 CaIs. for the hea t of dissociation of 
anhydrous ferrous sulphate between 316° and 554° ; and values were also calculated 
by G. Keppeler and J . d 'Ans, and J . d 'Ans : 2FeSO 4 =(Fe 2 O 3 - J -SO 3 )+SO 2 4-6-1 
CaIs. H . Schot tky calculated values for the to ta l and free energy, F, involved 
in t h e union of a mol. of ice "with the hexahydra te to form the heptahydra te , and 
found ^ = 2 7 5 cals., and the hea t of combination Q = 2 0 0 cals. 

A. des Cloizeaux gave for the index of refraction of the crystals of the hepta­
hydra te : 1-469 for red-light, 1-47O for yellow-light, and 1-478 for blue-light. 
M. Erofeef gave a = l * 4 6 8 1 , J3=l-4748, and y = l - 4 8 2 4 for Li- l ight ; a = l - 4 7 1 3 , 
£ = 1 - 4 7 8 2 , and y = l - 4 8 5 6 for Na- l igh t ; and a = l - 4 7 9 4 , £ = 1 - 4 8 6 1 , and y = l - 4 9 2 8 
for blue-light. R. Scharizer gave a = 1 - 5 3 3 , and /3=1-535 for the te t rahydra te . 
B . Wagner gave for the index of refraction, fx, a t 17-5°, of soln. containing per 1OO c.c. 
F e S O 4 1 2 4 6 8 IO 12 15 2O g r m s . 
H . 1-33511 1-33696 1 34048 1 34393 1-34732 1-35064 1-35391 1-35871 1-36649 

and A. Hauke found for a soln. with 12-74 per cent. EeSO4 , 1-3576 for the Na-line ; 
1-3595 for the Tl-line ; and 1-3557 for the C-line. According to F . F lo t tmann, 
t he sp. gr. of 1 per cent. soln. of ferrous sulphate are respectively 1-0092, 1-0082, 
a n d 1-0070 a t 15°, 20°, and 25° ; and the indices of refraction for the Z)-line are 
respectively 1-33528, 1-3349O, and 1-33443. Observations were also made by 
E . Donmei , E . E . Sundwik, F . F lo t tmann , and B . Walter . Fo r soln. with up to 
34 per cent . FeSO4 , P . Bary observed a break in t h e concentration-refractive index 
curve corresponding with F e S 0 4 . 7 H 2 0 . W. Sutherland calculated, with the 
/Li-formula, t h e molecular refraction of t he hep tahydra te 29-7 for the A -line ; 
J . H . Gladstone and W. Hibber t gave 28-4. P . Barbier and I J . Roux discussed 
t h e dispersion of soln. of different concentrations. P . Krishnamurt i studied the 
Raman effect. 

According to B . Franz, and R. Zsigmondy, soln. of ferrous sulphate, according 
t o their concentration and thickness, absorb 9O to 98 per cent, of the hea t rays. 
F o r ultra-violet light, vide supra. T. Dreisch observed with a 5 mm. layer of a soln. 
having 1 mol of FeSO 4 per litre, a strong max imum in the absorption band for 
light of wave-length A—O-95/i,, and a weak max imum for A=I-07ft. H. M. Vernon 
discussed t h e change of the colour of soln. on dilution or on raising the t emp . 
J . S. Anderson studied the absorption spectrum of the soln. and found for the 
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e x t i n c t i o n coeff., Jc, of soln. of a mol . of F e S O 4 p e r l i t re , w i t h l aye r s b e t w e e n 0-14 
a n d 2 c m . t h i c k : 

A 
k 

434O 
0-22 

4630 
0 1 4 

5470 
0-OS8 

625O 
0 0 8 O 

687O 
O 16 

746O 
0-25 

900O 
1-26 

11,750 
1-39 

13,000 
1 1 4 

a n d for soln. w i t h C m o l of F e S O 4 p e r l i t re : 
A = 4530 A = 6530 

<1 
k 

1-5 
0-074 

0-75 
0-074 

0-5 
0 1 2 

1-5 
0-10 

0-75 
0-094 

O S 
0 1 1 

O b s e r v a t i o n s w e r e also m a d e on t h e u l t r a - r e d vis ible r a y s b y R . A . H o u s t o u n , 
a n d R . A . H o u s t o u n a n d C. C o c h r a n e . A . B y k a n d H . Jaffe o b s e r v e d t h a t t h e 
u l t r a - v i o l e t r a y s a r e a lso a b s o r b e d b y soln. of fer rous s u l p h a t e , a n d t h a t w i t h 
i nc reas ing c o n c e n t r a t i o n , t h e a b s o r p t i o n l imi t s a r e d i sp laced t o w a r d s t h e longer 
w a v e - l e n g t h s . T h u s , C. R . C r y m b l e obse rved for 0-1JV- a n d OOliV-soln. , A = 2 5 8 0 A . 
for a 2 c m . layer , a n d A—2180 A. for a 1 c m . l aye r . O b s e r v a t i o n s were a lso m a d e 
b y G. P . D r o s s b a c h , a n d S. K a t o . 

E . A. O w e n f o u n d t h e mol . a b s o r p t i o n coeff. of t h e a n h y d r o u s s u l p h a t e for t h e 
X - r a y s , 2369-5 for A = 0 - 5 8 6 A. , a n d 544-20 for A = 0 - 3 5 A., w h e n t h e v a l u e for w a t e r 
is 55-8. J . L . Glasson s t u d i e d t h e a b s o r p t i o n of X - r a y s b y t h e h e p t a h y d r a t e ; 
a n d W . A c k r o y d a n d H . B . K n o w l e s o b s e r v e d t h a t h e p t a h y d r a t e d fe r rous s u l p h a t e 
is on ly a l i t t l e less t r a n s p a r e n t for t h e X - r a y s t h a n t h e c o r r e s p o n d i n g sa l t s of 
c o b a l t a n d n icke l . T h e a b s o r p t i o n coeff. of a q . soln . c o n t a i n i n g 1-08, 6-54, a n d 
0*133 m o l F e S O 4 p e r l i t re w e r e found b y T . E . A u r e n t o be r e spec t ive ly 
53-0, 56-5, a n d 58-4. O b s e r v a t i o n s were also m a d e b y N . A. Schischakoff, 
a n d A. H e b e r t a n d G. R e y n a u d . A c c o r d i n g t o H . F r i c k e a n d S. Morse , t h e r a t e of 
d e c o m p o s i t i o n of 0-00878il /- t o 0-001iH/-FeSO4 is l inear for t h e s a m e dosage of 
X - r a y s , b u t for i nc reased dosages , t h e r a t e of d e c o m p o s i t i o n is st i l l l inear , b u t t h e 
r a t e is h a l v e d . W i t h a 0-0000406ifef-soln. t h e r a t e of d e c o m p o s i t i o n h a s a l inear 
r e l a t i o n s h i p t o t h e X - r a y dosage u n t i l d e c o m p o s i t i o n is p r a c t i c a l l y c o m p l e t e . 
W i t h inc reased doses t h e cone , of fe r rous s u l p h a t e is g r a d u a l l y r e s t o r e d t o a n equi l i ­
b r i u m v a l u e a b o u t 50 p e r cen t , of t h e in i t i a l one . I n t h e first cases , t h e c h a n g e in 
t h e r a t e of d e c o m p o s i t i o n is s h o w n t o t a k e p lace a t t h e p o i n t w h e r e all t h e d isso lved 
o x y g e n in t h e soln . h a s been u s e d u p . I n t h e l a t e r s t ages of t h e d e c o m p o s i t i o n , 
t h e t r a n s f o r m a t i o n of t h e fe r rous ions is a s e c o n d a r y effect d u e t o a c t i v a t e d w a t e r 
mo l s . p r o d u c e d b y s e c o n d a r y X - r a y e l ec t rons . T h e a p p a r e n t r eve r sa l of t h e 
r e a c t i o n i n t h e l a s t case is a t t r i b u t e d t o t h e in t e r fe rence i n t h e soln . of a r e d u c i n g 
s u b s t a n c e ( p e r h a p s h y d r o g e n d iox ide ) . N . A . Schischakoff, a n d G. L . C la rk a n d 
L . W . P i c k e t t s t u d i e d t h e sub j ec t . 

K . N i e d e r s t a d t o b s e r v e d t h a t t h e h e p t a h y d r a t e fo rms a p a l e g reen p o w d e r 
w h e n e x p o s e d t o r a d i u m rays ; a n d A . K a i l a n s t u d i e d t h e a c t i o n of t h e s e r a y s o n 
a q . soln . of t h e sa l t . E . Oh lon o b s e r v e d t h a t a t t h e t e m p , of l iqu id air , t h e h e p t a ­
h y d r a t e does n o t l uminesce w h e n e x p o s e d t o c a t h o d e rays o r t o c a n a l r a y s ; a n d 
i t e x h i b i t s n o t h e r m o l u m i n e s c e n c e w h e n w a r m e d t o r o o m t e m p . E . W i e d e m a n n 
a n d G. C. S c h m i d t f ound t h a t t h e p r e s e n c e of fe r rous s u l p h a t e w e a k e n s t h e 
l u m i n e s c e n c e of m a n y s u b s t a n c e s , t h u s , 1 p e r cen t , suppres ses t h e p h o t o l u m i n e s c e n c e 
of z inc s u l p h a t e ; b u t W . A r n o l d found t h a t t h e c a t h o d o l u m i n e s c e n c e of l i t h i u m 
s u l p h a t e is s t r e n g t h e n e d b y fe r rous s u l p h a t e . A . E . G a r r e t t o b s e r v e d t h a t w h e n 
h e a t e d t o 360° , f e r rous s u l p h a t e e m i t s ions . W . Z i m m e r m a n n o b s e r v e d t h e 
photoe lectr ic effect of fe r rous s u l p h a t e in u l t r a - v i o l e t l igh t . H . Nis i s t u d i e d t h e 
R a m a n effect. E . Giebe a n d A. Sche ibe o b s e r v e d n o p iezoe lectr ic effect w i t h t h e 
h e p t a h y d r a t e . F o r t h e effect of a n e lec t r ic field o n t h e c r y s t a l l i z a t i o n of t h e sa l t , 
vide supra. T h e m a g n e t i c rotatory p o w e r , o r Verdet ' s constant* co, for s a t . so ln . 
of fe r rous s u l p h a t e , a t 23° , i n a field of a b o u t 12 ,050 gauss , for A = 6 0 0 0 a n d 8000 A. , 
w a s f o u n d b y L . R . Inge r so l l t o b e r e spec t i ve ly <o=0-0087 a n d 0-005O. O b s e r v a t i o n s 
w e r e also m a d e b y M. E . V e r d e t , a n d O. S c h o n r o c k . F . Al l i son a n d E . J . M u r p h y 
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s t u d i e d t h e m a g n e t o - o p t i c p r o p e r t i e s ; a n d W . S u c k s m i t h , t h e g y r o m a g n e t i c 
p r o p e r t i e s . T h e m a g n e t i c d ichro i sm of so In. of fer rous s u l p h a t e in o rgan ic s o l v e n t s 
w a s s t u d i e d b y G. Meslin. H . He l lmann a n d H . Z a h n m e a s u r e d t h e dielectric 
c o n s t a n t of a q . soln. of fe r rous s u l p h a t e . 

B . K le in m e a s u r e d t h e e lectr ical conduct iv i ty of a q . soln. of fe r rous s u l p h a t e , 
a t 18° a n d 26° . F . K o h l r a u s c h a n d Li. H o l b o r n found t h e eq . c o n d u c t i v i t y , A, 
a n d t h e sp . c o n d u c t i v i t y of soln. w i t h a g r a m - e q u i v a l e n t of fer rous s u l p h a t e i n v 
l i t res a t 18°, a n d t h e t e m p . coefT., a, of t h e soln. b e t w e e n 18° a n d 22°, t o b e : 

v . . . 2 1 0-50 0-33 0-28 
A . 30-8 25-8 19-5 15-37 13-21 
Sp . cond. . . 1 5 4 258 390 461 470 m h o s 
a 0 0 2 1 8 0 0 2 1 8 0-0223 0 0 2 3 1 0 0 2 4 3 

I J . K a h l e n b e r g found s imi la r ly for t h e eq. c o n d u c t i v i t y , A, a n d H . Vier l ing for t h e 
m o l . c o n d u c t i v i t y , /JL, a t 25° : 
v . . 1 4 8 16 32 128 256 1024 2048 
A ( 0 ° . 16-3 2 3 O 2 8 1 31-4 36-3 47-2 5 2 1 59-5 62-0 
/ 1 \ 9 5 ° . 60-6 89-2 103-5 125-5 104-2 211-5 250-3 319-9 413-1 
/tx . . 56 84 96 118 165 189 264 30O (315) 

w h e r e t h e n u m b e r in b r a c k e t s r e p r e s e n t s t h e v a l u e af ter 3 m i n u t e s , w h e r e a s t h e 
o t h e r n u m b e r refers t o a soln. one m i n u t e old . L . K a h l e n b e r g also g a v e a t 0 ° , 
A=-64-9 for «=-8192 . W . M a n c h o t g a v e fjL<x> — 230 m h o s . O b s e r v a t i o n s on t h e 
c o n d u c t i v i t y of a q . soln. we re a lso m a d e b y O. M u s t a d , F . F o e r s t e r , R . C. Wel ls , 
N . T a r u g i a n d G. B o m b a r d i n i , J . T r o t s c h , N . Sasak i , C. L . W a g n e r , a n d N . Sasak i . 
E . K l e i n found t h a t t h e o x i d a t i o n of t h e soln. b y a i r h a s b u t l i t t l e effect on t h e 
c o n d u c t i v i t y . H . Vier l ing e x a m i n e d t h e effect of h y d r o g e n a n d o x y g e n in t h e 
p r e sence a n d a b s e n c e of p l a t i n u m , a n d of s u l p h u r i c ac id . F . Neesen o b s e r v e d 
t h a t a m a g n e t i c field h a d n o pe r cep t i b l e effect on t h e c o n d u c t i v i t y , a n d t h e s u b j e c t 
w a s also s t u d i e d b y G. B e r n d t . T h e p e r c e n t a g e degree of ion izat ion , ct, of t h e 
so ln . w i t h a m o l of t h e sa l t in v l i t res , a t 18°, w a s found b y W . M a n c h o t t o be : 

v . 15-6 33-3 8O 160 64O 1280 256O 5120 
a . 38-5 45-9 54-6 66-1 80-7 87O 97-6 97-6 per cent. 

O b s e r v a t i o n s were a lso m a d e b y N . T a r u g i a n d G. B o m b a r d i n i . T h e ion iza t ion 
fac tor , i—1. 15, IO—-was found b y F . F r a n c k e l for soln. w i t h C g r m s . of F e S O 4 
p e r 1OO g r m s . of w a t e r , a t 0° : 

C . . 1-0156 2-5974 5-1684 7-7369 13-483 
i 1-39 1 1 7 1 0 3 l-OO 0-984 

O b s e r v a t i o n s were also m a d e b y W . M a n c h o t , W . K i s t i a k o w s k y , I J . K a h l e n b e r g , 
S. Arrheni t i s , a n d N . T a r u g i a n d G. B o m b a r d i n i . K . Sza lagy i f o u n d t h e transport 
n u m b e r of t h e F e " - ion t o be 0-302 a t 20°. 

W . M a n c h o t a n d co -worke r s c a l cu l a t ed v a l u e s for t h e so lva t ion or hydrat ion 
of t h e sa l t in a q . soln. , i.e. t h e n u m b e r of mo l s , n , of w a t e r b o u n d u p wi th a mol 
of F e S O 4 a t 25° , a n d o b t a i n e d for soln. w i t h 0-7256 a n d 1-4634 mols of F e S O 4 
p e r l i t re , n=26'7 a n d 21*7 r e spec t ive ly . J . H . WTalton a n d A. "Brann s tud i ed t h e 
r e l a t i o n b e t w e e n t h e r a t e of c ry s t a l l i z a t i on a n d t h e degree of h y d r a t i o n of t h e 
molecu le s of t h e so lu te . Acco rd ing t o J . H . L o n g , t h e degree of hydrolysis of 
0 5 2 V - F e S O 4 a t 85° is 0-033 p e r c e n t . A . K r a u s e found t h e H - i o n concentrat ion 
of 2V-FeSO4 t o b e £ > H — 3 * 5 ; t h e e l e c t r o m e t r i c t i t r a t i o n for t h e d e t e r m i n a t i o n of 
t h e a c i d i t y of t h e soln . w a s d i scussed b y M. K o e n i g , B . K a m i e n s k y , a n d T . H a c z k o . 
G. S. T i l l ey a n d O. C. R a l s t o n sa id t h a t h y d r o l y s i s begins w i t h a H - i o n cone . 1 0 - 9 , 
o r a O H ' - i o n cone , of 1O-*5, b u t M. R . T h o m p s o n said t h a t t h e ferrous sa l t s begin 
t o h y d r o l y z e i n a f a in t l y ac id ic soln . w i t h p^ p r o b a b l y 5 or C, r a t h e r t h a n in a 
f a in t l y a lka l ine soln . w i t h ^ H = Q , a s sugges ted b y G. S. Ti l ley a n d O. C. R a l s t o n . 
P . A . v o n Bonsdorff f o u n d t h a t a soln . free f rom ferric sa l t s , a n d boiled w i t h i r o n 
t u r n i n g s does n o t affect t h e co lour of b lue - l i tmus , a n d on ly w h e n t h e soln . is 



262 INOKGANIC AND THEORETICAL CHEMISTRY 

oxidized by air does a blue coloration appear. C. C. Ahlum also found t h a t t h e 
aq . soln. of ferrous sulphate is neutral to methyl orange. R. Saxon studied t h e 
electrolysis of soln. of t he sulphate ; and N . Kameyama and K. Takahashi, t he 
electro-oxidation of the salt. 

Xi. Ri6ty studied the potential of a soln. of ferrous sulphate flowing through a 
capillary tube under a press, of 25 a tm. The electromotive force of various cells 
with a soln. of ferrous sulphate as one of the electrolytes was measured by 
J . A. Atanasiu and V. Stefanescu, W. D. Bancroft, B . Neumann, K. F . Ochs, and 
T. Swensson ; M. Krieg studied the polarization of pla t inum in soln. of ferrous 
su lpha te ; and P . Baumann found the decomposition voltage of 022V-FeSO4 t o 
be 1*3 volts ; and the subject was studied by H . Vierling. The electrolysis of soln. 
of ferrous sulphate from the point of view of t h e preparat ion of iron has been 
previously discussed. The anodic oxidation of the liquid during the electrolysis, 
and the deposition of hydra ted ferric oxide was discussed by H . Buff, M. Berthelot, 
A. Gr. Bet t s , A. Brochet and J . Pet i t , A. Klemenc, J . H . Paterson, C. F . Schonbein, 
and Z. KLaraoglanoff. According to M. M. Tichwinsky, when a 30 per cent. soln. 
of ferrous sulphate is electrolyzed between iron electrodes by a very weak current 
in t he dark, a soln. is obtained in the course of a mon th or two which differs con­
siderably from the ordinary soln. of ferrous salts. I t s colour is more intensely 
green, somewhat like t h a t of nickel sulphate, and on exposure t o light, i t deposits 
a green solid, which m a y be preserved for an indefinite period if air be excluded. 
Analysis of the soln. showed i t t o contain twice as much iron for a given quant i ty 
of sulphuric acid as is contained in ferrous sulphate. I t therefore contains the basic 
salt, ferrous oxysulphate, FeO-FeSO4 , which decomposes on exposure to light with 
the deposition of ferrous hydroxide which is coloured green by some ferrous sulphate 
carried down with it, and consequently the precipitate becomes paler in colour as 
i t is washed. T. von Grot thus, and F . Braun studied the decomposition of an 
electrolyte in a narrow crack through which a current passes ; F . Braun called 
the phenomenon electrostenolysis. I t was also investigated by R. de Muynk. 
A. Schiikareff observed t h a t if the anode is in a magnetic field of 20OO to 7000 
gauss during the electrolysis of a soln. of ferrous sulphate between pla t inum 
electrodes, the current between the plates is enhanced, bu t no t so if the cathode 
be in the magnetic field. 

M. Fa raday observed th'at the paramagnet ism of anhydrous ferrous sulphate 
is no t perceptible a t —45°. The magnetic susceptibility of t he solid was found 
by J . Konigsberger to be ^ = 3 7 X IQr^ mass uni t a t 22° ; G. Meslin gave 
x=51 X 10-6 ; a n d Q. Berndt , x = 6 9 - 4 X 10~«. W. Finke gave for the three crystal 
axes, a, b, and c, respectively, 84-32 xlO~6, 78*74 X KT-6, and 76-20x10-6 . W i t h 
a fiejd of about 20OO gauss, K. Honda and T. Ishiwara, and T. Ishiwara gave for 
the anhydrous salt : 

— 162-8° —56-3° 8-5° 8 8 0 ° 286-3° 404-3° 642-3° 

X X 10« . . 1 7 7 0 97-5 76-9 74-2 39-5 32-6 2 4 0 

and H . K. Onnes and co-workers, with a field of 10,000 to 17,000 gauss, obtained : 
— 258-7° — 2 5 3 0 ° —203-3° —202-7° —195-8° —103-5° 1 7 1 ° 

X X 10« . . 335 4 0 2 227-3 2 1 5 1 200-4 107-2 67-6 
The results were found by H . K. Onnes and co-workers, T. Ishiwara, and 
K. Honda and T. Ishiwara to be in general agreement wi th the relation x(T-\-0) 
=cons tant—v ide supra, t he magnetism of iron. The effect of t emp, on the 
magnet ic susceptibility of t h e anhydrous salt was also studied by G. Foex, a n d 
Ii . C. Jackson whose results for the reciprocal of the mol. magnetic susceptibility 
a t different t emp. , 0K., are indicated in Fig. 645. W. Sucksmith studied t h e 
gyromagnetic effect. 

The paramagnet ism of the heptahydra te was studied by M. Faraday , T. J . See-
beck, and J . Pliicker and A. Beer. C. B . Greiss observed some remanent magnet i ­
zation, bu t C. Matteucci observed none. G. Bernd t detected no hysteresis a t 
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200 g a u s s . T h e b e h a v i o u r of c r y s t a l s of t h e h e p t a h y d r a t e w h e n s u s p e n d e d in a 
magnet ic field w a s s t u d i e d b y M. F a r a d a y , J . P l i i cker a n d A . Bee r , a n d H . E . Arm­
strong a n d E . H . R o d d . O b s e r v a t i o n s o n 
t h e magnet ic s u scep t ib i l i t y were m a d e b y 
J . P l i i cker , J . S. E . T o w n s e n d , G. B e r n d t , 
G. Mesl in , Li. C. J a c k s o n , G. F a l c k e n b e r g , 
M . H . BeIz , S. Meyer , J . K o n i g s b e r g e r , a n d 
G. W i e d e m a n n . A c c o r d i n g t o W . F i n k e , 
t h e vo l . su scep t ib i l i t y of t h e h e p t a h y d r a t e 
i n a i r , a t 20° , i n a field of 7800 g a u s s i n 
t h e d i r ec t ion of t h e a - ax i s is 84*32 X 1O-*6 ; 
i n t h e d i r ec t i on of t h e o-axis , 78-74 XIO" - 6 ; 
a n d i n t h e d i r ec t i on of t h e c-axis , 76*20 
X 1 0 ^ 6 . S. M e y e r s a id t h a t t h e m a g n e t i c 
s u s c e p t i b i l i t y is i n d e p e n d e n t of t h e field-
s t r e n g t h b e t w e e n 600 a n d 10,00O g a u s s . 
K . H o n d a a n d T . I s h i w a r a , a n d T . I s h i -
w a r a g a v e for t h e suscep t ib i l i t y of t h e 

?50° 300° 3SO0K. 

Fia. 645.—The Reciprocal of the Magnetic 
Susceptibility of Ferrous Sulphates. 

—173-6° 
122-7 

—109-7° 
76-6 

— 53-6° 
66-8 

2-3° 
44-5 

103-7° 
35-1 

508-8° 
1 4 1 

930-9 
5-1 

h e p t a h y d r a t e a t d i f ferent t e m p . , a n d a field-strength of a b o u t 2000 gauss : 

X x 10« 

a n d H . K . O n n e s a n d co -worke r s o b s e r v e d "with a field-strength of 5000 t o 14,00O 
g a u s s : 

— 259-17° —256-09° —254-37° —252-77° —208-86° —195-65° 16 5° 
X X 10« . 7 5 7 - 2 6 4 1 - 6 5 8 9 - 7 5 5 5 - 4 1 8 6 - 1 1 5 4 - 5 4 1 - 4 6 

T h e r e l a t i on xT r a n g e s f rom 11 ,110 a t —258-3° t o 12,39O a t 19-3°. T h e s u b j e c t 
w a s s t u d i e d b y E . O o s t e r h u i s , C. A . C r o m m e l i n , a n d R . G a n s . B . C a b r e r a a n d 
co -worke r s e x a m i n e d t h e inf luence of t h e w a t e r of h y d r a t i o n o n t h e suscep t ib i l i t y 
of t h e s a l t . 

M. F a r a d a y s t u d i e d t h e p a r a m a g n e t i s m of t h e a q . soln . of f e r rous s u l p h a t e . 
C. M a t t e u c c i o b s e r v e d n o ev idence of r e m a n e n t m a g n e t i z a t i o n . A. Q u a r t a r o l i 
o b s e r v e d t h a t a so ln . w i t h 3*17 g r m s . of F e p e r l i t r e is n e u t r a l w i t h r e s p e c t t o 
m a g n e t i z a t i o n for t h e p a r a m a g n e t i s m of t h e s a l t t h e n n e u t r a l i z e s t h e d i a m a g n e t i s m 
of t h e w a t e r . T h e c h a n g e s i n t h e fo rm of t h e sur face of t h e soln . in a m a g n e t i c 
field w e r e s t u d i e d b y J . P l i i cker , J . J a m i n , R . W . R o b e r t s a n d co-workers , 
A . Q u a r t a r o l i , W . R a t h e r t , a n d A . R i g h i . O b s e r v a t i o n s o n t h e m a g n e t i s m of t h e 
a q . so ln . w e r e m a d e b y A . A r n d s t e n , E . B e c q u e r e l , I . B o r g m a n n , H . W . E a t o n , 
A . H e y d w e i l l e r , J . P l i i cker , T . W a h n e r , G. W i e d e m a n n , a n d O. W y l a c h . G. J a g e r 
a n d S. M e y e r f o u n d t h e m a g n e t i c suscep t ib i l i t y , x ma-88 u n i t , t o b e 9 3 x l O ~ 6 a t 
a t 18° ; J . S. E . T o w n s e n d g a v e 7 5 x 1 0 - * a t 10° ; G. Q u i n c k e , 8 2 x l O ~ 6 a t 19° ; 
O . I n e b k n e c h t a n d A . P . Wil l s , 84 X I Q - * a t 18° ; J . K o n i g s b e r g e r , 75 X 10~6 a t 22° ; 
G. F a l k e n b e r g , 73-3 X 10"« ; a n d K . H o n d a a n d T . I s h i w a r a , 7 4 - 2 x 1 0 - 6 a t 19-3°. 
P . W e i s s a n d C. A . F r a n k a m p f o u n d for so ln . of t h e fol lowing p e r c e n t a g e com­
pos i t i on , a t 12-6° t o 18-6° : 

FeSO 4 
X X 10« 

T h e r a i s ing of t h e suscep t ib i l i t y of t h e h e p t a h y d r a t e a s i t passes i n t o a q . soln. 
w a s o b s e r v e d b y G. W i e d e m a n n , a n d A. H e y d w e i l l e r t o b e smal l ; b u t J . Kon igs ­
be rge r o b s e r v e d a v e r y m a r k e d inc rease . G. P iagges i g a v e for t h e influence of 
t e m p , w i t h t h e p e r c e n t a g e c o n c e n t r a t i o n , C9 a n d field-strength, H : 

0-488 
0-321O 

0-512 
— 0-306O 

0-885 
0-00141 

1-229 
0-2724 

3-81O 
2-3580 

1 2 1 0 0 
901OO 

20-700 
15-8700 

C«=20-52; Zr-*3600 C = 12-95 ; H = 4JOO r = 8-43; / / = 7460 

X X 10« 
24-0° 

2 4 - 2 7 5 
69-5° 

2 3 0 7 7 
85-5° 

2 0 2 0 3 
16-6° 

1 2 - 5 2 5 
60-5° 

1 1 - 2 0 7 
86-8° 

1 0 - 4 0 1 
23-5° 
6 - 8 1 2 

61-3° 
6 - 4 7 8 

83-3° 
5 - 7 7 0 
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T h e effect of t e m p , w a s also m e a s u r e d b y E . Becquere l , H . B r e t e r n i t z , P . Cur ie , 
G. F a l c k e n b e r g , G. J a g e r a n d S. Meyer , L . !Lombardi , G. Meslin, P . T h e o d o r i d e s , 
A. E . Oxley, R . O p p e r m a n n , G. P iagges i , G. Qu incke , P . P a s c a l , R . H . W e b e r , 
G. W i e d e m a n n , a n d E . Wi l son ; t h e effect of c o n c e n t r a t i o n , b y G. F a l c k e n b e r g , 
G. J a g e r a n d S. Meyer , J . Kon igsbe rge r , R . O p p e r m a n n , A. Q u a r t a r o l i , J . S. E . T o w n s -
end , a n d P . Wei s s a n d C. A. F r a n k a m p ; t h e influence of t h e f ie ld-s t rength , b y 
A. A r n d t s e n , G. F a l c k e n b e r g , A . Heydwei l l e r , G. J a g e r a n d S. Meyer , J . K o n i g s ­
berger , !L. L o m b a r d i , P . P a s c a l , J . S. E . T o w n s e n d , T . W a h n e r , R . H . W e b e r , a n d 
O. W y l a c h ; a n d t h e influence of c h a n g e s in t h e f r equency of t h e a l t e r n a t i n g c u r r e n t , 
b y G. F a l c k e n b e r g . T h e r e su l t s were c a l c u l a t e d t o exp re s s mo l . suscept ib i l i t i es b y 
A. Qua r t a ro l i , A. Heydwei l l e r , O. L i e b k n e c h t a n d A. P . Wil ls , a n d P . P h i l i p p ; 
a n d t h e a t o m i c suscept ib i l i t ies , b y P . Weiss a n d C. A . F r a n k a m p , O. L i e b k n e c h t 
a n d A. P . Wil ls , a n d R . H . W e b e r . B . C a b r e r a a n d co-workers o b t a i n e d for t h e 
m o l . suscept ib i l i t ies , a t 20-3°, —195-7°, a n d —208-4° t h e respec t ive va lue s 0*011917, 
0-044612, a n d 0-053231 ; a n d for Cur ie ' s r e l a t ion , 3 - 4 9 8 = x ( T - | - l - l 0 ) . K - H o n d a 
a n d T . I s h i w a r a ca l cu l a t ed for t h e m a g n e t i c m o m e n t of a n h y d r o u s fe r rous 
s u l p h a t e , 4-74 X 1 O - 2 0 ; whi l s t H . K . O n n e s a n d E . Oos t e rhu i s g a v e 4 * 7 2 x 1 0 - 2 0 . 
R . Gans , a n d L.. P a u l i n g a n d M. L . H u g g i n s ca l cu l a t ed t h e m a g n e t o n n u m b e r 
of t h e h e p t a h y d r a t e t o be 26-09 ; a n d va lue s for t h e s a l t in a q . soln. were ca l cu l a t ed 
b y B . Cabre ra a n d co-workers , A. Qua r t a ro l i , R . H . W e b e r , P . Weiss , a n d 
P . Weiss a n d C A . F r a n k a m p . D . S a m u r a c a s found t h a t t h e c rys ta l l i za t ion f rom 
a q . soln. is acce le ra ted in a m a g n e t i c field. 

The chemical properties of ferrous sulphate.—According to J . A. Arfvedson, 
a n h y d r o u s fer rous s u l p h a t e is r e d u c e d t o i ron d i su lph ide w h e n i t is h e a t e d t o r ednes s 
i n a c u r r e n t of hydrogen , a n d H . R o s e o b s e r v e d t h a t fe r rous su lph ide is f o rmed . 
If t h e h y d r o g e n is u n d e r a press , of 200 a t m . , W . Ipateeff a n d A. KLisseleff f o u n d 
t h a t fer rous su lph ide , a n d mic roc rys ta l l ine ferrosic ox ide a r e fo rmed , a n d a t 
260 a t m . , a n d 350° , o n l y c rys t a l l ine fe r rous su lph ide . A t a h igh e n o u g h t e m p . , 
t h e s u l p h a t e is r e d u c e d b y h y d r o g e n t o me ta l l i c i ron . G. K e p p e l e r a n d J . d ' A n s 
obse rved t h a t t h e m o n o h y d r a t e passes i n t o t h e a n h y d r o u s s a l t w h e n h e a t e d a t 
200° in a c u r r e n t of h y d r o g e n . S. M i y a m o t o f o u n d t h a t t h e s u l p h a t e is r e d u c e d 
b y h y d r o g e n i n t h e s i lent d i scha rge . W . IpateefE a n d co-workers , a n d J . H . W e i b e l 
s t u d i e d t h e r e d u c t i o n of fe r rous s u l p h a t e in a q . soln. b y h y d r o g e n u n d e r p res s . , 
a n d f o u n d t h a t a t 330° a n d 2OO a t m . , fe r rous su lph ide a n d ferrosic ox ide a r e fo rmed , 
wh i l s t a t 350° a n d 260 a t m . , c rys ta l l ine fe r rous su lph ide a lone is fo rmed . F o r 
t h e r e d u c t i o n of ferr ic sa l t s b y n a s c e n t h y d r o g e n , vide infra, t h e a c t i o n of s o m e 
m e t a l s o n t h e soln. B . N e u m a n n d e t e c t e d n o r e d u c t i o n of t h e a q . soln. b y 
h y d r o g e n in t h e p resence of p l a t i n u m . 

R . B r a n d e s , a n d J . d ' A n s o b s e r v e d t h a t w h e n t h e a n h y d r o u s s a l t is e x p o s e d t o 
air, i t r ead i ly t a k e s u p m o i s t u r e , a n d in m o i s t a i r , t h e h e p t a h y d r a t e is f o r m e d . 
T h e a b s o r p t i o n of m o i s t u r e is qu i cke r if t h e fe r rous s u l p h a t e is c o n t a m i n a t e d w i t h 
ferr ic s u l p h a t e . T h e h e p t a h y d r a t e w a s found b y P . A . v o n Bonsdorff t o w e a t h e r 
t o a w h i t e p o w d e r o n e x p o s u r e t o a i r—vide supra. A t o r d i n a r y t e m p . , t h e h e p t a ­
h y d r a t e g r a d u a l l y acqu i re s a b r o w n colour o n e x p o s u r e t o a i r a t o r d i n a r y t e m p , 
owing t o i t s o x i d a t i o n t o bas ic o r n o r m a l ferr ic s u l p h a t e . T h e f o r m a t i o n of a 
bas ic s u l p h a t e o r s u l p h a t e s w a s e m p h a s i z e d b y A. M a u s , R . Schar ize r , a n d H . O. Hof-
m a n a n d W . WanjukofE. T h e o x i d a t i o n t a k e s p lace m o r e r ead i l y if t h e a i r b e h u m i d . 
R . Schar i ze r s a id t h a t o x i d a t i o n is of m i n o r significance in d r y a i r ; b u t i n m o i s t 
a i r , t h e h e p t a h y d r a t e m a y l iquefy in t h e a d s o r b e d w a t e r , a n d o x i d a t i o n p r o c e e d s 
a p a c e . T h e impe r f ec t l y d r i ed c ry s t a l s also oxidize m o r e r a p i d l y t h a n is t h e case 
if t h e y h a v e b e e n t h o r o u g h l y d r i ed . Crys t a l s w h i c h h a v e b e e n d e p o s i t e d f r o m 
n e u t r a l soln. a r e m o r e l iable t o ae r i a l o x i d a t i o n t h a n c r y s t a l s o b t a i n e d f r o m ac id ic 
soln . J . d ' A n s , C. Baskerv i l l e a n d R . S t e v e n s o n , a n d F . F r a n c k e l f o u n d t h a t 
if t h e h e p t a h y d r a t e is of a h i g h degree of p u r i t y , i t is v e r y m u c h less r e a d i l y 
ox id ized i n air , t h a n is t h e case w i t h t h e o r d i n a r y sa l t . P . Geiseler , a n d A . P icc in i 
a n d F . M. Zuco o b s e r v e d t h a t t h e c r y s t a l s of t h e h e p t a h y d r a t e c a n be p r e s e r v e d 
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u n c h a n g e d i n a sea led t u b e for y e a r s . G. W e l b o r n r e c o m m e n d e d t h e i n t r o d u c t i o n 
of a few d r o p s of e t h e r i n t h e t u b e before seal ing ; H . H a g e r , a l i t t l e c a m p h o r 
w r a p p e d u p in p a p e r ; a n d A. G a w a l o w s k y , a s ide t u b e c o n t a i n i n g a l i t t l e a lka l ine 
soln. of py roga l lo l a n d glass wool . H . H a g e r e m p h a s i z e d t h e n e e d for c o m p l e t e l y 
r e m o v i n g t h e m o t h e r - l i q u o r f rom t h e h e p t a h y d r a t e c rys t a l s ; a n d R . d e F o r c r a n d 
r e c o m m e n d e d p o w d e r i n g t h e c ry s t a l s , a n d r e p e a t e d l y d r y i n g t h e p o w d e r b y p r e s su re 
b e t w e e n folds of f i l t e r -paper ; h e sa id t h a t t h e p r o d u c t is q u i t e s t ab l e in a i r a t 15°. 
G. R u s p i n i d i scussed t h e p r e s e r v a t i o n of t h e h e p t a h y d r a t e . P . Ohas ta ing obse rved 
t h a t t h e speed of o x i d a t i o n of t h e p o w d e r e d h e p t a h y d r a t e is i nc reased b y e x p o s u r e 
t o l igh t , a n d t h a t t h e r e d r a y s a r e m o r e a c t i v e t h a n t h e v io le t . F . T h o m a s found 
t h a t a f t e r e x p o s i n g a soln. of f e r rous s u l p h a t e t o l igh t a n d o x y g e n , t h e o x y g e n 
a b s o r b e d w a s r e l a t i v e l y : 

!Red Yellow Green Violet Darkness 
7 1 7 4 8O 7 6 7 2 

H . F r i c k e s t u d i e d t h e influence of X - r a y s o n t h e o x i d a t i o n of a q . soln. of fe r rous 
s u l p h a t e , a n d t h e r e su l t s a re i n d e p e n d e n t of t h e w a v e - l e n g t h . 

R . Schar ize r o b s e r v e d t h a t in o x y g e n , t h e h e p t a h y d r a t e is r ead i ly ox id ized t o 
hyg roscop ic ferr ic s u l p h a t e ; D . T o m m a s i a lso n o t e d t h e t e n d e n c y of t h e h e p t a ­
h y d r a t e t o ox id ize i n d e t o n a t i n g gas . W h e n t h e a n h y d r o u s s a l t is m o d e r a t e l y 
h e a t e d in air , o x i d a t i o n occurs , a n d t h e so-cal led burnt or calcined green vitriol is 
p r o d u c e d , a n d t h e p r o d u c t is cons ide red t o b e a bas ic ferric s u l p h a t e , F e 2 0 ( S 0 4 ) 2 . 
T h e t h e r m a l d e c o m p o s i t i o n of f e r rous s u l p h a t e i n a l imi t ed s u p p l y of a i r , a n d wi th 
t h e free access of a i r , h a s b e e n p r e v i o u s l y d iscussed . T h e a q . soln. g r a d u a l l y 
becomes t u r b i d on e x p o s u r e t o a i r , a n d a ye l lowi sh -b rown bas ic sa l t is p r e c i p i t a t e d , 
a n d , a c c o r d i n g t o F . Muck , t h e c o m p o s i t i o n of t h e p r e c i p i t a t e va r ies w i t h t h e 
c o m p o s i t i o n of t h e soln . Th i s p r o b a b l y m e a n s t h a t t h e bas ic sa l t is a h y d r a t e d 
ferric ox ide w i t h m o r e o r less a d s o r b e d s u l p h a t e . R . Schar ize r , a n d E . M a n a s s e 
o b s e r v e d t h a t if f e r rous s u l p h a t e be w a r m e d , o x i d a t i o n is v e r y r ap id , a n d s ince, 
a b o v e 80° , all is p r e s e n t a s m o n o h y d r a t e , i t is a s s u m e d t h a t t h e first s t age of t h e 
o x i d a t i o n invo lves t h e fo rma t ion of t h e c o m p l e x : 

H ^ > F e H S 0 4 

H ^ > F e H S 0 4 

which b r e a k s u p i n t o 2 F e ( O H ) S O 4 a n d w a t e r ; i t is a lso s u p p o s e d t h a t a s imi la r 
i n t e r m e d i a t e p r o d u c t is fo rmed in t h e o x i d a t i o n of a q . soln. of fe r rous s u l p h a t e . 
W . M a n c h o t a n d W . P f l a u m , W . F r a n k e , a n d H . W i e l a n d a n d W . F r a n k e d iscussed 
t h e f o r m a t i o n of c o m p l e x e s i n t h e o x i d a t i o n of fer rous s u l p h a t e . T . W a r y n s k y 
found t h a t a q . soln. of fe r rous s u l p h a t e a r e fa i r ly s t a b l e p r o v i d e d t h e w a t e r be 
a c i d u l a t e d w i t h di l . s u l p h u r i c ac id ; a n d A. J i l e k obse rved n o o x i d a t i o n a t t h e e n d 
of 48 h r s . w i t h soln. c o n t a i n i n g s u l p h u r i c ac id . E x p o s u r e t o l i gh t acce le ra tes t h e 
r a t e of o x i d a t i o n , a n d F . T h o m a s f o u n d t h a t w i t h n e u t r a l soln. , t h e r e l a t ive r a t e s 
of o x i d a t i o n a r e : i n red- l igh t , 49 ; in ye l low- l igh t , 52 ; in g reen- l igh t , 54 ; in 
v io le t - l igh t , 53*5 ; a n d in d a r k n e s s , 5 0 , b u t t h e r a t e of o x i d a t i o n of t h e acidified 
soln . w a s t o o s low for m e a s u r e m e n t u n d e r t h e c o n d i t i o n s of these e x p e r i m e n t s . 
P . C h a s t a i n g , C E . N u r n b e r g e r , a n d B . K . Muke r j i a n d N . R . D h a r also c o m p a r e d 
t h e r a t e of o x i d a t i o n of soln. of f e r rous s u l p h a t e in l igh t a n d in d a r k n e s s . 
F . R . E n n o s f o u n d t h a t t h e r a t e of o x i d a t i o n of t h e a q . soln. is p r o p o r t i o n a l t o t h e 
p a r t i a l p ress , of t h e o x y g e n ; a n d , a c c o r d i n g t o C. G. Mac A r t h u r , t h e r a t e is r educed 
b y t h e a d d i t i o n of cone . soln. of i n e r t , so lub le sa l ts—e.g . , t h e chlor ides a n d su lpha t e s 
of s o d i u m , p o t a s s i u m , o r m a g n e s i u m — w h o s e p resence decreases t h e solubi l i ty of 
o x y g e n . T h e o x i d a t i o n is sa id t o d e p e n d o n t h e non- ion ized p o r t i o n of t h e 
d i s so lved sa l t . T h e r e l a t i ve r a t e s of o x i d a t i o n of ch lor ide , s u l p h a t e , a n d a c e t a t e 
a r e a s 1 : 10 : 100. T h e m a r k e d s lowness of t h e ox ida t i on of acidified soln. of 
f e r rous s u l p h a t e w a s e m p h a s i z e d b y C. Baskerv i l l e a n d R . S t evenson , w h o found 
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t h a t n o appreciable oxidat ion occurred when a s tream of air was bubbled for 3 hrs. 
through a soln. of t h e salt e v e n in the presence of sal ts of cobalt , chromium, 
copper, and manganese which usual ly acted as carriers of o x y g e n . J . H . R e e d y 
and J . S. Machin found t h a t t h e reaction is pos i t ive ly cata lyzed by manganese 
dioxide. 

J . W. McBain, H . Vierling, E . Posnjak, J. A. N . Friend and E . G. K. Pr i tchet t , 
W. A. D a m o n , I . K.. Phe lps , J . H . R e e d y and J . S. Machin, P . K. Banerjee, and 
C. A. Peters and S. E . Moody also showed t h a t the oxidat ion is a s low process, 
and J . W . McBain added t h a t i t increases w i t h t h e cone, of t h e ferrous sulphate , 
and of oxygen , b u t i t is no t m u c h affected b y t h e ac idi ty of the soln. a l though the 
presence of sulphuric acid has a retarding influence. P . K.. Banerjee said t h a t t h e 
reaction is slow, approximate ly unimolecular, and is hastened b y the presence of 
potass ium sulphate but retarded b y other sulphates—particularly sulphuric acid 
and copper sulphate. E . !Laska found t h a t dil. soln. w i th about 0-24 per 
cent , of sulphuric acid resist ox idat ion in air be tween 15° and 96°. Thus , with 
0-02M-FeSO 4 , the permanganate t i tre was init ial ly 5-45 ; after 8 days , 5-43 ; 71 days , 
5-37 ; 97 days , 5-37 ; and 123 days , 5-36 ; w h e n 0 - 0 2 5 M - H 2 S O 4 w a s also present, 
t h e initial t itre -was 5-5, and i t remained 5-5 after 39 days . According t o A. B . L a m b 
and Li. W . Elder, the ox idat ion of soln. of ferrous sulphate b y o x y g e n is great ly 
accelerated b y increasing the rate of stirring t h e l iquid ; b y increasing the cone, of 
the dissolved oxygen , the rate of oxidat ion increases in accord w i t h the assumpt ion 
t h a t the reaction is unimolecular w i t h respect t o o x y g e n , as in the exper iments of 

J . W . McBain, and G. J u s t ; and b y increasing t h e 
cone, of the ferrous sulphate , the rate of oxidat ion 
increases in accord wi th t h e assumpt ion t h a t the 
reaction is bimolecular wi th respect t o the ferrous salt 
as in the experiments of J . W . McBain, F . R. Ennos , 
and J . Bosell i . • The effect of varying the concentra­
t ion of t h e sulphuric acid in t h e soln. is indicated b y 
t h e curve, Fig . 646. J. Cornog and A. Herschberger 
found t h a t there is b u t l itt le ox idat ion when pn < 5 ; 
and -with soln. buffered t o p&=5, t h e degree of ox i ­
dat ion increased w i t h increasing ion concentrat ion, 
b u t a t J P H = I O , i t decreased with an increasing con­
centrat ion of t h e iron. The percentage sc of iron 

oxidized b y aeration of t h e soln. of J ? H : = 5 in t hrs. i s : <=0-032x—0-01 . The 
subject was s tudied b y R. S. Martin, H . O. Halvorsen and R. L. Starkey, and 
Li. Michaelis and C V. S m y t h e ; and the anodic oxidat ion, by A. P le tenew and 
W . N . Rosow. 

The rate of ox idat ion is accelerated in the presence of salts of pal ladium, p la t inum, 
copper, and gold. E . Jordis and H . Vierling, and T. W a r y n s k y also found t h a t t h e 
ox idat ion of t h e soln. of ferrous salts is favoured b y p la t inum salts . E . Laska , 
however , observed tha t the rate of ox idat ion is very l i tt le influenced b y t h e presence 
of uranyl , vanadium, silver, zirconium, nickel, cerium, beryl l ium, s tannous , and 
cobaltous salts , of a m m o n i u m chloride, or of arsenic tr ioxide . T h e ac t iv i ty of the 
cata lys t s increases more or less regularly wi th their concentrat ion. The results are 
modified b y variat ions of t e m p . , such t h a t there are certain l imits wi th in which t h e 
cata lys t becomes more act ive -with a rise of t e m p . Thus , w i th 0 -02M-FeSO 4 , 
and 0-5M-CuCl2 , t h e fall in t h e permanganate t i tre in 12 days , w a s : 

-Z - / -0 +/ 
Logarithm of H2SO4. cone. 

Fia. 646.—The Effect of the 
Acidity of the Solution on 
the Hate of Oxidation of 
Ferrous Sulphate. 

9«° 
5-25-a 4 1 0 

80° 
5-42->3-50 

60° 
5-45->3-65 

40° 
G-70-»-4-45 

15° (47 hrs.) 
5-57->4-60 

So t h a t wi th th i s particular ca ta ly s t t h e ac t iv i ty increases w i t h a rise of t e m p , from 
15° t o 80°, and t h e n begins t o decrease. E . M. Michelson, and J . W . McBain found 
t h a t the rate of ox idat ion of 0-I iV-FeSO 4 w i t h JV-H2SO4 is increased 3 - t o 4-fold 
b y a rise of t e m p , of 15°. B . Laska also found t h a t t h e H*-ion concentrat ion h a s 
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no influence, since he found t h a t with different proportions of sulphuric acid, the 
permanganate t i t re of the 0*02M-FeSO4 after 123 days changed from the initial 
value 5-43 : 

H , S O * 
T i t r e 

O 
5-37 

2M-
5-42 

M-
5-39 

0-5M-
5-41 

OOSM-
5-40 

a n d with boric acid in 002Af-FeSO4 with 0-025Af-H2SO4 : 
H 8 B O , 
T i t r e 

O 
5-37 

0-25JV-
5-31 

O- 1252V-
5-30 

006252V-
5-29 

This is not in accord with the results of other observers. I n the presence of hydro­
chloric acid, wi th 0-02M-FeSO4 , t he t i t re fell in 123 days, from 5-43 : 

H C l 
T i t r e 

O 
5-37 

2N-
4-7O 

2V-
5-30 

0-52V-
5-34 

0-052V-
5-42 

so t h a t hydrochloric acid favours the oxidation of t h e soln. This is a t t r ibu ted to 
the formation of some ferrous chloride : FeSO4-J-2HCl^H2SO4-I-FeCl2 , which is 
r a ther susceptible to a tm. oxidation. Nitric acid in traces, has very little action, 
b u t with higher concentrations, i t favours oxidation. Thus, with 0-02Af-FeSO4 
with an initial t i t re of 5-43, in t he presence of nitric acid, the t i t re fell to : 

H N O , 
T i t r e 

. 

. 
. O 
. 5-37 

0-05JV-
5-15 

0-52V-
O 

isr-
O 

22V 
O 

A. B. Lamb and L. W. Elder observed t h a t neutral salts—potassium, sodium, 
magnesium, zinc, manganous, nickel, and chromic sulphates, and sodium acetate 
or normal phosphate—have no appreciable effect on the oxidation of ferrous sul­
pha te . The effects with copper sulphate are summarized in Figs. 647 and 648, 
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F i o . 6 4 8 . — T h e Ef fec t of A c i d a n d 
r C o p p e r S u l p h a t e . 

and the curves indicate t h a t the acceleration produced by copper sulphate increases 
with its concentration, and with the acidity of the soln. This confirms the obser­
vat ions of J . Boselli, and J . Cornog and A. Herschberger, contrasted with those of 
P . K. Banerjee. The ra te of oxidation with 0*023M-sodium pyrosulphate is 
quickened about 1000 times, and this the more, as shown by J . H . C. Smith and 
H . A. Spoehr, the faster is the ra te of stirring. The presence of steam-activated, 
coco-nut charcoal, or of p la t inum black hastens the reaction ; the accelerating 
effect with silica gel is small. The reaction is re tarded by phenyl urea, amyl alcohol, 
and acetanilide. 

E . Posnjak 's observations on t h e oxidation of ferrous sulphate soln. in the 
presence of copper sulphate, as catalyst , do no t agree with those of E . Ijaska. 
The copper sulphate accelerates the ra te of oxidation to a marked degree. The 
results wi th 0-IiV- and OSiV-FeSO4, with and without 00036M-CuSO4 , are shown 
in Fig. 649. The oxidation follows the rule for bimolecular reactions, k=xjta(a—x), 
where k, wi thout catalyst , is 000016 , and 00035 for 0IiV-FeSO4 with 
00036M-CuSO 4 , and 000052 for 0-SiV-FeSO4 with 00036M-CuSO4 . The 
acceleration due to the presence of copper sulphate is explained by E . Posnjak on 
the assumption t h a t a s ta te of equilibrium is set up in the soln. 2FeSO 4 +2CuSO 4 
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F I G . 649 .—The K a t e of Oxidat ion of 
Solut ions of Ferrous Sulphate . 

^ F e 2 ( S 0 4 ) 3 + C u 2 S O 4 , or Fe*- f -Cu**^Fe"*- f -Cu \ T h i s is s u p p o r t e d b y t h e 
o b s e r v a t i o n s of H . C. B idd le , L . M a q u e n n e a n d E . D e m o u s a y , F . H e r r m a n n , 
E . Muller a n d F . Kape l l e r , J . A. Verhoeff, P . K . Bane r j ee , H . R . El l i s a n d 

W . H . Collier, a n d C. v a n B r u n t . E . P o s n -
j a k sa id t h a t t h e c u p r o u s s a l t is r ead i ly 
oxidized, a n d t h a t t h e acce le ra t ion p r o ­
duced b y cupr ic s u l p h a t e is d u e t o t h e 
osci l la t ion of some of t h e coppe r be tween 
t w o s t ages of ox ida t i on , wh ich , c o m b i n e d 
w i t h t h e equ i l i b r ium ex i s t ing b e t w e e n 
fer rous a n d cupr i c ions , is p r o b a b l y r e spon­
sible for t h e r a p i d f o r m a t i o n of t h e ferr ic 
sa l t in soln. T h e effectiveness of t h e 
cupr ic s u l p h a t e decreases w i t h inc reas ing 
cone , of ferric ions i n acco rd w i t h t h e 
t h e o r y . A. B . L a m b a n d L . W*. E l d e r 
found t h a t t h o s e s u b s t a n c e s which , acco rd ­

ing t o G. L e m o i n e , O. W a r b u r g , a n d V. L . B o h n s o n a n d A. C. R o b e r t s o n , h a s t e n 
t h e decompos i t i on of h y d r o g e n dioxide—e.g . , cha rcoa l , p l a t i n u m , a n d cupr ic s a l t s — 
in t h e p resence of fe r rous sa l t s , a lso acce le ra te t h e o x i d a t i o n of fe r rous s u l p h a t e soln. 
I t h a s b e e n sugges ted t h a t t h e ox ida t i on process invo lves t h e f o r m a t i o n of h y d r o g e n 
d i o x i d e : 2 F e O - H O 2 - J - H 2 O = F e 2 O 3 - J - H 2 O 2 , b y a slow p r i m a r y r eac t ion followed b y 
t h e r a p i d r eac t i on : 2 F e O - J - H 2 O 2 = F e 2 O 3 - H H 2 O , b u t A. K . G o a r d a n d E . K . R i d e a l 
o b s e r v e d t h a t coppe r sa l t s do n o t ca t a lyze t h e o x i d a t i o n of fer rous sa l t s b y h y d r o g e n 
d iox ide in acidic soln. I t is v e r y un l ike ly t h a t h y d r o g e n d iox ide is fo rmed b y t h e 
a c t i o n of o x y g e n on w a t e r since t h e equ i l ib r ium p a r t i a l p ress , of h y d r o g e n d iox ide 
in a 1 : 1 gaseous m i x t u r e of o x y g e n a n d a i r is of t h e o r d e r of 1 O - 2 2 a t m . H e n c e i t 
is d o u b t f u l if h y d r o g e n d iox ide is t h e effective a g e n t i n t h e s e o x i d a t i o n s . I t is 
m o r e l ike ly t h a t t h e ca ta lys i s is d u e t o t h e f o r m a t i o n of specific pe rox ides , m i n u t e 
q u a n t i t i e s of such a s u b s t a n c e h a v e been e x t r a c t e d f rom a e r a t e d cha rcoa l b y m e a n s 
of su lphu r i c ac id . 

R . T h o m a s a n d E . T . Wi l l i ams , a n d N . McCulloch also o b s e r v e d t h a t t h e p resence 
of n i t r i c ox ide f a v o u r s t h e o x i d a t i o n of fe r rous s u l p h a t e soln. Accord ing t o 
W . S. H e n d r i x s o n , w h e n fer rous i ron is a d d e d t o a di l . soln. of a n oxid iz ing a g e n t 
i n s u l p h u r i c ac id , t h e r e is a r ise in t h e p o t e n t i a l of e lec t rodes b y acce le ra t ing t h e 
r a t e a t wh ich t h e y t a k e u p t h e i r full cha rges . I n al l b u t e x t r e m e l y dil . soln. , t h e 
e lec t rodes r each s a t u r a t i o n a f te r seve ra l h o u r s , a n d n o r m a l falls of p o t e n t i a l a r e 
t h e n p r o d u c e d b y t h e a d d i t i o n of fe r rous s u l p h a t e . F o r t h e bas ic sa l t ferrous 
OXysulphate, F e O - F e S O 4 , vide supra, t h e e lec t rolys is of soln. of fe r rous s u l p h a t e . 
W . F e i t k n e c h t f ound t h a t t h e space- la t t i ce of F e S O 4 . 3 F e ( O H ) 2 co r r e sponds w i t h 
a l t e r n a t e l aye r s of h y d r o x i d e a n d of t h e n o r m a l sa l t . 

I n a lka l ine soln. , E . Muller a n d F . K a p e l l e r f o u n d t h a t t h e o x i d a t i o n is fa i r ly 
r a p i d . T h e o x i d a t i o n of ce r t a in soln. of fer rous sa l t s m a y be acce l e ra t ed b y c e r t a i n 
mic ro -o rgan i sms ca l led i ron bac t e r i a , e x a m p l e s of whose a c t i o n i n t h e p r o d u c t i o n of 
n a t u r a l depos i t s of bog- i ron ore w e r e d i scussed i n c o n n e c t i o n w i t h l imon i t e . 
E . M. M u m f o r d , i ndeed , showed t h a t b a c t e r i a were ab le c o m p l e t e l y t o ox id ize a 
di l . soln. of a m m o n i u m fer rous s u l p h a t e i n t o h y d r a t e d ferric ox ide in 36 h r s . a t 37° . 

T h e genera l r e su l t s s h o w t h a t t o p r e v e n t t h e o x i d a t i o n of soln . of fe r rous sul­
p h a t e t h e soln. c a n b e m a d e u p w i t h well-boi led w a t e r , a n d k e p t i n a n a t m o s p h e r e 
of a n i n e r t g a s — h y d r o g e n ( N . A . Tananaeff ) , n i t r o g e n ( J . A. H e d v a l l a n d J . H e u -
berge r ) , o r c a r b o n d iox ide (G. Ba i lhache ) . C o n t a c t of t h e soln. w i t h i r on 
(O. M u s t a d ) is n o t sa t i s fac to ry . A l a y e r of a n i n e r t l iqu id l ike b e n z e n e ( F . W . H o r s t ) 
o v e r t h e soln . is m o d e r a t e l y successful for a few d a y s . F . K . C a m e r o n o b s e r v e d 
t h a t a t h ighe r t e m p . , a n a t m o s p h e r e of w a t e r v a p o u r -will p r e v e n t access of o x y g e n 
enab l ing t h e soln . t o be k e p t for some weeks , a n d a t a lower t e m p , a few p e r c e n t , 
of alcohol h a s p r o v e d effective. 



I R O N 2 6 9 

3 0 ° 
0 0 0 3 7 7 
0-00903 
5-4 

3 5 ° 
0 0 0 0 6 7 5 
0 0 0 1 5 3 
8-9 

40° 
0-00112 
0 0 0 2 4 6 

13-4 

T h e so lub i l i ty of fe r rous s u l p h a t e i n water , a n d t h e c o n d i t i o n s of e q u i l i b r i u m 
of t h e v a r i o u s h y d r a t e s , h a v e b e e n d i scussed p r e v i o u s l y ; t h e hyd ro ly s i s of t h e s a l t 
i n a q . soln. h a s a lso b e e n desc r ibed . A . K . B h a t t a c h a r y a a n d N . R . D h a r f o u n d 
t h a t w i t h a s u l p h u r i c ac id soln . in l i gh t of w a v e - l e n g t h 8500 A. : 

Velocity coefl. { £ * g ; 
Quan tum efficiency for 850O A. 

T h e t e m p . coeff. of t h e r e a c t i o n s a r e less in l i gh t t h a n i n d a r k n e s s . P . R o h l a n d 
o b s e r v e d t h a t " b u r n t " a n d p o w d e r e d fe r rous s u l p h a t e " se t s " w h e n m i x e d w i t h 
w a t e r a l m o s t a s if t h e s a l t we re p l a s t e r of P a r i s . A . K r a u s e s t u d i e d t h e hyd ro ly s i s 
of fe r rous s u l p h a t e a n d f o u n d t h a t t h e H"-ion cone , is />H—3*5 , w h e r e a s t h a t for 
ferr ic s u l p h a t e is ^ H = 1*3 i*1 a g r e e m e n t w i t h t h e f ac t t h a t fe r rous h y d r o x i d e is a 
s t r o n g e r b a s e t h a n ferric h y d r o x i d e . T h e iso-electr ic p o i n t for fer rous h y d r o x i d e 
soln . is PTi=11*5, a n d for ferr ic h y d r o x i d e P u = 7 - 7 . A c c o r d i n g t o C. W e l t z i e n , 
h y d r o g e n dioxide p r e c i p i t a t e s 2Fe 2 O 3 -SO 3 -SH 2 O f rom a q . soln. of fe r rous s u l p h a t e : 
6 F e S 0 4 H - 3 H 2 0 2 = 2 F e 2 0 3 . S 0 3 H - 3 H 2 O H - F e 2 0 3 . 5 S 0 3 . C. F . S e h o n b e i n s h o w e d t h a t 
i n m a n y r eac t i ons , i ron sa l t s c a n a c t a s ca r r i e r s of o x y g e n , a n d H . J . H . F e n t o n 
e x p l a i n e d t h e o x i d a t i o n of t a r t a r i c ac id t o d i h y d r o x y m a l e i c ac id in t h e p r e sence 
of, s ay , fe r rous s u l p h a t e , b y a s s u m i n g t h a t b i v a l e n t i ron rep laces t h e t w o n o n -
h y d r o x y l i c h y d r o g e n a t o m s . T h e fe r rous i ron of t h e i n t e r m e d i a t e c o m p o u n d is 
t h e n ox id ized , a n d t h e t e r v a l e n t i ron b r e a k s a w a y l eav ing d i h y d r o x y m a l e i c ac id : 

H.C(OH).COOH C(OH).COOH C(OH).COOH 
H.C(OH).COOH ""^ e C(OH).COOH ""^ C(OH).COOH 

T h e r e a c t i o n w a s s t u d i e d b y A. T . K u c h l i n , F . H a b e r a n d J . "Weiss, D . R . H a l e , 
a n d W . M a n c h o t . W . M a n c h o t a n d co-workers , a n d J . B r o d e sugges ted t h a t in 
t h e case of h y d r o g e n d iox ide , t h e i ron is c o n v e r t e d i n t o a n u n s t a b l e , c o m p l e x 
h i g h e r ox ide , F e 2 O 5 , o r F e 2 O 3 . 2 H 2 O 2 — t h e p r i m a r y ox ide of W . M a n c h o t — w h i c h 
is t h e n r e d u c e d b y t h e ox id i zab le s u b s t a n c e . C. S. M u m m e r y s u p p o s e d t h a t t h e 
f e r rous s u l p h a t e u n i t e s w i t h t h e h y d r o g e n d iox ide t o fo rm w h a t h e cal led a p e r h y d r o l , 
H S O 4 . F e . O . O H . I t is s u p p o s e d t h a t t h e m o n o h y d r a t e d fe r rous s u l p h a t e h a s t h e 
c o n s t i t u t i o n : H S 0 4 . F e . 0 H , w h i c h t h e n r e a c t s w i t h h y d r o g e n d i o x i d e : H S 0 4 . F e . 0 H 
H - H O . O H ^ H S O 4 . F e . O . O H H - H 2 O . T h i s i m a g i n a r y p r o d u c t is s u p p o s e d t o be 
a n a l o g o u s w i t h m o n o p e r s u l p h u r i c ac id , H O . S O 2 . 0 . O H , a n d , in consequence , t h e 
p r o d u c t is a s s u m e d t o be a power fu l oxid izer . T h e h y p o t h e t i c a l p e r h y d r o l is 
a s s u m e d t o be a l t e r n a t e l y f o r m e d a n d d e c o m p o s e d in a n e v e r - e n d i n g cycle so long 
a s t h e ox id izab le s u b s t a n c e a n d h y d r o g e n d iox ide a r e p r e s e n t . D . R . H a l e , 
R . K u h n a n d A. W a s s e r m a n n , S. G o l d s c h m i d t a n d co -worke r s , a n d E . S p i t a l s k y 
a n d N . P e t i n s t u d i e d t h e r e a c t i o n b e t w e e n h y d r o g e n d iox ide , f e r rous s u l p h a t e , 
a n d p o t a s s i u m iod ide—v ide ferr ic s u l p h a t e a n d h y d r o g e n d iox ide . T h e a c t i v i t y 
of fe r rous s u l p h a t e w a s f o u n d b y A. M. Malkoff a n d N . Z v e t k o v a t o b e r e t a r d e d 
b y p h o s p h a t e . N . N . B i s w a s a n d N . R . D h a r s t u d i e d t h e chemi luminescence of 
o r g a n i c s u b s t a n c e s in t h e p r e s e n c e of fe r rous s u l p h a t e a n d h y d r o g e n d iox ide . 
H . K w a s n i k f o u n d t h a t a n a q . soln . of fe r rous s u l p h a t e r e a c t s w i t h bar ium dioxide 
g i v i n g off o x y g e n a n d fo rming h y d r a t e d ferr ic o x i d e ; b u t H . F r i s che r sa id t h a t 
s o d i u m dioxide a n d b a r i u m d i o x i d e u n d e r t h e s e cond i t i ons g ive off n o o x y g e n a n d 
p r e c i p i t a t e bas ic ferr ic s u l p h a t e , F e 2 ( O H ) 4 S O 4 . 

A c c o r d i n g t o K . H . B u t l e r a n d D . M c i n t o s h , h e p t a h y d r a t e d fer rous s u l p h a t e 
i s i n so lub le i n l i qu id ch lor ine . A q . soln . of t h e sa l t a r e ox id ized b y t h e ha logens ; 
t h u s , w h e n gaseous ch lor ine a c t s o n t h e soln. , ferr ic s u l p h a t e a n d chlor ide a r e p r o ­
d u c e d a n d t h e t h e r m a l v a l u e of t h e r e a c t i o n is 24-436 CaIs. p e r mo l . of F e S O 4 . T h e 
r e a c t i o n w i t h ch lo r ine a n d b r o m i n e w a s d i scussed b y M. C. S c h u y t e n ; A. W . F r a n c i s 
s t u d i e d t h e speed of t h e r e a c t i o n w i t h b r o m i n e . M. C. S c h u y t e n inves t iga t ed t h e 
a c t i o n of i od ine ; A . B e r t h o u d a n d S. v o n Al lmen , R . C. Baner j i a n d N . R . D h a r , 
B . K . Muke r j i a n d N . R . D h a r , A . K . B h a t t a c h a r y a a n d N . R . D h a r , a n d N . R . D h a r , 
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the photochemical oxidation of a soln. of ferrous sulphate by iodine ; and 3D. R. Hale 
studied the induced reaction between ferrous sulphate, potassium iodide, and hydro­
gen dioxide. The use of iron salts as halogen carriers in organic chemistry was 
discussed by B. Aronheim, I*. Meyer, L. Meyer and A. Scheufelen, A. G. Page, 
A. Scheufelen, and C. Willgerodt. G. B. Heisig, and A. C. Christomanos found 
t ha t a soln. of ferrous sulphate is oxidized to a ferrous salt by iodine trichloride. 
R. Kane said t h a t anhydrous ferrous sulphate is indifferent towards gaseous 
hydrogen chloride* bu t a t an elevated temp. , when the thermal decomposition of 
the sulphate is proceeding, C. Hensgen observed t h a t ferric chloride is formed. 
F . Ephra im observed t h a t no complex is formed with hydrogen chloride. G. Gore 
found t h a t in liquefied hydrogen chloride the heptahydra te becomes yellowish-white 
and opaque, without dissolving. R. Kane said t h a t the salt is soluble in ho t hydro­
chloric acid. A. L. Young and G. F . Dixon found t h a t when a gram of the 
heptahydra te mixed with 3-5 c.c. of hydrochloric acid, of sp. gr. 1-153, is evaporated 
on a water-bath, 2*3 per cent, of the iron is converted into chloride. C. Hensgen 
observed t h a t when a cone. soln. of ferrous sulphate is sa tura ted with hydrogen 
chloride, pale green needles of FeCl3 .H2O, and tabular plates of FeSO4 .6H2O 
separate from the soln. A. J . Balard found t h a t ferrous sulphate is oxidized t o ferric 
sulphate by hypochlorous acid and hypochlorites : 2 F e " + H * + H O C l = 2 F e * " 
+ C 1 ' + H 2 0 . The reaction was discussed by J . Dalton, C. R. A. Wright , T. Wit t -
stein, E . Biltz, and N . Graeger. Ferrous sulphate reacts instant ly with chlorine 
dioxide ; K. von Garzarolli-Thurnlackh and KL. von H a y n represent the reaction : 
C 1 0 2 + 5 F e " + 4 H * = C l ' + 5 F e " + 2 H 2 0 ; and E . Lenssen added t h a t if an aq. 
soln. of chlorine dioxide be added to a dil. acidic soln. of a ferrous salt, an amethyst-
colour first appears, and this changes to yellow after a few seconds. W. Oechsli 
represented the reaction with barium chlorite : Ba( ClO2) 2 + 8 F e S O 4 + 5 H 2 S O 4 
= 4 : F e 2 ( S 0 4 ) 3 + 2 H C l + B a S 0 4 + 4 H 2 0 ; the ferrous sulphate was found by 
A. Schleicher and W. Wesly not t o be oxidized in neutral soln. C. R. A. Wright 
showed t h a t ferrous sulphate in acidic soln. is oxidized by chloric acid, and t h a t 
the speed of the reaction is dependent on the temp. , and on the cone, of the acid in 
the soln.; and A. Carnot, and M. Herschkowitsch said t h a t t he reaction is quant i­
ta t ive ; bu t with aluminium chlorate, D . K. Dobrosserdoff found t h a t the reduction 
is only part ial . J . J . Hood found t h a t the speed of the reaction is re tarded by 
sodium, potassium, ammonium, l i thium, magnesium, zinc, and cadmium sulphates, 
by potassium and ammonium chlorides, and by potash-alum, and ammonium-alum ; 
sodium chloride has very little effect ; whilst magnesium, zinc, and cadmium 
chlorides accelerate the reaction ; T. F . R u t t e r showed t h a t the reaction is also 
accelerated by vanadium salts. W. F . Green said t h a t the reaction is no t affected 
by the presence of ferric salts. R. R. Enfield studied the accelerating influence 
of acids ; J . J . Hood represented the reaction in the presence of an excess of acid 
by 6 F e " + C 1 0 3 ' + 6 H = 6 F e " + C l ' + 3 H 2 0 , and said t h a t t he reaction is of the 
second order with the velocity proportional to t he product of t h e concentrations 
of the two salts, t he acid exerting an accelerative influence, t he velocity increasing 
rather more rapidly t h a n the acid concentration, b u t A. A. Noyes and R. S. Wason 
represented i t as a reaction of the th i rd order ; t he reaction appears of t h e second 
order only when an excess of acid is present. The reaction was studied by 
F . H . MacDougall, C. F . Schonbein, D . Vitali, F . Becker, C. O. Harvey , W. Bray, 
and W. F . Green. F . Bellamy observed t h a t in consequence of the acid na ture 
of anhydrous ferrous sulphate, i ts presence accelerates t he thermal decomposition 
of potassium chlorate, with t h e formation of chlorine ; and M. Herschkowitsch 
added t h a t a well-dried mixture of the two salts does not react a t 100° ; b u t if 
t he mixture be moistened with a few drops of water, or if commercial sulphate or 
t he hep tahydra te be used, chlorine, hydrogen chloride, and chlorine dioxide are 
evolved, and ferric sulphate and chloride remain. Xi. C. A. Barreswil observed 
t h a t a soln. of potassium chlorate and ferrous sulphate in t h e cold gives a red 
precipitate of a hydra ted basic ferric salt, whilst a hot soln. yields a yellow, 
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anhydrous precipitate sparingly soluble in acids. A mixture of hydrochloric acid 
and potassium chlorate oxidizes ferrous sulphate to a ferric salt. The reduction of 
chlorates in alkaline soln. by ferrous sulphate was found by C. Stelling to be 
quant i ta t ive . Observations were made by F . Becker, I . Bhaduri , N. R. Dhar , 
M. Couleru, C. O. Harvey, I . K. Phelps, C. Russo and G. Sensi, and E . C. Wagner. 
Soluble iodides reduce chlorates t o chlorides : KClO3 + 6 K I -4-3H2SO4=KCl 
-+-3K2SO4-I-SI2-I-SH2O ; the reaction is greatly accelerated by the presence of 
ferrous or ferric salts ; and, according to W. D . Bonner and H . Romeyn, t he 
reaction F e " + 4 I 2 A q . = F e " * * + F goes to an end in the presence of a phosphate 
and a moderate concentrat ion of acid. I n the former case, W. F . Green, and 
I J . Pisarshewsky and N". Averkeeff assumed t h a t the iodine forms ferrous iodide 
which is then oxidized to the ferric salt, and t h a t the catalytic effect is due to the 
cyclic formation and decomposition of ferric iodide : K C l O 3 + 6 F e I 2 + 6 K I + 3 H 2 S O 4 
= K C l + 3 K 2 S 0 4 + 6 F e I 3 + 3 H 2 0 , and 2 F e I 3 = 2 F e I 2 + I 2 . C. Lowig observed t h a t 
potassium bromate reacts with a soln. of ferrous sulphate forming a brownish-red 
precipitate which is probably ferrous bromate . According to S. E . Moody, 
hydrolysis occurs when a soln. of ferrous sulphate is boiled with potassium iodate 
and iodide : 3 F e S 0 4 + 5 K I + K I 0 3 + 3 H 2 0 = 3 F e ( O H ) 2 + 3 K 2 S 0 4 + 3 I 2 ; and the 
excess of iodate then oxidizes t he hydra ted ferrous to ferric oxide : 6Fe(OH) 2 
+ K I 0 3 + 3 H 2 0 = K I + 6 F e ( O H ) 3 . The subject was studied by G. B . Heisig. 

The reaction between sulphur and ferrous sulphate : F e S 0 4 + 2 S = F e S + 2 S 0 2 , 
s tudied by F . Stolba, H . Schiff, B . Glatzel, and H . Rose, has been discussed in con­
nection with the preparat ion of ferrous sulphide and iron disulphide ; K. Bruckner 
noted t h a t some iron disulphide is formed. G. Vor tmann and C. Padberg observed 
no chemical change occurs when a soln. of ferrous sulphate is boiled with sulphur. 
The action of hydrogen sulphide has been discussed in connection with the pre­
para t ion of ferrous sulphide and of iron disulphide. The action of ammonium 
and alkali sulphides has been indicated in connection with the reactions of 
analyt ical interest . The aq. soln. was found by E . Schurmann to be completely 
decomposed by manganese sulphide, and part ial ly decomposed by thallous, cobalt, 
and nickel sulphides, and only a little decomposed by zinc sulphide. The reaction 
wi th eq. quanti t ies of cobalt, or nickel, sulphide, wi th ferrous sulphide results in 
the formation of a complex sulphide ; and F . Feigl said t h a t when the ratio of 
cobalt or nickel sulphide to the iron in the ferrous sulphide is as 2 : 1, approximately 
30 per cent, of the iron in t h e salt is transformed. J . d'Ans, and G. Keppeler and 
J . d 'Ans observed t h a t t he anhydrous sulphate above 600° decomposes in a current 
of sulphur dioxide, and t h a t t he result is the same as if the sulphate had been heated 
in an indifferent gas ; no ferrosic oxide is formed ; the products of the reaction are 
ferric oxide, and sulphur dioxide and trioxide. L. Meyer found t h a t ferrous sul­
pha te comes after manganous and copper salts in the order of act ivi ty as a catalyst 
in t he oxidation of sulphur dioxide. K. F . Ochs studied the subject. C. F . Schon-
bein observed t h a t if t he crystals of the hep tahydra te are quite free from ferric 
sulphate they remain colourless when t rea ted with sulphurous acid, bu t if a trace 
of ferric sulphate be present, t h e colour changes to yellowish-brown. 

According to A. Bussy and Ja. R. Lecanu, anhydrous or heptahydrated ferrous 
sulphate is soluble in cone, sulphuric acid, of sp. gr. 1*843, forming a rose- or purple-
coloured liquid ; and E . Divers and T. Shimidzu, G. Fownes, W. B. Giles, and 
T. Scheerer found t h a t when t h e hep tahydra te is boiled with cone, sulphuric acid, 
sulphur dioxide is evolved: 2 F e S O 4 + 2 S O 3 = F e 2 ( S O 4 J 3 + S O 2 . J . Kendall and 
A. W. Davidson observed t h a t mixtures of 0-22, 0-31, O40, 0-51, and 0-63 per cent. 
of anhydrous ferrous sulphate a n d sulphuric acid had the respective f.p. 30-2°, 
42-3°, 48-6°, 57*7° and 63-8°. The upward slope of the curve indicates t h a t an 
acid salt is present. The f.p. of higher concentrations were not measured because 
t h e mixtures became cloudy owing to the oxidation of the ferrous sulphate, by the 
sulphuric acid, t o t h e less soluble ferric sulphate. The effect of sulphuric acid 
in re tarding t h e aerial oxidation of a soln. of ferrous sulphate has been previously 
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d i s c u s s e d . W . J . M i i l l e r f o u n d t h a t t h e s o l u b i l i t y of f e r r o u s s u l p h a t e i s d e p r e s s e d 
b y t h e p r e s e n c e of i n c r e a s i n g p r o p o r t i o n s of s u l p h u r i c a c i d i n t h e s o I n . ; a n d 
C . G . F i n k a n d C. M . D e c r o l y o b s e r v e d t h e s o l u b i l i t y , S g r m s . F e S O 4 p e r 1OO c . c . 
of s u l p h u r i c a c i d of t h e p e r c e n t a g e c o n c e n t r a t i o n , i s : 

H 8 SO 4 O 
32-80 

6 0 
1 9 0 3 

2 7 0 
1O-30 

34-4 
7-26 

4O-6 
4 0 1 

53-1 per cent. 
O-1522 

f o r c o n c e n t r a t i o n s e x p r e s s e d i n g r a m s p e r 1OO g r m s . of w a t e r a t 3 0 ° . 
F . K . C a m e r o n a n d H . D . C r o c k f o r d , J . K e n d a l l a n d A . W . D a v i d s o n , a n d I . B e l l u c c i 
a l s o m a d e s o m e o b s e r v a t i o n s o n t h i s s u b j e c t . F . W i r t h f o u n d t h e s o l u b i l i t y , 
S g r m s . of F e S O 4 i n 1OO g r m s . of s o l n . , a t 2 5 ° , t o b e : 

H 2 S O 4 . O 2-252V- 6-685iV- 10-2*/- 12-462V- 151&JST- 19-84JV-
S . . 22-84 19-03 13-4O 10-3O 7-26 4-015 0-1522 

FeSO4.7H2O 

T h e r e i s a t r a n s i t i o n t e m p , w i t h 1 2 - 5 e q . of N-H2SO4 f o r F e S 0 4 . 7 H 2 0 ^ 
+ 6 H 2 O . L . M o s e r a n d R . H e r t z n e r , a n d F . B . K e n r i c k s t u d i e d 
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F i o . 65O.—Equilibrium in the System : 

F e S O 4 - H 2 S O 4 - H 2 O . 

FeSO4-H2O 

* F e S 0 4 . H 2 0 
t h e t e r n a r y 

s y s t e m F e O - S O 3 - H 2 O a t 
2 5 ° , a n d F . B . K e n r i c k 
f o u n d t h a t t h e m i n u t e , 
g r a n u l a r c r y s t a l s of t h e 
m o n o h y d r a t e a r e s t a b l e 
i n c o n t a c t w i t h s o l n . c o n ­
t a i n i n g b e t w e e n S O 3 . 
2 1 8 6 H 2 O a n d S 0 3 . 7 - 9 3 H 2 O , 
w i t h h i g h e r p r o p o r t i o n s of 
w a t e r , t h e h e p t a - a n d 
t e t r a h y d r a t e s a r e f o r m e d . 
F . K . C a m e r o n m e a s u r e d 
t h e s o l u b i l i t y of f e r r o u s 
s u l p h a t e i n s u l p h u r i c a c i d 
a t d i f f e r e n t t e m p . , a n d 
f o u n d a s s o l i d p h a s e s t h e 
h e p t a - , t e t r a - , d i - , a n d 
m o n o h y d r a t e s . T h e f o l l o w ­
i n g i s a s e l e c t i o n f r o m t h e 

d a t a , p l o t t e d i n F i g . 6 5 0 , w h e n t h e c o n c e n t r a t i o n s a r e e x p r e s s e d i n p e r c e n t a g e s : 
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V. K o m a r r e p o r t e d c ry s t a l s of n o r m a l ferrous hydrosulphate , F e 0 . 2 S 0 8 . H 2 0 , 
o r F e S O 4 - H 2 S O 4 , o r F e ( H S 0 4 ) 2 , t o b e f o r m e d b y t h e e v a p o r a t i o n of a soln. of fe r rous 
s u l p h a t e "with s u l p h u r i c ac id of s p . gr . 1*3 t o 1*4. F . B . K e n r i c k o b s e r v e d i t t o be 
t h e sol id p h a s e i n t h e t e r n a r y s y s t e m F e S O 4 - H 2 S O 4 - H 2 O a t 25° w i t h soln . con­
t a i n i n g S O 3 : 1-342H 2 O t o 1-595H 2 O. T h e p r i s m a t i c c r y s t a l s a r e wel l - formed, 
a n d , u n d e r t h e mic roscope , r e s emb le t h o s e of N a 2 S O 4 . 1 0 H 2 O . I t is t h o u g h t t h a t 
t h i s s a l t m a y b e i den t i c a l w i t h t h e ferrous pyrosulphatc, F e S 5 O 2 , r e p o r t e d b y 
T . B o l a s t o b e f o r m e d b y cool ing a m i x t u r e of 9 vo ls , of cone , su lphu r i c ac id w i t h 
1 vo l . of a s a t . soln . of fe r rous s u l p h a t e . F . B . K e n r i c k o b t a i n e d smal l , colour­
less, h e x a g o n a l c r y s t a l s of ferrous hydrosu lphatosu lphate , 2 F e O . 3 S O 3 . 2 H 2 O , o r 
2 F e S 0 4 . H 2 S 0 4 . H 2 0 , o r F e S 0 4 . F e ( H S 0 4 ) 2 . H 2 0 , f rom soln . c o n t a i n i n g b e t w e e n 
S O 3 : 1-637H 2O t o S O 3 : 2 -186H 2 O. I t is t h o u g h t t h a t t h e c r y s t a l s m a y b e t h e 
s a m e a s t h o s e r e p o r t e d b y F . J e r e m i n t o c o n t a i n F e S O 4 . 5 H 2 S O 4 . 5 H 2 O , o r 
F e O . 6 S O 3 . 1 0 H 2 O , i.e. ferrous pentahydrosu lphatosu lphate ; F . J e r e m i n p r e p a r e d 
t h i s sa l t , i n u n s t a b l e , g reen ish c rys t a l s , b y r a p i d l y m i x i n g a s a t . soln. of fe r rous 
s u l p h a t e w i t h a t l ea s t 4 vols , of s u l p h u r i c ac id of s p . gr . 1-83. P . A . v o n Bonsdorff 
o b t a i n e d colour less p l a t e s , s p a r i n g l y soluble in w a t e r , a n d of t h e c o m p o s i t i o n 
ferrous trihydrosulphatosulphate, Fe0 .4S0 3 . 3H 2 0 , or FeS0 4 .3H 2 S0 4 , by mixing 
cone . soln . of fe r rous s u l p h a t e a n d s u l p h u r i c ac id u n t i l t h e s p . gr . is 1-33 ; 
e v a p o r a t i n g t h e l iqu id ove r cone , s u l p h u r i c ac id u n t i l i t s s p . gr . is 1-5O ; a n d 
c rys ta l l i z ing . F . B . K e n r i c k sa id t h a t t h e s a l t is s t ab l e in soln. w i t h b e t w e e n 
S O 3 : 1-22H 2O t o S O 3 : 1-342H 2 O. 

M. B e r t h e l o t o b s e r v e d t h a t w h e n persulphuric acid is d r o p p e d i n t o a n ac id ic 
soln. of fe r rous s u l p h a t e , a n u n s t a b l e b r o w n p r o d u c t is fo rmed w h i c h w i t h f u r t h e r 
a d d i t i o n s of ac id is d e c o m p o s e d t o f o r m a colour less soln . R . N . J . Saa l , a n d 
T . S. P r i c e s t u d i e d t h e c a t a l y t i c a c t i o n of fe r rous sa l t s on t h e r e a c t i o n b e t w e e n 
persulpnates a n d iod ides : K 2 S 2 O 8 + 2 K I = 2 K 2 S O 4 + I 2 . A c c o r d i n g t o G. L u n g e , 
s u l p h u r i c ac id c o n t a i n i n g s e l e n i u m dioxide g ives a b rownish-ye l low, o r ye l lowish-
r e d r i ng w h e n d r o p p e d i n t o a soln. of fe r rous s u l p h a t e , t h e co lour does n o t v a n i s h 
w h e n t h e l iqu id is w a r m e d a s is t h e case w i t h t h e b r o w n r i ng fo rmed b y n i t r i c 
ox ide . E . Ke l l e r o b s e r v e d t h a t a soln. of s e l en ium d iox ide in hyd roch lo r i c ac id , 
exceed ing 30 p e r c e n t . HCl , depos i t s all t h e se l en ium in 24 h r s . , b u t t e l lur ium 
dioxide u n d e r s imi la r cond i t i ons does n o t r e a c t w i t h t h e hyd roch lo r i c ac id . 
F . D . C r a n e o b s e r v e d t h a t t h e p r e c i p i t a t i o n of t e l l u r i u m w i t h fe r rous s u l p h a t e soln. 
occu r s o n l y w h e n t h e soln. of t e l l u r i u m t e t r a c h l o r i d e is free f rom t h e d ich lo r ide . 

E . C. F r a n k l i n a n d C A. K r a u s o b s e r v e d t h a t fer rous s u l p h a t e is inso luble in 
l iqu id a m m o n i a . A c c o r d i n g t o F . E p h r a i m , w h e n a m m o n i a is p a s s e d over 
a n h y d r o u s fe r rous s u l p h a t e , h e a t is evo lved a n d t h e sa l t swells u p fo rming a vo lu­
m i n o u s , w h i t e p o w d e r whose c o m p o s i t i o n is n o t far f rom F e S O 4 . 6 N H 3 ; if t h e t e m p , 
b e r a i s ed h igh e n o u g h , W . R . H o d g k i n s o n a n d C. C. T r e n c h o b s e r v e d t h a t t h e 
a n h y d r o u s o r h y d r a t e d s u l p h a t e is r e d u c e d t o i ron c o n t a i n i n g 1 t o 2 p e r cen t , of sul­
p h u r . T h e a c t i o n of a m m o n i a o n h y d r a t e d fe r rous s u l p h a t e or o n a q . soln. furn ishes 
a series of a m m i n e s . A . K a u f m a n n obse rved t h a t w h e n r e d u c e d i ron is d issolved 
i n a h o t , a m m o n i a c a l , s a t u r a t e d so ln . of a m m o n i u m s u l p h a t e , t h e yel low soln. 
p r o b a b l y c o n t a i n s f e r rous a m m i n o s u l p h a t e , t h o u g h n o n e w a s i so la ted . F . E p h r a i m 
p r e p a r e d ferrous h e x a m m i n o s u l p h a t e , F e S 0 4 . 6 N H 3 , or [ F e ( N H 3 ) 3 ] S 0 4 , b y pass ing 
a m m o n i a o v e r a n h y d r o u s f e r rous s u l p h a t e . T h e v o l u m i n o u s , wh i t e p o w d e r is 
r e a d i l y ox id ized . I t s d i s soc ia t ion p re s s . , p m m . , is : 

73° 82° 88-5° 04-5° 96° 98 5° 102-5° 107° 108° 109-5° 
p . . . 15O 256 3 5 0 4 6 4 500 551 642 74O 760 788 

T h e c o m p o u n d is s t a b l e u p t o 91° , b e y o n d w h i c h i t begins t o fo rm t h e t e t r a m m i n e , 
F i g . 6 5 1 . T h e h e a t of d i s soc ia t ion t o t h e t e t r a m m i n e is 13-65 CaIs. p e r mol . of 
a m m o n i a . F . E p h r a i m d i scussed t h e r e l a t i o n b e t w e e n t h e d issocia t ion t e m p , a n d 
t h e a t . vo l . F . Miil ler g a v e —18° t o 75° for t h e t e m p , of d issocia t ion of t h e 
h e p t a m m i n e . B . W e i t z a n d H . Mul le r w e r e u n a b l e t o p r e p a r e t h e h e x a m m m e b y 
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Fio . 651. — The Dissociation 

Curve of the Ferrous Ammino-
sulphates. 

wet processes ; the nearest t hey could produce was ferrous pentamininosulphate, 
FeSO4.5NH3.H2O, or ferroua cufuopentamminosulphote, [Fe(NHa)6(H2O)]SO4 , which 
they obtained, in green, rhombohedral crystals, by driving ou t t h e air from a soln. 
of 5 grzns. of Mohr's salt in 200 c.c. of water , passing ammonia in to t h e -well-

cooled liquid so t h a t t he hydroxide first precipi­
t a t e d is redissolved, filtering in an a tm . of am­
monia, and allowing t h e soln. to crystallize. 
F . Miiller gave 75° to 95° for the dissociation 
t emp , of the pentammine . J . A. Verhoeff em­
ployed an analogous process, b u t precipi tated t h e 
salt by the addit ion of alcohol sat . with ammonia 
to the well-cooled liquid. F . Ephra im observed 
t h a t when the hexammine is heated to nearly 110°, 
i t forms ferrous tetramrninosulphate, FeS0 4 . 4NH 3 , 
with a dissociation press, of 500 mm. a t 117°, and 
760 mm. a t 125°—Fig. 651. He studied the re­

lation between the dissociation t emp, and the a t . vol. ; and found for t he hea t of 
dissociation to the diammine, 14*32 CaIs. per mol. of ammonia . W. Peters 
obtained a monokydrate, F e S 0 4 . 4 N H 3 . H 2 0 , or [Fe(NH 3 )JSO 4 -H 2 O, by t h e action 
of ammonia on monohydra ted ferrous sulphate, a t room t emp . ,When kep t in 
vacuo, th is salt passes into the diammine. G. Spacu prepared the same 
salt by passing a brisk current of d ry ammonia over t he pyridine sulphate, 
[Fe(C6H5N)3(H2O)]SO4-H2O. I t is almost insoluble in water ; and is hydrolyzed 
in aq. soln. ; i t is insoluble in most solvents, b u t i t dissolves in dil. sulphuric acid. 
F . Miiller gave 95° t o 110° for t he dissociation t e m p . F . Ephra im found t h a t ferrous 
triamminosulphate, FeSO4 .3NH3 , is formed when the higher ammine is heated 
between 120° and 123°—Fig. 651—and W. Peters obtained the tnonohydrate, 
FeSO4 .3NH3 . H 2 O, by the action of ammonia on the hydra ted diammine. 
F . Ephra im found t h a t the t r iammine passes in to ferrous diamminosulphate, 
FeS0 4 . 2NH 3 , when heated to 221° to 222° ; and W. Peters prepared the mono-
hydrate, FeSO 4 .2NH 3-H 2O, by keeping the hydra ted te t rammine in vacuo. 
F . Ephra im prepared ferrous monamminosulphate, FeSO 4-NH 3 , by heat ing a 
higher ammine between 300° and 400°—Fig. 651. F . Miiller gave 180° to 190° 
for the dissociation temp, of t he diammine, and 192° t o 225° for t h a t of t he 
monammine. H . Weitz observed t h a t no nitrosyl ammine is formed when nitric 
oxide is passed into an ammoniacal soln. of ferrous and ammonium sulphates. 
O. R. Foz and L. Ie Boucher studied the amminosulphates. 

H . A. von Vogel found t h a t on adding a soln. of ammonium chloride to one of 
ferrous sulphate, a complex salt is formed. A. Kur tenacker and F . Werner studied 
the catalytic decomposition of hydroxylamine by ferrous sulphate . According to 
T. W. B. Welsh and H . J . Broderson, ferrous sulphate is only slightly soluble in 
liquid hydrazine, gas is evolved, and a yellow precipi tate is formed. The soln. 
is a poor conductor of electricity ; and a black deposit appears on the cathode, 
and i t is soluble in hydrochloric acid. H . Schjerning said t h a t ferrous sulphate 
and phenylhydrazine form the complex salt. T. Curtius and J . Hissom, and 
L. M. Dennis and A. W. Browne noted t h a t sodium azide, when shaken in air 
with a soln. of ferrous sulphate, develops a blood-red coloration. C. T. Dowell 
and W. C. Bray found t h a t when a soln. of ferrous sulphate is t rea ted wi th a 
soln. of nitrogen trichloride* NCl3, in carbon tetrachloride, an ammonium salt 
is formed, and nitrogen is evolved. According to W. Manchot and co-workers, 
aq. soln. with 0, 10-938, and 21*845 grms. of FeSO 4 per 100 c.c. dissolve respectively 
53-3,34-0, and 21-6 c.c. of nitrous oxide per 100 c.c. of soln. According to V. Thomas, 
unlike ferrous chloride and bromide, anhydrous ferrous sulphate absorbs no nitric 
oxide ; bu t J . Priestley observed t h a t a soln. of ferrous sulphate is coloured da rk 
brown by nitric oxide, and when t h e sat . aq . soln. is t rea ted wi th the gas, W. Man­
chot and co-workers—F. Hu t tne r , H . Haunschild, and E . Linckh—observed t h e 
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formation of ferrous nitrosylsulphate, FeSO4-NO, and of ferrous heminitrosyl-
s u l p h a t e , 2 F e S 0 4 . N 0 . 1 3 H 2 0 . T h e r e a c t i o n w a s s t u d i e d b y E . Pe l igo t , H . D a v y , 
F . H . A . v o n H u m b o l d t a n d L . N . V a u q u e l i n , L . C a m b i a n d A . Clerici , W . Ka l l e 
a n d W . P r i c k a r t s , G. v o n Hi i fner , Li. Car ius , V . A . J a c q u e l a i n , A . B u s s y a n d 
Xi. R . !Lecanu, B . D e s b a s s y n s d e R i c h e m o n t , J . G a y , F . R a s c h i g , F . L . TJsher, 
E . L e n s s e n , e tc .—v ide S9 49 , 3 5 . J . B y s t r o n a n d K . v o n Viet inghoff o b s e r v e d t h a t 
w h e n n i t rogen peroxide is p a s s e d i n t o a so ln . of fe r rous s u l p h a t e , a bas ic ferr ic 
s a l t is p r e c i p i t a t e d . A . T h u m f o u n d t h a t a so ln . of a lka l i hyponi tr i te r e a c t s w i t h 
a f r e sh ly -p r epa red soln . of f e r rous s u l p h a t e f o r m i n g a l i gh t g reen p r e c i p i t a t e w h i g h 
soon b e c o m e s d a r k e r , whi le t h e so ln . b e c o m e s s t r o n g l y ac id ic . F e r r o u s sa l t s r e d u c e 
nitr i tes t o n i t r i c ox ide , owing , s a i d P . P icc in i a n d F . M. Zuco , t o t h e f o r m a t i o n of a n 
u n s t a b l e fe r rous n i t r i t e : 6 F e ( N O 2 ) 2 ^ 1 0 N C > - | - F C g O s H - ^ F e 2 O 3 - N 2 O 5 . A. Th ie le sa id 
t h a t t h e r e a c t i o n w i t h a cone . so ln . of s o d i u m n i t r i t e a n d a h y d r o c h l o r i c a c id soln . 
of f e r rous s u l p h a t e c a n used for m a k i n g n i t r i c o x i d e of a h i g h d e g r e e of p u r i t y . 
W h e n ni tr ic ac id i s a d d e d t o a so ln . of fe r rous s u l p h a t e , acidified w i t h s u l p h u r i c 
ac id , n i t r i c ox ide is f o r m e d : 6 F e S 0 4 H - 3 H 2 S 0 4 H - 2 H N 0 3 = 3 F e 2 ( S 0 4 ) 3 4 - 4 H 2 0 + 2 N O . 
T h e l a t t e r p r o d u c e s a b r o w n c o l o r a t i o n w h i c h is a p p l i e d i n t h e so-cal led ring-test 
for n i t r i c ac id a n d t h e n i t r a t e s , w h e r e a co ld soln . of f e r rous s u l p h a t e is p o u r e d 
d o w n t h e s ides of a t e s t - t u b e c o n t a i n i n g a l a y e r of cone , s u l p h u r i c ac id a n d t h e 
s u s p e c t e d n i t r a t e . If a n i t r a t e is p r e s e n t , t h e co lour of t h e r i n g a t t h e j u n c t i o n 
of t h e t w o l iqu ids will b e r u d d y if t h e n i t r o sy l c o m p o u n d is f o r m e d in t h e cone , a c id 
l ayer , a n d b r o w n , if f o rmed in t h e a q . soln. T h e co lo ra t ion w a s also a p p l i e d b y 
Hi. Mauge , F . C. B o w m a n a n d W . W . S c o t t , a n d I . Bel lucc i t o t h e v o l u m e t r i c 
d e t e r m i n a t i o n of n i t r i c ac id . T h e b r o w n co lour is f o r m e d o n l y i n t h e p r e s e n c e of 
a n excess of fe r rous s u l p h a t e , a n d w h e n n i t r i c acid is a d d e d , t h e r e m a i n i n g fe r rous 
s u l p h a t e is ox id ized c o m p l e t e l y , a n d t h e co lour t h e n d i s a p p e a r s . T h e p r o d u c t i o n 
of t h e b r o w n c o l o r a t i o n w a s u t i l i zed , b y L . B l u m , t o d e t e c t t h e p r e sence of f e r rous 
s a l t s i n t h e p re sence of t h e sa l t s of s o m e o t h e r m e t a l s . As s h o w n b y N . A . E . Mil lon, 
a n d V . H . Veley , f e r rous s u l p h a t e r e t a r d s t h e a c t i o n of n i t r i c ac id o n m e t a l s , a n d 
t h i s is a t t r i b u t e d b y P . C. R a y t o t h e d e s t r u c t i o n of n i t r o u s ac id d u r i n g t h e c a t a l y t i c 
o r cycl ic o x i d a t i o n a n d r e d u c t i o n of t h e i r on sa l t . 

C. H . K n o o p f o u n d t h a t w h e n h e p t a h y d r a t e d fe r rous s u l p h a t e is m i x e d w i t h 
p o w d e r e d p h o s p h o r i t e , a n d h e a t e d t o 250°, t h e p h o s p h a t e b e c o m e s soluble i n a soln. 
of c i t r ic ac id . T . Sa lzer o b s e r v e d t h a t hypophosphor ic ac id o r s o d i u m h y p o -
phosphate p r o d u c e s a w h i t e p r e c i p i t a t e w i t h a so ln . of fe r rous s u l p h a t e . R . Meissner 
f o u n d t h a t w h e n ars ine is p a s s e d i n t o a soln . of fe r rous s u l p h a t e , o n l y 1 t o 3 p e r c en t , 
is a b s o r b e d . D . R . H a l e s t u d i e d t h e i n d u c e d r e a c t i o n w i t h f e r rous s u l p h a t e , 
p o t a s s i u m p e r m a n g a n a t e , a n d s o d i u m arsenite . E . S c h i i r m a n n o b s e r v e d t h a t 
arsenic su lphide r e a c t s p a r t i a l l y w i t h fe r rous s u l p h a t e in a q . so ln . 

P . B e r t h i e r s a id t h a t w h e n fe r rous s u l p h a t e is h e a t e d w i t h carbon i n a c a r b o n 
c ruc ib le , f e r rous s u l p h i d e is f o r m e d ; a n d J . L». G a y L u s s a c o b s e r v e d t h a t w h e n 
t h e m i x t u r e is h e a t e d in a r e t o r t , s u l p h u r a n d c a r b o n d iox ides a r e evo lved , a n d 
ferr ic ox ide free f rom s u l p h i d e is f o r m e d ; a t a h i g h e r t e m p . , t h e ox ide is r e d u c e d 
t o m e t a l . A. G. D o r o s c h e w s k y a n d A . J . B a r d t obse rved t h a t fe r rous s u l p h a t e 
intensif ies t h e c a t a l y t i c a c t i o n of caTbon i n t h e o x i d a t i o n of a lcohols . N . SchilofE 
a n d Li. L e p i n s t u d i e d t h e a d s o r p t i o n of ferrOus s u l p h a t e f r o m a 005 iV-so ln . b y c a r b o n . 
W . A . J a k o w e n k o f o u n d t h a t t h e h e p t a h y d r a t e r e a c t s w i t h c a l c i u m carbide g iv ing 
off t h e e q u i v a l e n t of 5*9 mo l . of w a t e r i n t h e f o r m of a c e t y l e n e . Acco rd ing t o 
W . M a n c h o t a n d co -worker s , soln . w i t h 0, 10-938, a n d 21-845 g r m s . of F e S O 4 p e r 
1OO c . c , d issolve 95-7, 61-6, a n d 41-1 c c of a c e t y l e n e a t 25° . C. D o e l t e r 
o b s e r v e d t h a t w h e n t h e h e p t a h y d r a t e is h e a t e d i n coa l -gas , i t is r e d u c e d t o 
fe r rous s u l p h i d e . T h e sa l t s of i r o n a r e r e d u c e d t o m e t a l w h e n h e a t e d i n carbon 
m o n o x i d e , a n d G. P . S c h w e d e r - found t h a t w h e n fe r rous s u l p h a t e is h e a t e d i n 
a n a t i n . of c a r b o n m o n o x i d e , a m i x t u r e of f e r rous s u l p h i d e w i t h i ron o r ferr ic 
o x i d e is f o r m e d . J . H . W e i b e l s t u d i e d t h e a c t i o n of t h e g a s u n d e r p ress , on t h e 
a q . so ln . E . H , B i i chne r , a n d G. G o r e f o u n d t h a t t h e h e p t a h y d r a t e is n o t d i s -
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so lved b y l iquid carbon dioxide* b u t t h e s a l t is t r a n s f o r m e d i n t o a w h i t e p o w d e r . 
A . Conduche obse rved t h a t w h e n fe r rous s u l p h a t e is h e a t e d i n ch loro form v a p o u r , 
i t p r o d u c e s a m i x t u r e of fer rous a n d ferric ch lor ides f rom w h i c h t h e l a t t e r s u b l i m e s . 
E . A lbe r t s s imilar ly i n v e s t i g a t e d t h e a c t i o n of t h e v a p o u r of carbon tetrachloride . 
J . B a r l o t a n d E . C h a u v e n e t found t h a t t h e a n h y d r o u s s u l p h a t e r e a c t s w i t h carbonyl 
chloride a t 300° t o 500° fo rming fer rous ch lor ide , s u l p h u r y l ch lo r ide , a n d c a r b o n 
d iox ide . Accord ing t o A. W . D a v i d s o n , w h e n fe r rous s u l p h a t e is m i x e d w i t h 
100 p e r cen t , su lphur i c acid , a n d po tas s ium ferricyanide, t h e b r o w n co lour d i s ­
a p p e a r s w i t h o u t showing a n y o t h e r ev idence of a r e a c t i o n ; w h e n t h e m i x t u r e i s 
d i lu t ed w i t h w a t e r , a b lue p r e c i p i t a t e is f o r m e d . F e r r o u s s u l p h a t e in a lka l ine 
soln reduces p o t a s s i u m fe r r icyan ide t o t h e f e r rocyan ide o n e x p o s u r e t o l i gh t . 
G. A. Barb ie r i s t u d i e d t h e ac t ion of fe r rous s u l p h a t e o n s i lver ferr icyanide . 
C. A. L . de B r u y n obse rved t h a t a b s o l u t e m e t h y l a l coho l d issolves t h e h e p t a -
h y d r a t e , a n d t h a t t h e soln. is u n s t a b l e ; w h e n a few d r o p s of w a t e r a r e a d d e d , o r 
w h e n t h e soln. is w a r m e d , t h e h e p t a h y d r a t e s e p a r a t e s o u t a g a i n . P . R o h l a n d 
n o t e d t h a t t h e m e t h y l a lcohol soln. r educes c u p r i c t o c u p r o u s sa l t s ; a n d G. C. G ibson 
a n d co-workers o b t a i n e d t h e c o m p l e x : 2 F e S 0 4 . 3 C H 3 O H . E . F . A n t h o n sa id t h a t 
fer rous s u l p h a t e is inso luble i n e thy l a l coho l of a s p . gr . less t h a n 0-905 ; a n d t h a t 
a lcohol , a n d su lphu r i c ac id p r e c i p i t a t e t h e s a l t f rom i t s a q . so ln . H . Schiff f ound 
t h a t 1OO p a r t s of a s a t . soln. of fe r rous s u l p h a t e i n 40 p e r c en t , a lcohol , a t 15° , 
c o n t a i n 0-3 pe r cen t , of t h e h e p t a h y d r a t e . M e t h y l , e t h y l , propyl , n- a n d iso-h\ltyl9 
a n d i so -amyl a l coho l s a r e ox id ized b y p e r m a n g a n a t e or h y d r o g e n d iox ide i n t h e 
p resence of fer rous sa l t s . A di l . soln . of e t h y l a lcohol , for i n s t a n c e , i n t h e p r e s e n c e 
of fer rous s u l p h a t e , is ox id ized t o a l d e h y d e , a n d i n t h e p re sence of fe r rous o x a l a t e , 
t o ace t ic ac id ; a n d A. G. D o r o s c h e w s k y a n d A. J . B a r d t s h o w e d t h a t ferr ic s a l t s 
d o n o t a c t as c a t a l y t i c a g e n t s in t h e s a m e "way. E . G. T h o r i n o b s e r v e d t h a t t h e 
so lubi l i ty of e t h e r i n 0-52V-FeSO4 is less t h a n i n w a t e r . W . F . O. d e Con inck 
r e p o r t e d t h e so lub i l i ty of fer rous s u l p h a t e i n g lyco l t o b e 6 p e r c e n t . G. F u s e y a 
a n d K . M u r a t a f ound t h a t a mol . of fer rous s u l p h a t e u n i t e s w i t h 6 mo l s . of g lycoco l l 
in a q . soln. J . F . Pe r soz found t h a t glacial a c e t i c a c i d p r e c i p i t a t e s fe r rous s u l p h a t e 
comple te ly f rom i t s a q . soln. , a n d A. W . D a v i d s o n also a d d e d t h a t t h e h e p t a h y d r a t e 
is insoluble in glacial ace t ic ac id . W . F r a n k e o b s e r v e d t h e f o r m a t i o n of c o m p l e x 
a c e t a t e s . W . H . K r u g a n d K . P . M c E l r o y , A. N a u m a n n , a n d W . E i d m a n n f o u n d 
t h a t fer rous s u l p h a t e is insoluble i n a c e t o n e ; a n d A. N a u m a n n , t h a t i t is inso lub le 
in d r y m e t h y l a c e t a t e , o r i n e t h y l a c e t a t e , d r y o r s a t . w i t h w a t e r . S. H a k o m o r i 
s t u d i e d t h e ac t i on of c i t r ic ac id a n d of oxal ic a c i d on fe r rous s u l p h a t e ; a n d 
F . K r a u s s a n d K . Be rge , t h e effect of i ron sa l t s on t h e p h o t o c h e m i c a l d e c o m p o s i t i o n 
of oxal ic ac id . S. G o l d s c h m i d t a n d co-workers s t u d i e d t h e o x i d a t i o n of g lyco l l i c 
ac id b y h y d r o g e n d iox ide . E . D a r m o i s o b s e r v e d t h a t a soln. of fe r rous s u l p h a t e 
e n h a n c e s t h e d e x t r o r o t a t o r y p o w e r of tartaric a c i d ; a n d J . H . Liong s t u d i e d t h e 
invers ion of cane-SUgar b y fe r rous s u l p h a t e . F . Calzolar i f o u n d t h a t h e x a -
methylene tetramine forms a complex: FeSO4 . C 6 H 1 2 N 4 . 9H 2 O; B. Emmer t and 
H . G. Sottschneider, with benzoylacetone ; and G. Spacu, with aniline, t he 
c o m p l e x : F e S O 4 . 2 C 6 H 5 N H 2 - A. N a u m a n n sa id t h a t f e r rous s u l p h a t e is in­
soluble in pyridine, b u t va r ious complex sa l t s h a v e been o b t a i n e d b y W . L a n g , 
F . R e i t z e n s t e i n , G. Spacu , a n d R . W e i n l a n d a n d co -worke r s . F . L . H a h n a n d 
co-workers o b s e r v e d t h a t fe r rous s u l p h a t e fo rms a c o m p l e x w i t h a - a c e t a m i n o -
p y r i d i n e ; b u t E . B o r s b a c h , a n d F . B l a u obse rved n o c o m p l e x is f o r m e d w i t h 
quinol ine . F . B l a u , H . F r e u n d l i c h a n d V. B i r s t e in , L . A. WeIo , S. B e r k m a n a n d 
H . Zocher , W . Bi l t z , a n d W . M a n c h o t obse rved t h a t a c o m p l e x is f o r m e d w i t h 
cuz'-dipyridyl, b u t H . B l a u o b t a i n e d no c o m p l e x w i t h t h e o t h e r d i p y r i d y l s — 
<xf¥, fifZ', o r yy/—F. B l a u o b t a i n e d complexes w i t h aa'-dipiperidyl, a n d a - p h e n a n -
tholine, bu t no t with toluidine, naphthylamine, phenyldiamine, or benzidine. 
G. Canne r i o b t a i n e d a c o m p l e x w i t h guan id ine ; P . C. a n d N . R a y s t u d i e d t h e 
c o m p l e x sa l t s f o r m e d w i t h t r imethy l su lphon ium su lphate , a n d t r i e thy l su lphonium 
su lphate . D . P o r r e t s t u d i e d t h e o x i d a t i o n of fer rous s u l p h a t e b y b e n z o q u i n o n e ; 
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F . M. J a g e r a n d J . A . v a n Di jk , t h e complexes w i t h dipyridyl. A . M. Malkoft 
a n d N . Z v e t k o v a o b s e r v e d t h a t t h e c a t a l y t i c a c t i v i t y of fe r rous s u l p h a t e in 
t h e o x i d a t i o n of s u g a r s is r e t a r d e d b y p h o s p h a t e s . L . Soep f o u n d t h a t t h e 
ani l ine dye , o r a n g e I I , i n 1 p e r c en t , soln. , g ives s h o r t , ye l low need les of a c o m p l e x 
-which p r o d u c e s p o l a r i z a t i o n co lours , a n d w h i c h c a n b e u t i l i zed a s a mic ro -chemica l 
t e s t . N . N . B i s w a s a n d N . R . D h a r s t u d i e d t h e chemi luminescence of an i l ine 
d y e s , h sema toxy l in , e t c . , i n t h e p r e s e n c e of h y d r o g e n d iox ide a n d fer rous s u l p h a t e . 
E . J . M o r g a n a n d J . H . Q u a s t e l n o t e d t h e r e d u c t i o n of m e t h y l e n e b l u e b y fe r rous 
s u l p h a t e . W . T h o m s o n a n d F . L e w i s s t u d i e d t h e a c t i o n of india-rubber. 

Gr. Gore d i scussed t h e a d s o r p t i o n of f e r rous s u l p h a t e f rom i t s a q . soln. b y 
p o w d e r e d s i l ica ; a n d R . R i ecke , a n d B . C. Su l l ivan , t h e a d s o p r t i o n b y o r t h o c l a s e , 
Clays, a n d c h i n a c l a y . T h e i r o n is t h o u g h t t o b e r e m o v e d a s ferric h y d r o x i d e 
wh i l s t t h e SO4" "-ions r e m a i n i n soln . O. C. M a g i s t a d f o u n d t h a t in c o n t a c t w i t h 
zeo l i t e s o r soil m i n e r a l s , t h e Fe""-ions i n a q . soln . of f e r rous s u l p h a t e a re d i sp l aced 
b y Ca* "-ions, a n d R . Dollfus o b s e r v e d t h a t a c r y s t a l of h e p t a h y d r a t e d fe r rous 
s u l p h a t e in a so ln . of a l k a l i s i l i ca t e p r o d u c e s a co lumn—si l i ca g a r d e n — w h i c h 
cons i s t s of a sk in of fe r rous s i l ica te w i t h a soln. of f e r rous s u l p h a t e ins ide . 
J . T u n n e r m a n n f o u n d t h a t w h e n t h e h e p t a h y d r a t e is t r i t u r a t e d w i t h b o r a x , a 
g rey i sh-ye l low p r o d u c t is f o r m e d , w h i c h , w h e n t r e a t e d w i t h w a t e r , y i e lds a 
g rey i sh -g reen p r e c i p i t a t e . 

Soln . of i ron sa l t s a r e r e d u c e d t o m e t a l b y t h e m o r e e l ec t ropos i t ive m e t a l s l ike 
m a g n e s i u m , z inc , o r a l u m i n i u m . E . Hi Is s t u d i e d t h e a c t i o n of s i lve r . C. B r u c k n e r 
o b s e r v e d t h a t w h e n a m i x t u r e of a n h y d r o u s fe r rous s u l p h a t e a n d p o w d e r e d m a g ­
n e s i u m is h e a t e d in a n indi f ferent gas , t h e i r o n is ox id ized a n d s u l p h u r d iox ide , 
t h i o s u l p h a t e , a n d s u l p h i d e a r e f o r m e d ; a b l a c k s u l p h i d e is f o r m e d w h e n t h e 
m i x t u r e is t r i t u r a t e d i n a m o r t a r . H . H e i n r i c h s also s t u d i e d t h e r e a c t i o n . 
A. Commai l l e , a n d D . T o m m a s i o b s e r v e d t h a t a n e u t r a l aq . soln. of fe r rous s u l p h a t e 
r e a c t s w i t h m a g n e s i u m fo rming a p r e c i p i t a t e of w h i t e fe r rous h y d r o x i d e w h i c h in 
a i r s o o n oxid izes t o ye l low h y d r a t e d ferr ic o x i d e ; h y d r o g e n is a lso evo lved . 
Z. R o u s s i n o b s e r v e d t h a t w i t h feebly-ac id ic so ln . of t h e sa l t , i ron is p r e c i p i t a t e d , 
a n d A. Commai l l e a d d e d t h a t t h e p r e c i p i t a t e d i ron is i m m e d i a t e l y red i sso lved . 
J . T h o m s e n sa id t h a t t h e r e p l a c e m e n t of i r on b y m a g n e s i u m in fe r rous s u l p h a t e soln . 
evolVes 87*06 CaIs. F . M u c k s t u d i e d t h e a c t i o n of z i n c on soln. of fer rous s u l p h a t e . 
H . H e i n r i c h s f o u n d t h a t a m i x t u r e of fe r rous s u l p h a t e a n d p o w d e r e d a l u m i n i u m 
beg ins t o f o r m a n o x i d e a t a b o u t 600°, t h e r e a c t i o n p r o c e e d s exp los ive ly a t 900° , 
a n d t h e s u l p h a t e is r e d u c e d t o s u l p h i d e . M. J . Sa l auze s t u d i e d t h e r e a c t i o n . 
O. P re l i nge r o b s e r v e d t h a t i r o n is p r e c i p i t a t e d b y p o w d e r e d m a n g a n e s e f rom a n 
a q . soln . of fe r rous s u l p h a t e . C. W . K a s t n e r f o u n d t h a t w i t h p o w d e r e d i r o n , 
h y d r o g e n su lph ide is evo lved f rom a n a q . so ln . of f e r rous s u l p h a t e , a n d a b lue 
s u b s u l p h i d e is f o r m e d ; P . S a b a t i e r a n d J . B . S e n d e r e n s o b s e r v e d t h a t h y d r o g e n 
is s lowly evo lved f rom t h e a q . so ln . J . A . N . F r i e n d a n d P . C. B a r n e t s a id t h a t 
a soln . of fe r rous s u l p h a t e a c t s o n i r on m o r e s lowly t h a n is t h e case w i t h w a t e r . 

M. C. Boswel l a n d J . V. D i c k s o n found t h a t w h e n fe r rous s u l p h a t e is fused w i t h 
s o d i u m hydroxide , h y d r o g e n is g iven off e q . t o t h e o x y g e n t a k e n u p b y t h e sa l t . 
A n h y d r o u s fe r rous o x i d e r e a c t s w i t h c a l c i u m , s t r o n t i u m , a n d b a r i u m ox ides : 
2 F e S O 4 H - C a O = C a S O 4 - H F e 2 O 8 H - S O 2 , a n d J . A . H e d v a l l a n d J . H e u b e r g e r o b s e r v e d 
t h a t t h e t e m p , of r e a c t i o n a r e r e spec t i ve ly 444° , 426° , a n d 345° ; w i t h m o i s t 
m i x t u r e s , f e r rous a n d ferrosic ox ides a r e a l so fo rmed . J . N . v o n F u c h s o b s e r v e d 
n o p r e c i p i t a t i o n occu r s w h e n soln . of f e r rous s a l t s a r e t r e a t e d w i t h c a l c i u m 
c a r b o n a t e — v i d e ferr ic s u l p h a t e — b u t H . C. S o r b y , a n d J . P . K i m b a l l showed t h a t 
a n e x c h a n g e of b a s e s occur s w h e r e b y t h e c a l c i u m is r ep l aced b y i ron . Ht. D ieu la fa i t 
a l so foond t h a t i n t h e p r e sence of i ron , m a n g a n e s e , a n d z inc sa l t soln. , t h e i ron is 
p r e c i p i t a t e d first, a n d t h e n follow z inc a n d m a n g a n e s e . F . T h o m a s found t h a t 
t h e r e is a s low r e a c t i o n w i t h cuprous ox ide a n d soln . of fe r rous s u l p h a t e : C u 2 O 
- h 2 F e S 0 4 4 - 0 2 = = 2 C u S 0 4 4 - F e 2 0 3 . A c c o r d i n g t o E . B r a u n , t h e a d d i t i o n of ba s i c 
copper carbonate t o a soln . of f e r rous s u l p h a t e , p r o d u c e s a d i r t y g r een -co lou red 
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p r e c i p i t a t e , wh ich , w h e n w a r m e d , t u r n s ye l lowish-brown, a n d is t h o u g h t t o b e a 
m i x t u r e of cup rous h y d r o x i d e a n d bas ic ferric s u l p h a t e . Cupr i c h y d r o x i d e p a r t i a l l y 
dissolves in a n e u t r a l soln. of fe r rous s u l p h a t e , a n d t h e soln . b e c o m e s r e d d i s h -
yel low. W . G. M u r r a y e x a m i n e d t h e a c t i o n of 5 p e r c e n t . so ln . of f e r rous s u l p h a t e 
i n s ea -wa te r a n d i n fresh w a t e r , on oxidized copper o r e s — c h r y s o c o l l a , m a l a c h i t e , 
a n d cupr i t e . I n t h e absence of a i r , a n d in a n e u t r a l soln. , v e r y l i t t l e c o p p e r is 
d issolved, b u t w i t h t h e free access of a i r , a m a x i m u m of 56 p e r c en t , of t h e t o t a l 
c o p p e r dissolved read i ly , a l t h o u g h 98 p e r c en t , w a s d i sso lved b y ace t i c ac id . T h e 
so lven t a c t i on of fe r rous s u l p h a t e is a t t r i b u t e d t o i t s o x i d a t i o n t o ferr ic s u l p h a t e 
wh ich b e h a v e s as a w e a k acid, t h e i ron b e i n g p r e c i p i t a t e d a s a bas i c s a l t b y t h e 
coppe r mine ra l s . Malach i t e is m o r e a c t i v e t h a n chrysoco l la a s a p r e c i p i t a n t . 
D . G. M u r r a y , a n d R . H . B r a d f o r d a lso s t u d i e d t h e a c t i o n of a n h y d r o u s f e r rous 
s u l p h a t e on coppe r ores . S. Bodforss f o u n d t h a t t h e !Fe"'-ions i n a soln. of f e r rous 
s u l p h a t e a re r ead i ly d i sp laced b y Ba*"-ions b u t n o t b y Be""-ions f rom bery l l ium 
sal ts . I . S u g a n u m a obse rved t h a t aragon i t e b e c o m e s g r een b y t h e a d s o r p t i o n of 
fer rous s u l p h a t e f rom a q . soln. , b u t ca lc i te b e c o m e s ye l low t h r o u g h t h e f o r m a t i o n 
of a bas ic s u l p h a t e . W . Diese l d i scussed t h e a d s o r p t i o n of a m m o n i u m fe r rous 
s u l p h a t e f rom i t s a q . soln. b y a r a g o n i t e , ca lc i t e , a n d vater i te . L . G e r s t a c k e r 
f ound t h a t w h e n t h e a q . soln. is t r i t u r a t e d w i t h z i n c Oxide for half a n h o u r , a d a r k 
g reen colour is p r o d u c e d w h i c h g r a d u a l l y d a r k e n s . A. Mai lhe f o u n d t h a t f reshly-
p r e c i p i t a t e d mercur ic oxide g ives a m i x e d p r e c i p i t a t e of m e r c u r y , m e r c u r o u s 
s u l p h a t e , a n d a bas ic s u l p h a t e . F . B a y e r e x t r a c t e d t h e m a n g a n e s e f rom m a n g a n i -
ferous s lags a n d ores b y h e a t i n g t h e m u n d e r p r e s s u r e w i t h a soln . of fe r rous s u l p h a t e . 

J . I J . G a y L u s s a c a n d Li. J . T h e n a r d o b s e r v e d t h a t p o t a s s i u m fluoride r e a c t s 
"with a soln. of fe r rous s u l p h a t e fo rming a w h i t e p r e c i p i t a t e — p r o b a b l y t e t r a -
h y d r a t e d fer rous f luor ide—which is so luble in a l a rge excess of hydrof luor i c ac id . 
A . D i t t e s h o w e d t h a t when a n h y d r o u s fe r rous s u l p h a t e is m e l t e d w i t h s o d i u m 
chloride i t does n o t fo rm c rys t a l s of ferric ox ide , b u t w i t h t h e h y d r a t e d s u l p h a t e , 
t h e c rys t a l s a r e fo rmed . M. v o n d e r B a l l e n r e p o r t e d t h a t w h e n a m i x t u r e of t h e 
h e p t a h y d r a t e a n d s o d i u m ch lor ide is g r a d u a l l y h e a t e d t o r ednes s , h y d r o g e n ch lo r ide 
is e v o l v e d a n d s o d i u m s u l p h a t e is f o r m e d ; b u t t h i s conc lus ion w a s d e n i e d b y 
C. F . S. H a h n e m a n n , J . L ieble in , M. T u h t e n , a n d J . C. W i e g l e b . A c c o r d i n g t o 
K . H . Oenicke , a m i x t u r e of t h e h e p t a h y d r a t e a n d s o d i u m ch lo r ide , w h e n h e a t e d , 
first g ives off w a t e r , a n d a s u b l i m a t e of ferric ch lo r ide is f o r m e d ; m o l t e n s o d i u m 
chlor ide w a s f o u n d b y G. R o u s s e a u a n d J . B e r n h e i m t o fu rn i sh c r y s t a l s of 
F e 2 O 3 - H 2 O , a n d , acco rd ing t o C. F . R a m m e l s b e r g , a n d A. D i t t e , c r y s t a l s of ferr ic 
ox ide . G. R o u s s e a u a n d J . B e r n h e i m o b s e r v e d t h a t w i t h m o l t e n p o t a s s i u m 
chloride, p o t a s s i u m ferr i te is f o rmed , a n d t h e p r o p o r t i o n of c o m b i n e d w a t e r is 
less t h e h igher is t h e t e m p , of f o r m a t i o n . F . K u h l m a n n f o u n d t h a t w i t h m o l t e n 
c a l c i u m chloride i n a closed c ruc ib le , m a g n e t i c ferrosic ox ide is fo rmed . 

F e r r o u s s u l p h a t e fo rms c o m p l e x sa l t s w i t h m a n y of t h e m e t a l su lphates—v ide 
infra ; a n d i t also a c t s a s a m i l d r e d u c i n g a g e n t . M. R a n d a l l a n d C. F . F a i l e y 
f o u n d t h a t in t h e o r d e r of s a l t i ng o u t of ions , F e " s t a n d s b e t w e e n Mg'" a n d Zn"". 
H . F r i s c h e r , F . H e r r m a n n , a n d H . C. B idd le f o u n d t h a t a so ln . of f e r rous s u l p h a t e 
r e d u c e s a n a m m o n i a c a l soln. of a cupric sa l t f o rming a soln . of a c u p r o u s s a l t 
a n d a p r e c i p i t a t e of h y d r a t e d fe r rous ox ide . T h i s r e a c t i o n offers one m o d e of 
p r e p a r i n g a soln . of a c u p r o u s sa l t for c a r b o n m o n o x i d e a b s o r p t i o n s i n g a s a n a l y s e s . 
P . R o h l a n d o b s e r v e d t h a t a soln. of fe r rous s u l p h a t e i n m e t h y l a l coho l r e d u c e s 
c u p r i c s a l t s t o c u p r o u s sa l t s . F e r r o u s s u l p h a t e r e d u c e s s i lver s a l t s t o t h e m e t a l : 
A g 2 S 0 4 + 2 F e S 0 4 = 2 A g - | - F e 2 ( S 0 4 ) 8 ; a n d also 3 A g N O 3 + 3 F e S O 4 = 3 A g 4 - F e 2 ( S 0 4 ) s 
+ F e ( N 0 3 ) 3 . T h e s e r e a c t i o n s h a v e b e e n d i scussed b y H . L a n d o l t , A . Io S u r d o , 
W . H . E m m o n s , A . Heydwe i l l e r , L o r d R a y l e i g h , a n d J . J o I y in o r d e r t o 
find if t h e r e is a n y a p p r e c i a b l e loss of w e i g h t d u r i n g a c h e m i c a l r e a c t i o n . 
Li. P i s a r s h e w s k y f o u n d t h e e q u i l i b r i u m c o n s t a n t of t h e r e a c t i o n : A g 2 S O 4 
-+ -2FeS0 4 =:Fe 2 (S0 4 ) 3 - f -2Ag , a t 25° , t o b e ^ = 0 - 0 0 7 9 3 ; a n d M . V . D o v e r , 0-0070. 
T h e r e a c t i o n i s s ens i t i ve t o l igh t , a n d t h e r e i s a sma l l d i s t u r b a n c e d u e t o t h e 
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hydrolysis of the ferric sulphate soln. N . A. TananaefT gave /£—0*0018 a t 0°, 
0*0061 a t 25°, and 0-0110 a t 45° ; t he heat of the reaction is 7868 cals. per gram-
a tom of silver—L. Pisarshewsky gave 8685 cals. The reaction was also studied 
by W. Haehnel, V. Kohlschutter and K. Steck, D . Roberts and F . G. Soper, and 
R. Luther . The reduction of sold chloride by a soln. of ferrous sulphate : 
AuCl sH-3FeS04=AuH-FeCl3H-Fe2(SO4)S, is utilized in photographic toning. When 
an acidified soln. of ferrous sulphate is shaken with mercurous sulphate* 
Li. W. McCay and W. T. Anderson represented the reaction : 2FeSO4-J-Hg2SO4 
^Fe 2 (S0 4 ) 8 - i -2Hg. P . Schwarzkopf found t h a t with mercuric chloride, and 
ferrous sulphate soln. no precipitation occurs for many hours, bu t if some potassium 
fluoride be added to the soln., mercurous chloride is precipitated in a few minutes. 
N. R. Dhar observed t h a t in diffused daylight no reaction occurs in a soln. of ferrous 
sulphate and mercuric chloride, b u t in sunlight, there is a slow reduction of the 
mercuric salt. A mixed soln. of mercuric chloride and ammonium oxalate decom­
poses in light : 2 H g C l 2 + ( N H 4 ) 2 C 2 0 4 = 2 H g C l + 2 N H 4 C l + 2 C 0 2 . H . C. Winther 
observed t h a t the sensitiveness of the reaction is dependent on the pur i ty of the 
salts. Small proportions of iron salts favour the reaction, and i t is doubtful if any 
photochemical action would occur if all traces of iron salts were absent. Again, 
H . S. Hatfield showed t h a t the liberation of iodine from a soln. of mercur ic iodide 
exposed to sunlight does not occur if traces of iron salts be rigorously excluded. 
T. S. Price showed t h a t a t race of a ferrous salt favours the oxidation of a soln. of 
Stannous chloride in air, and the maximum effect is obtained with FeCl2 : SnCl2 
= 1 : 100. M. Berthelot discussed the thermal value of the reaction between 
ferrous sulphate and ferric chloride in aq. soln., and similarly with ferric n i t ra te . 
E . M. Walton showed t h a t when heptahydra ted ferrous sulphate is mixed with 
enneahydrated ferric ni t ra te , or t r ihydrated ferric chloride, liquefaction occurs. 

C. C. Benson found t h a t the ra te of oxidation of ferrous sulphate by chromic 
acid is proportional to the second power of the concentration of both the ferrous 
salt and the acid. The increase in the rate of oxidation by potassium dichromate 
is proportional to the l*7th power of its concentration. She also studied the ra te 
of liberation of iodine from potassium iodide by the action of chromic acid in t he 
presence of ferrous salts. The oxidation of ferrous salts by potass ium d ichromate 
soln. (g.v.) is represented by : 6 F e S O 4 + K 2 C r 2 O 7 + 7 H 2 S O 4 = K 2 S O 4 + C r 2 ( S 0 4 ) 3 
+3Fe 2 (S0 4 ) 3 - j -7H 2 0 . The reaction is utilized in the volumetric determination 
of iron ; and similarly with the oxidation of ferrous salts by potass ium 
permanganate (q.v.) in acidic soln. : 10FeSO 4 H-2KMnO 4 +8H 2 SO 4 =5Fe 2 (SO 4 ) 3 
- | - K 2 S 0 4 + 2 M n S 0 4 4 - 8 H 2 0 . The reaction was studied by J . L. Kassner and 
co-workers. According to E . Muller and H. Hollering, in the electrometric 
t i t ra t ion of the reaction between ferrous sulphate and potassium permanganate in 
sulphuric acid soln. : Mn04 '+5Fe**4-8H*==Mn'*-|-5Fe"""-{-4H20, the end-potential 
is 0*65 volt if the permanganate is added to the iron soln., and 0*76 volt if the 
ferrous salt be added to the permanganate soln., bu t in hydrochloric acid soln., 
the respective values are 0*67 volt and 0*66 volt. D . R. Hale studied the 
reaction between ferrous sulphate, potassium permanganate , and sodium arsenite. 

The use of ferrous sulphate as a dressing for crops has been discussed by 
E . J . Russell, A. B . Griffiths, P . M. Delacharbonny, L. Destremx, and H. Boiret 
a n d G. Pature l . Beneficial results follow only when an excess of lime is present 
whereby calcium sulphate is formed ; alone, ferrous salts exert a toxic influence on 
vegetation, and the sterility of badly aerated soils is a t t r ibu ted in pa r t to the 
presence of ferrous sulphate. Soln. of ferrous sulphate are more or less toxic, 
and have been used as weed-killers, fungicides, insecticides, etc. D. I J . Belding 
found ferrous sulphate is bu t slightly toxic to fish. The soln. are astringent, and 
have been employed as coagulants, and, according to W. Li. Brooke, as a primer 
before paint ing resinous woods. 
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W. Zimmermann, Ann. Phyaik, (4), 80. 356, 1926 ; R. Zsigmondy, Wied. Ann., 49. 533» 1893. 

§ 44. The Complex Salts of Ferrous Sulphate 
T h e r e is a series of i m p o r t a n t sa l t s r ep re sen t ed b y t h e genera l f o rmu la : 

R2SO4.FeSO4.6H2O, w h e r e R r e p r e s e n t s u n i v a l e n t a m m o n i u m , p o t a s s i u m , r u b i d i u m , 
caesium, a n d t h a l l i u m . M. L a c h a u d a n d C. Lep ie r re x r e p o r t e d t h a t w i t h a m o l t e n 
m i x t u r e of su lphur i c ac id a n d e q u i m o l a r p a r t s of t h e t w o s u l p h a t e s , ferric s u l p h a t e , 
a n d t h e t w o c o m p l e x s u l p h a t e s : 4 ( N H 4 ) 2 S 0 4 . F e S 0 4 . F e 2 ( S 0 4 ) 3 . 3 H 2 0 ; a n d 
3 ( N H 4 ) 2 S 0 4 . F e 2 ( S 0 4 ) 3 ; as well a s ( N H 4 ) 2 S 0 4 . F e 2 ( S 0 4 ) 3 , a r e fo rmed . H . A . v o n 
Vogel p r e p a r e d a m m o n i u m ferrous su lphate , ( N H 4 ) 2 S 0 4 . F e S 0 4 . 6 H 2 0 , o r 
( N H 4 ) 2 S 0 4 . [ F e ( H 2 O ) 6 ] S O 4 , i.e. ammonium ferrous hexaquosulphate, b y a l lowing a 
m i x e d soln. of equ imo la r p a r t s of a m m o n i u m a n d ferrous s u l p h a t e s t o c rys ta l l ize ; 
a n d also a s imilar soln. of fer rous s u l p h a t e a n d a m m o n i u m chlor ide . C M . M a r x 
also p r e p a r e d th i s sa l t , a n d C. F . M o h r showed h o w t o o b t a i n t h e sa l t for use i n 
s t a n d a r d i z i n g p e r m a n g a n a t e a n d o t h e r soln. in v o l u m e t r i c ana lys i s . T h e sa l t is 
of ten cal led Mohr's salt. O. A s c h a n o b t a i n e d t h e sa l t b y t h e a c t i o n of a soln. of 
a m m o n i u m p e r s u l p h a t e on i ron : 

N H 4 C S O 2 - O NIl4O-SO2-O 
N H 4 O . S 0 2 . 6 T NH4O-SO2-O 

F . A. H . Sch re inemake r s s t u d i e d t h e cond i t ions of equ i l ib r ium, a n d found t h a t 
a t 30° , sa t . soln. c o n t a i n e d t h e following p r o p o r t i o n s b y weight—v ide F ig . 652. 

FeSO4 
(NHJ 2 SO 4 

Solid phasos 

2 4 9 
O 

2 5 - 2 4 
5 - 2 4 

2 5 - 2 2 
5 -93 

2 5 - 5 9 
6 - 4 4 

FeS0 4 . 7H a O CNH4)2S04 .FeS04 .6HaO ( N H 4 ) a S 0 4 

F i o . 

T h e pa le green , monocl in ic c rys t a l s a r e u sua l ly t a b u l a r . A. M u r m a n n a n d 
L,. R o t t e r gave for t h e ax ia l r a t ios , a : b : c = 0 - 7 4 6 6 : 1 : 0-4950, a n d £ = 1 0 6 ° 4 8 ' ; 

A. E . H . T u t t o n gave 0-7377 : 
-*Tf?Sfc7JW~ r ~ l " ~ r i " T " T - T - T - T T T - T - I I : 0-4960, a n d £ = 1 0 6 ° 5 0 ' . 

O b s e r v a t i o n s o n t h e c ry s t a l s 
•were also r e p o r t e d b y C. F . 
R a m m e l s b e r g , a n d R . S. v o n 
FedorofE. T h e c leavage para l l e l 
t o (201) is fair ly r egu l a r 
t h r o u g h o u t t h e isomorphouB 
series. W . H o f m a n n found t h a t 
t h e X - r a d i o g r a m s s h o w t h e 
l a t t i ce p a r a m e t e r s t o b e : 
**=9-28 A. , b=12 57 A. , a n d 
c = 6 - 2 2 A. , a n d £ = 1 0 6 ° 5 1 ' . 

E . Mitscher l ich , a n d C. M. M a r x found t h e c ry s t a l s i s o m o r p h o u s w i t h t h o s e of 
t h e co r r e spond ing m a g n e s i u m sa l t ; C WuIfE, a n d C. v o n H a u e r , w i t h t h e cor re ­
s p o n d i n g zinc sa l t ; a n d A. E . H . T u t t o n , w i t h t h e co r re spond ing sa l t s of t h e a lka l i 
m e t a l s . S. M e y e r f o u n d t h a t i n t h e depos i t ion of t h e c rys t a l s f rom a s a t . soln. , 
u n d e r t h e influence of a m a g n e t i c field, t h e s h o r t e r d iagona l of t h e t a b u l a r c r y s t a l s 
coincides w i t h t h e l ines of force. G. Wulff found t h e re la t ive r a t e s of g r o w t h of 
t h e faces of t h e c ry s t a l s t o b e i n t h e ascend ing o rde r (201), (110), (001), (111), (111), 
a n d ( O i l ) . C v o n H a u e r , a n d G. WuIfE found t h a t a s a m m o n i u m fer rous s u l p h a t e 
g rows o n a c r y s t a l of a m m o n i u m zinc s u l p h a t e , t h e r e l a t ive d e v e l o p m e n t of t h e 
difEerent faces i s t h a t j u s t i n d i c a t e d . I . Zweiglowna d iscussed t h e i s o m o r p h i s m of 
t h i s s a l t w i t h t h e co r r e spond ing m a g n e s i u m s a l t ; D . Os te rse tzer , w i t h t h e z inc 
s a l t ; a n d B . H a b e r - C h u w i s , w i t h t he -coppe r sa l t . 

MoIs of SAlt per /0,000 grms. of solution 
652.—The Effect of Some Metal Sulphates on 

the Solubility of Ferrous Sulphate. 

R2SO4.FeSO4.6H2O
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IA-
133° 8' 
67° 33' 
90° 10' 
76° 16' 

C-
133° 16' 
67° 30' 
90° 2' 
76° 18' 

Na-
134° 17' 
67° 20' 
89° 33' 
76° 25' 

Tl-
135° 12' 
67° 4' 
89° 3' 
76° 28' 

Cd-
135° 35' 
66° 55' 
88° 45' 
76° 30' 

,P-llght 
135° 57' 
66° 47' 
88° 29' 
76° 33' 

The corrosion figures studied by H . Baumhauer were in agreement with the 
holohedral, monoclinic symmetry ; they are asymmetrical to the single plane of 
symmetry (Ol0) which is a t right-angles to the plane of the paper, and parallel to 
the longer sides of the page, they also accord with the presence of a diagonal axis 
of symmetry perpendicular to the plane of asymmetry, i.e. parallel to the shorter 
edges of the page. The topic axial ratios are y : •/•: o>=6*2094 : 8-4172 : 4*1749. 
The optical character is positive ; the optic axial angle 22*7 given by A. Murmann 
and L. Rot ter is 135° 42 ' ; whilst A. E . H . Tu t ton gave : 

2JE7 

The apparent angle 2E diminishes about 4° when the temp, is raised from 10° to 
60°. W. Hofmann obtained X-radiograms of the salt, (NH 4 ) 2 Fe(S0 4 ) 2 .6H 2 0, 
and calculated the lattice cons tan ts : a = 9 - 2 8 A., b= 12-58 A., c=6-22 A., and 
£ = 1 0 ° 50'. M. Bentivoglio studied the rate of growth of the crystals. 

H . Schiff gave 1-813 for the sp. gr. of the salt ; H . G. F . Schroder, 1-886 ; and 
I.. Playfair and J . P . Joule, 1-848. A. E. H . Tu t ton gave 1-864 for the sp. gr. a t 
20°/4° ; and 208*86 for the mol. vol. H . Schiff measured the sp. gr. of aq. soln. 
of the salt, and G. T. Gerlach recalculated the results, showing t h a t : 
( N H 4 ) 2 F e ( S 0 4 ) 2 . 6 H 8 0 . 1 5 IO 1 5 2 0 2 5 3 0 p e r c e n t . 
S p e c i f i c g r a v i t y . . 1 -006 1 - 0 3 0 1 0 6 0 1 -092 1 - 1 2 4 1 - 1 5 6 1 -193 

H. Schiff gave for soln. with p per cent, of (NH4)2Fe(SO4)2-6H2O a t 16-5° : 
p 2 6 - 4 0 17-6O 1 1 - 7 4 8-8O 5 - 8 7 
S p . g r . . . 1 - 1 6 6 6 1 1 0 8 3 1 - 0 7 0 8 1 - 0 5 3 0 1 - 0 3 5 4 

and he represented the results by : Sp. gr. = l+0-005918/>+0-041083jc»2H-0-061715^3. 
I . Traube gave for the volume change which occurs when the salt is dissolved in 
water a t 16-5° : Percentage anhydrous (NH4)2Fe(S04)2 , 7-245, 10-867, 14-490, and 
19-127 ; with the respective sp. gr., 1-060, 1-092, 1-124, and 1-1666 ; and the 
respective vol. changes, 62*1, 63-9, 67-9, and 71-7 units . H. L. Maxwell showed t h a t 
diffusion experiments indicate t h a t the salt is partially dissociated into its com­
ponents. C. A. Martins observed the f.p. of soln., and W. A. Kistiakowsky found 
t h a t the lowerings of the f.p. of soln. of 0-852, 1-798, 3-667, and 7-136 grms. of the 
hexahydrate in 1OO grms. of water were respectively 0-230,.0-44°, 0-792°, and 1-375°, 
so t h a t the mol. lowerings were respectively 2-895, 3-238, 3-68, and 4-06. E . Rouyer 
holds t h a t the ebullioscopic observations indicate the existence of the double salt 
in soln. a t 100°. T. Graham found t h a t the heat of soln., (NH4)2Fe(SO4)2 .6H2O 
+ A q . = —9-8 CaIs. A. Murmann and JL. Rot te r found the indices of refraction, )8, 
for red-, yellow-, and green-light were respectively 1-487, 1-490, and 1-492. 
A. E . H . Tut ton gave : 

a 
P • 
y • 

TA-
1*4839 

. 1-4885 

. 1-4957 

C-
1-4844 
1-4890 
1-4962 

Na-
1-487O 
1-4915 
1-4989 

Tl-
1-4896 
1-4942 
1-5017 

Cd-
1-4911 
1-4957 
1-5032 

F-
1-4926 
1-4972 
1-5047 

C-Hght 
1-4971 
1-5019 
1-5094 

The /J-values for any wave-length A can be represented by /J=1-4784+494204A - 2 -
885610000000A - 4+. . . . The a-values are reproduced if 1-4784 is reduced by 
0-0046, and the y-indices if i t be raised by 0-0074. The raising of the temp, from 
10° to 60° lowered the ct-values an average of 0-0013, the )8-values, 0-0017, and the 
y-values 0-0018. The sp. refraction with the /x,2-formula for ct, £ , and y were for 
the C-ray, respectively 0-1536, 0-1548, and 0-1568, and for the 6?-ray, respectively 
0-1570, 0-1583, and 0-1603 ; t h e mol. refractions for the C-ray were 55-61, 56-25, 
and 57-71 respectively, and for t h e 6?-ray respectively 56-78, 57*46, and 58*95. 
The sp. dispersions,/A«—ftc, are accordingly0*0034, 0-0035, a n d 0 0 0 3 5 respectively, 
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while the mol. dispersions are respectively 1-17, 1-21, and 1*24. For the <7-ray, 
and the /x-formula, the mol. dispersions are respectively 93*78, 95*05, and 97*94. 
H . Nisi measured the Raman effect. R. Saxon, and M. Ogoshi studied the electrolysis 
of aq. soln. of the salt—vide supra, the preparation of iron. G. Quincke gave 
44 X ICT"6 mass unit for the magnetic susceptibility of soln. of ammonium ferrous 
sulphate a t 18°, and O. Liebknecht and A. P . Wills, 45 X l O - 6 mass unit a t 18°. 
W. Finke observed for the crystals of the hexahydrate , 7 9 x l 0 ~ 6 vol. uni t . 
L. A. WeIo measured the magnetic susceptibility of solid and molten ammonium 
ferric sulphate, NH4Fe(SO4)2 .12H2O, and L. C. Jackson's results for the reciprocal 
of the mol. magnetic susceptibility a t different t emp, are summarized in Fig. 645. 
P . Weiss and C. A. F rankamp studied the susceptibility of aq. soln. For the Curie 
constant, C=x(T— #)• f o r t n e s o l i d and liquid states, OA==4*30 ; C 1=4*43 ; 0«=O°, 
and O1 = —173°. D. E . Olshevsky studied the orientation of the crystals in a 
magnetic field ; and L. Pauling and M. IJ. Huggins, the magnetic properties. 

Ammonium ferrous sulphate is stable a t ordinary temp. , and the cold soln. do 
not readily oxidize, so t ha t i t is used for standardizing permanganate soln. 
C. Baskerville and R. Stevenson found no oxidation occurred when a stream of air 
was passed for 3 hrs. through an aq. soln. of Mohr's salt acidified with sulphuric 
acid. They observed no catalytic effects with salts of cobalt, chromium, copper, 
and manganese—but see ferrous sulphate, above. H . A. von Vogel found t h a t the 
crystals effloresce a little above 100°, and when heated, they swell up to a white 
mass, without fusion, and give off water, ammonia, and ammonium sulphate. 
Sulphuric acid abstracts water from the crystals and makes them opaque. Mohr's 
salt is less soluble in water than ferrous sulphate. E . Tobler gave for the solubility, 
S grms. of the hexahydrate in 100 grms. of water : 

0° 15° 40° 50° 70° 
S 12-5 2 0 0 3 3 0 4 0 52 

J . Locke found 351 grms. of the anhydrous salt dissolve in a litre of water a t 25°. 
F . A. H. Schreinemakers s tated t ha t the salt is soluble in water without decom­
position—the aq. soln. a t 30° contains 13*13 per cent, of FeSO4 , and 11-45 per 
cent, of ammonium sulphate. M. T. Salazar and E . Moles observed no signs of 
hydrolysis in the aq. soln. W. Finke found the magnetic susceptibilities in the 
three crystallographic directions to be for a, b, and c, respectively, 85-48 X 1O -6 , 
75-67 X 1O -6, and 74-9OxIO - 6 mass unit . S. Kitajima found t h a t the hydrolysis, 
represented by the acid concentration a t 20° to 25°, was : 

Concentrat ion 2 5 10 15 20 25 30 50 per cent . 
Ac id i ty . 0 0 0 4 2 8 0 0 0 5 5 6 0 0 0 7 0 7 0 0 0 7 5 2 0 0 0 6 7 5 0 0 0 6 6 9 0 0 0 6 5 0 0006252V 

E. Weitz and H . Miiller prepared the ammino-analogue of Mohr's salt, namely, 
ammonium ferrous aquopentamminosulphate, (NH4)2S04 . [Fe(H2O) (NH3) 5 ]S0 4 . 
Like ferrous sulphate, soln. of this salt readily absorb nitric oxide. W. Eidmann found 
t h a t the salt is not soluble in acetone. B. V. Nekrasoff studied the absorption of 
the salt from aq. soln. by charcoal. N. R. Dhar observed t h a t the reaction between 
silver ni t rate and ammonium ferrous sulphate is bimolecular and very rapid a t 
0° with a small temp, coeff. In due course a state of equilibrium : Ag-f-Fe(N03)3 
^AgNO 3 - I -Fe(N0 3 ) 2 , is established. The reaction is accelerated by nitric, sul­
phuric, citric, tar tar ic , acetic, and carbonic acids, b u t not by boric acid nor phenol ; 
and it is retarded by manganese salts and potassium nitrate . 

According to D. "Linck, E . Mitscherlich, D. Brewster, and J . C. G. de Marignac, 
if a soln. of equimolar proportions .of potassium and ferrous sulphates be evaporated 
a t ordinary temp. , green crystals of potassium ferrous sulphate, KgSO4.FeSO4.6H2O, 
are formed ; and if a soln. of iron filings in one of potassium hydrosulphate be 
similarly treated, the hexahydrate is similarly formed. O. Aschan obtained the 
salt by the action of a soln. of potassium persulphate on iron. R. M. Caven and 
J . Ferguson studied the vap . press, of aq. soln., and noted t h a t the hexahydrate 

KgSO4.FeSO4.6H2O
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passes i n t o t h e t e t r a h y d r a t e w h i c h h a s a d i ssoc ia t ion press , of 85*9 m m . a t 50° . 
F . W . K u s t e r a n d A. Th ie l f o u n d t h a t w h e n a soln. of e q u i m o l a r p r o p o r t i o n s of t h e 
t w o s a l t s c rys ta l l i zes b e t w e e n 35° a n d 85° , p a l e g r een c rys t a l s of t h e tetrahydrate, 
K 2 S O 4 . F e S 0 4 . 4 H 2 0 , a r e fo rmed , a n d a b o v e 90°, colourless c ry s t a l s of t h e dihydrate, 
K 2 S O 4 . F e S O 4 . 2 H 2 O , a r e fo rmed . T h e t r a n s i t i o n t e m p , for t h e h e x a - a n d t e t r a -
h y d r a t e s is 30° ; for t h e t e t r a - a n d d i - h y d r a t e s , 87° ; a n d for t h e h e x a - a n d d i -
h y d r a t e s , 54°, a s i n d i c a t e d in F i g . 653 . T h e so lub i l i ty cu rves , expressed i n t e r m s 
of t h e c.c. of 0-12V-KMnO4 , is r e q u i r e d for 2 c.c. of t h e soln. of t h e d o u b l e sa l t , a r e 
g iven i n F i g . 653 ; a n d w h e n r e - ca l cu l a t ed t o s h o w S g r m s . of K 2 S O 4 . F e S O 4 p e r 
100 c.c. of soln. , t h e solubi l i t ies of t h e different h y d r a t e s a r e : 

6 - h y d r a t e 
4-!hydrate 
2 - h y d r a t e 

0-5° 
19-72 

. 24-66 

. 24-5O 

17-2° 
2 7 0 4 
28-79 
34-36 

4 0 1 ° 
39-45 
34-84 
43-91 

6 0 0 ° 
46-13 
38-34 
45-82 

80-0° 
48-68 
43-43 
45-50 

9 0 0 ° 

4 7 0 9 
45-98 

9 5 0 e 

47-41 
44-07 

too1 

80' 

60' 

40' 

J . C. G. d e M a r i g n a c , a n d G. Wyroubof f p r e p a r e d green , t a b u l a r c r y s t a l s of t h e 
d i h y d r a t e b y cool ing t h e soln. r a p i d l y f rom 60°. T h e g reen t r ic l in ic c rys t a l s h a v e 
t h e a x i a l r a t i o s a : b : c = 0 - 7 1 1 3 : 1 : 0-4501, a n d GL==85° 1 6 ' , 
£ = 1 0 2 ° 18 ' , a n d y = 8 6 ° 4 8 ' . T h e c ry s t a l s a r e i s o m o r p h o u s 
w i t h t h e co r r e spond ing m a n g a n o u s sa l t . T w i n n i n g occurs 
a b o u t t h e (OIO)-plane, a n d t h e (1 Ol ) -c leavage is c o m p l e t e , 
b u t t h e (001)-c leavage is i n c o m p l e t e . T h e op t i ca l c h a r a c t e r 
is n e g a t i v e , a n d t h e op t i c ax i a l ang le 2JE ,=96°. T h e sp . gr . 
is 2-683. T h e c r y s t a l s b e c o m e m a t t o n e x p o s u r e t o a i r owing 
t o t h e a b s o r p t i o n of m o i s t u r e . 

A. E . H . T u t t o n o b t a i n e d g reen , t r a n s p a r e n t c r y s t a l s of 
t h e h e x a h y d r a t e b y s low c rys t a l l i z a t i on o v e r cone , s u l p h u r i c 
ac id , i n v a c u o . T h e c r y s t a l s a r e l iable t o effloresce in 
v a c u o , a n d , i n consequence , s h o u l d be r e m o v e d soon af te r 
t h e y a r e fo rmed . J . C. G. d e Mar ign ac , H . de S e n a r m o n t , 
a n d A . M u r m a n n a n d L . R o t t e r e x a m i n e d t h e c r y s t a l s of 
t h e h e x a h y d r a t e , a n d found t h e monoc l in ic p r i s m s t o b e 
i s o m o r p h o u s w i t h a m m o n i u m c o b a l t o u s s u l p h a t e . Accord­
ing t o A. E . H . T u t t o n , t h e monoc l in ic p r i s m s h a v e t h e a x i a l r a t i o s a : b : c 
= 0 - 7 3 7 7 : 1 : 0-5020, a n d £ = 1 0 4 ° 3 2 ' ; a n d t h e t op i c ax i a l r a t i o s x

 : 1A : <*> 

> 

.__ #11 

7̂ 
SY 

^ 1 -
J&r 

r?/?° 

20°h 

/0 20 30 40 
Concentration KgSQf-FeSQ4 

F I G . 6 5 3 . — S o l u b i l i t y 
of P o t a s s i u m F e r ­
r o u s S u l p h a t e . 

= 6 - 0 7 3 9 : 8-2336 : 4-1332. T h e c leavage pa ra l l e l t o (201) is well defined, 
op t i ca l c h a r a c t e r is pos i t ive . T h e op t i c ax i a l ang les a re : 

T h e 
op t i c ngle 

-Li-
66° 5 2 ' 

112° 3 8 ' 
67° 1 ' 

109° 3 7 ' 

C-
66° 5 2 ' 

112° 3 9 ' 
67° 2 ' 

109° 4 1 ' 

Na-
66° 5 5 ' 

112° 2 7 ' 
67° 7 ' 

110° IO' 

Tl -
66° 5 7 ' 

112° 17 ' 
67° 12 ' 

110° 3 5 ' 

/''-light 
67° 2 ' 

112° 2 ' 
67° 19 ' 

111° 5 1 ' 

optical 

*&« 
2H0 

*Va 
2E 

O b s e r v a t i o n s were also m a d e b y A. M u r m a n n a n d L . R o t t e r , a n d H . Topsoe a n d 
C. C h r i s t i a n s e n ; t h e l a t t e r g a v e 2 F = 6 7 ° 78% a n d 2 ^ = 1 1 0 ° 3 2 ' for t h e 2^-line. 
A . E . H . T u t t o n o b s e r v e d t h a t t h e a p p a r e n t ax i a l ang l e i n a i r is inc reased a b o u t 2° 
for e a c h rise of t e m p , u p t o 50°, a t w h i c h t e m p . , t h e c r y s t a l s become o p a q u e . H . Schiif 
g a v e 2*18 for t h e s p . gr . of t h e h e x a h y d r a t e , L . P l a y f a i r a n d J . P . J o u l e g a v e 2-202. 
H . G. F . S c h r o d e r g a v e 3-042 for t h e s p . gr . of t h e a n h y d r o u s sa l t , whi l s t 
A. E . H . - T u t t o n f o u n d 2-1694 a t 20°/4° for t h e s p . gr . , a n d 2 0 0 0 9 for t h e mo l . vo l . 
R . M. C a v e n a n d J . F e r g u s o n f o u n d t h a t t h e d i ssoc ia t ion press , of p o t a s s i u m ferrous 
s u l p h a t e , p m m . , is : 

251° 390° 50-7° 01-7° 71-5° 
V . . . 21-0 48-3 8 9 1 148-6 228-9 

a n d t h e d a t a c a n b e r e p r e s e n t e d b y log ^ = 6 - 7 6 8 — 8 6 6 - 5 T " 1 — 2 4 4 4 0 0 T ~ 2 . T h e h e a t 
of h y d r a t i o n of t h e t e t r a h y d r a t e p e r mo l . of w a t e r v a p o u r is 10-4 CaIs. T . G r a h a m 



2 9 2 INORGANIC AND THEORETICAL CHEMISTRY 

JLI-
1-4731 
1-4795 
1-4941 

C-
1-4735 
1-4799 
1-4945 

Na-
1-4759 
1-4821 
1-4969 

Tl-
1-4782 
1-4847 
1-4995 

F-
1-4811 
1-4877 
1-5028 

GMight 
1*4852 
1-4920 
1-6071 

found that the heat of soln. is —10-7 CaIs. A. E. H. Tutton gave for the mean 
refractive indices : 

a . 

Y-

H . Topsoe a n d C. Chr i s t i ansen found for C-, N a - , a n d .F-light, t h e r e spec t i ve v a l u e s 
a = l - 4 7 5 1 , 1-4775, a n d 1-4833; £ = 1 - 4 8 0 6 , 1-4832, a n d 1-4890; a n d y = 1 - 4 9 4 7 , 
1-4973, a n d 1-5041. A . M u r m a n n a n d L . R o t t e r g a v e £ = 1 - 4 7 8 for r ed - l i gh t ; 
1-480 for y e l l o w - l i g h t ; 1-484 for g reen- l igh t ; a n d 1-489 for v io le t - l igh t . 
A . E . H . T u t t o n r e p r e s e n t e d t h e v a c u u m v a l u e s of £ , for l igh t of w a v e - l e n g t h A 
a s far a s F, b y £ = l - 4 7 2 8 + 2 6 6 4 3 9 A - 2 + 2 4 3 7 9 0 0 0 0 0 0 0 0 A - 4 + . . . ; a n d if 1-4728 
be a l t e r ed .to 1-4664 i t r ep re sen t s t h e v a l u e of <x, a n d if c h a n g e d t o 1-4875, v a l u e s of 
Y T h e indices a t 55° were a b o u t 0-0010 lower t h a n a t o r d i n a r y t e m p . T h e s p . 
re f rac t ions b y t h e /x 2-formula for a, )8, a n d y for t h e C-line a r e r e spec t ive ly 0-1296, 
0-1301, a n d 0-1344, a n d for t h e 6?-line, r e spec t i ve ly 0-1323, 0-1339, a n d 0-1373 ; 
t h e co r r e spond ing mo l . r e f rac t ions for t h e O-line a r e r e spec t i ve ly 56-22, 56-87, a n d 
58-34, a n d for t h e G'-line r e spec t ive ly 57-41 , 58-09, a n d 59-60. T h e s p . d i spe rs ions 
/LC<3—/*c» a r e respectively 0-0027, 0-0029, and 0-0029, with the corresponding mol. 
dispersions, 1-19, 1-22, and 1-26 respectively. The mol. refractions by the 
/̂ .-formula, and the C-line are 94-82, 96-10, and 99-03 respectively for ct, £, and y. 
These values are almost constant for the range of temp, in which the salt can exist. 
I. I. Rabi observed that the crystals are paramagnetic ; and K. S. Krishnan and 
co-workers studied the magnetic properties. Y. Ono studied the oxidation of a 
mixed soln. of ammonium ferrous sulphate and ammonium oxalate by potassium 
permanganate. S. Miyamoto studied the effect of hydrogen and the silent dis­
charge on the salt. 

H. Gr. F. Schroder gave 3-042 for the sp. gr. of the anhydrous salt obtained by 
fusing together the correct proportions of the component salts. F. Ephraim and 
P. Wagner discussed the mol. vol. J. C. Gr. de Marignac said that the crystals of 
the hexahydrate form potassium sulphate and ferric oxide when heated in air. 
E. Tobler gave for the solubility S grms. of the anhydrous salt per 100 grms. of 
water—vide supra : 

0° 10° 14 5° 16° 25° 35° 40° 55° 65° 70° 
# . 19-6 24-5 29-1 30-9 36-5 41 45 56-1 59-3 64-2 

A. E. H. Tutton prepared pale green, transparent crystals of rubidium ferrous 
sulphate* Rb2SO4.FeSO4.6H2O, by the method employed for the potassium salt. 
The monoclinic crystals have the axial ratios a : b : c=0-7377 : 1 : 0*5004, and 
£=105° 44'. Observations were also made by F. Li. Perrot. A. E. H. Tutton 
gave for the topic axial ratios x : 0 -* <*>=6-1832 : 8-2817 : 4-1942. The (201)-
cleavage is perfect. The optical character is positive. The optic axial angles : 

2«« 
2H0 

2Va. 
2JS . 

Li-
73° 5' 

105° 54' 
73° 24' 
124° 42' 

C-
73° 3' 

105° 50' 
73° 23' 
124° 49' 

ISa-
72° 56' 

105° 41' 
73° 21' 
125° 12' 

Tl-
72° 48' 

105° 32' 
73° 18' 
125° 41' 

^-llfirht 
72° 35' 

105° 21' 
73° 13' 
126° 16' 

A. B. H. Tutton said that the optic axial angle increases about 1° per 50° rise of 
temp. F. L. Perrot gave 2-51 for the sp. gr. at 15°, and A. E. H. Tutton, 2-516 
at 20°/4°, and 209-22 for the mol. vol. F. Ephraim and P. Wagner discussed 
the mol. vol. A. E. H. Tutton found that the mean refractive indices are : 

a 

Y 

Li-
1-4789 
1-4847 
1-4949 

C-
1-4793 
1-4851 
1-4953 

Na-
1-4815 
1-4874 
1-4977 

Tl-
1-4839 
1-4898 
1-5003 

F-
1-487O 
1-4929 
1-5034 

Gr-light 
1-4916 
1-4973 
1-5080 

F. "Lt. Perrot gave a set of values from which, for the JMine, a«=l-4812, /J=l-4870, 
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and y—1-4978. A. E . H . Tu t ton gave for /J for any wave-length A, as far as F9 
^3=l-4:747+5O8396A-2-18631O00(X)OOOA-*+ . . ., and if 1-4747 be diminished by 
0-0059, t he a-indices are reproduced, and if i t be increased by 0*0103, the y-indices. 
A t 60°, t he indices are about 0-0014 lower t h a n they are a t ordinary t emp. The 
sp. refractions, with the /x,2-formula for a, p, and y, with the C-line, are respectively 
0-1128, 0-1140, and 01160 , and with the #-line, respectively O l 153, 01164 , and 
0-1186 ; the corresponding mol. refractions with the C-line, respectively 59-40, 
60-02, and 61-09; and with the 6?-line, respectively 60-70, 61-30, and 62-41. The 
sp. dispersions fJ^cf-puc* * o r a» P> a n < l y» a r e respectively 0-0025, 0*0024, and 0-0026, 
and the mol. dispersions respectively 1-30, 1-28, and 1-32. The mol. refractions, 
by the /i,-formula, are respectively 100*36, 101-58, and 103-71. J . Locke found 
t h a t 0-579 mol or 242 grms. of the anhydrous salt dissolve in a litre of water a t 
25°. R. M. Caven and J . Ferguson studied the vap . press, of aq. soln. 

A. E . H . Tu t ton also prepared pale green, t ransparent crystals of csesium 
ferrous sulphate, Cs 2 S0 4 .FeS0 4 . 6H 2 0 , by the method used for the potassium salt. 
The monoclinic crystals have the axial ratios a : b : c=0-7261 : 1 : 0-4953, and 
£ = 1 0 6 ° 52 ' ; while the topic axial ratios x - 4* '• o>=6-2799 : 8*6487 : 4-2837. The 
(201)-cleavage is complete. The optical character is positive ; and the optic axial 
angles are : 

IA- C- Na- Tl- /f-light 
2Ha . . 67° IO' 67° 5 ' 66° 4 3 ' 66° 16 ' 65° 4 3 ' 
2H0 . . 92° 12 ' 92° 7 ' 91° 5 0 ' 91° 3O' 91° 3 ' 
2Va . . 75° 2 ' 75° 0 ' 74° 5 1 ' 74° 4 2 ' 74° 3 1 ' 

2E for the Na-line is 132° 47' . There is a decrease of about 1£° for a rise of 50° 
in t emp. The sp. gr. a t 200/4° is 2*7909, and the mol. vol. 222*64. F . Ephra im 
and P . Wagner discussed the mol. vol. A. *E. H . Tut ton found t h a t the indices of 
refraction are : 

ILi- C- Na- Tl- r- G'-liKht 
a . . . 1-4976 1-4980 1-5003 1-5028 1-5061 1-5105 
p . . . 1-5007 1-5011 1-5035 1-5061 1-5093 1-5137 
y . . . 1-5065 1-5069 1-5094 1-5121 1-5153 1-5198 

The value of the £-index for any wave-length A as far as F is £=1-49114-462915A - 2 

-6458000000000A"4+ . . ., and if 1*4911 is diminished by 00032, the formula 
represents the ct-indices, and if increased by 0*0059, the y-indices. At 70°, the 
indices are lower by about 0*0017 t h a n they are a t ordinary t emp. The sp. refrac­
tions with the /Lt2-formula, for <x, /3, and y, with the C-line are respectively 0*1051, 
0*1057, and 01067 , and with the #-line, 0*1073, 0-1079, and 0 1 0 9 0 ; whilst the 
corresponding mol. refractions for the O-line are respectively 65*31, 65*65, and 
66*29 ; and for the (2-line, 66*69, 67*04, and 67*71. The sp. dispersions, /xcr-f^c, 
are respectively 0*0022, 0-0022, and 0*0023, and the mol. dispersions, respectively 
1-38, 1-39, and 1-42. The mol. refractions by the /x-formula are respectively 111-01, 
111-70, and 112*90. J . Locke found t h a t 1*967 mols or 1011 grms. of the anhydrous 
salt dissolve in a litre of water a t 25°. This high solubility is in marked contrast 
with the low solubility of ferric csesium-alum. R. M. Caven and J . Ferguson 
studied the vap . press, of aq. soln. 

A. E . H . Tu t ton compared the axial angles of the ammonium, potassium, 
rubidium, and caesium salts, and observed t h a t if the first member be excepted, the 
axial angle, /J, steadily increases wi th the mol. wt. , while the axial ratios of the first 
three salts are very close, those of t he caesium salt are exceptional. Similarly with 
the sp. gr. and mol. vol. By interchanging rubidium for ammonium, very little 
change occurs in the mol. vol. in spite of the fact t h a t two a toms of rubidium are 
replaced by the ten nitrogen and hydrogen a toms of ammonium. The sp. gr. 
increase with the mol. wt. , and likewise also the mol. vols, if ammonium be excepted. 

F . A. H . Schreinemakers did no t observe the formation of a lithium ferrous 
sulphate in his s tudy of the t e rnary system : FeSO 4-Li 2SO 4-H 2O, a t 30°, Fig. 652. 
The solubilities in percentages by weight are : 
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FeSO 4 
Li8SO4 

BoIId phase 

24-87 
O 

22-45 
4OO 

1618 
16-52 

16-04 
16-49 

15-39 
16-80 

12-68 
18-31 

5-32 
2 2 1 5 

O 
2 5 1 

FeSO 4 .7H 8O FeSO4 .7H8O 
+ Li1HO4-HgO 

ILi8SO4-H8O 

F . A. H . S c h r e i n e m a k e r s a lso s t u d i e d t h e q u a t e r n a r y s y s t e m : FeSO 4 -Li i 2S0 4— 
( N H 4 J 2 S O 4 - H 2 O a t 30° , a n d f o u n d t h e r a n g e s of s t a b i l i t y for t h e c o m p l e x s a l t s 
L . i 2 S 0 4 . ( N H 4 ) 2 S 0 4 , a n d F e S 0 4 . ( N H 4 ) 2 S 0 4 . 6 H 2 0 . J . C. G. d e M a r i g n a c o b t a i n e d 
p a l e g r e e n c r y s t a l s of s o d i u m ferrous su lphate , N a 2 S 0 4 . F e S 0 4 . 4 H 2 0 , b y e v a p o r a ­
t i o n of a soln . of e q u i m o l a r p r o p o r t i o n s of t h e c o m p o n e n t s a l t s a t 35° o r o v e r . 
O. A s c h a n o b t a i n e d t h e s a l t b y t h e a c t i o n of a soln. of s o d i u m p e r s u l p h a t e o n i r o n . 
T h e monoc l in i c p r i s m s h a v e t h e ax i a l r a t i o s a : o : c== 1*3494 : 1 : 0*6693, a n d 
/3—100° 2 7 ' . J . K o p p e F s o b s e r v a t i o n s o n t h e s y s t e m : N a 2 S O 4 - F e S O 4 - H 2 O a r e 
s u m m a r i z e d in F i g s . 654 a n d 655 . C o r r e s p o n d i n g soln. a r e d e s i g n a t e d w i t h s imi la r 
l e t t e r s in b o t h d i a g r a m s , t h o s e w i t h o u t a d a s h refer t o f e r rous s u l p h a t e soln . , a n d 
t h o s e w i t h a d a s h t o soln. of s o d i u m s u l p h a t e . T h e c u r v e s FG9 a n d F'G' refer 
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F i a s . 654 and 655.—The Mutual Solubilities of Sodium and Ferrous Sulphates. 

t o t h e solubi l i t ies of m i x t u r e s of t h e c o m p o n e n t s u l p h a t e s : MI a n d IM'I*', t o t h e 
so lub i l i ty of t h e c o m p l e x s a l t N a 2 S 0 4 . F e S 0 4 . 4 H 2 0 ; GH a n d G'H'9 t o t h a t of a 
m i x t u r e of t h e c o m p l e x sa l t a n d F e S O 4 . 7 H 2 O ; GKL a n d G'K'L' 9 t o t h a t of a 
m i x t u r e of t h e c o m p l e x sa l t a n d N a 2 S O 4 - I O H 2 O o r N a 2 S O 4 ; OAB9 t o t h e so lub i l i ty 
of fe r rous s u l p h a t e ; PCDE, t o t h e so lub i l i t y of s o d i u m s u l p h a t e ; A9 t o t h e 
e u t e c t i c of F e S O 4 . 7 H 2 O a n d w a t e r ; a n d C9 t o t h e e u t e c t i c of N a 2 S O 4 . 1 0 H 2 O a n d 
w a t e r . T h e t e m p , of f o rma t ion of t h e c o m p l e x sa l t , N a 2 F e ( S O 4 ) 2 . 4 H 2 O , is 18*5° ; 
in t h e p re sence of t h e doub le sa l t , t h e t r a n s f o r m a t i o n N a 2 S O 4 - I O H 2 O ^ N a 2 S O 4 
- ( -10H 2 O occurs a t 31-4°. T h e e u t e c t i c of F e S 0 4 . 7 H 2 0 a n d ice occur s a t —2° ; 
a n d t h a t of F e S 0 4 . 7 H 2 0 a n d N a 2 S O 4 - I O H 2 O a t — 3 ° . T h e t r a n s f o r m a t i o n e q u a t i o n 
a t G9 o r G'9 is N a 2 S 0 4 . 1 0 H 2 0 + F e S 0 4 . 7 H 2 0 = = 0 - 5 6 N a 2 F e ( S 0 4 ) 2 . 4 H 2 0 - f - 0 0 7 7 N a 2 S 0 4 . 
1 0 H 2 0 - f - s o l u t i o n 0-14(100H 2 O-f-2-6Na 2 SO 4 - | -3 -15FeSO 4 ) . 

A . a n d H . B e n r a t h e x a m i n e d t h e s y s t e m N a 2 S O 4 - F e S O 4 - H 2 O a t 97° . T h e 
fol lowing is a se lec t ion f rom t h e r e su l t s for t h e so lu t ion , w h e r e t h e p r o p o r t i o n s of 
f e r rous a n d s o d i u m s u l p h a t e s a r e expres sed i n p e r c e n t a g e s b y -weight ; x d e n o t e s 
t h e m o l . p r o p o r t i o n of F e S O 4 i n t h e m i x t u r e , a n d M9 t h e n u m b e r of mo l s . of w a t e r 
p e r m o l . of s a l t : 
FeSO 4 . 
Na 2 SO 4 . 
x 
M 

0 1-46 2-35 3-94 6-54 7 3 2 11-20 18-47 19-57 per cent . 
30-5O 2 9 0 9 2 8 1 1 2 7 1 7 24-91 2 2 8 7 19-22 1-92 O 

0 4-48 7-24 11-93 19-60 2 3 0 0 35-28 89-90 IOOOO 
18-00 180O 1811 17-62 17-45 18-53 18-51 32-74 34-70 

Solid phases : Na 2 SO 4 FeSO4 . SNa2SO4 Na2SO4-FeSO4 .2H8O FeSO4-H8O 
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50 75 
/Va2SO4 

F i o . 6 5 6 . — ! e q u i l i b r i u m in 
t h o S y s t e m : 

N a 2 S O 4 - F o S O 4 - H 8 O , a t 97°. 

T h e r e su l t s a r e s u m m a r i z e d i n F i g . 656 . A t t h i s t e m p , t h e tetrahydrate i n d i c a t e d 
a b o v e does n o t a p p e a r , b u t t h e r e is t h e dihydTcite, Na2SO4.FeSO4.2H2O, a s well a s 
s o d i u m ferrous te trasulphate , 3 N a 2 S O 4 - F e S O 4 . 

T h e p s e u d o n y m o u s wr i t e r , Bas i l Va l en t i ne , i n h is Letztes Testament ( S t r a s s b u r g , 
1651), re fer red t o a m i x e d v i t r io l of c o p p e r a n d i r on ; a n d in 1715, J . F . H e n c k e l 2 

also s h o w e d t h a t i n t i m a t e m i x t u r e s of t h e t w o v i t r io l s a r e 
f o r m e d w h e n t h e y c rys ta l l i ze t o g e t h e r . J . B . L . R o m e 
d e FIs Ie , a lso , r e fe r red t o w h a t h e ca l led les vitriols 
mioctes, a n d s h o w e d t h a t t h e i n t i m a t e m i x t u r e of i ron 
a n d c o p p e r v i t r io l s furn ishes cubes rhombo'idaux. T h e 
m i x e d v i t r io l s were a lso d i scussed b y J . J . B e r n h a r d i , 
F . S. B e u d a n t , H . D . A . F i c inus , F . H e e r e n , W . H . W o I -
l a s ton , A . J . M. B r o c h a n t d e Vill iers, A. A r z r u n i , 
E . Mi tscher l ich , A. G. M o n n e t , N . L e b l a n c , E . Wohlwi l l , 
Li. d e B o i s b a u d r a n , e t c . T h e i s o m o r p h o u s m i x t u r e is 
s o m e t i m e s fo rmed w h e n t h e v i t r io l h a s b e e n m a d e 
f rom cupr i fe rous p y r i t e s . E . Mi tscher l ich s h o w e d t h a t 
t h o s e c ry s t a l s wh ich h a v e t h e fo rm of g reen v i t r io l a r e 
h e p t a h y d r a t e d ; a n d F . S. B e u d a n t sa id t h a t t h e 
c r y s t a l s h a v e t h e f o r m of h e p t a h y d r a t e d fe r rous s u l p h a t e if t h e y c o n t a i n 9 p e r 
cen t , o r m o r e of t h e sa l t ; a n d if less t h a n 9 p e r cen t . , t h e c ry s t a l s r e semble t h o s e 
of p e n t a h y d r a t e d cup r i c s u l p h a t e . The i r co lour incl ines t o g reen or b l u e in p r o ­
p o r t i o n a s t h e i r on o r coppe r p r e d o m i n a t e s . J . W . R e t g e r s o b s e r v e d t h a t soln . 
of p e n t a h y d r a t e d c u p r i c s u l p h a t e a n d h e p t a h y d r a t e d fe r rous s u l p h a t e fu rn i sh t w o 
k i n d s of solid soln. H e o b t a i n e d a c o n t i n u o u s i s o m o r p h o u s series of monoc l in ic 
c ry s t a l s -with f rom O t o 53-17 p e r cen t , of h e p t a h y d r a t e d cup r i c s u l p h a t e a n d 
46-83 t o 100 p e r cen t , of h e p t a h y d r a t e d fe r rous s u l p h a t e ; a n d i s o m o r p h o u s 
m i x t u r e s of t r ic l in ic c ry s t a l s w i t h 94-88 t o 1OO p e r cen t , of p e n t a h y d r a t e d cup r i c 
s u l p h a t e a n d 5-12 t o O p e r cen t , of p e n t a h y d r a t e d fer rous s u l p h a t e . Th i s s u b j e c t 
w a s also d i scussed by W . S t o r t e n b e k e r ; a n d cupr i fe rous m e l a n t e r i t e f rom C y p r u s 
w a s desc r ibed b y M. H . H e y . 

Solid soln. of c o p p e r a n d fe r rous s u l p h a t e s occur in n a t u r e in b r i g h t b l u e con­
c r e t i o n a r y or s t a l a c t i t i c forms , a n d occas iona l ly in c rys t a l s . F . P i s a n i obse rved 
one in a coppe r m i n e in T u r k e y ; a n d C. H i n t z e , one in t h e m i n e s n e a r Massa 
M a r i t t i m a , T u s c a n y ; H . F . Collins, in t h e R i o T i n t o m i n e s of S p a i n w h e r e i t w a s 
fo rmed b y t h e o x i d a t i o n of cupr i fe rous p y r i t e s ; a n d W . T . Schal ler , n e a r L e o n a 
H e i g h t s , a n d a t Gonza les , Cal i fornia . T h e r e is n o definite r e l a t i on b e t w e e n t h e 
p r o p o r t i o n of t h e i ron a n d copper . W . T . Schal ler , H . F . Collins, W . F . H i l l e b r a n d , 
F . R . v a n H o r n , H . Le i tme ie r , C. H i n t z e , a n d W . H e r z , r e p o r t e d a n a l y s e s of t h e 
m i n e r a l . J . W . R e t g e r s sa id t h a t t h e m i n e r a l is n o t h o m o g e n e o u s , a n d t h e ana lyses 
m u s t be r e p r e s e n t e d b y t h e fo rmu la : ( F e , C u ) S 0 4 . 7 H 2 0 . A. Desc lo izeaux cal led i t 
cuproferrite ; M. A d a m , cyanoferrite ; a n d G. A. K e n n g o t t , p i sani te . G. Vav r inecz 
a n a l y z e d t h e m i n e r a l . A. Desc lo i zeaux f o u n d t h a t t h e monoc l in i c c ry s t a l s h a v e 
t h e a x i a l r a t i o s a : b : c = l - 1 6 0 9 : 1 : 1-5110, a n d £ = 7 4 ° 3 8 £ ' ; t h e (001)-cleavage 
is ea sy . T h e op t i ca l c h a r a c t e r is pos i t ive ; a n d C. H i n t z e gave for t h e opt ica l 
ax i a l ang les i n red- l igh t , 2Ha=86° 8 ' , a n d 2 # 0 = - 9 4 0 2 5 ' ; in yel low-l ight , 
2Ha=85° 52 ' , a n d 2 ^ = 9 4 ° 5 9 ' ; a n d in green l igh t , 2 f f a = 6 5 ° 3 ' , a n d 2 / 7 0 = 9 5 ° 3 1 ' . 
W . H e r z r e p o r t e d a green , b lu i sh -g reen , o r b l u e s a l t f r om t h e S a l v a d o r Mine , 
C a l a m a , Chile, a n d h e cal led i t sa lvadori te . I t s compos i t i on is l ike t h a t of p i san i t e , 
b u t i t s op t i ca l o r i e n t a t i o n is different . T h e monoc l in ic c rys t a l s occur in aggrega te s 
of r o u g h p r i s m a t i c c rys t a l s . T w i n n i n g occur s . T h e (OIO)-cleavage is perfect . 
E . S. L a r s e n g a v e for t h e monoc l in i c c ry s t a l s of p i san i t e , a=1-472, /J—1-479, a n d 
y = l - 4 8 7 . E . S. L a r s e n a n d M. !L. G l e n n o b s e r v e d t h e occur rence of pa le greenish-
b l u e monoc l in i c c r y s t a l s fo rming c o l u m n a r masse s cons i s t ing of microscopic 
r o d s n o t sens ib ly p leochro ic . T h e y ca l led t h e mine ra l copper-melanter i te , 
( Z n , C u , F e ) S 0 4 . 7 H 2 0 . T h e b i a x i a l c ry s t a l s h a v e t h e op t ic ax ia l angle 2 V n e a r l y 

Na2SO4.FeSO4.2H2O


296 INORGANIC AND THEORETICAL CHEMISTRY 

100° ; t h e optical character is negative ; the sp. gr. is 2-02 ; t he hardness is 2-0 ; 
and the refractive indices, a=1-479 , /3=1-483 , and y=1-488. They also observed 
pale green, triclinic crystals of iron-chalcanthite, (Fe ,Cu)S0 4 .5H 2 0. The optical 
character was negative ; the optic axial angle 2 V3 moderately large ; t he indices 
of refraction, a = l - 5 1 7 , /3=1-536, and y=1-543 ; and the dispersion, y—a=0-026. 
E . S. Larsen gave 1-9 for the sp. gr. of pisanite, and H . Leitmeier, 1-950. 

I t is doubtful if copper ferrous sulphate as a chemical individual has been 
prepared. The products behave like solid soln. A. fitard t r ea ted a cone. soln. 
of copper and ferrous sulphates with a large excess of cone, sulphuric acid in the 
cold, and obtained small, brick-red crystals approximating CuSO 4 -FeSO 4^H 2O. 
When heated they become violet, and lose their combined water. A. Scott mixed 
100 grms. of pentahydrated ferrous sulphate, 9O grms. of pentahydra ted copper 
sulphate, and 200 c.c. of water, and added 170 c.c. of cone, sulphuric acid to the 
filtered soln. The homogeneous crystals were yellowish-brown, and approximated 
in composition CuS0 4 .2FeS0 4 .3H 2 0. They were non-hygroscopic under ordinary 
conditions, but water is absorbed from a warm, humid atmosphere. When the 
crystals are gently heated, they become chocolate-brown and then mauve. The 
original colour is restored on exposing the crystals t o air. C. von Hauer obtained 
crystals approximating CuS04 .2FeS04-21H20, isomorphous with the corresponding 
cobalt salt. Some varieties of pisanite were found by W. T. Schaller to have this 
formula. J . Lefort, and J . Nickles obtained crystals of CuS0 4 . 3FeS0 4 . 28H 2 0 
from a soln. containing these proportions of the component salts. They lose water 
in air, and over cone, sulphuric acid. They begin to melt in their water of crystal­
lization a t 100°, and lose 24 mols. of water a t 100° to 120°, and the remainder a t 
300°. 100 par ts of water a t 7° dissolve 75 par t s of t he salt, and more is dissolved 
a t a higher temp. G. Agde and H . Barkholt showed t h a t mixed soln. of the two 
salts do not furnish triclinic solid soln. consisting of 95 to 100 per cent. CuSO4 .5H2O 
and 5 to O per cent. FeSO4 .5H2O ; the solid phase in equilibrium with a soln. con­
taining 35 to 40 per cent, of copper sulphate and less t han 6 per cent, of ferrous 
sulphate is pure CuSO4 .5H2O. F rom soln. richer in iron, t he monoclinic solid 
soln. containing 61 to 62 per cent. CuS0 4 . 7H 2 0 , crystallizes ou t on evaporat ion or 
cooling. On the ferrous sulphate side a continuous series of monoclinic solid soln. 
containing CuSO4 .7H2O and F e S 0 4 . 7 H 2 0 in molecular ratios varying from 1 : 50 
to 1 : O-66 crystallizes out. The la t ter is identical with the double salt described 
b y F . Pisani as 3CuS0 4 .7H 2 0, 2 F e S 0 4 . 7 H 2 0 ; bu t i t appears no t to be a t rue double 
salt, bu t simply the Hmiting solid soln. Re-crystallization of mixed crystals of any 
composition invariably yields crystals poorer in copper sulphate and a correspond­
ingly richer mother-liquor. F . K. Cameron and H . D. Crockford measured the 
mutua l solubilities of the two sulphates in water and obtained for the weights of 
t he respective salts in 1OO grms. of water : 

•o- {Sfigg; ; 

22-61 18-37 15-76 1 1 1 8 8-48 3-03 
13-08 13-55 16-04 19-82 22-28 26-61 
23-53 21-56 20-54 18-95 1 6 0 2 

3 1 3 6-86 1 7 1 6 . 19-61 22-75 
31-68 28-78 21-92 16-89 10-3O 3-71 
2 2 1 4 72-47 20-94 2 5 0 7 31-46 37-09 

The results are plot ted in Fig. 657—vide Fig. 640. The presence of sulphuric acid 
lowers t he solubility of either salt. For various mixtures of the two salts in 
sulphuric acid and water , t he composition of the solid phases in equilibrium with 
the soln. corresponds with mixtures of pentahydra ted cupric sulphate, CuS04 .5HgO, 
and of acid ferrous sulphates, FeSO 4 .^H 2SO 4 .H 2O. E . B . Eckel, W. Schrenzlowa, 
and B . Haber-Chuwis studied solid soln. of the two sulphates. The complex 
3(CuS0 4 .7H 2 0)H-2(FeS0 4 .7H 2 0) , described by F . Pisani as occurring in a Turkish 
mine in the form of stalactites, was not observed. 

The colour of A. l£tard's, and A. Scott ' s preparat ions is curious if the salts are 
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657 .—Mutual Solubili­
t ies of Cupric a n d Ferrous 
Sulphates in Water . 

rea l ly sol id soln . M o n o h y d r a t e d fer rous s u l p h a t e is w h i t e , a n d t h a t of c o p p e r 
s u l p h a t e , p a l e b lue . A . J . A l l m a n d found t h a t t h e colour of t h e h o m o g e n e o u s solid 
soln. inc reases i n d e p t h from b o t h e n d s of t h e series r each ing a m a x i m u m w h e r e 
18 p e r c e n t . F e a n d 16 p e r c en t , of Cu a r e p r e s e n t . A v e r y smal l q u a n t i t y of ferr ic 
i r on is a l w a y s p r e s e n t , be ing f o r m e d a s a n i m p u r i t y in 
v i r t u e of t h e r e a c t i o n : 2 C u S O 4 - 4 - 2 F e S O 4 = C u 2 S O 4 
- f -Fe 2 (S0 4 ) 3 ; t h e sa l t s a r e a l w a y s s l igh t ly bas ic e v e n 
w h e n f o r m e d in ac id ic soln . T h e deficiency of " S O 4 " 
is a t t r i b u t e d t o t h e h y d r o l y s i s of t h e ferric s u l p h a t e . 
Cupr i c s u l p h a t e d issolves i n sol id fe r rous s u l p h a t e i n 
t h e f o r m of n o r m a l molecu les u p t o a b o u t 75 p e r 
cen t . , a n d t h e r e a f t e r p o l y m e r i z a t i o n occurs . A. J . Al l ­
m a n d infer red t h a t t h e co lour is n o t d u e t o ferr ic 
sa l t s o r t o c u p r o u s sa l t s , b u t r a t h e r t o a n oscilla­
t i o n of e l ec t rons d u e t o t h e p re sence of m e t a l s in 
different s t ages of o x i d a t i o n . F e r r i c f e r rocyan ide 
a n d fe r rous f e r r i cyan ide a r e a lso coloured, a n d s imi la r cond i t i ons t h e r e p r eva i l . 

H . Voh l o b t a i n e d pa l e b lue , monoc l in ic c o l u m n s a n d p l a t e s of a m m o n i u m copper 
ferrous su lphate , 2 ( N H 4 ) 2 S 0 4 . C u S 0 4 . F e S 0 4 . 1 2 H 2 0 , b y c rys t a l l i za t ion f rom a soln . 
of t h e c o m p o n e n t sa l t s ; he a lso o b t a i n e d , i n a s imi la r w a y , c rys t a l s of p o t a s s i u m 
copper ferrous su lphate , K 2 S 0 4 . C u S 0 4 . F e S 0 4 . 1 2 H 2 0 . T h e p r o d u c t s , howeve r , a r e 
i s o m o r p h o u s m i x t u r e s o r solid soln. 

G. K l a t z o 3 r e p o r t e d t h a t w h e n a soln. of e q u i m o l a r p a r t s of b e r y l l i u m a n d 
fe r rous s u l p h a t e s in w a t e r , acidified w i t h s u l p h u r i c ac id , is e v a p o r a t e d , pa l e b lue , 
monoc l in ic c ry s t a l s of beryl l ium ferrous su lphate , B e S O 4 . 2 F e S O 4 . 3 5 H 2 O , a r e first 
depos i t ed , a n d a f t e r w a r d s colourless monoc l in ic c ry s t a l s of 3 B e S O 4 . F e S 0 4 . 2 8 H 2 0 . 
P . B . S a r k a r a n d N . R a y p r e p a r e d a m m o n i u m beryl l ium ferrous fluosulphate, 
( N H 4 ) 2 B e F 4 . F e S 0 4 . 6 H 2 0 . H . Schiff p r e p a r e d m a g n e s i u m ferrous su lphate , 
M g S O 4 - F e S O 4 . 1 4 H 2 O , b y e v a p o r a t i o n f rom a m i x e d soln. of e q u i m o l a r p r o p o r t i o n s 
of t h e c o n s t i t u e n t sa l t s . T h e g reen i sh-whi te c rys t a l s h a v e a sp . gr . 1*733. T h e 
s a l t w a s s t u d i e d b y T . V . B a r k e r , a n d o b s e r v a t i o n s 
o n t h e solid soln. of t h e t w o sa l t s were d iscussed in 
c o n n e c t i o n w i t h t h e c ry s t a l s of fe r rous s u l p h a t e . 
H . V o h l a lso f o u n d t h a t c ry s t a l s of po tas s ium 
magnesium ferrous sulphate, 2K 2 S0 4 .MgS0 4 . 
F e S O 4 . 1 2 H 2 O , a r e depos i t ed f rom a m i x e d soln. 
of t h e t h r e e c o m p o n e n t s a l t s ; a n d s imi la r ly 
with ammonium magnesium ferrous sulphate, 
2 ( N H 4 ) 2 S 0 4 . M g S 0 4 . F e S 0 4 . 1 2 H 2 0 , a n d w i t h 
4 ( N H 4 ) 2 S 0 4 . M g S 0 4 . 3 F e S 0 4 . 2 4 H 2 0 . These p r o ­
d u c t s a r e p r o b a b l y i s o m o r p h o u s m i x t u r e s . T h e 
sol id soln. of t h e h e p t a h y d r a t e s of m a g n e s i u m 
a n d fe r rous s u l p h a t e s w e r e s t u d i e d b y C F . R a m -
mel sbe rg . J . W . R e t g e r s s h o w e d t h a t w i t h 
m i x e d soln. of t h e h e p t a h y d r a t e s of m a g n e s i u m a n d fer rous su lpha t e s , t h e a l m o s t 
colour less c ry s t a l s w i t h O t o 18-78 p e r cen t , of t h e fe r rous sal t , a n d 1OO t o 81-22 
p e r c en t , of t h e m a g n e s i u m sa l t , a r e r h o m b i c ; a n d t h e pa l e g reen c rys t a l s w i t h 
45-93 t o 1OO p e r cen t , of t h e fe r rous sa l t , a n d 54-07 t o O p e r cen t , of t h e m a g n e s i u m 
sa l t , a r e monoc l in ic . T h e sp . g r . a n d sp . vo l . of s o m e of t h e solid soln. , F i g . 658, 
were f o u n d t o b e : 
M g S O 4 . 7 H a O 
S p . gr. 
S p . vo l . 

^? 

0-60 
0-59 
0-58 
0-S7\ 
0-56 
0-55 
0-54 
0-53 
0-5Z 

h",, 
^ 

^ 
_ 

^ 

^ 
_ 

,'̂ , 
W u 

,* 
\t-

'^ 

I > • 
^f ̂** r > ^ 

too ZO 40 60 80 
Per cent. MgS0+'7Hs0 

F J Q . 658.—Specif ic V o l u m e s of 
I s o m o r p h o u s Mixtures of Fer­
rous and. Magnes ium Sulphates . 

5-72 13-99 2 1 0 8 . 3 1 1 6 4 1 0 2 5 4 0 7 81-22 8 8 1 6 9 4 1 6 % 
1-884 1-867 1-847 1-827 1-807 1-781 1-711 1-697 1-687 
0-5308 0-5356 0-5415 0-5474 0-5533 0-5613 0-5845 0-5891 0-5927 

Rhombic Monoclinic 

A. Scott obtained crystals of zinc ferrous sulphate, ZnSO 4 .FeS0 4 .H 20, by 
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a d d i n g cone , s u l p h u r i c ac id t o a cone . soln. of t h e m i x e d c o m p o n e n t s u l p h a t e s . 
J . W . R e t g e r s f o u n d t h a t soln . of t h e t w o sa l t s fu rn i sh i s o m o r p h o u s m i x t u r e s — t h e 
colour less c ry s t a l s w i t h O t o 10-87 p e r c en t , of h e p t a h y d r a t e d fe r rous s u l p h a t e , a n d 
1OO t o 89*13 p e r cen t , of h e p t a h y d r a t e d z inc s u l p h a t e , a r e r h o m b i c ; a n d t h e co lour­
less t o p a l e g r een c r y s t a l s w i t h 25-11 t o 100 p e r cen t , of h e p t a h y d r a t e d fe r rous 
s u l p h a t e , a n d 74-89 t o 0 p e r c en t , of h e p t a h y d r a t e d z inc s u l p h a t e , a r e monoc l in i c . 
T h e monoc l in ic c r y s t a l s of t h e z inc v i t r io l s were s t u d i e d b y A . A r z r u n i ; a n d 
A . M u r m a n n s t u d i e d t h e c ry s t a l s of t h e solid soln. L . Ro l l a a n d G. A n s a l d o f o u n d 
t h a t t h e e q u i l i b r i u m t e m p , of t h e sol id soln. , Z n S 0 4 . n F e S 0 4 . 7 ( l + n ) H 2 0 , is 16-4:°, 
a n d t h a t e a c h c o n s t i t u e n t d i s soc ia ted i n d e p e n d e n t l y of t h e o t h e r . C. A n d r e a t t a 
de sc r i bed t h e octodecahydrate of z i n c ferrous tr isulphate , Z n 2 F e ( S 0 4 ) 3 . 1 8 H 2 0 , w h i c h 
o c c u r r e d a s a m i n e r a l i n c ru s t s i n t h e art if icial c aves of t h e m i n e s a t R a i b l , T r e n t i n o . 
T h e m i n e r a l w a s cal led b ianchi te—afte r A. B ianch i . I t o c c u r s i n m i n u t e , w h i t e , 
microscopic needles r e sembl ing gos la r i t e . T h e c r y s t a l s a r e m o n o c l i n i c . T h i s 
agrees w i t h t h e X - r a d i o g r a m s . T h e op t i ca l c h a r a c t e r i s n e g a t i v e ; t h e o p t i c a l 
ax ia l ang le is smal l , 2 V=10°. T h e d i spe r s ion is w e a k . T h e dihydrate, 
Z n 2 F e ( S 0 4 ) 3 . 2 H 2 0 , is fo rmed a t 150°, a n d t h e a n h y d r o u s sa l t a t 260° . T h e c r y s t a l s 
a r e soluble i n w a t e r . H . Voh l , a n d A. B e t t e p r e p a r e d a m m o n i u m z i n c ferrous 
sulphate, 2(NH 4) 2S0 4 .ZnS0 4 .FeS0 4 .12H 20, and potassium zinc ferrous sulphate, 
2 K 2 S O 4 . Z n S O 4 - F e S O 4 . 1 2 H 2 O , f rom a m i x e d soln . of t h e t h r e e c o n s t i t u e n t s a l t s . 
T h e y a r e p r o b a b l y i s o m o r p h o u s m i x t u r e s . D . Os te r se t ze r f o u n d t h a t h e x a h y d r a t e d 
a m m o n i u m fer rous s u l p h a t e a n d h e x a h y d r a t e d a m m o n i u m zinc s u l p h a t e f o r m solid 
soln. in al l p r o p o r t i o n s , a n d t h a t t h e effect of t e m p , is ins ignif icant . E x p r e s s i n g 
t h e c o n c e n t r a t i o n s in g r a m s p e r 100 c.c. of s a t . soln. , a t 7° : 

Soln i F o - s a l t . 279-49 236-84 220-24 158-6O 101-64 54-36 0 
o o m , \ Z n . s a l t . O 18-99 22-47 46-88 70-93 92-1O 125-5O 
Sp. gr. soln. . 1 1 5 4 1 1-1454 1-1392 1-1203 1-1051 1 0 9 1 2 1-0794 
Fe-sa l t in solid . 100 85-7 76-57 49-52 29-51 1 3 1 8 O mol . % 

B . H a b e r - C h u w i s obse rved s imi la r p h e n o m e n a w i t h t h e h e x a h y d r a t e d p o t a s s i u m 
fer rous s u l p h a t e a n d h e x a h y d r a t e d p o t a s s i u m z inc s u l p h a t e , a t 6*8° : 

o r t l„ / F e - s a l t . 329-15 2 7 5 0 3 203-22 142-76 119-46 6 8 1 0 O 
o o m \ Z n - s a l t . O 19-39 47-62 63-87 67-83 77-78 113-62 
Sp . gr. soln. . 1 2 0 6 7 1 1 8 5 9 116OO 1 1 3 3 9 1 1 2 0 4 1 0 9 9 3 1 0 7 9 5 
Fe-sa l t in sol id . 1 0 0 0 0 93-55 81-98 69-45 64-29 47-22 0 m o l . % 

Accord ing t o A. ^ t a r d , z inc ferrous hydrosu lphate , 2 Z n S 0 4 . 2 F e S 0 4 . H 2 S 0 4 , is 
f o r m e d in rose-coloured c rys t a l s b y a d d i n g a l a rge excess of cone , s u l p h u r i c a c i d 
t o a cone . soln. of t h e c o m p o n e n t s a l t s a n d h e a t i n g t o a b o u t 200° . A . F . W a l t e r 
v o n E s c h e r obse rved t h a t i n t h e e lec t ro lys is of n e u t r a l a n d feebly ac id ic soln . of 
e q u i m o l a r p r o p o r t i o n s of z inc a n d fe r rous s u l p h a t e s , a t o r d i n a r y t e m p . , z inc is 
p r e c i p i t a t e d a l m o s t free f rom i ron ; a n d t h a t v a r i a t i o n s i n t h e c u r r e n t d e n s i t y 
h a v e v e r y l i t t l e influence o n t h e c o m p o s i t i o n of t h e c a t h o d e depos i t . If t h e f e r rous 
s a l t p r e d o m i n a t e s , ra i s ing t h e t e m p . , a n d dec rea s ing t h e c u r r e n t d e n s i t y r e d u c e s 
t h e depos i t i on p o t e n t i a l of t h e i ron , so t h a t m o r e i r o n is d e p o s i t e d . T h e i r o n c a n 
a c t a s a depo la r i ze r o n t h e z inc depos i t . A t h i g h t e m p , a n d w i t h so ln . r i c h i n i ron , 
t h e p r o p o r t i o n of z inc depos i t ed w i t h t h e i r on a t t a i n s a m a x i m u m w i t h i nc rea s ing 
c u r r e n t dens i t i e s . T h e z inc t h e n a c t s a s a depo la r i ze r i n t h e s e p a r a t i o n of i r on , 
a n d t h e c a t h o d e p o t e n t i a l j u m p s t o a v a l u e c o r r e s p o n d i n g w i t h t h e a m o u n t of z inc 
depos i t ed , a n d t h e z inc is d e p o s i t e d a t t h e c a t h o d e t r a n s i t i o n p o i n t . T h i s po l a r i z ing 
effect of z inc goes so fa r t h a t e v e n w i t h a c o n c e n t r a t i o n r a t i o F e : Z n = 9 : 1, a n d a 
h i g h c u r r e n t d e n s i t y , z inc is t h e chief c o n s t i t u e n t of t h e c a t h o d e d e p o s i t a s s o o n a s 
t h e t r a n s i t i o n p o i n t is pa s sed . T h e po la r iz ing effect of t h e z inc i n t h e c a t h o d e 
d e p o s i t o n t h e s e p a r a t i o n of i r o n is a i d e d b y t h e c h a r g i n g of t h e c a t h o d e w i t h 
h y d r o g e n . T h e c o m p o s i t i o n of t h e c a t h o d e d e p o s i t is i n d e p e n d e n t of t h e t h i c k n e s s 
of t h e l aye r . T h e p o l a r i z a t i o n p h e n o m e n a a r e e x p l a i n e d b y t h e a s s u m p t i o n t h a t 
h y p o t h e t i c a l i n t e r m e d i a t e p r o d u c t s a r e f o r m e d d u r i n g t h e e l ec t ro ly t i c s e p a r a t i o n of 
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t h e s e m e t a l s , a n d t h a t i n t h e case of t h e i r on g r o u p of m e t a l s t h e s e i n t e r m e d i a t e p r o ­
d u c t s a r e s lowly t r a n s f o r m e d . T h e t r a n s f o r m a t i o n is r e t a r d e d b y z inc o r h y d r o g e n . 
E . C. E c k e l desc r ibed a mine ra l f rom Colorado , 2 ( F e S 0 4 . 7 H 2 0 ) . ( C u , Z n ) S 0 4 . 7 H 2 0 . 

J . W . R e t g e r s d i d n o t o b t a i n c a d m i u m ferrous su lphate , b u t r a t h e r colour less , 
monoc l in i c c r y s t a l s of t h e t r i h y d r a t e o r t h e t r i t o c t o h y d r a t e s , ( C d , F e ) S 0 4 . 2 § H 2 0 , 
w i t h O t o 0-26 p e r c e n t , of t h e h y d r a t e d f e r rous 
sa l t , a n d 100 t o 99*74 p e r c en t , of t h e h y d r a t e d 
c a d m i u m sa l t ; a n d a lso pa l e g reen , monoc l in i c 
c r y s t a l s of t h e h e p t a h y d r a t e s w i t h 51*08 t o 100 
p e r c en t , of t h e fe r rous sa l t , a n d 48*92 t o O p e r 
c en t , of t h e c a d m i u m sa l t . W . S t o r t e n b e k e r 
e x a m i n e d t h e compos i t i on of soln . a n d c r y s t a l s 
a n d f o u n d t h a t -with 1OO t o 79*8 m o l a r p e r c en t , 
of c a d m i u m in soln . , t h e c r y s t a l s of ( C d , F e ) S 0 4 . 
2 f H 2 O c o n t a i n e d 100 t o 99*1 m o l a r p e r cen t , of 
c a d m i u m , a n d w i t h 79*8 t o 0 m o l a r p e r cen t , of 
c a d m i u m in soln. , t h e c ry s t a l s of (Cd 5 Fe)SO 4 . 
7 H 2 O c o n t a i n e d 36*6 t o O m o l a r p e r cen t , of 
c a d m i u m . T h e r e su l t s a r e p l o t t e d i n F i g . 659 . 

Yel lowish o r g reen i sh -wh i t e , s i lky fibres o r 
needles of a ferrous aluminium sulphate, 
F e S 0 4 . A l 2 ( S 0 4 ) 3 . 2 4 H 2 0 , occur a t B o d e n m a i s , 
a n d Morsfeld, in B a v a r i a ; XJramia, i n P e r s i a ; 
H u r l e t a n d Camps ie , n e a r Glasgow ; B j o r k b a k k a g a r d , in F i n l a n d ; T i e r r a 
Amar i l l a , Chile ; I c e l a n d ; Rossv i l le , N e w Y o r k ; Si lver Ci ty , N e w Mexico ; 
Tepej i , Mexico ; E a s t G r e t a , N e w S o u t h W a l e s , e t c . R e p o r t s of a n a l y s e s 
of t h e sa l t w e r e m a d e b y M. H . K l a p r o t h , J . D . D a n a , A. E . A r p p e , 
C. F . R a m m e l s b e r g , G. F o r c h h a m m e r , A . Scacchi , G. "Linck, E . H . S. Ba i l ey , 
E . D ie t r i ch , A. B r u n n e r , S. S inger , V. R . v o n Z e p h a r o v i c h , F . W . Cla rke , 
J . C. H . M i n g a y e , T . P . L i p p i t t , P . B e r t h i e r , R . Ph i l l ips , R . B r a n d e s , e t c . I t w a s 
cal led hversalt b y G. F o r c h h a m m e r ; halotrichine b y A . Scacch i ; a n d halotr ichi te 
— f r o m aAs-, sa l t , a n d OpCg, h a i r — b y E . F . Glocker . T h e t e r m h a l o t r i c h i t e w a s 
w r o n g l y a p p l i e d b y J . F . L . H a u s m a n n t o a l u n o g e n . I t is a lso ca l led hair-salt, 
and feather alum. T h e t e r m mountain butter, o r Berg-butter, is app l i ed t o a n i m p u r e 
efflorescence of a b u t t e r y cons i s t ency oozing f rom s o m e a l u m s la tes . T h e c r y s t a l s 
a r e monoc l in ic o r t r ic l in ic . T h e c r y s t a l s w e r e e x a m i n e d b y G. L i n c k , J . TJhlig, 
G. Cesaro , a n d A. A r z r u n i . D . P a t e r s o n f o u n d t h e sa l t a s a n efflorescence on 
b r i cks wh ich h a d b e e n e x p o s e d c o n t i n u o u s l y t o s u l p h u r d iox ide in b l each ing 
c h a m b e r s . W h e n b r o k e n u p , t h e m a s s e x h i b i t e d a s i lky o r f ibrous t e x t u r e l ike 
a sbes to s . F . W i r t h , a n d C. K l a u e r p r e p a r e d t h e sa l t b y c o n c e n t r a t i n g a soln. of 
e q u i m o l a r p r o p o r t i o n s of t h e c o m p o n e n t sa l t s . O r d i n a r y fe r rous s u l p h a t e c ry s t a l ­
lizes o u t first, a n d af ter t h a t , fe r rous a l u m i n i u m s u l p h a t e . T h e c r y s t a l s a r e w a s h e d 
w i t h a lcohol a n d e t h e r . T h e sa l t a p p e a r s w h i t e , a n d h a s a g r e e n fluorescence ; i t 
is r e a d i l y so luble in w a t e r ; 18 of t h e 24 mols . of w a t e r a r e expe l l ed a t 100°, a n d t h e 
r e m a i n d e r a b o v e t h i s t e m p . T h e sa l t m e l t s o n w a r m i n g , a n d decomposes fo rming 
ox ides a t a h i g h t e m p . A . l i i tard p r e p a r e d w h i t e , h e x a g o n a l p l a t e s of ferrous 
a l u m i n i u m hydrosulphate , 2 F e S 0 4 . A l 2 ( S 0 4 ) 3 . H 2 S 0 4 , b y a d d i n g a n excess of cone , 
s u l p h u r i c ac id t o a cold, cone . soln. of t h e c o m p o n e n t sa l t s , a n d h e a t i n g i t t o 200°. 
T h e t e r n a r y s y s t e m , a t 25°, w a s s t u d i e d b y V. J . Occleshaw, F ig . 660. T h e t w o 
sa l t s m u t u a l l y dep re s s each o t h e r ' s so lub i l i ty . T h e r e a r e t h r e e so lubi l i ty c u r v e s . 
H y d r a t e d a l u m i n i u m s u l p h a t e , A 1 2 ( S 0 4 ) 3 . 1 8 H 2 0 , is t h e s t a b l e solid p h a s e in 
c o n t a c t w i t h soln. c o n t a i n i n g less t h a n 4*13 p e r c e n t , f e r rous s u l p h a t e , F e S O 4 . 
A t t h i s p o i n t t h e soln. c o n t a i n s 25*4 p e r cen t , a l u m i n i u m su lpha t e , Al2(SO4J3 . 
F r o m t h i s p o i n t , u n t i l a l iqu id p h a s e is r e a c h e d c o n t a i n i n g 10*17 p e r cen t . F e S O 4 
a n d 20*16 p e r c e n t . Al 2(SO 4J 3 , t h e s t a b l e solid in c o n t a c t w i t h t h e soln. is a d o u b l e 
sa l t of t h e c o m p o s i t i o n , F e S 0 4 . A l 2 ( S 0 4 ) 8 . 2 4 H 2 0 , co r re spond ing t o t h e a l u m s . 

Mols.Cc/
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With higher concentrations of ferrous sulphate the soln. are in contact with ferrous 
sulphate heptahydrate, FeS0 4 . 7H 2 0 , as the stable solid. There is a congruent 
point on the curve corresponding to the double salt. This was confirmed experi­
mentally by crystallizing the double salt from a soln. containing ferrous sulphate 

and aluminium sulphate in equimolecu-
lar proportions. The salt so obtained 
consisted of white needles which mat ted 
on the filter to an asbestos-like mass. 
J . Bouis observsed a variety of feather salt 
with magnesium sulphate—magnesium 
ferrous aluminium sulphate, MgSO4. 
FeSO4-Al2(SO4)S-ISH2O—occurring in the 
pyrites a t For t Aries. A. Scott pre­
pared pale yellowish-green, homogeneous 
crystals of ferrous chromous sulphate, 
CrS0 4 .FeS0 4 .2H 2 0, from a cone. soln. of 
a mixture of chromous acetate, and fer­
rous sulphate, treated with a large excess 
of cone, sulphuric acid. The salt, how­
ever, may be an isomorphous mixture. 

A. fitard obtained ferrous chromic hydrosulphate, 2FeS0 4 .Cr 2 (S0 4 ) 3 .H 2S0 4 .2H 20, 
by the method employed for the corresponding aluminium salt. 

G. Werther, and J . E . Willm prepared thallous ferrous sulphate, 
Tl2SO4-FeSO4.6H2O, from a soln. of the component salts. The salt was also 
prepared by A. Benrath. The pale green, monoclinic prisms were found by 
G. Werther to have the axial ratios a : b : c=0-7366 : 1 : 0-4964, and £ = 1 0 5 ° 52'. 
A. E . H. Tutton also found t ha t the pale green crystals are monoclinic, with the 
axial angles a : b : c=0-7427 : 1 : 0-4999, and £ = 106° 16'. The topic axial ratios 
are, x:tP : "> = 6-2050 : 8-3547 : 4-1765. The usual cleavage is parallel to (201). 
The sp. gr. is 3-650, and the mol. vol. 207-84. The optic axial angles are for the 

t8H/0t 

Ma(SQ,)3(70> FeSO+(70) 

F i o . 6 6 0 . — T h e T e r n a r y S y s t e m : 
A l a ( S 0 4 ) a - F e S 0 4 - H 2 0 , a t 2 5 ° . 

2E 
2 V1, 

IA-
1 2 9 ° 3 5 ' 

6 8 ° 4 4 ' 

C-
1 2 9 ° 4 5 ' 

6 8 ° 4 6 ' 

Na-
1 3 1 ° 3 5 ' 

6 9 ° 0 ' 

Tl-
1 3 3 ° 4 7 ' 

6 9 ° 2 6 ' 
T h e r e f r a c t i v e i n d i c e s a r e f o r t h e 

v 

Li-
1-588O 
1-6041 
1-611O 

C-
1-5886 
1-6048 
1-6117 

Ka-
1-5029 
1-6093 
1-6162 

Tl-
1-5980 
1-6146 
1-6223 

Cd-
1-6009 
1-6175 
1-6256 

Cd-
135° 26' 
69° 43' 

F-
1-6040 
1-6209 
1-6292 

JFMiiies 
1 3 7 ° 2O' 

6 9 ° 5 9 ' 

(Mines 
1 - 6 1 1 5 
1 - 6 2 8 5 
1-637O 

and the general formula for the£-index is 1-5916-1-42009lA_2+71302000000000A-4-f-
and if the constant 1-5916 be reduced by 0-0164, the formula represents the a-index, 
and the y-index if i t be reduced by 0-0069. The sp. refractions with ft2-formula 
are, for the C r a y , a = 0 0 9 2 3 , £ = 0 0 9 4 3 , and y=0-0952 ; and for the /fy-ray, 
a=0-0952, £=0-0973, and y=0-0983 . The corresponding sp. dispersions, fMa-^Cy 
are a=0-0029, £=0-030, and y=0-0031 . The mol. refractions for the C-ray are 
o.=70-00, /3=71-56, and y=72-22 ; and for the # y - r a y , a=72-20 , £ = 7 3 - 8 1 , and 
y=74-60 ; so tha t the mol. dispersions are a = 2 - 2 , £ = 2 - 2 5 , andy—2-38. The mol. 
refractions with the /i,-formula and the C-ray are a=122-23 , £=125-70, and 
y=127-14—mean 125-05. G. Werther found t ha t the crystals do not effloresce, 
but the surfaces become dull. The salt loses all its water a t 120°, and a t a red-
heat forms oxides with the loss of sulphur trioxide. The salt sinters slowly without 
melting when it is heated. 

A. Scott prepared manganous ferrous sulphate, MnS0 4 .FeS0 4 . 2H 2 0 , in faint 
pink crystals, from a cone. soln. of the component salts t reated with sulphuric 
acid in large excess. The salt may be an isomorphous mixture, because 
A. McLi. White observed t h a t the mutual , percentage solubility of ferrous and 
manganous sulphate, is : 
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0° 25° 
, « , , * „ 

M n S O 4 3 0 7 10-66 19-18 31-84 39-39 37-83 36-95 13-57 0 0 9 
F e S O 4 12-55 9-26 5-69 0 1 4 0-33 1-33 1-82 14-39 2 3 0 9 

S ^ , , y , 

Solid phase Heptahydrate Pentahydrate Transition Heptahydrate 
solid solution solid soln. point solid solution 

Observations were also made by J . W. Retgers. H . Vohl obtained ammonium 
manganous ferrous sulphate, 2(NH4)2S04.MnS04.FeS04 .12H20, and also potassium 
maniranous ferrous sulphate, 3K 2 S04.MnS0 4 .FeS0 4 .12H 2 0, from soln. of the 
three component salts. These triple salts may be isomorphous mixtures. 

P . C. R a y and P . B . S a r k a r 4 prepared monoclinic crystals of a series of 
isomorphous salts -with one member ammonium ferrous sulphatofluoberyllate, 
(NH 4 ) 2 BeF 4 .FeS0 4 .6H 2 0, where Ni, Co, Mn, Cd, Zn, and Mg may take the place 
of Fe. The salt was discussed by U . Seifert. 
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§ 45. Ferric Sulphate 
Anhydrous ferric sulphate, Fe2(SO4)S, was analyzed by T. Thomson.i The salt 

unites with water t o form a number of hydrates, some of which have been reported 
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as chemical individuals, bu t this does not give t hem all a locus standi in the list of 
chemical compounds. The hydra ted forms are : 

Z>odecahydrate, Fe 2 (SO 4 J 3 . 12H a O 
D e c a h y d r a t e , F e 8 ( S O 4 ) , . 1OH2O . 
E n n e a h y d r a t e , F e 2 ( S O 4 ) , . 9 H 2 O {rhom*bic 
H e m i p e n t a d e c a h y d r a t e , Fe 2 (SO 4 J 8 . 7£H a O 
H e p t a h y d r a t e , F e 2 ( S 0 4 ) 3 . 7 H 2 0 . 
H e x a h y d r a t e , F e 2 ( S 0 4 ) 3 . 6 H [ 2 0 . 
Tetrahydrate , F e 2 ( S 0 4 ) s . 4 H 2 0 . 
Tr ihydrate , F e 2 ( S 0 4 ) 8 . 3 H 2 0 . 
D i h y d r a t e , F e 2 ( S 0 4 ) 3 . 2 H 2 0 . 

The preparation of ferric sulphate.—Anhydrous ferric sulphate was found 
by G. Keppeler to be formed by the action of sulphur trioxide or sulphur dioxide 
and oxygen on ferric oxide : 2Fe 2 03- t -6S0 2 +30 2 ^2Fe2 (S0 4 )3 , or F e 2 0 3 - h 3 S 0 3 
^ F e 2 (SO4J3. The reaction is not perceptible a t 200°, i t begins about 230°, and is 
very marked a t 450° ; i t is retarded if moisture be present. The reaction was 
studied by G. Keppeler and J . d 'Ans, G. Lunge and !L. Pollit, F . Wohler and 
co-workers, and B . Neumann and E . Goebel—vide sulphur trioxide, 10. 57, 337. 
As indicated in connection with ferrous sulphate, some ferric sulphate is formed 
during the weathering of iron pyrites. C. Ditt ler, for instance, observed t h a t i t is 
formed when oxygen acts on a slurry of ground marcasite. G. Keppeler reported 
the sulphate to be formed as an intermediate stage in the action of sodium chloride 
on pyri te a t an elevated temp. : 2FeS2+2NaClH-802==Fe2(S04)3-f-Na2S04-4-Cl2 ; 
I i . Saxon also observed ferric sulphate to be formed during the electrolysis of 
sulphuric acid using iron pyri te as cathode. J . d 'Ans, and B . Neumann represented 
the action of heat on ferrous sulphate whilst air is excluded, 6 F e S 0 4 ^ F e 2 ( S 0 4 ) 3 
+ 2 F e 2 O 3 + 3 S O 2 ; F . Warl imont represented the action of oxygen : 6 F e S O 4 + 3 O 
^2Fe 2 (S0 4 ) 3 - | -Fe 2 O 3 ; and G. Keppeler and J . d 'Ans, the action of sulphur trioxide : 
2FeS04-|-2S03—SO2-J-ITe2(S04)3—this reaction occurs only a t a low temp. , because 
a t a high temp, the product is dependent on the composition of the gas-phase. 
A. Recoura observed t h a t if hydra ted ferric sulphate be heated to 175° i t produces 
a yellow modification of the anhydrous salt ; and similarly also when the acid 
ferric sulphates are heated. R. Scharizer observed t h a t monohydrated ferric sul­
pha te is formed a t 128°, and the anhydrous salt a t 135° ; F . Wir th and B . Bakke 
recommended 175° for the anhydrous salt ; and H . Saito found t h a t the ennea-
hydra te is completely dehydrated in air a t 250°—Fig. 669—and a t 230° in air with 
5 -per cent, of sulphur dioxide. M. Lachaud and C. Lepierre also prepared the 
anhydrous salt by the thermal decomposition of ammonium ferric sulphate, or 
by heat ing ferrous ammonium sulphate repeatedly in the presence of ammonium 
sulphate. 

According to A. Vesterberg, J . Loczka, P . Har t , F . Ulrich, V. von Lang, and 
A. W. Davidson, if hydra ted ferric sulphate be t rea ted with cone, sulphuric acid, 
anhydrous ferric sulphate is formed as the solid phase ; and E . Posnjak and 
H . E . Merwin observed t h a t the anhydrous salt appears as the solid phase a t 140° 
when the percentage proportions of Fe 2 O 3 : SO 3 : H 2 O, are 0-08 to 0-64 : 74*95 
t o 53-51 : 24-97 to 46-05 : and a t 200°, when these proportions are 0 0 4 to 1-5 ; 
7617 to 50-5 : 23-79 to 480—cf. Figs. 661 to 668. 

The preparation of the hydrates ot ferric sulphate.—A. Vesterberg prepared a 
soln. of ferric sulphate by dissolving ferrum reductum in hot sulphuric acid (1 : 1), 
evaporat ing the soln., and keeping i t boiling for a couple of days unti l a reddish 
crystalline powder of anhydrous ferric sulphate is formed. Anhydrous ferric 
sulphate was also prepared by P . Ha r t , G. Fownes, W. B . Giles, E . Divers and 
T. Shimidzu by dissolving powdered hep tahvdra ted ferrous sulphate in boiling 
cone, sulphuric acid : 2FeSO4-J-H2SO4=Fe2(SO4)SH-H2 . J . Milbauer and O. Quad­
r an t recommended boiling IO grms. of heptahydra ted ferrous sulphate with 100 c.c. 

Ihle i te . 
Quenstedi te . 
Coquimbite . 
Janos i te . 
Kornel i te . 

Lauseni te . 
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of cone, sulphuric acid for about an hour ; the bulk of the acid is then to be poured 
away, and the residue washed with alcohol, and finally with d ry ether. The salt 
is then to be dried to constant weight. J . Lioczka said t h a t ferrous sulphide, 
marcasite, or pyrite can be similarly t reated with cone, sulphuric acid. G. T. Gerlach, 
and S. U. Pickering commented on the difficulty in removing the excess of sulphuric 
acid from the product, and recommended heating the product unt i l i t assumes a 
light brown colour when hot, and has a pink colour when cold—the coloration is 
a t t r ibuted to the presence of some ferric oxide. To remove the excess of acid from 
the ferric sulphate, C. R. C. Tichborne recommended heating t h e product for some 
days a t 75° ; A. Recoura recommended 120° to 150° ; and G. Keppeler and J . d 'Ans, 
M. Bodenstein and T. Suzuki, and E . Kothny, 400° to 450°. 

Li. J . Thenard, K. Seubert and R. Rohrer, F . K. Cameron and W . O. Robinson, 
and C. P . Priickner obtained a soln. of ferric sulphate by dissolving ferric oxide, 
or hydrated ferric oxide, or basic ferric sulphate in sulphuric acid. R. C. Wells 
obtained a soln. of ferric sulphate with the ratios Fe 2 O 8 : S O 8 = I : 3 , by dissolving 
freshly-precipitated hydrated ferric oxide in a soln. of ordinary ferric sulphate, 
and then adding the calculated quant i ty of sulphuric acid. When an aq. soln. of 
ferrous sulphate is exposed to air, or boiled with a suitable oxidizing agent, freed 
from the oxidizing agent by boiling or by repeated solution and evaporation t o 
dryness, ferric sulphate is formed. This method was employed by C F . Bucholz, 
C. R. C. Tichborne, M. Berthelot, and G. Keppeler and J . d 'Ans. A. Recoura 
recommended removing the nitric acid by heating the dried product some days a t 
120°, and then a t 140°. L. W. Pissarjewsky employed hydrogen dioxide as 
oxidizing agent in place of nitric acid. 

F . Ulrich found crystals of ferric sulphate accidentally formed in a p la t inum 
dish used for concentrating sulphuric acid. A. and P . Buisine obtained ferric 
sulphate by the action of sulphuric acid of sp. gr. 1*53 to 1-82, on roasted pyri tes. 
C. Dreyfus obtained ferric sulphate from waste sulphuric acid and waste iron 
residues ; E. Hermite and A. Dubosc, by the electrolysis of a soln. of ferrous 
sulphate to which a dil. soln. of ferrous, sodium, potassium, calcium, vanadium, or 
magnesium chloride had been added. 

As indicated below, the aq. soln. of ferric sulphate is readily hydrolyzed, and, 
as is so frequently the case with salts prone to hydrolysis, chemists in the pas t have 
recorded a list of basic salts, and na ture too has here played her par t , so t h a t m a n y 
of the basic salts have been recorded as special minerals. So far as chemical 
analyses can tell, there might be an indefinitely large number of products when 
there is no break in the continuity of the process of transformation, by hydrolysis, 
from pure ferric sulphate to pure ferric hydroxide. S. TJ. Pickering, and 
F . K. Cameron and W. O. Robinson would make a drastic sweep of the numerous 
basic salts which have been obtained artificially or reported as minerals, from the 
list of chemical individuals, by denying their existence as chemical compounds. 
F . K. Cameron and W. O. Robinson regard them all as either mixtures or solid soln. 
whose composition depends on arbi trary conditions of concentration, temperature , 
or pressure. S. U. Pickering maintained t h a t only one basic salt exists as a chemical 
individual, namely Fe 2 (S0 4 ) 8 .5Fe 20 8 . Many of the synthesized products, formed 
by precipitation, hydrolysis, or fractional evaporation, were obtained under 
conditions where equilibrium could not have been at tained, so t h a t mixtures were 
produced. The slowness a t which the products react with water gave the impression 
t h a t definite, stable compounds were formed. The stability was only apparent , 
not real. F . K. Cameron and W. O. Robinson were guided in their work by t h e 
phase rule, and from their s tudy of the system Fe 2 O 3 -SO 8 -H 2 O, a t 25°, they 
inferred : (i) no definite basic sulphates are formed a t this temp. , bu t a stable solid 
phase with up to about 25 per cent, of H 2 SO 4 is one of a series of solid soln. involving 
these three consti tuents ; (ii) decahydrated normal ferric sulphate is t h e stable 
solid phase with soln. containing 25 to 28 per cent, of sulphuric acid ; and (iii) the 
stable solid phase wi th soln. containing 28 per cent, of sulphuric acid has t h e 
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composit ion: Fe2O3 .4SO3 .10H2O. These conclusions have not been confirmed by-
subsequent workers. 

F . Wir th and B . Bakke studied the system Fe 2 O 3 -SO 8 -H 2 O a t 25°. They were 
unable to establish the existence of definite solid phases in equilibrium with soln. 
containing less t h a n 26 per cent, of SO3 , b u t t hey confirmed the existence of t he 
basic salt 2Fe0 3 . 5S0 8 . 17H 2 0 occurring in two forms corresponding with the mineral 
ct- and /J-copiapite ; they also found crystals of enneahydrated ferric sulphate, 
and of the acid salt F e 2 0 3 . 4 S 0 3 . 9 H 2 0 . M. P . Applebey and S. H . Wilkes 
obtained the results, summarized in Figs. 661 and 662, a t 25°, when the concen­
t ra t ions are expressed in grams per 1OO grms. of sat . soln. : 

F e 8 O 3 
S O , 

0 - 2 7 
3 9 - 7 7 

3 - 8 8 
33 -2O 

8 0 4 
1 3 - 8 0 

13-80 
30-02 

1 7 - 5 2 
2 9 - 8 5 

1 8 - 5 6 
2 9 - 9 8 

1 9 - 9 8 
2 9 - 1 9 

7 - 9 1 
9 - 1 8 

Fe a O a . 4SO a . 9H a O Fe aO a .3SO a .7H: aO 7Fe a O a .15SO a Solid solution 

Fe2O3 Fe2O3 

Fe2033S03 

Fe2O3^SO3-MO 
%J03-4S0$9H20 

5 (FexO3SSO3) -ZFe2O3 

' ^^es03-3S03 

.^J33SO3^H2O 
Fb2Oy^SOySH2O 

F i a . 6 6 1 . — E q u i l i b r i u m i n t h e S y s t e m : 
F e 2 O 3 - S O 3 - U 8 O , a t 1 8 ° . 

H2O SO3 

F i a . 6 6 2 . E q u i l i b r i u m i n t h e S y s t e m 
F e 2 0 3 - S 0 3 - 3 E I a O , a t 25°. 

The basic salt 7Fe2O3 .15SO3 does not appear in t he system a t 18°. According to 
E . Posnjak and H . E . Merwin, in these experiments allowance was not always made 
for t he fact, reported by A. Maus, t h a t (i) soln. of ferric sulphate dissolve precipitated 
ferric oxide ; (ii) ferric oxide adsorbs ferric sulphate from its soln. ; and (iii) equilibria 
are obtained with great sluggishness in viscid soln. The following is a selection of 
the results of E . Posnjak and I I . E . Merwin a t 200° where concentrations are 
represented in grams per 1OO grms. of sat . soln. : 

F e 3 O 3 
S O 3 . 

O- 5 6 
4-9O 

0 - 6 3 
5 - 5 8 

1-69 
1 1 - 3 9 

3-5O 
1 9 - 4 3 

2-OO 
4 1 - 8 7 

1-91 
4 8 - 9 4 

1-35 
5 2 - 1 2 

0 0 4 
7 6 1 7 

Fe 3 O 3 

and they are plot ted in Fig. 663. 
fe203 

Fe aO a .2SO a .H: aO 

The results a t 140° 
F e a 0 3 . 3 S 0 3 

were 
Fe2O3 

I2O3-ZSO3H2O 
" ^0,-3SO3 

F i o . 6 6 3 . — E q u i l i b r i u m i n t h e S y s t e m 
F e 8 O 8 - S O 8 - H 8 O , a t 2 O 0 ° . 

VOL.. X I V . 

H2O 
F i a . 6 6 4 . — E q u i l i b r i u m i n t b e S y s t e m 

F e 8 O 8 - S O 8 - H 8 O , a t 1 4 0 ° . 
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S O 8 

0 0 1 
0 - 8 2 

0 0 5 
2 - 6 0 

1 - 1 8 
4 0 6 

9 - 8 4 
1 7 - 6 5 

1 2 0 5 
2 2 - 3 9 

1 5 - 3 5 
3 0 - 8 8 

3 - 7 1 
3 7 1 0 

0 - 6 4 
5 3 - 3 1 

0 0 8 
7 4 - 9 5 

F e 8 O 8 S F e 1 O 8 . 4 S O 3 . OU2C) F e 2 0 8 . 2 S 0 3 . H a O F e a O a . 3 S 0 8 - 6 H a O F e 2 O 8 . 3 S O 3 

a n d they are p lo t t ed in Fig . 664. The resul ts a t 110° are : 

Fe 2 O 8 . 
S O 3 

0 0 1 
0-53 

0 0 8 
0-83 

14-51 
22-71 

1 9 - 7 4 
3 0 - 8 0 

1 9 0 4 
3 0 - 9 7 

1 - 2 6 
4 1 - 3 8 

0 - 8 1 
4 5 - 4 5 

0 - 4 8 
5 3 - 4 5 

0 - 1 5 
5 9 - 8 0 

0 0 6 
7 2 - 5 0 

F e . O s . H . O 3 F e 8 O 8 . F e 2 O 8 . F o a 0 3 . 3 S 0 3 . F e 2 O 8 . 4 S O s . 9 H a O 
4SO 8 . 2SO8TH8O a 6 H a O 
» H a O 

a n d t h e y are p lo t ted in Fig. 665. The resul ts a t 75° a re : 

F e a 0 8 . 4 S 0 3 . 3 H a O 

Fe2O3H* fe,03Ht0 

H2O 

F i o . 6 6 5 . E q u i l i b r i u m i n t h e S y s t e m : 
F e 2 O 3 - S O 8 - H 2 O , a t 1 1 0 ° . 

0y4S0y9H20 
OyZS035H20 

'Fe2Oy SSOy/7H2O 
I3-JSOy 7H2O 

7yJS0y6H2O 
Dy4S039H20 
\0y4S0y3HJ) 

H1O 

F i « . 6 6 6 . E q u i l i b r i u m i n t h e S y s t e m : 
F e 2 O 3 - S O 3 K 2 O , a t 7 5 ° . 

F e 2 O 3 . 0 - 3 4 
S O . . 1 0 0 

O-93 
1 - 6 2 

1 7 - 7 8 
2 3 1 0 

2 0 - 9 3 
3 0 - 1 1 

1 8 1 3 
3 2 - 3 2 

4 - 5 9 
3 5 - 5 1 

0 1 2 
5 4 - 6 3 

0 1 2 
5 6 - 2 5 

0 0 7 
7 4 - 1 4 

F c 2 O 3 1 H 2 O 3 F e 2 O 3 . 
4SO 8 . 3 

9 H 2 O 

F e a O s . 
2 S O 8 . D B U s . o n v / 3 . 
5 H 2 O 1 7 H 2 O 7 H 2 O OH2O OH2O 

a n d t h e y are p lo t t ed in Fig . 666. The resul ts a t 50°, p lo t t ed in F ig . 667, a re : 

2 F e 8 O 3 . 
5SO 3 . 
1 7 H 2 O 

F e 8 O 3 . 
3 S O 3 . 
7 H 2 O 

F e a ° 3 - F e 2 O 3 . 
3 S O 8 . 4 S O 3 . 

F c a 0 3 . 4 S 0 3 . 
3 H 2 O 

Fe1O, Fe1O3- ZSOy SH2O 
?Fe0y5S0yt7H20 
^Fe2Oy 3SOy 7H2O 

-J3ISOySKO 
'Fe2OyZSOySH2O 

Fe2Oy 5SOy/7H2O 
-'/O3 3SOy 7H2O 

~^0y4S0y9Hg0 
' Fe2O3-ISOy 3H2O 

F i o . 6 6 7 . — E q u i l i b r i u m i n t h e 
S y s t e m : F e 2 O 8 - S O 8 - H 8 O , a t 5 0 ° 

FexOyHxO 

fe*o3 

F i o . 6 6 8 . — E q u i l i b r i u m i n t h e S y s t e m : 
F e 2 O 8 - S O 3 - H 8 O , f r o m 5 0 ° t o 2 0 0 ° . 

F e 8 O 8 

S O 8 . 
0 - 1 4 1 - 4 4 1 7 - 9 6 2 0 1 3 2 0 - 7 0 1 6 - 7 8 8 - 5 6 5 - 5 5 0 0 9 0 0 7 0 0 7 
0 - 3 9 2 - 3 0 2 2 - 9 6 2 7 - 1 8 2 8 - 4 0 3 0 - 7 2 3 2 - 5 6 3 3 - 9 6 5 5 - 3 4 5 9 - 2 0 7 5 - 3 7 

F e 8 O 3 . 3 F e 8 O 8 . F e 8 O 8 . 2 F e 8 O 3 . F e 8 O 3 . F e 8 O . . 
H 8 O 4 8 O 8 . 2 S O 8 ? 5 S O 8 . 8 8SO 8 ? 4 S O 3 ? 

~ ~ ~ 1 7 H 2 O 

F e 8 O 8 . 
"SO8? 

F e 8 O 8 . 

9 H 2 O 6 H 8 O 1 7 H a O 7 H 8 ! ) 9 H 8 ! * 

All these resul ts a re represen ted as an equi l ibr ium surface in Fig . 668, G. Tunell 

4 S O 8 . 
3 H 8 O 

file:///0y4S0y3HJ
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a n d E . P o s n j a k s t u d i e d t h e effect of c o p p e r s u l p h a t e on a p o r t i o n of t h e s y s t e m — 
vide infra. 

A. S c h r a u f r e p o r t e d a dodecahydrate, F e 2 ( S 0 4 ) 3 . 1 2 H 2 0 , t o occur in t h e g r a p h i t e 
d e p o s i t s of M u g r a u , B o h e m i a ; a n d h e n a m e d i t i h l e i t e—af te r M. Ih Ie . S p e c i m e n s 
were f o u n d e l sewhere b y R . v o n Gorgey , a n d F . SIav ik ; a n d a n a l y s e s were m a d e b y 
B . E r b e n , a n d A. Schrauf . R . Schar i ze r d o u b t e d t h e i n d i v i d u a l i t y ' of i h l e i t e ; 
h e r e g a r d e d i t a s a m i x t u r e of c o p i a p i t e a n d r h o m b o c l a s e ; a n d E . M anas se con­
s idered i t t o be i m p u r e c o p i a p i t e . N o ev idence of t h e d o d e c a h y d r a t e h a s b e e n 
o b t a i n e d in t h e e q u i l i b r i u m s t u d i e d i n t h e s y s t e m F e 2 O 3 - S O 3 - H 2 O a t different 
t e m p . ; a n d a s imi la r r e m a r k app l i e s t o t h e decahydrate, F e 2 ( S O 4 ) 3 . 1 0 H 2 O , r e p o r t e d 
b y G. A. Ber t e l s , a n d A. C. O u d e m a n s t o s e p a r a t e f rom t h e soln. o b t a i n e d b y t h e 
a c t i o n of n i t r i c a n d su lphu r i c ac ids on fe r rous s u l p h a t e . F . K . C a m e r o n a n d 
W . O. R o b i n s o n sa id t h a t t h e d e c a h y d r a t e is f o r m e d b y t h e a c t i o n of w a t e r o r 
m o i s t u r e on t h e a n h y d r o u s sa l t , a n d b y s h a k i n g of a soln. of ferric s u l p h a t e w i t h 
f r e sh ly -p rec ip i t a t ed ferric h y d r o x i d e in soln. c o n t a i n i n g 25 t o 28 p e r c en t , of S O 3 
a t 25° . E . P o s n j a k a n d H . E . Merwin d o n o t cons ide r t h e ev idence sa t i s f ac to ry . 
G. L i n c k r e p o r t e d t h e m i n e r a l q u e n s t e d t i t e — n a m e d af ter F . A. Q u e n s t e d t — t o b e 
t h e d e c a h y d r a t e occur r ing w i t h c o q u i m b i t e a n d o t h e r s u l p h a t e s a t T i e r r a A m a r i l l a , 
Cop iapo , Chili . 

I n 1833, H . R o s e r e p o r t e d t h e occur rence a t T i e r r a Amar i l l a , Cop iapo , Chili , of 
a n enneahydrate, F e 2 ( S 0 4 ) 3 . 9 H 2 0 . Th i s w a s conf i rmed b y t h e a n a l y s e s of G. L i n c k , 
H . F . Collins, J . B . Mac in to sh , C. L a u s e n , R . Schar ize r , L . D a r a p s k y , a n d R . S e r r a n o . 
J . D . D a n a , a n d C. L,ausen g a v e 2 ( F e , A l ) 2 0 3 . 7 S 0 3 . 2 2 H 2 0 . J . D . D a n a cal led t h e 
m i n e r a l blakeite—after W . P . B l a k e — b u t A. B r e i t h a u p t ' s ear l ier n a m e coqu imbi te 
is gene ra l ly e m p l o y e d , even t h o u g h t h e m i n e r a l does n o t occur a t C o q u i m b o , Chil i . 
R . Scha r i ze r sa id t h a t t h e e n n e a h y d r a t e is o b t a i n e d in h e x a g o n a l p l a t e s b y 
e v a p o r a t i n g t o d r y n e s s a soln. of h y d r a t e d ferric ox ide in a n excess of su lphu r i c ac id , 
a n d w a s h i n g t h e p r o d u c t w i t h a lcohol . F . W i r t h a n d B . B a k k e obse rved t h a t 
c o q u i m b i t e is s t a b l e a t o r d i n a r y t e m p , in soln. c o n t a i n i n g 31-54 t o 27-98 p e r c e n t , 
of SO 3 , 9-39 t o 16-07 pe r cen t , of F e 2 O 3 , a n d 59-07 t o 55-93 p e r cen t , of w a t e r ; 
M. P . A p p l e b e y a n d S. H . Wi lkes , in soln. w i t h 31-88 t o 29-72 p e r cen t . SO 3 , 9-63 
t o 17-48 p e r cen t , of F e 2 O 3 , a n d 58-49 t o 52-79 p e r cen t , of H 2 O ; a n d R . Schar ize r 
sa id t h a t t h i s h y d r a t e is t h e s t ab l e p h a s e w h e n t h e mol . q u o t i e n t S O 3 : F e 2 O 3 is 
g r e a t e r t h a n 3 a n d less t h a n 4. H . B o c k h desc r ibed a r h o m b i c f o r m of t h e ennea ­
h y d r a t e — c o q u i m b i t e is h e x a g o n a l . T h e r h o m b i c e n n e a h y d r a t e w a s cal led 
janos i t e , a n d i t w a s o b t a i n e d f rom Vashegy , H u n g a r y . E . W e i n s c h e n k , E . Wiilfing, 
W . H . Melvil le a n d W . Liindgren, Z. Toborffy, a n d R . Scha r i ze r cons ide red j a n o s i t e 
t o b e i m p u r e c o p i a p i t e . T h e s u l p h a t e f rom TJ eon a H e i g h t s , California, desc r ibed 
b y W . T . Schal ler , is p r o b a b l y a r e l a t e d mine ra l . Acco rd ing t o A . R e c o u r a , w h e n 
a cone . soln. of fe r rous s u l p h a t e is e x p o s e d t o a i r for severa l d a y s , i t 
d e p o s i t s a spongy , n o d u l a r , saffron-yellow m a s s cons i s t ing of t h e bas i c s u l p h a t e , 
6 F e 2 ( S 0 4 ) 3 . F e 2 0 3 . H 2 0 , i m p r e g n a t e d w i t h a n ac id s u l p h a t e of v a r i a b l e c o n s t i t u t i o n 
w h i c h c a n be r e m o v e d b y e x t r a c t i o n -with a b s o l u t e a lcohol . W h e n a spec imen of 
t h e ye l low m a s s h a v i n g t h e compos i t i on F e 2 ( S 0 4 ) 3 . l l H 2 0 , w a s t r e a t e d w i t h a lcohol , 
89 p e r c en t , of t h e i r on r e m a i n e d in t h e fo rm of t h e bas ic s u l p h a t e . If t h e yel low 
m a s s is a l lowed t o d r y in a i r u n t i l i t h a s r e a c h e d t h e compos i t i on F e 2 ( S 0 4 ) 3 . 9 H 2 0 , 
t h e bas ic a n d ac id s u l p h a t e s r e c o m b i n e , a n d c a n n o longer b e s e p a r a t e d b y a lcohol . 
T h e sol idif icat ion of ferr ic s u l p h a t e on e v a p o r a t i o n of i t s soln. t a k e s p lace therefore 
in t w o s t ages . I n c o n s e q u e n c e of t h i s , t h e ye l low m a s s is n o t h o m o g e n e o u s , b u t 
c o n t a i n s i n some p a r t s a n excess of t h e bas ic , in o t h e r s of t h e ac id sa l t . I f t h i s is 
m a d e i n t o a p a s t e w i t h a l i t t l e w a t e r a n d s p r e a d on a p l a t e , a t t h e end of 24 h r s . 
t h e ferric s u l p h a t e , F e 2 ( S 0 4 ) 3 , 9 H 2 0 , is o b t a i n e d a s a wh i t e , h o m o g e n e o u s layer . 
T h e o r d i n a r y f o r m is ye l low. A. R e c o u r a a d d e d t h a t t h e w h i t e a n d yel low h y d r a t e d 
ferric s u l p h a t e s m u s t differ in c o n s t i t u t i o n . T h e ye l low s u l p h a t e dissolves im­
m e d i a t e l y in w a t e r , b u t t h e w h i t e modi f ica t ion does so on ly s lowly. W h i l s t b o t h 
s u l p h a t e s a re so luble in a b s o l u t e a lcohol w i t h o u t decompos i t ion , t h e yel low modifi-



308 INORGANIC AND THEORETICAL CHEMISTRY 

cation is decomposed to the insoluble basic sulphate and the soluble acid sulphate, 
Fe 2 0 3 . 4S0 3 , on t rea tment with 95 per cent, alcohol, or with a litt le water, or on 
exposure to moist air, under which conditions the -white modification is stable. 

J . A. Krenner reported a rose-red or violet hemipentadecahydrate, 
Fe 2 (S0 4 ) 3 .7£H 2 0, to occur a t Szomobnok, Hungary, and he called i t komel i te— 
after Kornel Hlavaczek. I t was analyzed by J . Loczka ; and i t is considered t o 
have been the heptahydra te . According to F . Wir th and B. Bakke, t he ennea-
hydrate is the normal salt stable a t 25°, bu t M. P . Applebey and S. H . Wilkes found 
t h a t in presence of sulphuric acid, the normal salt a t 18° t o 25° is t he heptahydrate, 
Fe2(SO^)3.7H2O. E . Posnjak and H . E. Merwin observed t h a t the hep tahydra te is 
stable in contact with i ts sat. soln. of sulphuric acid below 80°. Taking percentage 
proportions of the three consti tuents Fe 2 O 3 : SO3 : H 2 O, E. Posnjak and H . E . Mer­
win showed tha t the stable phase, Figs. 666 and 667, is the heptahydra te , a t 75°, 
when Fe 2O 3 : 8O 3 : H 2 O is 1 8 1 3 to 19O : 32-32 : 49*55 to 48-8, and a t 50°, 7-5 to 
16-78 : 3 3 0 to 30-72 : 59-5 to 52-5. M. P . Applebey and S. H . Wilkes, a t 25°, gave 
8-04 to 13-80 : 3 2 0 6 to 3 0 0 2 : 59-9O to 56-18, and a t 18°, 9-63 to 18-68 : 31-88 t o 
29-64 : 58-49 to 51*68. E . Posnjak and H . E . Merwin said t h a t whilst t he hepta­
hydrate is the stable phase between 25° and 50° under the conditions first indicated, 
the stable phase between 50° and 150° is the hexahydrate, Fe 2 (S0 4 ) 3 . 6H 2 0 . Taking 
percentage proportions of Fe 2 O 3 : SO3 : H 2 O, the hexahydra te appears a t 140° 
when 0-64 to 15-5 : 53-31 to 31-5 : 4 6 0 5 to 53O, a t 110° when 1-0 t o 2OO : 43-0 to 
31 0 : 5 6 0 to 4 9 0 , and a t 75° when 4-59 to 18-13 : 35-51 to 32-32 : 59-90 to 49-55. 
C. Lausen reported the hexahydrate to occur in monoclinic fibres in a mine in 
Arizona, and added t h a t it -was formed through the burning of some pyritic ores. 
Tt -was named rogersite—after A. F . Rogers—but Gr. M. Butler said t h a t since the 
name rogersite is used for another mineral, i t would be more appropriate to call i t 
lausenite—after C. Ijausen. 

According t o A. Recoura, if the white enneahydrate be kept for some t ime a t a 
temp, a little below 100°, it furnishes the trihydrate, Fe 2 (S0 4 ) 3 . 3H 2 0 , and a t 175° 

i t forms a brownish-yellow anhydrous salt, which dissolves in 
water very much more rapidly t h a n t h a t obtained b y de­
hydrat ing the yellow enneahydrate . The brownish-yellow, 
anhydrous salt furnishes the t r ihydra te when exposed to moist 
air. R. Scharizer found t h a t t he enneahydrate coquimbite 
loses no water -when confined over cone, sulphuric acid, bu t 
a t 83° water begins to be evolved so t h a t a t 93°, 5 mols. are 

Fia. 669.—The De- given off, and a tetrahydrate, Fe 2 (S0 4 ) 3 .4H 2 0, remains ; a t 113° 
hydration Curve more water is evolved so t h a t a t about 161°, the dihydrate, 
Fe S ^ ) 1 1 S E F O 0 ' Fe 2 (S0 4 ) 3 .2H 2 0, remains. Above 161° the hydra te slowly 

* a " passes into the anhydrous salt. The dehydrat ion curve, 
Fig. 669, shows three breaks respectively a t 83°, 93°, and 161°. 

The physical properties of ferric sulphate.—The colour of anhydrous ferric 
sulphate has been called white, grey, pale yellow, and rose. Actually, t he colour 
depends on the degree of puri ty, the temp. , and the grain-size. According t o 
S. U. Pickering, the powder is pale brown when hot and rose-red when cold. The 
coloration here is no doubt due t o the presence of ferric oxide, since G. Keppeler 
and J . d'Ans found t h a t a t ordinary temp. , the salt is white by reflected light, and 
pale bluish-green by t ransmit ted light ; whilst E . Posnjak and H . B . Merwin said 
t h a t the colour is yellowish-grey -when the grain-size exceeds 0*1 mm. According t o 
A. Laurent , and A. Recoura, there are two allotropic forms of t he anhydrous salt, 
one hexagonal and one rhombic. The former is white, t h e la t ter is yellow ; and 
the former dissolves in water more slowly than the lat ter . F . Wir th and B . Bakke, 
however, showed t h a t the alleged differences are simply effects of differences in 
the grain-size of the alleged forms, bu t his products may have been the same b u t 
in different states of subdivision. E . Posnjak and H . E . Merwin found t h a t in 
their s tudy of the ternary system, the anhydrous ferric sulphate usually appeared 



I R O K 3 0 9 

i n t w o different c rys t a l l i ne fo rms , b o t h t o g e t h e r . T h e crysta ls of b o t h fo rms 
r e t a i n e d t h e i r o p t i c a l p r o p e r t i e s w h e n h e a t e d d r y u p t o t h e t e m p , a t w h i c h s u l p h u r 
t r i o x i d e b e g a n t o b e evo lved , so t h a t t h e i r r e l a t i ve s t a b i l i t y r e l a t i ons a r e u n k n o w n . 
B o t h fo rms h y d r a t e s lowly o n e x p o s u r e t o a i r . T h e one f o r m a p p e a r s a s flattened 
r h o m b s , grey ish-ye l low i n co lour , w i t h t h e n a r r o w p r i s m faces ove r al l t h e l a t e r a l 
edges , a n d h a v i n g r h o m b o h e d r a l c l eavage . T h e a x i a l r a t i o of t h e r h o m b o h e d r a l 
c r y s t a l s is a : c—1 : 1*35, a n d t h e indices of re f rac t ion a r e ot>—1-770 a n d € = 1 * 7 6 0 . 
T h e o t h e r f o r m h a s a s imi la r colour , a n d a p p e a r s i n t h i c k t a b u l a r c rys t a l s flattened 
para l l e l t o t h e b a s e . T h e c r y s t a l s be long t o t h e r h o m b i c s y s t e m , a n d h a v e t h e 
a x i a l r a t i o s a : b : c = 0 * 9 5 7 : 1 : 1-357 ; R . Scha r i ze r g a v e 0-9857 : 1 : 1-3991 ; a n d 
V . v o n L a n g r e p o r t e d s o m e c r y s t a l s -with t h e v e r t i c a l a x i s a b o u t ha l f t h i s l e n g t h , 
for h e g a v e a : b : c = l * 0 8 5 5 : 1 : 0-6715. E . P o s n j a k a n d H . E . Merwin found t h e 
o p t i c ax i a l ang le 2 F = 6 0 ° n e a r l y . G. M. S m i t h r e p r e s e n t e d t h e w h i t e sa l t , w h i c h 
d isso lves s lowly , b y t h e f o r m u l a F e [ F e ( S 0 4 ) 3 ] or F e [ F e ( S 0 4 ) 2 ] 3 . 

G. Li rick r e p o r t e d t h a t q u e n s t e d t i t e , t h e d e c a h y d r a t e , occu r s in r edd i sh-v io le t , 
t a b u l a r c r y s t a l s pa ra l l e l t o (01O), in e l o n g a t e d c r y s t a l s pa ra l l e l t o (100) l ike g y p s u m , 
a n d i n c r y s t a l s w i t h t h e c l ino d o m e faces s t r i a t e d pa ra l l e l t o (100) . T h e m o n o -
clinic c r y s t a l s h a v e t h e ax i a l r a t i o s a : b : c = 0 - 3 9 3 9 7 : 1 : 0-40584, a n d £ = 7 8 ° 7 £ ' . 
T h e (OlO)-cleavage is pe r fec t ; a n d t h e (100)-c leavage is less well-defined a n d i t 
y i e lds a fibrous f r a c t u r e . T h e o p t i c a l c h a r a c t e r is n e g a t i v e . C o q u i m b i t e , t h e 
e n n e a h y d r a t e , s o m e t i m e s occu r s i n colour less , -white, ye l lowish- , greenish- , o r 
b r o w n i s h - w h i t e , o r l a v e n d e r - t i n t e d c r y s t a l s w h i c h s o m e t i m e s h a v e a t i n g e of v io le t 
o r a m e t h y s t - b l u e ; i t m a y a lso occur g r a n u l a r a n d m a s s i v e ; o r m o r e c o m m o n l y 
in h e x a g o n a l p r i s m s , o r in r h o m b o h e d r a l f o r m s w h i c h s o m e t i m e s s i m u l a t e 
o c t a h e d r a . H . U n g e m a c h obse rved t h a t t h e t r ic l in ic m i n e r a l h a s t h e ax ia l r a t i o s 
a : b : c = 0 * 2 6 2 1 : 1 : 0-2776, a n d c t = 9 4 ° 10 ' , £ = 1 0 1 ° 44-5 ' , a n d y = 9 6 ° 18-5 ' . 
G. L i n c k f o u n d t h a t t h e r h o m b o h e d r a l c r y s t a l s h a v e t h e a x i a l r a t i o a : c = l i_ 1-5613, 
a n d O L = 8 0 ° 6 ' . T w i n n i n g m a y occur a b o u t t h e (OOOl)-plane ; t h e (1120)-faces 
m a y coinc ide a n d s h o w a r e v e r s e d s t r i a t i o n pa ra l l e l t o t h e edge (3032) / (1120) . 
T h e p r i s m a t i c c l eavage is per fec t , t h e (101O)-, (1011)-, a n d t h e ( O l l l ) - c l e a v a g e s 
a r e imper fec t . T h e op t i c a l c h a r a c t e r is pos i t i ve . T h e co r ros ion figures a r e 
e q u i l a t e r a l t r i ang l e s c o r r e s p o n d i n g w i t h t h e r h o m b o h e d r a l s y m m e t r y . T h e 
v o l u m i n o u s , ye l low m a s s w h i c h A . K e c o u r a o b t a i n e d b y e v a p o r a t i n g a cone . soln. 
of ferr ic s u l p h a t e w a s cons ide red t o b e a n a l lo t rop ic f o r m of t h e e n n e a h y d r a t e ; 
t h e s a m e modi f ica t ion w a s o b t a i n e d b y expos ing t h e a n h y d r o u s s u l p h a t e t o m o i s t 
a i r . T h e ye l low f o r m is sa id t o d isso lve in m u c h w a t e r m o r e r e a d i l y t h a n t h e w h i t e 
sa l t . R . Schar i ze r in fe r red t h a t t h e ye l low f o r m is r e a l l y a m i x t u r e of a bas ic 
s u l p h a t e , cop i ap i t e , a n d a n ac id s u l p h a t e ; F . W i r t h a n d B . B a k k e cons ide red t h e 
ye l low fo rm t o be c o p i a p i t e m i x e d w i t h s o m e ac id s a l t ; a n d F . K . C a m e r o n a n d 
W . O. R o b i n s o n s u p p o s e d t h a t t h e ye l low a n d w h i t e fo rms a r e c h e m i c a l l y t h e s a m e , 
b u t i n different degrees of p u r i t y , a n d s t a t e of subd iv i s ion . E . P o s n j a k a n d 
H . E . Merwin sa id t h a t t h e coa r se -g ra ined p o w d e r of t h e h e p t a h y d r a t e is rose -p ink , 
b u t l a rge r c r y s t a l s a r e colour less , monoc l in i c p l a t e s . T h e l a t h s a r e e longa ted t o 
(001) , a n d flattened pa ra l l e l t o (OIO), a n d t h e r e a r e t r a c e s of p o l y s y n t h e t i c t w i n n i n g 
o n (OIO), pa ra l l e l t o t h e e longa t ion . T h e h e x a h y d r a t e c rys ta l l i zes read i ly , a n d i t 
is s t a b l e in c o n t a c t w i t h sa l t . soln . f r o m 50° t o a b o u t 150° . T h e s lender , colour less 
l a t h s a r e e l o n g a t e d para l l e l t o (OOl), a n d flattened pa ra l l e l t o (OIO). T h e c r y s t a l s 
of t h e h e x a h y d r a t e a r e monoc l in i c . H . U n g e m a c h g a v e for c o q u i m b i t e t h e 
h e x a g o n a l a x i a l r a t i o a: c = l : 1-5643, a n d for t h e r h o m b o h e d r a l v a r i e t y , 
paracoquimbi te , a : c = l : 2*3464. 

T h e specif ic grav i ty of a n h y d r o u s ferr ic s u l p h a t e w a s found b y L . F . Ni l son a n d 
O. P e t t e r s s o n t o b e 3 0 9 7 a t 1 8 - 2 ° ; M. L a c h a u d a n d C. L e p i e r r e g a v e 3 0 5 a t 14° ; 
a n d G. K e p p e l e r a n d J . d ' A n s , 2-937. A . S c h r a u f g a v e 1-812 for t h e sp . gr . of t h e 
d o d e c a h y d r a t e , ih le i t e ; a n d G. L i n c k , 2-116 for t h e s p . gr . of t h e d e c a h y d r a t e , 
q u e n s t e d t i t e a t 16-2°. A . B r e i t h a u p t g a v e 2*092 for t h e sp . gr . of t h e e n n e a -

• h y d r a t e , c o q u i m b i t e , G. L i n c k , 2-105 ; C. L a u s e n , 2*092; a n d J . D . D a n a , 2-O 
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t o 2 - 1 . B . F r a n z found t h e sp . gr . of a q . soln. of ferr ic s u l p h a t e a t 17-5° 
t o be : 
F e . ( S O 4 ) , . 5 IO 15 2O 3O 4 0 5O 6O p e r c e n t . 
S p . g r . . . 1 0 4 2 6 1 0 8 5 4 1 1 3 2 4 1 1 8 2 6 1 - 3 0 9 0 1 - 4 5 0 6 1 6 1 4 8 1 - 8 0 0 2 

R e s u l t s b y G. T . Ger lach , a n d H . H a g e r were a l i t t l e l a rge r t h a n t h e v a l u e s f o u n d 
b y B . F r a n z ; t h u s , H . H a g e r g a v e for soln. w i t h 10, 30, a n d 5O p e r c e n t , of 
F e 2 ( S 0 4 ) 3 , t h e r e spec t ive va lues 1-097, 1-337, a n d 1-65O. B . C a b r e r a a n d E . Moles 
g a v e : 

Fe 0 (SO, , ) , . 0-351 1 1 7 3 2-963 3-978 6-678 7-986 11-259 15-382 per c e n t . 
Sp gr. • 1-OOJ3 1 0 0 8 0 1-0237 1034O 1 0 6 1 2 1 0 7 3 0 1 1 1 3 2 1-1525 

Obse rva t i ons were also m a d e b y G. L u n g e a n d E . Ber l , W . M a n c h o t a n d c o - w o r k e r s , 
S. U . P icker ing , a n d A. Heydwei l l e r . P . F . G a e h r r e p r e s e n t e d t h e r e l a t i on b e t w e e n 
t h e sp . gr. , Z>, a n d t h e p e r c e n t a g e compos i t ion , C, b y t h e r e l a t i o n : l o g 1 0 Z > = a C , 
where a is a c o n s t a n t . T h e mo lecu lar v o l u m e of t h e a n h y d r o u s sa l t , g i v e n b y 
L.. F . Ni lson a n d O. P e t t e r s s o n , is 129*16. G. B e c k s t u d i e d t h e s u b j e c t . 
H . H . S t e p h e n s o n d iscussed t h e c o n t r a c t i o n w h i c h occurs in t h e f o r m a t i o n of t h e 
c o m p o u n d f rom i t s e l emen t s . G. T . Ger lach , a n d H . H a g e r c a l c u l a t e d t h e c h a n g e 
in vo l . wh ich occurs w h e n ferric s u l p h a t e is d i sso lved i n w a t e r . I . T r a u b e d i s ­
cussed t h e mol . so lu t ion v o l u m e , a n d found t h a t for soln. w i t h K), 30 , a n d 5O p e r 
c e n t . F e 2 ( S 0 4 ) 3 , t h e mo l . soln. vo l . a r e r e spec t ive ly 49-7, 68-4, a n d 84-9. 

T h e hardness of q u e n s t e d t i t e is 2-5 on M o h s ' scale , a n d t h a t of c o q u i m b i t e , 2-0 
t o 2-5. T . R e d w o o d s tud i ed t h e diffusion of soln. of t h e sa l t t h r o u g h m e m b r a n e s ; 
M. T o r r e found t h a t for a soln. w i t h 0-666 g r m . of F e 2 ( S 0 4 ) 3 p e r 1OO c . c , a t 30° , 
40°, a n d 50°, t h e c h a n g e s in c o n c e n t r a t i o n a g a i n s t w a t e r , in 24 h r s . ,were r e s p e c t i v e l y 
0-240, 0-256, a n d 0-268 g r m . p e r 1OO c.c. ; a n d w i t h a soln. w i t h 0-133 g r m . F e 2 ( S 0 4 ) 3 
p e r 100 c . c , r e spec t ive ly 0-044, 0-052, a n d 0-055. Z . H . S k r a u p d i scussed t h e 
capil lary rise of soln. of ferric s u l p h a t e in f i l te r -paper . 

C. M o n t e m a r t i n i a n d L . L o s a n a found t h a t t h e t h e r m a l e x p a n s i o n of a 30 p e r 
cen t . soln. of ferric s u l p h a t e b e t w e e n 10° a n d 98°, o n a n a r b i t r a r y scale , e x h i b i t e d 
a revers ib le b r e a k . L . F . Ni lson a n d O. P e t t e r s s o n found t h e specific h e a t of t h e 
a n h y d r o u s s u l p h a t e t o be 0-1656 b e t w e e n 0° a n d 100°. F . M. R a o u l t o b s e r v e d t h e 
l ower ing of the freezing-point of a soln. of a g r a m of Fe 2 (SO 4 J 3 i n 1OO c.c. of w a t e r 
t o be 0-115°. A . R e c o u r a m a d e o b s e r v a t i o n s o n t h e s u b j e c t . R . S c h a r i z e r ' s 
obse rva t ions on t h e thermal decompos i t i on or d e h y d r a t i o n of c r y s t a l s of t h e e n n e a -
h y d r a t e a re s u m m a r i z e d in F i g . 669. F . W i r t h a n d B . B a k k e sa id t h a t a t 98° , 
t h e e n n e a h y d r a t e loses 5 mols . of w a t e r ; in 8 h r s . a t 125°, 8 mo l s . ; a n d a t 175° 
all t h e w a t e r is expel led ; a n d A. R e c o u r a found t h a t 6 mols . a r e g iven ofi a t 100°, 
a n d t h e r ema in ing 3 mols . a t 175°. J . d ' A n s , a n d L . a n d P . W o h l e r a n d W . P l t i dde -
m a n n sa id t h a t a t t e m p , exceed ing 200°, in t h e a b s e n c e of a i r , t h e r e a c t i o n Fe 2 (SO 4 J 3 
^ F e 2 O 3 - J - S S O 3 occurs , a n d n o bas ic s u l p h a t e o r solid soln . of o x i d e in s u l p h a t e is 
fo rmed . J . A. H e d v a l l a n d J . H e u b e r g e r f o u n d t h a t i n a c u r r e n t of n i t r o g e n , t h e 
decompos i t i on is pe rcep t ib le a t 660°. If a l i m i t e d s u p p l y of a i r is a v a i l a b l e , 
H . O. H o f m a n a n d W . Wanjukoff found t h a t t h e d e c o m p o s i t i o n is c o m p l e t e a t 
530° ; a n d K . F r i ed r i ch , a n d K . F r i e d r i c h a n d A. Bl ick le sa id 705° . K . H o n d a 
a n d T. I s h i w a r a found t h a t ferric ox ide begins t o b e f o r m e d a t 660° . H . S a i t o 
obse rved t h a t in a c u r r e n t of air , decompos i t i on beg ins a t 550° , a n d in a c u r r e n t 
of a i r w i t h 5 p e r cen t , of s u l p h u r d iox ide , a t 620° . W h e n t h e s a l t i s h e a t e d i n a 
c losed vessel , u n d e r su i t ab l e cond i t ions , a s t a t e of e q u i l i b r i u m is e s t a b l i s h e d . 
G. K e p p e l e r f o u n d t h a t t h e p ress , of t h e s u l p h u r t r i o x i d e is i m p e r c e p t i b l e a t 400° , 
b u t i t is m e a s u r a b l e a t 500°. G. K e p p e l e r a n d co -worke r s f o u n d t h a t b e t w e e n 
500° a n d 700°, t h e r e l a t i on b e t w e e n t h e d i ssoc iat ion pressure , p m m . , a n d t h e t e m p . , 
T° K. , c a n be r e p r e s e n t e d b y log / > = l l - 8 6 2 6 - 4 4 7 2 0 / 4 - 5 8 4 Z \ I n t h e g a s e o u s p h a s e 
t h e r e is a n o t h e r s t a t e of e q u i l i b r i u m : 2 S 0 3 ^ 2 S 0 2 - { - 0 2 . T h e y a l so f o u n d t h a t 
t h e press , ove r t h e bas ic sa l t , F e 2 0 ( S 0 4 ) 2 , is less t h a n is t h e case w i t h t h e n o r m a l -

Sp.gr
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s u l p h a t e a t t h e s a m e t e m p . L . a n d P . W o h l e r a n d W . P l u d d e m a n n o b s e r v e d for 
t h e p r e s s u r e p=pBO A-p&0 -\-Po m m . : 

l> 
553° 
23 

592° 
4 5 

634° 
1 1 3 

a n d for t h e p ress , of t h e s u l p h u r t r i o x i d e : 

^so a 

680° 
24-7 

600° 
3 6 - 6 

620° 
5 0 - 5 

660° 
1 8 2 

640° 
7 0 - 6 

600° 
4 O l 

660° 
9 3 - 5 

699° 
5 6 0 

680° 
1 3 3 - 5 

707° 
7 1 5 

700° 
2 3 3 0 

700° 

FIG. 6 7 0 . — D i s s o c i a t i o p 
P r e s s u r e o f F e r r i c S u l ­
p h a t e . 

M e a s u r e m e n t s w e r e a lso r e p o r t e d b y L . W o h l e r a n d M. Gr i inzweig , G. M a r c h a l , 
P . Gr i inzweig , F . W a r l i m o n t , W . P l u d d e m a n n , M. B o d e n s t e i n a n d T . S u z u k i , a n d 
W . R e i n d e r s a n d F . G o u d r i a a n . T h e r e su l t s of L . a n d P . W o h l e r a n d W . P l u d d e ­
m a n n a r e s u m m a r i z e d b y t h e c o n t i n u o u s c u r v e , F i g . 670, a n d t h o s e of G. K e p p e l e r 
a n d J . d ' A n s , b y t h e d o t t e d c u r v e , F i g . 670 . U n l i k e G. K e p p e l e r a n d J . d ' A n s , 
Iu. a n d P . W o h l e r a n d W . P l u d d e m a n n o b s e r v e d t h a t w i t h 
t h e bas ic s u l p h a t e , F e 2 O 2 ( S O 4 ) , t h e d i s soc ia t ion p res s , a t 
t h r e e different t e m p , were t h e s a m e a s t h o s e o b t a i n e d w i t h 
t h e n o r m a l s u l p h a t e . Th i s w a s t a k e n t o m e a n t h a t bas ic 
s u l p h a t e s a re n o t f o r m e d in t h e t h e r m a l d i s soc ia t ion of 
ferr ic s u l p h a t e , a n d t h a t t h e r e is n o e v i d e n c e of t h e for­
m a t i o n of a solid soln . of ox ide a n d s u l p h a t e . M. B o d e n ­
s t e in a n d T . S u z u k i a t t r i b u t e d t h e low r e s u l t s o b t a i n e d 
b y G. K e p p e l e r a n d J . d ' A n s t o a n insufficient a l l owance 
of t i m e for e q u i l i b r i u m t o be e s t a b l i s h e d ; t h e y a l so sa id 
t h a t if ferric s u l p h a t e d i s soc ia tes i n t o ferr ic o x i d e a n d 
s u l p h u r t r i o x i d e , a n excess of t r i o x i d e i n s t e a d of a deficit 
w o u l d b e a n t i c i p a t e d — a deficit w a s obse rved , m e a n i n g t h a t t h e m e c h a n i s m of t h e 
r e a c t i o n is m o r e c o m p l e x t h a n is r e p r e s e n t e d b y t h e e q u a t i o n : F e 2 ( S 0 4 ) 3 ^ F e 2 O 3 
4 - 3 S O 3 . F . G. J a c k s o n s t u d i e d t h e t h e r m a l d e c o m p o s i t i o n of ferric s u l p h a t e ; 
a n d K . F l i ck , a n d H . H . W i l l a r d a n d R . D . F o w l e r , t h e s e p a r a t i o n of a m i x t u r e 
of s u l p h a t e s b y f r ac t iona l t h e r m a l d e c o m p o s i t i o n . 

P . A . F a v r e a n d J . T . S i l b e r m a n n m a d e s o m e o b s e r v a t i o n s o n t h e h e a t of 
f o r m a t i o n of ferr ic s u l p h a t e ; J . A. H e d v a l l a n d J . H e u b e r g e r g a v e for t h e solid 
s a l t ( 2 F e , 3 S , 1 2 O ) = 6 4 0 CaIs. ; J . T h o m s e n , ( F e 2 0 3 , 3 S 0 3 ) = 141-237 CaIs. ; L . a n d 
P . W o h l e r a n d W . P l u d d e m a n n g a v e 27-31 CaIs. for t h e h e a t of d i s soc ia t ion of a 
m o l of S O 3 f rom a m o l of F e 2 ( S 0 4 ) 3 b e t w e e n 620° a n d 640°, b u t G. K e p p e l e r a n d 
J . d ' A n s o b t a i n e d a sma l l e r v a l u e . Ca l cu l a t i ons w e r e a lso m a d e b y P . P . BudnikofF. 
F o r t h e h e a t of f o r m a t i o n of t h e s a l t in soln. , G. K e p p e l e r a n d J . d ' A n s g a v e 
( 2 F e , 3 S , 1 2 0 , A q . ) =-659-5 CaIs. ; M. B e r t h e l o t , ( 2 F e , 3 0 , 3 S 0 3 , A q . ) = 2 2 4 - 9 CaIs. ; a n d 
J . T h o m s e n , ( 2 F e S O 4 A q . , 0 , S O 3 A q . ) = 3 8 - 5 CaIs. F o r t h e h e a t of neutra l i za t ion , 
M. B e r t h e l o t g a v e ( 2 F e ( O H ) 3 , 3 H 2 S O 4 A q . ) = 3 4 - 1 CaIs. ; a n d J . T h o m s e n , 33-84 
CaIs. F o r t h e h e a t of d i lut ion of a soln . of a m o l of F e 2 ( S 0 4 ) 3 in 0*67 l i t re of w a t e r 
w i t h 1-33 l i t res , G. L e m o i n e g a v e 4-8 CaIs. ; a n d for a soln . of a m o l of F e 2 ( S 0 4 ) 3 
i n 2 l i t r es of w a t e r w i t h 2 a n d 6 l i t r es of w a t e r , r e s p e c t i v e l y 0-4 a n d 0*6 CaIs. 
M. B e r t h e l o t g a v e for t h e d i l u t i o n of a soln . of a m o l of F e 2 ( S 0 4 ) 3 i n 2 l i t res , w i t h 
6 l i t r e s , 0*6 CaIs. ; a n d for t h e a d m i x t u r e of 12 l i t r es of a soln. of a m o l of F e 2 ( S 0 4 ) 3 
w i t h 3 m o l s of H 2 S O 4 (a m o l p e r 4 l i t res ) , 2*8 CaIs. G. B e c k m a d e o b s e r v a t i o n s o n 
t h e free e n e r g y of t h e sa l t . 

E . P o s n j a k a n d H . E . M e r w i n m e a s u r e d t h e i n d e x of refract ion of a n h y d r o u s 
ferr ic s u l p h a t e , a n d f o u n d for t h e h e x a g o n a l ( t r igonal ) a n d r h o m b i c fo rms : 

Fe8(SO4) , 
Trigonal I™ 

(a 
Rhombic//9 

/ y 

1-809 
1 - 7 9 8 
1 -844 
1 -857 
1-861 

Tl-
• 7 8 6 
• 7 7 5 
• 8 1 9 
• 8 3 1 
• 8 3 5 

Ka-
7 7 0 
76O 
8 0 2 
8 1 4 
8 1 8 

C-
•756 
•746 
•787 
7 9 9 
8 0 3 

Li-light 
1 -754 
1 -744 
1-785 
1-797 
1-8OJ 
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G. Linck gave for the indices of refraction of the enneahydrate for red-light, 
co=l*5469 and 6=1*5508 ; and for yellow-light, <o=^l*5519 and c = l * 5 5 7 5 ; 
A. Arzruni gave o>=l*5376 and e=l*5468 for L,i-light; and co=l*5455 and 
€==1*5547 for Na-light. C. Lausen gave for coquimbite, e= l*572 and <u=l*536. 
E . Posnjak and H. E . Merwin gave for the heptahydrate and the hexahydrate : 

Fe,(S04)s.7H,0 J? 
.F-

1-585 
1-603 
1-666 
1-624 
1-656 
1-668 

Tl-
1-578 
1-593 
1-651 
1-613 
1-644 
1-667 

Na-
1-572 
1-586 
1-640 
1-605 
1-635 
1-657 

C-
1-566 
1-579 
1-631 
1-598 
1-627 
1-648 

Li-Ught 
1-565 
1-578 
1-629 
1-597 
1-626 
1-645 

F e , ( S 0 4 ) , . 6 H 8 0 j/S 

C. Lausen gave for the monoclinic crystals of the hexahydrate , lausenite, a = l * 5 9 4 , 
/ J=I-628, and y=1*654 ; and the optical character is negative. E . Doumer made 
some observations on the refractive indices of aq. soln. L. R. Ingersoll's results 
for a soln. of ferric sulphate of sp. gr. 1*446, a t 23° ; and C. E . Richards and 
R. W. Roberts's results for a soln. of sp. gr. 1*190, a t 17°, are, for rays of wave­
length A A . : 

Sp. gr. 1-446 Sp. gr. 1-19O 
, A , , « , 

A . . 12,5OO 1 0 , 0 0 0 80OO 60OO 6 1 0 4 5 7 8 0 5 3 3 0 4 9 5 8 
/* . . 1 -4061 1 - 4 1 1 3 1 - 4 1 6 0 1 - 4 2 3 4 1 - 3 7 2 8 1 - 3 7 4 1 1 - 3 7 6 8 1 - 3 8 0 0 

M. Kimura and M. Takewaki found t ha t the absorption spectrum of anhydrous 
ferric sulphate shows an absorption band beginning a t 4000 A. in the ultra-violet, 
and ending a t 3400 A. E. Posnjak and H. E . Merwin added t h a t both the 
trigonal and rhombic forms exhibit the same type of absorption. The colour of 
*aq. soln. of ferric sulphate is dependent on the hydrolysis ; by increasing the dilu­
tion or by raising the temp., the hydrolysis is favoured, and the colour changes 
from a yellowish- to a reddish-brown, and S. U. Pickering found t h a t the intensity 
of the coloration with dilution increases to a maximum, and then remains constant, 
and as time goes on, the colour becomes darker and a turbidi ty appears. As 
pointed out by R. Weinland, the hydrolysis is reversed, and the colour of the soln. 
becomes paler when acid is added. J . S. Anderson found the mol. extinction coeff., 
Tc, of soln. with 1*0 and 0*1 mol per litre, in layers 0*14 and 2 cm. thick, with light 
of wave-length A A . : 

A 

K \ 0 - l . 

Observations were also made by T. Bayley, T. Ewan, G. Fuseya and K. Murata, 
R. A. Houstoun, R. A. Houstoun and C. Cochrane, R. A. Morton and R. W. Riding, 
and C. E. Richards and R. W. Roberts. M. Pierucci observed no spectral lines of 
iron when the dust of anhydrous ferric sulphate is sprayed in an arc-light. 

M. Schneider found tha t a feebly acidified soln. of ferric sulphate is distinctly 
reduced by exposure to light, bu t not so much as is the case with a soln. of ferric 
chloride ; and M. V. Dover observed t h a t the degree of hydrolysis is perceptibly 
greater in light than it is in darkness. W. H. Ross found t h a t ferric sulphate soln. 
are reduced to ferrous sulphate by exposure t o ultra-violet light, and t h e action 
is greater if sugar be present. The reaction was studied by R. Audubert , A. Klemenc 
and H. F . Hohn. A. Kailan observed t ha t acidic or neutral soln. of ferric sulphate 
are reduced to ferrous sulphate, in the presence or absence of sugar, by exposure 
t o radium rays. G. L. Clark and L. W. Pickett observed no perceptible change 
when ferric sulphate is exposed to the X-rays; and A. Heber t and G. Reynaud 
measured the absorption of X-rays by aq. soln. of the salt. G. Reboul and E . Bodin, 
and E . Bodin found t h a t rays capable of ionizing gases are emit ted from pastilles 
of powdered, anhydrous ferric sulphate when traversed by an electric current . 

Lu R. Ingersoll found the magnetic rotatory power, i.e. the sp. magnetic rotat ion 

4340 
6-9 
9-5 

4530 
2 1 
4-7 

4990 
0-76 
2-2 

5630 
0-51 
1-3 

6020 
0-31 
0-49 

6770 
0 1 9 
0-25 

7460 
0-33 
0-37 

9000 
0-42 
0-54 

11,750 
0 0 4 
0 0 5 
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of t h e p l a n e of po l a r i z a t i on , co, for a so ln . of s p . g r . 1*44:6 a t 23° , a n d i n a field of 
12,05O gauss , for l i g h t of w a v e - l e n g t h 12,500, 10,000, a n d 8000 A . i s r e spec t i ve ly 
0-0016, 0-0020, a n d 0-0029. C. E . R i c h a r d s a n d R . W . R o b e r t s o b s e r v e d t h a t t h e 
m a g n e t i c r o t a t o r y p o w e r of so ln . of ferr ic s u l p h a t e is pos i t ive , wh i l s t t h e effect d u e 
t o t h e s a l t is n e g a t i v e . T h e r e a r e t w o m a g n e t i c a b s o r p t i o n s p e c t r a l b a n d s , o n e a t 
0*53/LC, a n d t h e o t h e r a t 0-57/x. T h e m a g n e t i c a b s o r p t i o n s p e c t r a of ch lo r ide a n d 
s u l p h a t e a r e t h e s a m e . E . Miescher , a n d F . Al l ison a n d E . J . M u r p h y s t u d i e d t h e 
m a g n e t o - o p t i c p r o p e r t i e s . 

A c c o r d i n g t o R . C. Wel l s , t h e eq . e lectr ical conductivity* A, of a q . soln. of ferr ic 
s u l p h a t e for a n e q u i v a l e n t of t h e s a l t i n v l i t res , is : 

v . . 1 -105 9-56O 1 6 1 5 3 8 - 2 4 4 8 - 4 5 1 4 5 - 3 3 0 O l 6 0 0 - 0 

!

0 0 . . 13-3O 2 4 - 6 9 — 3 8 - 4 — — 7 6 0 9 5 0 

2 5 ° . 2 4 - 8 9 4 5 - 3 2 7 3 - 2 — 
3 0 ° . 2 6 - 2 4 5 9 - 5 0 89-5O 1 4 5 - 7 

T h e r e su l t s s h o w t h a t a t low d i lu t i ons , t h e c o n d u c t i v i t y is a b n o r m a l l y low, w h i l s t 
a t h i g h d i l u t i ons i t i s a b n o r m a l l y h igh . A s t h e d i l u t i o n increases , a p r e c i p i t a t e is 
p r o d u c e d , t h e r a t e of i t s f o r m a t i o n inc reases e n o r m o u s l y w i t h a r ise of t e m p . T h i s 
al l ag r ee s w i t h t h e a s s u m p t i o n t h a t ferr ic s u l p h a t e beg ins t o u n d e r g o h y d r o l y s i s 
a t a d i l u t i o n of a few l i t res . G. F o u s s e r e a u o b s e r v e d t h a t t h e c o n d u c t i v i t y of t h e 
soln . inc reases w i t h age ; a n d G. C a r r a r a a n d G. B . V e s p i g n a n i f o u n d t h e eq . 
c o n d u c t i v i t i e s a t 25° of fresh soln. , A, a n d of soln . 24 h r s . old, A', w e r e : 

v . . 5 1 0 4 0 8O 1 6 0 64O 128O 256O 
A . . 3 6 - 9 3 4 7 - 6 9 6 7 - 0 4 9 9 - 2 8 1 2 7 - 2 8 2 2 5 - 9 2 2 9 8 - 2 4 4 0 4 - 4 8 
A' 4 8 - 6 1 8 2 - 8 8 1 2 4 - 6 4 1 9 6 - 6 4 3 4 8 - 1 6 3 6 0 - 9 6 4 2 2 - 4 0 

F e r r i c s u l p h a t e suffers hydrolys i s in a q . soln. , b u t , a s s h o w n b y M. B e r t h e l o t , a n d 
G. F o u s s e r e a u , t h e a q . so ln . of t h i s s a l t in a q . soln. a r e in gene ra l m o r e s t a b l e t h a n 
is t h e case w i t h a q . soln . of o t h e r ferr ic sa l t s . T h e ye l lowish -b rown soln . is s t r o n g l y 
ac id t o w a r d s l i t m u s , a n d on e v a p o r a t i o n , i t fu rn i shes a b rowni sh -ye l low s y r u p , 
wh ich , a f te r a t i m e , solidifies t o a m a s s of i n d i s t i n c t c r y s t a l s — p a r t l y -white, p a r t l y 
p a l e ye l low. T h e colour less o c t a h e d r a r e p o r t e d b y J . T . Cooper , a n d C. Sy lves t e r , 
a r e , a c c o r d i n g t o G. F o r c h h a m m e r , m o r e l ike ly t o h a v e b e e n a m m o n i a or p o t a s h 
i r o n - a l u m . G. C. W i t t s t e i n f o u n d t h a t t h e f u r t h e r e v a p o r a t i o n of t h e soln . fu rn ishes 
a b r o w n r e s inous m a s s , w h i c h , w h e n c o m p l e t e l y d e h y d r a t e d is d i r t y w h i t e . I f t h e 
r e s inous b r o w n m a s s is m i x e d w i t h w a t e r wh i l e s t i l l h o t , i t solidifies s u d d e n l y , a n d 
is m o r e eas i ly d r i e d t h a n before t h i s t r e a t m e n t . A c c o r d i n g t o T . Scheere r , t h e cone , 
a q . soln . does n o t b e c o m e t u r b i d w h e n i t is boi led , b u t t h e di l . a q . soln. d o b e c o m e 
t u r b i d , a n d t h i s t h e m o r e t h e g r e a t e r t h e d i l u t i o n of t h e soln . T h e soln . a l so b e c o m e 
t u r b i d w h e n boi led , a n d , t h e m o r e d i l u t e t h e soln. , t h e lower t h e t e m p , r e q u i r e d t o 
p r o d u c e a t u r b i d i t y . A soln . w i t h o n e p a r t of t h e s a l t i n 1OO p a r t s of w a t e r b e c o m e s 
t u r b i d a t 95° , a n d d e p o s i t s a b o u t o n e - t h i r d of t h e so lu t e a s ferr ic s u l p h a t e ; w i t h 
20O p a r t s of w a t e r , t h e t u r b i d i t y a p p e a r s a t a b o u t 70° , a n d a b o u t ha l f t h e so lu te 
is d e p o s i t e d a s ferr ic s u l p h a t e ; w i t h 400 p a r t s of w a t e r , t h e c o r r e s p o n d i n g d a t a 
a r e 59° a n d t h r e e - f o u r t h s ; w i t h 800 p a r t s of w a t e r , 50° a n d s e v e n - e i g h t h s ; a n d 
10OO p a r t s of w a t e r , 47*5° a n d n i n e - t e n t h s . AU t h i s m e a n s t h a t in a q . soln. , ferric 
s u l p h a t e is h y d r o l z y e d . R e l a t e d o b s e r v a t i o n s w e r e m a d e b y J . S. A n d e r s o n , 
S . I J . P i c k e r i n g , A . R e c o u r a , R . Scha r i ze r , E . A . Schne ide r , C. R . C. T i c h b o r n e , a n d 
F . W i r t h a n d B . B a k k e . A c c o r d i n g t o U . A n t o n y a n d G. Gigli , a c lea r n e u t r a l 
a q , so ln . of ferr ic s u l p h a t e r e m a i n s c lea r u n t i l h i g h l y d i l u t e d , w h e n i t b e c o m e s 
g r a d u a l l y t u r b i d b y t h e s e p a r a t i o n of t h e h y d r o g e l of h y d r a t e d ferric ox ide . D u r i n g 
t h e h y d r o l y s i s ba s i c s a l t s a r e first f o r m e d , a n d t h e s e a r e u l t i m a t e l y c o n v e r t e d i n t o 
t h e inso lub le h y d r o x i d e . T h e ferr ic s u l p h a t e i s s lowly re - fo rmed on d i s t u r b i n g 
t h e s t a t e of e q u i l i b r i u m b y a d d i n g p o t a s s i u m fe r rocyan ide , p r o v i d e d t h e soln. be 
n o t t o o d i l u t e t o a l low of t h e d i s so lu t ion of t h e h y d r a t e d ferric ox ide in t h e sul ­
p h u r i c ac id . F . K . C a m e r o n a n d W . O. R o b i n s o n s a i d t h a t t h e p r e c i p i t a t e s — t h e 
so-cal led bas i c s a l t s — h a v e n o wel l -def ined c o m p o s i t i o n ; a n d U . A n t o n y a n d 
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G. Gigli a d d e d t h a t t h e hydro lys i s is comple t e w i t h a d i lu t ion of 1 : 60 ,000. Accord ­
ing t o G. Ca r r a r a a n d G. B . Vesp ignan i , t h e degree of hyd ro ly s i s of a 22-3 p e r c e n t , 
soln. , in t h e presence of h y d r a t e d ferric oxide , is 0*9 p e r cen t . ; t h e y a lso ca l cu l a t ed , 
f rom obse rva t ions on t h e hydro lys i s of m e t h y l a c e t a t e , t h a t a t 25°, 0-2i\T-Fe2(S04)3 , 
a m o n t h old, c o n t a i n s 1-33 g r m s . of F e 2 ( S 0 4 ) 3 p e r 100 c.c. G. W i e d e m a n n m a d e 
obse rva t ions on t h e p e r c e n t a g e hydro lys i s of t he se soln. , a n d U . A n t o n y a n d 
G. Gigli ca l cu la t ed for soln. con ta in ing g r a m s of F e 2 ( S 0 4 ) 3 p e r 1OO c.c. of so ln . , 
aged for 10 d a y s a t 10°, t h e p e r c e n t a g e hydro lys i s : 

Fe2(S04)3 . . 6-7 2-0 1 0 0-50 OIO 0-050 0-025 0-0125 
Hydrolysis . . 4 11 23 33 57 67 82 91 per cent . 

R . C. Wel ls ca lcu la ted for soln. w i t h 6-67, 0 1 0 4 , a n d 0 0 0 6 5 1 g r m . F e 2 ( S 0 4 ) 3 p e r 
1OO c.c. a t 25°, t h e pe rcen t age hydro lys i s 0, 12, a n d 40-0 r e spec t ive ly ; h e a lso 
inferred f rom his obse rva t ions of t h e electr ical c o n d u c t i v i t y of a q . soln. t h a t t h e 
hydro lys i s p roceeds in t w o s tages e m b o d y i n g a r a p i d c h a n g e u n a c c o m p a n i e d b y 
p rec ip i t a t ion , a n d a slower c h a n g e progress ing a t a m e a s u r a b l e r a t e a n d a c c o m ­
pan ied b y t h e fo rma t ion of a bas ic s u l p h a t e . T h e f o r m a t i o n of t h e bas ic sa l t is 
g rea t ly f avoured b y ra is ing t h e t e m p . , or d i l u t i ng t h e soln. 

F . Seidel, a n d 13. V o r l a n d e r obse rved t h a t soln. of ferr ic s u l p h a t e s h o w t h e 
T y n d a l l effect ; A. Qua r t a ro l i obse rved t h a t w h e n a di l . soln. is cen t r i fuged for 
some h o u r s , differences in c o n c e n t r a t i o n c a n b e d e t e c t e d . M. V . D o v e r o b s e r v e d 
t h a t t h e hydro lys i s is g rea t e r in l igh t t h a n in d a r k n e s s . A. K r a u s e found t h a t t h e 
H"-ion concentrat ion of 0- l iV-Fe 2 (SO 4 ) 3 is j o H = l - 3 ; on a d d i n g v a r y i n g a m o u n t s 
of a lka l i—sod ium or p o t a s s i u m h y d r o x i d e , s o d i u m or p o t a s s i u m c a r b o n a t e , s o d i u m 
h y d r o c a r b o n a t e , or an i l ine—to a fixed vol . of a soln. of ferric s u l p h a t e , t h e r a t i o 
F e 2 O 3 : S O 3 of t h e p r ec ip i t a t e is r e l a t ed t o t h e jpH-value o r t h e a c i d i t y of t h e soln. 
A p rec ip i t a t e free f rom s u l p h a t e is o b t a i n e d on ly w h e n jpH>>7'7. O n a d d i n g t h e 
theore t i ca l p ropo r t i ons of s o d i u m h y d r o x i d e or c a r b o n a t e , a n d a q . a m m o n i a , t h e 
va lues of t h e F e 2 O 3 : S O 3 r a t i o a re respec t ive ly 24*0, 8-8, a n d 11*1. A m m o n i a 
in t h e more acidic soln. a c t s a s a s t r o n g base—vide infra, t h e bas ic ferric s u l p h a t e s . 
G. S. Til ley a n d O. C. R a l s t o n obse rved t h a t soln. of ferric s u l p h a t e beg in t o h y d r o -
lyze w h e n t h e H"-ion cone, is 1 O - 3 a n d t h e O H ' - i o n cone , is 1 O - 1 1 , wh i l s t h y d r o l y s i s is 
e n d e d w h e n t h e H"-ion cone, is 10~ 4 , a n d t h e O H ' - i o n cone, is 10— 1°. W . M a n c h o t 
a n d co-workers m a d e obse rva t ions on t h e so lva t ion or h y d r a t i o n of t h e m o l . of 
ferric s u l p h a t e in aq . soln., a n d t h e y ca lcu la ted t h a t in soln. w i t h 0-6874 a n d 1-46O 
mols F e 2 ( S 0 4 ) 3 pe r l i t re , a t 25°, each mol . of F e 2 ( S 0 4 ) 3 is l oaded r e spec t ive ly w i t h 
39*9 a n d 27-8 mols . of H 2 O . J . N . B r o n s t e d a n d K . V o l q u a r t z s t u d i e d t h e c o m p l e x 
ions [ F e ( H 2 O ) 6 ] - . 

T h e e lectromotive force of i ron e lec t rodes i n e lec t ro ly tes c o n t a i n i n g ferr ic 
s u l p h a t e h a s been discussed p rev ious ly . M. Ie B l a n c s t u d i e d t h e po lar izat ion of 
su lphur i c acid soln. of t h e t w o i ron s u l p h a t e s us ing e lec t rodes of gold a n d p l a t i n u m . 
Li. R i e t y measu red t h e difference of p o t e n t i a l e x h i b i t e d b y soln. of ferr ic s u l p h a t e 
pass ing t h r o u g h capi l la ry t u b e s w h e n u n d e r a p ress , of 25 a t m . T h e e lectrolys is 
of a q . soln. of ferric s u l p h a t e h a s been discussed i n c o n n e c t i o n w i t h t h e e l ec t ro -
depos i t ion of i ron . T h e cathodic reduct ion of ferric s u l p h a t e t o fe r rous s u l p h a t e 
w i t h a n i ron c a t h o d e w a s s t ud i ed b y H . Buff, N . K a m e y a m a a n d K . T a k a h a s h i , 
a n d R . K r e m a n n a n d co-workers , w h o o b t a i n e d 96 t o 97 p e r c e n t , r e d u c t i o n in 
l*52V-Fe2(S04)3 u s ing a c a t h o d i c c u r r e n t dens i t y of 1 a m p . ; on ly a l i t t l e i r o n w a s 
depos i t ed . Z. Karaoglanoff obse rved t h a t t h e p resence of a m m o n i u m s u l p h a t e 
h a d n o pe rcep t ib l e influence on t h e yie ld . H e also found t h a t t h e c u r r e n t w h i c h 
j u s t p r o d u c e s a n evo lu t ion of h y d r o g e n a t a p l a t i n u m c a t h o d e i m m e r s e d i n a so ln . 
of i r o n - a l u m in 2 m i n u t e s was found t o be p r o p o r t i o n a l t o t h e cone , of t h e so ln . ; 
i t i nc reases b y a b o u t 3 p e r cen t , of i t s va lue p e r deg ree r ise of t e m p . T h e a d d i t i o n 
of s o m e n o r m a l salts*—e.g. c o p p e r s u l p h a t e , s i lver n i t r a t e , m e r c u r i c ch lo r ide , a n d 
more feebly, z inc s u l p h a t e , a n d a m m o n i u m m o l y b d a t e — t o t h e soln . i nc reases t h e 
va lue of t h e cr i t ica l c u r r e n t s ; in t h e case of c o p p e r s u l p h a t e , for e x a m p l e , t h i s is 
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d u e t o t h e depos i t i on of c o p p e r a t t h e c a t h o d e ; o t h e r sa l t s h a v e n o ac t ion , 
a n d a f e w — s t a n n i c ch lor ide , or s t a n n i c a c i d — d i m i n i s h t h e cr i t ica l c u r r e n t s ; a m o n g 
t h e s e , t h e a c t i o n of t h e c h r o m a t e s is p r o b a b l y d u e t o t h e f o r m a t i o n of a d i a p h r a g m 
of c h r o m i c o x i d e — w i t h p o t a s s i u m c h r o m a t e o r d i c h r o m a t e , sma l l p r o p o r t i o n s 
acce l e r a t e a n d la rge p r o p o r t i o n s r e t a r d t h e a c t i o n . W i t h s m o o t h p l a t i n u m , t h e 
cr i t ica l c u r r e n t is p r o p o r t i o n a l t o t h e sur face of t h e e lec t rode , h e n c e w i t h p l a t i n i z e d 
e l ec t rodes v e r y m u c h l a rge r c u r r e n t s c a n be u sed . A h o r i z o n t a l c a t h o d e g ives a 
l a rge r v a l u e t h a n a v e r t i c a l one . S t i r r i n g t h e soln . h a s a v e r y m a r k e d effect i n 
i nc rea s ing t h e c r i t i ca l current* A c o u l o m e t e r c a n be c o n s t r u c t e d o n t h e bas i s of 
t h e s e r e su l t s ; t h e a n o d e is enc losed i n a p o r o u s p o t n e a r t h e sur face of t h e soln . 
of i r o n - a l u m in w h i c h t h e p l a t i n i z e d c a t h o d e is i m m e r s e d a n d w h i c h is s t i r r ed b y a 
c u r r e n t of c a r b o n d iox ide . T h e fe r rous sa l t p r o d u c e d is t i t r a t e d w i t h a soln . of 
p o t a s s i u m p e r m a n g a n a t e . A. K l e m e n c o b s e r v e d t h a t i n e lec t ro lys is w i t h a gas -
c a t h o d e , t h e r e d u c t i o n of t h e ferr ic sa l t b y t h e h y d r o g e n is n o t d e p e n d e n t o n t h e 
p re sence of a sol id e lec t rode . T h i s r e d u c t i o n m a y be d u e t o t h e e l ec t rons s lowly 
d i s c h a r g e d f rom t h e c a t h o d e , o r else in acco rd w i t h F c " " - f - H - > F e " + H \ F . Oe t t e l 
s t u d i e d t h e inf luence of t h e c u r r e n t d e n s i t y on t h e c a t h o d i c r e d u c t i o n of soln . of 
ferr ic s u l p h a t e ; H . C. Allen, J . C. H o s t e t t e r , A . K l e m e n c , a n d E . N i e t z d i scussed 
t h e reversa l of t h e a c t i o n b y a n o d i c o x i d a t i o n ; a n d A . B r o c h e t a n d J . P e t i t , 
O. Col lenberg a n d S. Bodforss , a n d F . P e a r c e a n d C. Couche t , t h e r e d u c t i o n of t h e 
soln. of ferric s u l p h a t e b y a l t e r n a t i n g c u r r e n t s . 

M. F a r a d a y s n o w e d t h a t a n h y d r o u s ferric s u l p h a t e is p a r a m a g n e t i c ; J . P l u c k e r 
s t u d i e d t h e m a g n e t i c properties ; a n d G. B e r n d t s h o w e d t h a t n o m a g n e t i c 
h y s t e r e s i s c a n b e pe rce ived i n a m a g n e t i c field of 200 g a u s s . P . T h e o d o r i d e s 
g a v e 56-21 X 10~ 6 m a s s u n i t for t h e m a g n e t i c suscept ibi l i ty of t h e sa l t . T . I s h i w a r a , 
a n d K . H o n d a a n d T. I s h i w a r a f o u n d t h a t w i t h a field of 200O gauss , t h e m a g n e t i c 
su scep t i b i l i t y w a s : 

— 177-3 — 13O 4° —66 2° 0-1° 2 3 1 ° 210-1° 403 2° 658-2° 
X X l O - « . . 133-2 10O-2 7 7 1 62-7 57-3 38-6 24-9 20-9 

a n d f o r a p r e p a r a t i o n w i t h t h e e q u i v a l e n t o f t h r e e - s e v e n t h s o f a m o l . of w a t e r , i n a 
field b e t w e e n 7 0 0 0 a n d 1 7 , 0 0 0 g a u s s , H . K . O n n e s a n d E . O o s t e r h u i s o b t a i n e d : 

— 208-2° —202-6° —195 7° —103-5° 16 7° 
X X 10-« . . . 1 7 7 1 167-3 167-2 85-6 53-3 

T h e r e s u l t s a r e i n g e n e r a l a g r e e m e n t w i t h t h e r u l e x ( ^ " — ^ ) = c o n s t a n t , w h e r e 6 
d e n o t e s C u r i e ' s c o n s t a n t . T h e d i r e c t i o n s w e r e d i s c u s s e d b y R . G a n s . H . K . O n n e s 
a n d E . O o s t e r h u i s s h o w e d t h a t a t l o w t e m p , t h e r e s u l t s a r e i n f l u e n c e d b y v a r i a t i o n s 
i n t h e s t r e n g t h o f t h e m a g n e t i c field. 

M . F a r a d a y s h o w e d t h a t a q . s o l n . o f f e r r i c s u l p h a t e , n o t t o o d i l u t e , a r e 
p a r a m a g n e t i c , b u t A . Q u a r t a r o l i f o u n d t h a t t h e d i a m a g n e t i s m o f t h e w a t e r i s 

. a p p r o x i m a t e l y n e u t r a l i z e d b y t h e p a r a m a g n e t i s m o f t h e f e r r i c s u l p h a t e w h e n t h e 
s o l n . c o n t a i n s a b o u t 2 - 8 0 g r m s . o f F e p e r l i t r e . O b s e r v a t i o n s o n t h e m a g n e t i c 
s u s c e p t i b i l i t y o f a q . s o l n . o f f e r r i c s u l p h a t e w e r e m a d e b y E . B e c q u e r e l , 
H . B r e t e r n i t z , J . P l u c k e r , P . T h e o d o r i d e s , a n d G . W i e d e m a n n . B . C a b r e r a a n d 
E . M o l e s f o u n d t h e s u s c e p t i b i l i t y o f s o l n . o f f e r r i c s u l p h a t e , a t 2 0 ° , t o b e : 

F e 3 ( S O 4 J 3 . 0-3508 0-4668 1.173 2-326 3-380 6-678 11-26 15-38 p e r c e n t . 
X X l 0 - « . — 0-5132 —0-4439 — 0 0 1 3 7 0-6989 1-3822 3-4541 6-4507 9-0020 
^ X l O - 6 . 11 ,660 11,710 11,94O 12,110 12,26O 12,41O 12,64O 12,550 

J . S . E . T o w n s e n d o b s e r v e d a l i n e a r r e l a t i o n b e t w e e n t h e d i l u t i o n a n d t h e m a g n e t i c 
s u s c e p t i b i l i t y o f s o l n . a t 1 0 ° i n a field b e t w e e n 1 a n d 9 g a u s s . F o r t h e a t o m i c 
s u s c e p t i b i l i t y XA> B . C a b r e r a a n d E . M o l e s g a v e t h e r e s u l t s i n d i c a t e d a b o v e . 
A . Q u a r t a r o l i o b t a i n e d f o r t h e m o l . s u s c e p t i b i l i t y , x m » o f s o l n . w i t h a m o l of F e 2 ( S O 4 J 3 

i n v l i t r e s , a t 1 8 ° : 
v 10 20 50 1OO 25O 5OO 750 1,000 
X 1 n X l O " 8 . 14 ,386 13,344 13,116 12,756 12,088 10,528 11,635 11 ,375 
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O. IAebknecht and A. P . Wills gave 38 X 10"6 mass uni t for t he susceptibility, 
or 15,150xl0~e for the inol. susceptibility, of an aq. soln. of ferric sulphate "with 
0 9 7 per cent. Fe2(S04)3 , from which R- H. Weber calculated the a t . susceptibility 
of the iron to be 15,21Ox 10-6, and J . S. E . Townsend gave 75 X 10~« mass uni t for 
the magnetic susceptibility a t 10°. A. Heydweiller - obtained 37 -9x10 6 vol. 
unit for a soln. of sp. gr. 1-609 a t 10-8° in a magnetic field of 0-181 to 1-13 gauss ; 
and O. Wylach gave 30*2 X l O - 6 vol. unit. B . Cabrera and E . Moles examined 
the effect of sulphuric acid on the susceptibility of soln. with 1-571 to 1-590 per 
cent, of Fe2(SO4)S a t 2 0 ° when the acid ratio indicates mols H 2 SO 4 : mols Fe 2 (S0 4 ) 8 : 

Acid ratio . G-0994 0 1 9 8 9 0-39Ol 0-7752 1-2087 1-9998 2-4227 4-8477 
X X l O - 6 . 2-7535 3039O 3-218O 3-7540 4 0 0 4 3 4-2345 4 1 4 2 4 4-3877 

G. Wiedemann, R. H. Weber, B. Cabrera and E . Moles, and J . S. E. Townsend 
measured the effect of temp, on the magnetic susceptibility of aq. soln. of ferric 
sulphate ; and it was found to decrease with a rise of temp. A. E . Oxley repre­
sented the susceptibility x a t ^ ° K-. by ^=aT— 14-fe, where a and b are constants . 
A. Heydweiller found tha t whilst the effect of variations in the s trength of the 
magnetic field is imperceptible with small variations—say 0-18 to 1*1 gauss—yet 
over the range H=O-I to 40,000 gauss, the susceptibility changes about 30 
per cent. Observations were also made by J . S. E . Townsend, O. Wylach, and 
R. H. Weber. 

K. Honda and T. Ishiwara calculated the magnetic moment of a mol of Fe 2 (S0 4 ) 3 
to be 7-42 x 10~20, whilst H. K. Onnes and E . Oosterhuis' measurements gave 10~2°. 
R. Gans calculated 3656 for the magneton n u m b e r of anhydrous ferric sulphate, 
and P . Theodorides, 28-97 between 0° and 250°, and 28-93 between 70° and 550°. 
Calculations from observations on aq. soln. were made by B. Cabrera and E . Moles, 
A. Quartaroli, R. H. Weber, and P . Weiss. 

The chemical properties of ferric sulphate.—The reduction of soln. of ferric 
sulphate by nascent hydrogen follows similar lines to the case of ferric chloride. 
D. Tommasi noted tha t the salt is partially reduced by detonating gas. J . Eggert 
observed tha t in the absence of a catalyst no hydrogen was absorbed by a O-liNT-soln. 
of ammonium ferric sulphate ; R. Bottger observed t h a t nickel charged with 
hydrogen reduced the salt in soln. to ferrous sulphate ; and similar results with 
palladium charged with hydrogen were obtained by W. Fresenius, W. H . Gintl, 
T. Graham, A. Hoenig, L. Kritschewsky, and K. I . JLissenko. The reduction with 
palladium charged with hydrogen was found by A. C. Chapman to be complete 
in 20 to 30 mins. ; but W. H. Gintl found t ha t by passing hydrogen into 
a boiling soln. of ferric sulphate, containing a piece of palladium, the reduction is 
very slow. S. Cooke, J . Eggert, and W. H. Gintl also found t h a t a soln. of ferric 
sulphate is readily Reduced by hydrogen in the presence of platinized platinum, or 
plat inum sponge. J . H . Weibel studied the action of hydrogen under press, on 
the soln. 

D . Florentin, M. Lachaud and C. Lepierre, and F . Wir th and B . Bakke noted 
t h a t anhydrous ferric sulphate is hygroscopic when exposed to air, bu t G. Keppeler 
and J . d'Ans found t h a t if free sulphuric acid be absent, the salt is not particularly 
hygroscopic. J . Milbauer and O. Quadrat observed only a slight superficial 
change when the anhydrous sulphate is exposed in a current of d ry air, bu t with 
moist air, water is rapidly absorbed forming, according to F . K. Cameron and 
W. O. Robinson, the decahydrate. A. Recoura found t h a t when the white ferric 
sulphate is exposed to moist air i t slowly forms the white and then t h e yellow ennea-
hydra te ; yellow ferric sulphate takes up water more rapidly t h a n the white form 
producing the t r ihydrate . E . Posnjak and H . E . Merwin observed t h a t both 
rhombic and hexagonal ferric sulphates slowly absorb water when exposed to air. 
For the action of air on the heated sulphate, vide supra. 

The observations of J . S. Anderson, G. T. Gerlach, M. Lachaud and C. Lepierre, 
and C. R. C. Tichbome show t h a t anhydrous ferric sulphate is dissolved by water 
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very slowly, yielding a brown soln., and hence C. F . Bucholz, D . Florentin, and 
F . Ulrich wrongly, thought t h a t the solubility of t he salt in water is very small. 
According t o F . Wir th , 18*57 par t s of water dissolve 81*43 par t s . N . R. Dhar 
observed t h a t the ra te of solution of anhydrous ferric sulphate in water can be 
accelerated by t h e presence of a t race of t he reducing agents—stannous chloride 
or ferrous sulphate, or of t he enneahydrate , coquimbite. A. C. Oudemans also 
observed t h a t the decahydrate , quenstedti te , is slowly dissolved by water. 
S. XJ. Pickering found t h a t the ra te of solution of the anhydrous sulphate in water 
is accelerated by raising the t emp . ; and L. C. A. Barreswil showed t h a t t he ra te 
of solution of the anhydrous salt in water is considerably hastened if a little ferrous 
sulphate be present. G. Keppeler and J . d 'Ans, and N. R. Dhar added t h a t 
reducing agents like hydroxylamine, sulphur dioxide, and s tannous chloride act 
similarly, presumably in consequence of t he formation of some ferrous sulphate. 
A. !Laurent, and A. Recoura reported t h a t the anhydrous salt exists in a t least three 
different molecular s tates distinguished by very different solubilities in "water. 
I t has been suggested t h a t L«. C. A. Barreswil's observation explains t h e results. 
A. Recoura 's products -were possibly contaminated with variable proportions of 
ferrous salts. M. Berthelot, and A. and P . Buisine inferred t h a t the slowness of 
the process of dissolution of the anhydrous salt in -water is due t o the need for a 
preliminary hydrat ion ; and A. Recoura, a preliminary depolymerization of the 
salt. A. and P . Buisine observed t h a t when stirred with a little water, the 
anhydrous sulphate sets as if i t were a kind of plaster of paris. The hydrolysis of 
the salt in aq. soln. has been previously discussed. V. L. Bohnson studied the 
catalytic decomposition of hydrogen dioxide by ferric sulphate—vide supra, ferric 
chloride. H . Kwasnik found t h a t an aq. soln. of ferric sulphate reacts with barium 
dioxide giving off oxygen, and forming hydra ted ferric oxide—vid^e the action of 
ferric chloride on hydrogen dioxide. 

K. H . Butler and D . Mcintosh found t h a t anhydrous ferric sulphate is no t soluble 
in liquid chlorine. O. Hensgen observed t h a t hydrogen chloride decomposes 
anhydrous ferric sulphate neither a t ordinary temp. , nor a t 100°. Li. C. A. Barreswil 
said t h a t ferric sulphate is insoluble in cone, hydrochloric acid; and A. Recoura, 
t h a t with boiling cone, hydrochloric acid, the acid salt Fe2O3 .4SO3 .9H2O is formed. 
O. Rohm obtained ferric chlorosulphate, Fe(S04)C1.6H20, from a mixture of ferric 
chloride, sulphuric acid, and water in the mol. proportions 1 : 1 : 6 ; or from a 
mixture of ferric chloride and sulphate, and water in the mol. proportions 1 : 1 : 18. 
C. JE. Schafhautl observed tha t when a soln. of ferric sulphate is mixed with sodium 
chloride, i t evolves hydrogen chloride a t 60°, and if i t be evaporated to dryness, 
and heated in air, chlorine is evolved, and a mixture of sodium sulphate and ferric 
oxide remains. E . Ko thny also found t h a t a d ry mixture of ferric sulphate and 
sodium chloride gives off ferric chloride a t 285°, b u t L. C. Jones and G. N . Terzieff 
found t h a t if the mixture is heated in the presence of oxygen or air, chlorine is 
evolved. C F . Schonbein observed t h a t a mixture of ferric sulphate and potassium 
iodide reacts in t he cold with the evolution of iodine, the reaction is vigorous when 
the mixture is warmed ; no sulphur dioxide was formed. K. Seubert and R. Rohrer 
represented the reaction : 2Fe 2 (S0 4 ) 3 +2KI=2FeSO 4 +K 2 SO 4 - J - !2» where, according 
t o K. Seubert and A. Dorrer, and F . I . Orloff, i t is possible t h a t ferric iodosulphate, 
Fe(SO4)I, is formed as an intermediate product : ( F e S 0 4 ) 2 S 0 4 + 2 K I = K 2 S 0 4 
+2Fe(SO 4 ) I , followed by 2Fe (S0 4 ) I==2FeS0 4 +I 2 . O. Rohm, and B . Walther 
prepared wha t was regarded as ferric chlorosulphate, Fe(SO4)C1.6H20, by the 
action of chlorine on a soln. of ferrous sulphate, and from a soln. of equimolar par ts 
of ferric chloride and sulphate. The salt has been used in the tanning industry. 
A. Skrabal, and F . Fleischer represented the action of cuprous iodide on a boiling 
soln. of ferric sulphate by : 2Fe 2 (S0 4 ) 8 +Cu 2 I 2 ==2CuS0 4 +4 :FeS0 4 +I 2 . M. Hersch-
kowitsch found t h a t when a mixture of ferric sulphate and potassium chlorate is 
moistened and heated t o 100°, chlorine dioxide mixed with a little chlorine is 
evolved. S. E . Moody observed t h a t when a soln. of ferric sulphate is boiled with 
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p o t a s s i u m iodate a n d iodide , hydro lys i s occurs : F e 2 ( S 0 4 ) 3 + 5 K I + K I O 3 - I - S H 2 O 
= 2 F e ( O H ) 3 + 3 K 2 S 0 4 + 3 I 2 . . 

K . B r u c k n e r obse rved t h a t w h e n ferric s u l p h a t e is m e l t e d w i t h su lphur , s u l p h u r 
d iox ide a n d i ron su lph ide a re formed. Fe r r i c s u l p h a t e — v i d e supra, ferric ch lo r ide 

is r educed b y s u l p h u r d iox ide or b y a s u l p h i t e a n d a l i t t l e m i n e r a l a c i d : 
F e 2 ( S 0 4 ) 3 - h S 0 2 + 2 H 2 0 = 2 F e S 0 4 - f - 2 H 2 S O 4 . T h e r e d u c i n g a c t i o n of a t h i o s u l p h a t e 
on ferric s u l p h a t e : 2Fe* " - + - 2 S 2 O 3 " = 2 F e ' "-J-S 4O 6", w a s s h o w n b y J . T . H e w i t t 
a n d G. R . M a n n t o be a t e t r a m o l e c u l a r r eac t i on . T h e r e a c t i o n w a s s t u d i e d b y 
J . P i n n o w . Accord ing t o L . C. A. Bar reswi l , ferr ic s u l p h a t e is inso lub le i n c o n e . 
s u l p h u r i c ac id ; a n d C. F . Bucho lz found t h a t t h e sa l t is so luble i n a q . soln. of 
su lphur i c acid, a n d w h e n t h e soln. is e v a p o r a t e d , i t fu rn i shes a de l iquescen t , so luble , 
w h i t e p o w d e r — p r o b a b l y a n acid s u l p h a t e . A . W . D a v i d s o n o b s e r v e d t h a t ferr ic 
s u l p h a t e is very spa r ing ly soluble in 100 p e r c e n t . H 2 S O 4 , a n d t h e su spens ion of 
ferric su lpha t e in 100 p e r cen t . H 2 S O 4 g ives n e i t h e r t h e t h i o c y a n a t e n o r t h e p r u s s i a n 
b lue reac t ion . F . W i r t h showed t h a t 2-252V-, 6-6852V-, a n d 19 -84 iV-H 2 S0 4 d i s so lve 
respect ive ly 25-02, 14-50, a n d 0-O5 g r m s . F e 2 ( S 0 4 ) 3 p e r 1OO g r m s . of soln. T h e 
equ i l ib r ium cond i t ions in t h e s y s t e m F e 2 O 3 - S O 3 - H 2 O a t different t e m p , h a v e b e e n 
prev ious ly d i scussed—Figs . 661 t o 668 . A n u m b e r of ac id sa l t s h a v e b e e n r e p o r t e d . 
G. C. Wel tz ien , a n d A. Hof fmann r e p o r t e d F e 2 0 3 . 5 H 2 0 a n d F e 2 0 3 . 6 S 0 3 . l l H 2 0 , or 
F e a ( S 0 4 ) 3 . 3 H 2 S O 4 . 8 H 2 O ; b u t t h e e q u i l i b r i u m d i a g r a m s show w i t h c e r t a i n t y t h e 
ex is tence of F e 2 O 3 . 4 S O 3 a n d of t h e ennea - a n d t r i h y d r a t e s . A . H o f f m a n n , 
A. R e c o u r a , M. C. S c h u y t e n , a n d P . M a r g u e r i t e - D e l a c h a r l o n n y desc r ibed h y d r a t e s 
w i t h 1, 4, 8, a n d 12 mols . of w a t e r , b u t t h e s e d o n o t a p p e a r on t h e e q u i l i b r i u m 
d i a g r a m . 

J . A. K r e n n e r found a n ac id ferric s u l p h a t e occu r r ing w i t h t h e o t h e r i r on sul­
p h a t e s a t Szomolnok, H u n g a r y ; i t s c o m p o s i t i o n a p p r o x i m a t e d t h a t of f e r r i c 
t e t r a s u l p h a t e , F e 2 O 3 . 4 S 0 3 . 9 H 2 0 ; a n d i t w a s ca l led r h o m b o c l a s e . R . Scha r i ze r 
obse rved t h a t t h e enneahydrate i s t h e s t a b l e p h a s e , a t o r d i n a r y t e m p . , w i t h so ln . 
c o n t a i n i n g 0-43 p e r cen t . F e 2 O 3 , 37-42 p e r c e n t . SO 3 , a n d 62-15 p e r c e n t . H 2 O . 
E x p r e s s i n g t h e p r o p o r t i o n s of t h e s e c o n s t i t u e n t s i n p e r c e n t a g e s , t h e e n n e a h y d r a t e d 
t e t r a s u l p h a t e w a s found t o be t h e s t ab l e p h a s e w i t h soln. w i t h i n t h e fol lowing 
r a n g e s of compos i t ion : W . P . A p p l e b e y a n d S. H . W i l k e s g a v e 0-21 t o 9 -63Fe 2 O 3 , 
40-64 t o 31-88SO3 , a n d 5 9 1 5 t o 58 -49H 2 O a t 18°—vide F i g . 661 ; a n d a t 25° , 0-25 
t o 8 0 F e 2 O 3 , 40 t o 32-2SO3 , a n d a b o u t 59 -8H 2 O—v ide F i g . 662 . F . K . C a m e r o n 
a n d W . O. R o b i n s o n g a v e 1-05 t o o v e r 10-87Fe 2 O 3 , 42-43 a n d be low 31-35SO 3 , 
a n d 56-52 t o 57 -78H 2 O a t 25° ; a n d F . W i r t h a n d B . B a k k e , 3-53 t o 9 -39Fe 2 O 3 , 
34-00 t o 31-54SO3 , a n d 62-47 t o 59 -07H 2 O a t 25° . E . P o s n j a k a n d H . E . M e r w i n 
g a v e a t 50°, 0-7 t o 7-5Fe 2 O 3 , 57OO t o 33-0SO 3 , a n d 42-3 t o 5 9 - 5 H 2 O — F i g . 667 ; 
a t 75°, 0 1 t o 45-9Fe 2 O 3 , 55-5 t o 35-51SO 3 , a n d 46-4 t o 5 9 - 9 0 H 2 O — F i g . 666 ; a n d 
a t 110°, 0-3 t o 1-OFe2O3, 56-0 t o 43-0SO3 , a n d 43-7 t o 56-O—Fig. 665 . T h e sa l t 
w a s o b t a i n e d f rom su lphur ic ac id soln. of ferric s u l p h a t e b y V. K o m a r , A. R e c o u r a , 
R . Schar izer , G. M c P h a i l S m i t h , R . F . W e i n l a n d a n d F . E n s g r a b e r , a n d F . W i r t h 
a n d B . B a k k e . T h e m u s h of w h i t e o r ye l lowish-whi te c r y s t a l s is d r a ined o n a 
p o r o u s t i le , w a s h e d w i t h ace tone or alcohol , a n d d r i ed in a i r or o v e r cone , s u l p h u r i c 
ac id . R . Schar ize r e v a p o r a t e d in a i r a soln. c o n t a i n i n g t h e m o l . p r o p o r t i o n 
F e 2 O 3 : S O 3 = I : 4 , a n d o b t a i n e d w h a t he r e g a r d e d a s t h e henahydrate : 
F e 2 0 3 . 4 S 0 3 . l l H 2 0 ; t h i s pas sed i n t o t h e e n n e a h y d r a t e w h e n k e p t ove r s u l p h u r i c 
ac id for 24 h r s . H e a lso sa id t h a t t h e e n n e a h y d r a t e is o b t a i n e d b y t r e a t i n g t h e 
h e n a h y d r a t e w i t h a lcohol , o r b y e v a p o r a t i n g t h e a lcohol ic soln. A. R e c o u r a 
o b t a i n e d t h e e n n e a h y d r a t e f rom a soln. of ferric s u l p h a t e i n bo i l ing cone , h y d r o ­
chlor ic a c i d ; a n d M. P . A p p l e b e y a n d S. H . Wi lkes , f rom a s u l p h u r i c acid soln. of 
fe r rous s u l p h a t e t r e a t e d w i t h n i t r i c ac id a n d e v a p o r a t e d in a des icca to r . A c c o r d i n g 
t o F . W i r t h a n d B . B a k k e , t h e fine p o w d e r is w h i t e , b u t t h e coa r se p o w d e r is p a l e 
rose- red , a n d b y c o n t a c t w i t h w a t e r , t h e s a l t f o rms ye l lowish-whi te need le s . 
E . P o s n j a k a n d H . E . Merwin , R . Schar izer , a n d R . F . W e i n l a n d a n d F . E n s g r a b e r 
found t h a t u n d e r t h e mic roscope t h e c ry s t a l s a p p e a r t o b e t h i n p l a t e s , a n d less 
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of ten t h e y a p p e a r i n a g g r e g a t e s of need les . J . A . K x e n n e r sa id t h a t r h o m b o c l a s e 
occurs in clear , w h i t e , sca ly c r y s t a l s . R . Schar i ze r r e p o r t e d t h a t t h e c r y s t a l s a r e 
monoc l in ic w i t h ax i a l r a t i o s a : b : c = 0 4 6 3 3 : 1 : 0-7416, a n d / 3 = 8 9 ° 6 ' ; wh i l s t 
B . P o s n j a k a n d H . E . Merwin s h o w e d t h a t t h e c r y s t a l s a r e r h o m b i c , n o t m o n o -
clinic, a n d h a v e t h e ax i a l r a t i o s a : b : c = 0 5 6 3 : 1 : 0*940. T h e lozenge-shaped , 
t a b u l a r c r y s t a l s h a v e t h e ba se a n d p y r a m i d a s p r o m i n e n t fo rms , a n d u n i t p r i s m 
a n d p inaco id a r e u s u a l l y p r e s e n t . T h e b a s a l o r (OOl)-cleavage is m a r k e d , a n d 
t h e r e is a fibrous p r i s m a t i c o r (110)-c leavage. T h e op t i c ax ia l ang le 2 V is smal l , 
a n d t h e c r y s t a l s a r e p leochro ic—yel low in t h e d i r ec t i ons y a n d )3, a n d p u r p l e i n t h e 
a d i r ec t ion . R . Scha r i ze r o b s e r v e d t h a t t h e b i re f r ingence is strong—JJ,Y—/x^—0-099 
— b u t dec reases s lowly a s t h e c r y s t a l s a r e h e a t e d a b o v e 70° . T h e sp . gr . is 2-172 
a t 16-4° ; a n d t h e h a r d n e s s is 2-0. T h e ind ices of re f rac t ion a r e / 3=1*551 , a n d 
y = l - 6 5 0 . E . P o s n j a k a n d H . E . Merwin g a v e for t h e ind ices of re f rac t ion : 

F- Tl- Na- C- ILi-light 
a. 1-545 1-538 1-533 1-529 1-528 
p 1-564 1-556 1-55O 1-545 1-544 
y 1-657 1-644 1-635 1-626 1-625 

F . W i r t h a n d B . B a k k e s h o w e d t h a t t h e e n n e a h y d r a t e q u i c k l y loses w a t e r on 
e x p o s u r e t o air , a n d R . Schar ize r , a n d F . W i r t h a n d B . B a k k e found t h a t w h e n 
confined ove r s u l p h u r i c ac id for a b o u t six m o n t h s , 5 mols . of w a t e r a r e r e m o v e d . 
R . Schar i ze r sa id t h a t t h e e n n e a h y d r a t e loses 5 mo l s . of w a t e r a t 64° . F . W i r t h 
a n d B . B a k k e f o u n d t h a t 6 mols . of w a t e r a r e los t below 98° ; a n d A. R e c o u r a 
o b s e r v e d t h a t 6 mo l s . a r e los t b e t w e e n 80° a n d 100°. T h e r e m a i n i n g 3 mo l s . of 
w a t e r a r e d r i v e n off a long w i t h a mol . of S O 3 a t 135°, a n d a n h y d r o u s ferric s u l p h a t e 
r e m a i n s . R . S c h a r i z e r t h o u g h t t h a t t h e monohydrate, F e 2 O 3 . 4 S O 3 . H 2 O , is fo rmed 
a t 128°. A. R e c o u r a a lso t h o u g h t t h a t t h e t e t r a s u l p h a t e pas ses i n t o t h e n o r m a l , 
a n h y d r o u s s u l p h a t e w h e n h e a t e d in cone , s u l p h u r i c ac id t o 250° . R . Scha r i ze r 
t r i e d t o d i s c r i m i n a t e b e t w e e n t h e c o n s t i t u t i o n a l w a t e r , a n d t h e w a t e r of c rys ta l l i ­
z a t i o n of t h e e n n e a h y d r a t e , a n d , i n s t e a d of t h e f o r m u l a : F e 2 O 3 . 4 S O 3 . 9 I f 2 O , 
h e w r o t e : ( H O ) 6 F e 2 S 4 0 1 2 . 6 H 2 0 , o r { ( H 0 ) F e } 2 ( H S 0 4 ) 4 . 6 H 2 0 , o r m o r e s i m p l y 
H O . F e ( H S 0 4 ) 2 . 3 H 2 0 , or ferric hydroxybishydrosulphate. A . R e c o u r a r e g a r d e d 
t h e t e t r a s u l p h a t e a s a d ibas ic ac id , ferrisulphuric acid, w h i c h fo rms es t e r s . 
I t r e sembles c h r o m o s u l p h u r i c ac id , b u t is m o r e r ead i ly d e c o m p o s e d b y w a t e r . 
W h e n t h e t e t r a s u l p h a t e is d i sso lved in 96 p e r cen t , a lcohol , a n d t h e soln. 
is e v a p o r a t e d o v e r cone , s u l p h u r i c ac id , in v a c u o , i t furn ishes a ye l low, 
f r iable sa l t , ethyl ferrisulphate, F e 2 ( S 0 4 ) 3 . ( C 2 H 5 ) 2 S 0 4 . 4 H 2 0 . R . F . W e i n l a n d a n d 
F . E n s g r a b e r desc r ibed a ser ies of s a l t s of -what t h e y ca l led disulphatoferric 
acid, H [ F e ( S 0 4 ) 2 ] . 4 H 2 0 , o r H S 0 4 . F e : S O 4 -+-4H2O ; a n d R . Scharizer* s f o r m u l a : 
F e ( O H ) ( H S 0 4 ) 2 , c a n be w r i t t e n a s a h y d r o x y d i s u l p h a t o f e r r i c ac id , H 2 [ F e ( O H ) ( S 0 4 ) 2 ] , 
w h i c h furn ishes sa l t s l ike sideronatrite, N a 4 F e 2 S 4 O 1 2 . 7 H 2 O , or N a 2 [ F e ( O H ) ( S O 4 J 2 ] . 
3 H 2 O , a n d romerite, R F e 2 S 4 O 1 6 . 1 4 H 2 O — v i d e infra. R . Scha r i ze r obse rved t h a t 
t h e s a l t a t t r a c t s m o i s t u r e f r o m t h e a t m o s p h e r e , a n d d isso lves u n d e c o m p o s e d in 
t h e a b s o r b e d w a t e r ; b u t F . W i r t h a n d B . B a k k e a d d e d t h a t t h e sa l t is p a r t i a l l y 
h y d r o l y z e d b y w a t e r v a p o u r . R . Scha r i ze r sa id t h a t t h e a q . soln. is r ead i ly u n d e r -
cooled . M. P . A p p l e b e y a n d H . S. W i l k e s f o u n d t h a t t h e so lub i l i ty of t h e sa l t in 
w a t e r is r a p i d l y dep re s sed b y i nc r ea s ing t h e p r o p o r t i o n of a d d e d su lphur i c acid , 
a n d i n t h e p resence of 38 p e r c e n t . S O 3 , t h e s a l t is a l m o s t inso luble a t 18°, a n d l ike­
wise i n t h e p re sence of 4O p e r c e n t . S O 3 a t 25° . T h e hydro lys i s w a s s t u d i e d b y 
M. P . A p p l e b e y a n d S. H . Wi lkes , A . R e c o u r a , a n d R . Schar izer . W h e n d i l u t e d o r 
h e a t e d , t h e a q . soln. shows t h e s a m e c o l o u r - c h a n g e s a s t h o s e e x h i b i t e d b y t h e n o r m a l 
s u l p h a t e ; t h e m o l . lower ing of t h e f .p . is t h e a d d i t i v e r e su l t of t h e va lue s for t h e 
c o m p o n e n t s ; R . Scha r i ze r f o u n d t h a t t h e h y d r o l y s i s of t h e sa l t in a q . soln. furnishes 
t h e bas i c s a l t c o p i a p i t e , F e 4 S 6 O 2 1 . 4 8 H 2 O ; t h e hyd ro ly s i s is p r e v e n t e d b y su lphur i c 
ac id ; a n d F . W i r t h a n d B . B a k k e f o u n d t h a t a t 25°, t h e p resence of m o r e t h a n 
1 : 6»699 ac id is n e c e s s a r y for t h e s a l t t o b e s t ab le—v ide supra. R . Scha r i ze r 
o b s e r v e d t h a t t h e e n n e a h y d r a t e d issolves s lowly in a lcohol ; a n d i t is less so luble 
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in t h a t m e n s t r u u m t h a n is c o p i a p i t e o r c o q u i m b i t e ; a n d F . W i r t h a n d B . B a k k e 
a d d e d t h a t 100 g r m s . of a s a t . soln . of t h e sa l t in a lcohol , a t 25° , c o n t a i n 8 g r m s . 
F e 2 O 3 a n d 17-18 g r m s . SO 3 . A . R e c o n r a sa id t h a t w i t h 9O p e r c e n t , a l coho l , t h e 
c o m p l e x : F e 2 0 3 . 3 S 0 3 . ( C 2 H 5 ) 2 S 0 4 . 4 H 2 0 , is fo rmed . R . S c h a r i z e r o b s e r v e d t h a t 
a ce tone e x t r a c t s s u l p h u r i c ac id f rom t h e sa l t . 

E . P o s n j a k a n d H . E . Merwin obse rved t h a t sma l l need l e s of a trihydrate, 
F e 2 0 3 . 4 S 0 8 . 3 H 2 0 , a r e s t ab l e in soln. w i t h t h e p e r c e n t a g e p r o p o r t i o n s : 0 -07Fe 2 O 3 , 
75-37 t o 57-0SO 3 , a n d 24-56 t o 42 -3H 2 O a t 50° ; 0 0 7 t o 0 -1Fe 2 O 3 , 74-14 t o 55-5SO 3 , 
a n d 25-79 t o 4 4 - 4 H 2 O a t 75° ; a n d 0 0 6 t o 0 -3Fe 2 O 3 , 72-5 t o 56-OSO3 , a n d 27-44 t o 
4 3 - 7 H 2 O a t 110°. I t is s t ab le i n c o n t a c t w i t h i t s a q . soln. u p t o 1 4 0 ° — F i g s . 6 6 1 
t o 667 . R . Schar ize r sa id t h a t a t 10°, t h e t r i h y d r a t e is s t a b l e i n c o n t a c t w i t h so ln . 
c o n t a i n i n g ove r 67 p e r cen t . H 2 S O 4 ; a n d F . W i r t h a n d B . B a k k e t h o u g h t t h a t i t 
m i g h t be p r e s e n t in soln. w i t h 3 -53Fe 2 O 3 , 34-00SO 3 , a n d 6 2 - 4 7 H 2 O a t 25° . 
R . Schar izer , a n d F . W i r t h a n d B . B a k k e o b s e r v e d t h a t t h e t r i h y d r a t e is f o rmed , 
a s i nd ica t ed a b o v e , w h e n t h e e n n e a h y d r a t e is k e p t o v e r cone , s u l p h u r i c ac id for 
some m o n t h s , or, accord ing t o R . Schar ize r , a n d A . R e c o u r a , b y h e a t i n g t h e e n n e a ­
h y d r a t e be tween 64° a n d 100°. A . R e c o u r a a l so p r e p a r e d a s a l t w h i c h m a y h a v e 
been t h e t r i h y d r a t e , or a ferrisulphuric acid, b y a d d i n g 3 m o l s of s u l p h u r i c ac id t o 
a cone . soln. of a m o l of ferr ic s u l p h a t e . T h e b r o w n soln . g r a d u a l l y b e c o m e s 
colourless and depos i t s a w h i t e p o w d e r . T h e s a m e p r o d u c t i s o b t a i n e d w h e n t h e 
p r o p o r t i o n of su lphur i c ac id is v a r i e d . J . P o i z a t s t u d i e d t h e a c t i o n of t h i s s a l t 
on h y d r o g e n d iox ide . R . S c h a r i z e r s a id t h a t t h e t r i h y d r a t e f o r m s t h i n , p a l e r e d 
p l a t e s or t a b u l a r monocl in ic c r y s t a l s ; a n d E . P o s n j a k a n d H . E . Merwin o b s e r v e d 
t h a t t h e c rys t a l s a p p e a r in t h e f o r m of fine need le s . R . Scha r i ze r sa id t h a t t h e 
c rys t a l s a re b iax ia l , a n d t h a t t h e o p t i c a l c h a r a c t e r is feebly n e g a t i v e . T h e sp . gr . 
is 2-549. W h e n exposed t o air , w a t e r is a b s o r b e d a n d a sk in of t h e e n n e a h y d r a t e 
is formed on t h e c rys t a l s . A . R e c o u r a f o u n d t h a t t h e t r i h y d r a t e d i sso lves 
slowly in wa t e r . I . S. Teletoff a n d V . M. S i m o n o v a , a n d J . P o i z a t s t u d i e d i t s 
ac t ion on h y d r o g e n d iox ide . H . U n g e m a c h desc r ibed t h e m i n e r a l l e u c o g l a u e i t e , 
F e 2 O 3 . 4 S 0 3 . 5 H 2 0 , f rom T ie r r a A m a r i l l a , Chili, w i t h p a l e b lue , h e x a g o n a l c r y s t a l s 
w i t h a : c = l : 0-5589. 

I n 1823, G. F o r c h h a m m e r r e p o r t e d a c o m p o u n d of ferr ic o x i d e , a m m o n i a , a n d 
su lphur ic acid. Accord ing t o G. Gore , H . M c K e e E l s e y , a n d E . C. F r a n k l i n a n d 

C A . K r a u s e , a n h y d r o u s ferr ic s u l p h a t e is inso lub le in l iqu id 
a m m o n i a . F . E p h r a i m , a n d F . E p h r a i m a n d S. M i l l m a n n 
s t u d i e d t h e a m m i n e s of ferr ic s u l p h a t e . A m o l . of a n ­
h y d r o u s ferr ic s u l p h a t e c a n a b s o r b a b o u t 13 m o l s . of 
a m m o n i a t o f o r m a v o l u m i n o u s , b r o w n m a s s , w h i c h suffers 
n o p e r c e p t i b l e c h a n g e o n s t a n d i n g 16 h r s . i n l i q u i d a m ­
m o n i a . T h e p r o d u c t f o r m e d be low 0° c o r r e s p o n d s a p p r o x i ­
m a t e l y w i t h f e r r i c d o d e c a m m i n o s u l p h a t e , F e 2 ( S 0 4 ) 3 . 
1 2 N H 3 ; a t t e m p , b e t w e e n 20° a n d 160° , F i g . 6 7 1 , i t b r e a k s 
down into ferric hexamminosulphate, F e 2 ( S 0 4 ) 3 . 6 N H 3 ; 
a n d t h i s i n t u r n a t t e m p , b e t w e e n 193° a n d 198° , fu rn i shes 
fe r r i c t e t r a m m i n o s u l p h a t e , F e 2 ( S 0 4 ) 3 . 4 N H 3 ; a n d b e t w e e n 
200° a n d 300°, t h e t e t r a m m i n e y i e ld s ferric d i a m m i n o -

sulphate , F e 2 ( S 0 4 ) 3 . 2 N H 3 . G. S p a c u o b t a i n e d ferric o c t a m m i n o s u l p h a t e , 
F e 2 ( S 0 4 ) 3 . 8 N H 3 . 4 H 2 0 , o r [ ( H 2 0 ) 2 F e ( N H 3 ) 4 ] 2 ( S 0 4 ) 3 , b y e x p o s i n g p o w d e r e d e n n e a -
h y d r a t e d ferric s u l p h a t e t o t h e a c t i o n of d r y a m m o n i a . T h e d a r k r e d d i s h - b r o w n , 
a m o r p h o u s p o w d e r loses a p a r t of i t s a m m o n i a w h e n e x p o s e d t o a i r ; i t i s i n so lub le 
i n w a t e r , b u t is g r a d u a l l y h y d r o l y z e d i n c o n t a c t w i t h t h a t l i q u i d ; i t is so lub le i n 
d i l . s u l p h u r i c ac id ; s o m e w h a t so luble i n ace t i c a c id ; a n d in so lub le i n c a r b o n d isu l -
p h i d e , t o l u e n e , x y l e n e , m e t h y l , e t h y l , a n d a m y l a lcohols , a n d i n e t h e r , a c e t o n e , 
ch lo roform, an i l ine , a n d p y r i d i n e . H . W . K o h l s c h u t t e r s t u d i e d t h e r e a c t i o n : 
F e 2 ( S 0 4 ) 3 c r y 8 t . - | - 6 N H 4 O H s o l n . = F e 2 0 3 . w H 2 0 + 3 ( N H 4 ) 2 S 0 4 + W H 2 O . 

T . W . B . W e l s h a n d J . H . B r o d e r s o n found t h a t ferr ic s u l p h a t e is so luble i n d r y 
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hydrazine , a n d t h e soln. is d e c o m p o s e d b y s o d i u m w i t h t h e p r e c i p i t a t i o n of i ron . 
T . C u r t i u s a n d F . S c h r a d e r obse rved t h a t h y d r a z i n e h y d r a t e r educes a soln. of 
ferr ic s u l p h a t e r a p i d l y t o t h e fer rous s t a t e , a n d if a n excess is a d d e d , g reen fer rous 
h y d r o x i d e is p r e c i p i t a t e d . E . J . C u y also s t u d i e d t h e r eac t ion . T . C u r t i u s a n d 
J . R i s som, a n d I A M. D e n n i s a n d A. W . B r o w n e n o t e d t h a t s o d i u m az ide w i t h 
a soln. of ferric s u l p h a t e gives b lood- red ferric az ide . W . M a n c h o t a n d co-workers 
obse rved t h a t soln. of ferric s u l p h a t e c o n t a i n i n g O, 26-390, a n d 52-781 g r m s . of 
F e 2 ( S 0 4 ) 3 p e r 100 c.c. a b s o r b respec t ive ly 53-3, 25-9, a n d 13-1 c.c. of n i trons oxide 
p e r 100 c.c. of soln. W . M a n c h o t showed t h a t a soln. of ferric s u l p h a t e in 90 p e r 
c en t , su lphur i c ac id dissolves nitric ox ide fo rming a r ed soln. cons idered t o be 
ferric tetranitrosylsulphate , F e 2 ( S O 4 J 3 ^ N O . J . N a p i e r obse rved t h a t arsenic is 
a t t a c k e d b y a soln. of ferric s u l p h a t e . A soln. of ferric s u l p h a t e is r e d u c e d "by 
arsenic trioxide t o t h e fer rous s t a t e . J . N a p i e r obse rved t h a t , un l ike t h e case w i t h 
ferric ch lor ide , n e u t r a l soln. of ferric s u l p h a t e , cold or ho t , d o n o t dissolve v e r y 
m u c h a n t i m o n y . J . H a n u s obse rved t h a t w h e n ferric s u l p h a t e is h e a t e d w i t h 
a n t i m o n y trisulphide t h e r eac t ion m a y be symbol ized : S b 2 S 3 + 5 F e 2 ( S 0 4 ) 3 - f - 8 H 2 O 
= 2 H 3 S b O 4 - b l 0 F e S O 4 H - 5 H 2 S O 4 + 3 S . J . N a p i e r found t h a t n e u t r a l soln. of ferric 
s u l p h a t e dissolve s o m e b i s m u t h ; a n d L . L . d e K o n i n c k showed t h a t a n ac id ic 
soln. dissolves some bismuth, a n d is s imu l t aneous ly r e d u c e d t o ferrous s u l p h a t e . 
K . S o m e y a found t h a t i n a n a t m . of c a r b o n d iox ide , a n acidified soln. of 
a m m o n i u m ferric s u l p h a t e is r e d u c e d q u a n t i t a t i v e l y b y b i s m u t h a m a l g a m ; 
a n d if a m o l y b d e n u m sa l t is p r e s e n t as c a t a l y s t , t h e r e d u c t i o n p roceeds q u a n t i ­
t a t i v e l y in a i r . J . H a n u s r e p r e s e n t e d t h e r eac t i on w i t h b i s m u t h trisulphide : 
B i 2 S 3 - h 3 F e 2 ( S 0 4 ) 3 = 6 F e S 0 4 + B i 2 ( S 0 4 ) 3 - | - 3 S . 

C. F . Schdnbe in , a n d E . H e y m a n n a n d co-workers sa id t h a t soln. of ferric sul­
p h a t e a r e comple t e ly r e d u c e d b y p o w d e r e d carbon, b u t P . R o n a a n d L. Michael is 
obse rved on ly a s l ight r e d u c t i o n , a n d t h e y a d d e d t h a t t h e cha rcoa l a d s o r b s t h e 
Fe*"- ions b u t n o t so read i ly a s is t h e case w i t h Hg"*-ions or Ag ' - ions . J . H . We ibe l 
s t u d i e d t h e a c t i o n of carbon m o n o x i d e o n soln. of t h e sa l t . W . M a n c h o t a n d 
co -worke r s f ound t h a t soln. c o n t a i n i n g 0, 26*390, a n d 52*781 g r m s . Fe 2 (SO 4 J 3 
p e r IOO c.c. of soln. a b s o r b respec t ive ly 95-7, 45-8, a n d 22-7 c.c. of ace ty lene p e r 
100 c.c. Accord ing t o A. R e c o u r a , 96 p e r cen t , a l coho l d issolves t h e w h i t e f o r m 
of a n h y d r o u s ferric s u l p h a t e in m a n y m o n t h s , t h e yel low form in 3 or 4 d a y s , a n d 
t h e w h i t e modif ica t ion of t h e e n n e a h y d r a t e in a b o u t a m o n t h ; a n d t h e soln., in 
v a c u o , depos i t s t h e c o m p l e x : F e 2 O 3 . 3 S O 3 . 2 C 2 H 5 O H . 2 H 2 O . T h e yel low form of 
t h e e n n e a h y d r a t e dissolves in 96 p e r cen t , a lcohol in 24 h r s . fo rming t h e soluble 
ac id s u l p h a t e , F e 2 O 3 . 4 S O 3 , a n d t h e insoluble bas ic s u l p h a t e , 6 F e 2 ( S 0 4 ) 3 . F e 2 O 3 ; 
t h e sa l t dissolves in abso lu t e a lcohol w i t h o u t decompos i t i on . T h e r ed a lcohol ic 
soln. of ferric s u l p h a t e w h e n e x p o s e d in a closed vessel t o l igh t w a s found b y T . v o n 
G r o t t h u s t o be s lowly r e d u c e d t o a pa le ye l low soln. c o n t a i n i n g ferrous s u l p h a t e , 
b u t in d a r k n e s s n o c h a n g e w a s obse rved . E . Muller a n d O. D ie fen tha le r obse rved 
n o pe rcep t ib l e r e d u c t i o n occur red w h e n a n alcohol ic soln. c o n t a i n i n g hydroch lo r i c 
ac id w a s h e a t e d . A. W . !Davidson obse rved t h a t t h e sa l t is inso lub le in acet ic acid. 
T h e sa l t is p r e c i p i t a t e d f rom i t s a q . soln. b y ace t ic ac id ; a n d A. R e c o u r a p r e p a r e d 
a c o m p l e x sa l t b y t h e ac t i on of ace t i c anhydride o n t h e e n n e a h y d r a t e . A. N a u -
m a n n a n d M. Hamers , a n d M. H a m e r s found t h a t ferric s u l p h a t e is insoluble in d r y 
m e t h y l or e thy l ace ta te , or i n e t h y l a c e t a t e s a t . w i t h w a t e r a t 18° ; A. N a u m a n n 
a n d W . E i d m a n n , a n d W . E i d m a n n , t h a t t h e sa l t is insoluble in a c e t o n e ; A . Con-
d u c h e , t h a t w h e n ferric s u l p h a t e is h e a t e d in ch loroform, ferrous a n d ferric chlor ides 
a r e f o r m e d ; 6 . L e m o i n e , t h a t w h e n ferric s u l p h a t e is m i x e d w i t h oxal ic acid a n d 
h e a t e d , c a r b o n d iox ide is evo lved , a n d fer rous s u l p h a t e is f o r m e d — w a t e r acce lera tes 
t h e r e a c t i o n ; a n d S. H a k o m o r i s t u d i e d t h e a c t i o n of oxal ic acid, of citric 
a d d , a n d of m a l i c ac id . G. S p a c u s h o w e d t h a t t h e sa l t fo rms a complex , 
F e 2 ( S 0 4 ) 3 . 5 C 6 H 5 N H 2 . 6 H 2 0 , w i t h an i l ine ; A . N a u m a n n a n d J . Schroder , a n d 
J . Sch rode r , t h a t t h e s a l t is inso luble i n pyridine ; G. Spacu , t h a t i t forms complexes 
w i t h p y r i d i n e ; H . McKee Elsey , t h a t i t i s inso luble in m e t h y l a m i n e a n d e t h y l -

voii. xrv. Y 
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a m i n e ; a n d F . B l a u , t h a t i t fo rms c o m p l e x sa l t s w i th aa'-dipyridyl a n d w i t h 
i -pbfltT>ftr»tlirr>1^r>ft G. F u s e y a a n d co-workers d e t e c t e d c o m p l e x c a t i o n f o r m a t i o n 
w i t h g lyc ine . F . R o h a r t obse rved t h a t ferric s u l p h a t e is a d s o r b e d f r o m i t s a q . 
soln . b y griimftl or vegetab le subs tances , a n d t h i s so t enac ious ly , t h a t i t c a n n o t b e 
e x t r a c t e d b y h y d r o c h l o r i c ac id , a n d i t does n o t g ive a p r e c i p i t a t e of b a r i u m s u l p h a t e 
w h e n d iges t ed w i t h a boi l ing soln. of b a r i u m ch lor ide . M e a t t r e a t e d w i t h ferr ic 
s u l p h a t e r e t a i n s i t s r ed colour , a n d becomes h a r d e n o u g h t o res i s t s c r a t c h i n g b y t h e 
finger-nail. 

Acco rd ing t o C. G. Sch luederberg , a n d J . N a p i e r , copper is r e a d i l y d i s so lved b y 
a soln. of ferric s u l p h a t e , a n d t h e ac t ion is n o t affected b y l igh t . T h e su r face 
a c t i o n o n t h e c o p p e r is a l m o s t i n s t a n t a n e o u s so t h a t t h e o b s e r v e d s p e e d of d i s ­
so lu t ion is gove rned b y t h e r a t e of s t i r r ing . T h e r e a c t i o n w a s s t u d i e d b y 
D . Nish ida , a n d S. A . P l e t e n e w a n d W . N . R o s o w . L . G m e l i n s t a t e d t h a t 
o n boi l ing a soln. of ferric s u l p h a t e w i t h s i lve r , f e r rous a n d s i lver s u l p h a t e s 
a r e formed, b u t , a s t h e l iqu id cools, t h e s i lver is a g a i n p r e c i p i t a t e d , a n d ferr ic 
s u l p h a t e re- formed—vide supra, t h e a c t i o n of s i lver s u l p h a t e o n fe r rous s u l p h a t e . 
Accord ing t o P . C. Mc l lh iney , w h e n go ld is d i sso lved b y h y d r o c h l o r i c a c id i n 
t h e presence of a ferric sa l t , t h e l a t t e r a c t s a s a ca r r i e r of ch lo r ine . J . N a p i e r 
s t ud i ed t h e ac t ion . Z. R o u s s i n f o u n d t h a t a n acidified soln. of fe r rous s u l p h a t e 
is r a p i d l y r e d u c e d b y m a g n e s i u m f o rming fe r rous s u l p h a t e , a n d s o m e i r o n w h i c h 
a p p e a r s a s a b l a c k film o n t h e m a g n e s i u m , a n d wh ich soon d isso lves . T h e 
r e a c t i o n w a s s t u d i e d b y A. H o e n i g , a n d W . N . H a r t l e y . A. W . B e s h g e t o o r s a id 
t h a t n o i r on is f o r m e d if t o o g r e a t a n excess of ac id is n o t p r e s e n t a n d t h e so ln . 
is cooled. T. E . T h o r p e , a n d S. S u g d e n o b s e r v e d t h a t t h e r e d u c i n g a c t i o n i s 
f a v o u r e d b y a r ise of t e m p . , a n d a n inc reas ing c o n c e n t r a t i o n of t h e ferr ic s a l t a n d 
is r e t a r d e d b y r e d u c i n g t h e c o n c e n t r a t i o n o± s u l p h u r i c ac id . J . N a p i e r f o u n d 
t h a t t h e soln. is a lso r e d u c e d b y z i n c , a n d c a d m i u m ; a n d A. H o e n i g , S. S u g d e n , 
a n d T. E . T h o r p e sa id t h a t t h e r e a c t i o n r e sembles t h e case w i t h m a g n e s i u m — v i d e 
ferric ch lo r ide . Li. W . McCay a n d W . T . A n d e r s o n r e p r e s e n t e d t h e r e a c t i o n b e t w e e n 
m e r c u r y a n d a soln. of ferr ic s u l p h a t e t o which s u l p h u r i c ac id h a s n o t b e e n a d d e d , 
b y t h e e q u a t i o n : F e 2 ( S 0 4 ) 3 - | - H g ; F ^ 2 F e S 0 4 - | - H g S O 4 . T h e r e d u c t i o n is c o m p l e t e 
in t h e p resence of h y d r o c h l o r i c o r s u l p h u r i c ac id a n d a n e q u i v a l e n t a m o u n t of 
a lka l i ch lor ide . D . B o r a r o b s e r v e d t h a t in t h e a b s e n c e of h y d r o c h l o r i c ac id , 
m e r c u r y does n o t r e d u c e a soln. of i r o n - a l u m . P . C. R a y s h o w e d t h a t t h e p r e s e n c e 
of a t r a c e of ferr ic s u l p h a t e r e t a r d s t h e d i s so lu t ion of m e r c u r y i n n i t r i c a c i d . 
K . M a s u d a s t ud i ed t h e r e d u c t i o n of t h e soln, b y z i n c a m a l g a m . A . H o e n i g o b s e r v e d 
t h a t ferric s u l p h a t e i n soln. is c o m p l e t e l y r e d u c e d t o fe r rous s u l p h a t e b y a l u m i n i u m , 
a n d , as in t h e case of z inc a n d m a g n e s i u m , a b l a c k film of i r on f o r m s on t h e m e t a l . 
T h e reac t ion w a s also s t u d i e d b y W . S c o t t , a n d b y W . Hel le r . J . N a p i e r f o u n d t h a t 
a n e u t r a l soln. of ferric s u l p h a t e is r e a d i l y r e d u c e d b y t i n a s t h e t i n p a s s e s i n t o 
so lu t ion ; t h e ac t ion is h a s t e n e d b y h e a t . I . A . L o s n e r a lso f o u n d t h a t a s a t . so ln . 
of ferr ic s u l p h a t e r a p i d l y dissolves t i n . J . N a p i e r s h o w e d t h a t a n e u t r a l so ln . of 
fer r ic s u l p h a t e dissolves l ead a n d is i tself r e d u c e d t o f e r rous s u l p h a t e , b u t a p r o ­
t e c t i v e film of l ead s u l p h a t e is f o rmed on t h e m e t a l . B y r a i s ing t h e t e m p , of t h e 
soln . , m o r e l ead dissolves a n d some h y d r a t e d ferr ic o x i d e is p r e c i p i t a t e d . A so ln . 
of i r o n - a l u m , acidified b y su lphur i c o r h y d r o c h l o r i c ac id , w a s f o u n d b y K . S o m e y a 
t o b e c o m p l e t e l y r e d u c e d t o fe r rous sa l t b y l ead n-nnWlgaym C. Li. B e r t h e l l o t , 
J . N a p i e r , A. a n d P . Bu i s ine , a n d J . J . Berze l ius o b s e r v e d t h a t w h e n a soln . of 
ferr ic s u l p h a t e is d iges t ed w i t h i r o n filings, fe r rous s u l p h a t e is f o r m e d , h y d r o g e n 
i s evo lved , a n d a bas ic ferr ic s u l p h a t e is p r e c i p i t a t e d . T . B . T h o r p e , a n d 
J . C. E s s n e r f ound t h a t , un l i ke t h e case w i t h z inc a n d m a g n e s i u m , t h e r e d u c i n g 
a c t i o n is r e d u c e d b y ra i s ing t h e t e m p , of t h e acidified soln . I . A . L o s n e r o b s e r v e d 
t h a t i r o n is sca rce ly a t t a c k e d b y a s a t . soln. of ferr ic s u l p h a t e ; A . H u t i n u t i l i zed 
t h e r e a c t i o n : F e 2 ( S 0 4 ) 8 - f - F e = 3 F e S 0 4 , i n t h e p r e p a r a t i o n of g reen v i t r i o l . 
J . C. E s s n e r o b s e r v e d t h a t i n di l . soln. , t h e r a t e of r e d u c t i o n of ferric t o f e r rous 
s u l p h a t e b y i r on is i nc reased if p l a t i n u m b e p r e s e n t . J . N a p i e r f o u n d t h a t t h e 



IBON 323 

solri. i s r e d u c e d b y cobal t , a n d b y n i cke l , b u t n o t b y p l a t i n u m . R . B o t t g e r 
r e p o r t e d t h a t p a l l a d i u m , n o t c h a r g e d w i t h h y d r o g e n , will r e d u c e a soln. of ferr ic 
s u l p h a t e t o t h e f e r rous s t a t e . 

A . V e s t e r b e r g f o u n d t h a t w h e n a cone . so ln . of s o d i u m hydrox ide a c t s o n 
a n h y d r o u s ferric s u l p h a t e , a c ry s t a l l i ne p o w d e r of F e 2 O 3 - H 2 O is fo rmed . A . K r a u s e 
s t u d i e d t h e a c t i o n of a lka l i h y d r o x i d e s a n d c a r b o n a t e s o n soln. of ferric s u l p h a t e . 
E . K o t h n y f o u n d t h a t a n h y d r o u s ferr ic s u l p h a t e r e a c t s s lowly w i t h copper ox ide 
a t 300° t o 600°, in a c c o r d w i t h 3 C u O - | - F e 2 ( S 0 4 ) 3 ^ 3 C u S 0 4 + F e 2 0 3 ; b e t w e e n 500° 
a n d 550° , t h e s t a t e of e q u i l i b r i u m is s u c h t h a t a t h i r d of t h e t o t a l c o p p e r is so luble 
i n w a t e r . F . T h o m a s , A. E l l i o t t , a n d C. Mil lberg f o u n d t h a t c o p p e r ox ide or copper 
hydrox ide d issolves i n a soln. of ferr ic s u l p h a t e m o r e r a p i d l y t h a n is t h e case w i t h 
c u p r o u s ox ide , a n d , a d d e d M. d e K . T h o m p s o n , if a n excess of c o p p e r ox ide is p r e s e n t , 
a bas ic s a l t is f o rmed . J . D . S u l l i v a n a n d G. Li. O l d r i g h t f o u n d t h a t acidified soln. 
of ferr ic s u l p h a t e d isso lve pa r t i c l e s of cuprous oxide* o r cupri te , of 3 ' s m e s h in 
size in 8 d a y s , a n d in 3 d a y s 99 p e r cen t , is d i s so lved . P a r t i c l e s less t h a n lOO's 
m e s h d issolve c o m p l e t e l y in a n h o u r . O x y g e n is nece s sa ry for c o m p l e t e so ln . 
F . T h o m a s , a n d C. Mil lberg r e p r e s e n t e d t h e r e a c t i o n : 3 C u 2 0 - | - 4 F e 2 ( S 0 4 ) 3 = 6 C u S 0 4 
- f -6FeSO 4 -+-Fe 2 O 3 ; a n d if a n excess of s u l p h u r i c ac id is p r e s e n t , L . L . d e K o n i n c k 
g a v e C u 2 0 4 - F e 2 ( S 0 4 ) 3 + H 2 S 0 4 = 2 C u S 0 4 + 2 F e S 0 4 + H 2 0 . M. d e K . T h o m p s o n sa id 
t h a t i t is p r o b a b l e t h a t t h e c u p r o u s ox ide is first ox id ized t o cup r i c ox ide before i t 
d i sso lves . J . A . H e d v a l l a n d J . H e u b e r g e r o b s e r v e d t h a t a n h y d r o u s ferric s u l p h a t e 
beg ins t o r e a c t w i t h c a l c i u m o x i d e a t 584° a n d t h e r e a c t i o n : 3CaO -f- F e 2 ( S 0 4 ) 3 
— 3 C a S O 4 + F e 2 O 3 is v igo rous a t 6 2 0 ° ; t h e t h e r m a l v a l u e of t h e r e a c t i o n is 61-1 CaIs. ; 
t h e r e a c t i o n beg ins w i t h s t r o n t i u m ox ide a t 410° , p roceeds v igo rous ly a t 510° , a n d 
h a s t h e t h e r m a l v a l u e 165*1 CaIs. ; a n d t h e r e a c t i o n w i t h b a r i u m ox ide beg ins a t 
338° , p r o c e e d s v igo rous ly a t 470° , a n d h a s t h e t h e r m a l v a l u e 199-2 CaIs. D . Balareff 
d i scussed t h e p a r t p l a y e d b y m o i s t u r e in t h e r e a c t i o n . J . A . H e d v a l l a n d 
J . H e u b e r g e r f o u n d t h a t w i t h b a r i u m h y d r o x i d e , a r e a c t i o n occur s s lowly a t 350° 
t o 395° . G. Ke l l e r n o t e d t h a t l i m o n i t e is f o r m e d when ca lc i te is t r e a t e d w i t h soln . 
of ferr ic s u l p h a t e — v i d e supra, f e r rous s u l p h a t e . H . S c h o p p e r s t u d i e d t h e p rec ip i ­
t a t i o n of ferric h y d r o x i d e f rom soln . of t h e s u l p h a t e b y q u i c k l i m e , o r l i m e s t o n e , 
a n d J . N . v o n F u c h s , J . v o n Kobe l l , a n d H . D e m a r c a y o b s e r v e d t h a t t h e a lka l ine 
earths, magnesium, manganese, zinc, and copper carbonates, precipitate hydrated 
ferr ic o x i d e f rom a soln . of ferr ic s u l p h a t e . A. Mai lhe f o u n d t h a t w h e n mercur ic 
ox ide is a d d e d t o a so ln . of ferr ic s u l p h a t e , a l emon-ye l low p o w d e r of H g S O 4 . 2 H g O 
is f o r m e d ; E . A. S c h n e i d e r a lso f o u n d t h a t w i t h a l u m i n i u m hydrox ide a t o r d i n a r y 
t e m p . , t h e i ron m a y all be p r e c i p i t a t e d a s a bas ic sa l t , p a r t i c u l a r l y f rom t h e 
boi l ing soln . C. F a h l b e r g , Li. L u c a s , C. S e m p e r a n d C. F a h l b e r g , a n d E . S a c k 
o b s e r v e d t h a t a n e u t r a l soln. of ferr ic s u l p h a t e d e p o s i t s a l l t h e i ron a s h y d r a t e d 
o x i d e w h e n i t is t r e a t e d w i t h l e a d dioxide . M. K . H o f f m a n n , a n d C F r i e d h e i m 
a n d M. K . H o f f m a n n f o u n d t h a t m o l y b d e n u m diox ide is ox id i zed t o t h e t r i o x i d e 
b y ferr ic s u l p h a t e soln. : M o 0 2 + F e 2 ( S 0 4 ) 3 - h H 2 0 = M o 0 3 + 2 F e S 0 4 + H 2 S 0 4 . 
H y d r a t e d ferric ox ide is c o m p l e t e l y p r e c i p i t a t e d f r o m a soln . of ferr ic s u l p h a t e b y 
m a n g a n e s e d ioxide , a n d t h e r e a c t i o n w a s e m p l o y e d b y J . W . K y n a s t o n , a n d 
P . a n d F . M. S p e n c e for pu r i fy ing f e r rug inous a l u m i n a ; a n d b y C. M a r e h a l a n d 
J . W i e r n i k , for s e p a r a t i n g i r on f r o m c h r o m i u m a n d a l u m i n i u m . M. Geloso a n d 
co -worke r s , L . S. L e v y , a n d P . N i c o l a r d o t a n d co -worke r s s t u d i e d t h e a d s o r p t i o n 
of ferr ic s u l p h a t e soln. b y f r e sh ly -p rec ip i t a t ed m a n g a n e s e d iox ide , a n d t h e effect of 
c o p p e r a n d n icke l s u l p h a t e s o n t h e a d s o r p t i o n . G. K r e i m e r s t u d i e d t h e p re fe ren t i a l 
a b s o r p t i o n of ferric s u l p h a t e f rom soln . of a l u m i n i u m s u l p h a t e . M. P . A p p l e b e y 
a n d S. H . Wi lkes , F . K . C a m e r o n a n d W . O. R o b i n s o n , A . M a u s , S. U . P i cke r ing , 
R . Schar i ze r , a n d F . W i r t h a n d B . B a k k e s t u d i e d t h e so lu t ion of ferric hydroxide , 
a n d of ferric o x y s u l p h a t e s i n a q . so ln . of ferr ic s u l p h a t e . 

T h e a c t i o n of a lka l i su lph ides o n t h e so ln . of ferr ic s u l p h a t e is d i scussed i n 
c o n n e c t i o n w i t h t h e r e a c t i o n s of a n a l y t i c a l i n t e r e s t . F . T h o m a s , a n d C. Mi l lberg 
f o u n d t h a t c u p r o u s su lph ide i s r e a d i l y d i s so lved b y a soln. of ferric s u l p h a t e : 
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C u 2 S + 2 F e 2 ( S 0 4 ) 3 = 2 C u S 0 4 + 4 : F e S 0 4 H - S ; a n d s imi la r ly w i t h cupric su lph ide , 
C u S - | - F e 2 ( S 0 4 ) 3 = C u S 0 4 + 2 F e S 0 4 4 - S , a n d t h e d i s so lu t ion of c u p r o u s s u l p h i d e is 
f a v o u r e d b y t h e p resence of f e r r o u s ' s u l p h a t e . T h e t h e r m a l v a l u e of t h e a b o v e -
m e n t i o n e d r eac t i on w i t h c u p r o u s su lph ide w a s f o u n d b y S. H . E m m e n s t o b e 15*15 
CaIs. T h e r e a c t i o n w a s s t u d i e d b y J . D . Su l l ivan , H . E . K e y e s , a n d G. D . v a n 
Arsda l e . J . H a n u s , a n d P . P . BudnikofT a n d K . E . K r a u s e a d d e d t h a t - b o t h r e ­
ac t i ons a r e i n c o m p l e t e a n d p r o b a b l y o x y s u l p h i d e s a r e fo rmed . L . W h i t b y f o u n d 
t h a t a t o r d i n a r y t e m p , t h e r eac t i on i n ac id ic soln . c a n b e s y m b o l i z e d : C u 2 S 
- f - F e 2 ( S 0 4 ) 3 = C u S + C u S 0 4 - f - 2 F e S O 4 , b u t w i t h a p r o l o n g e d a c t i o n , t h e r e a c t i o n 
follows t h e course : C u S + F e 2 ( S 0 4 ) 3 = C u S 0 4 H - 2 F e S 0 4 - f - S . T h e r e a c t i o n w i t h a n 
excess of acid , a t 60° t o 80°, also follows t h e cou r se of t h e p r e c e d i n g e q u a t i o n . 
M. de K . T h o m p s o n obse rved t h a t t h e a c t i o n does n o t occu r w i t h c u p r o u s s u l p h i d e 
w h e n a i r (or oxygen) is exc luded . T h e artificial a n d n a t u r a l c o m p l e x i ron a n d c o p p e r 
su lph ides were found b y J F . T h o m a s t o be v e r y s lowly a t t a c k e d b y a soln . of ferr ic 
s u l p h a t e . P . P . BudnikofT a n d K . E . K r a u s e r e p r e s e n t e d t h e q u a n t i t a t i v e r e a c t i o n 
w i t h ca l c ium sulphide : C a S + F e 2 ( S 0 4 ) 3 = C a S O 4 + 2 F e S O 4 H - S ; a n d S. H . E m m e n s 
found t h a t t h e t h e r m a l v a l u e of t h e r e a c t i o n w i t h z i n c su lphide i s 25*94 CaIs . 
J . H a n u s found t h e a n a l o g o u s r e a c t i o n w i t h mercur ic su lph ide i s i n c o m p l e t e , 
b u t t h e r e a c t i o n s w i t h s t a n n o u s sulphide , a n d l ead su lphide a r e c o m p l e t e . 
S. H . E m m e n s g a v e 14-80 CaIs. for t h e t h e r m a l v a l u e of t h e r e a c t i o n w i t h l e a d 
su lph ide . G. de Bech i a n d co -worke r s u t i l i zed t h e r e a c t i o n i n t h e t r e a t m e n t of 
z inc- lead ores . E . Crepaz f o u n d t h a t p o t a s s i u m m o l y b d e n u m c y a n o s u l p h i d e i s 
ox id ized b y ferric s u l p h a t e w i t h t h e s e p a r a t i o n of s u l p h u r . E . T . Al len a n d 
co -worke r s found t h a t marcas i t e a n d pyrite a r e a t t a c k e d b y a soln . of ferr ic s u l p h a t e 
fo rming fer rous s u l p h a t e , su lphur i c ac id , a n d s u l p h u r ; E . K o t h n y o b s e r v e d t h a t 
p y r i t e is slowly a t t a c k e d b y a n h y d r o u s ferric s u l p h a t e a t 290°, a n d L . L . d e K o n i n c k 
showed t h a t in a sealed t u b e w i t h p y r i t e , a n d s u l p h u r i c ac id , a t 170°, i r o n - a l u m 
is r e d u c e d to fer rous s u l p h a t e . S. H . E m m e n s r e p r e s e n t e d t h e r e a c t i o n w i t h f errous 
sulphide, i n a q . soln. of ferric s u l p h a t e : F e S + F e 2 ( S O 4 ) 3 = 3 F e S O 4 - J - S - f - 3 0 - 8 5 CaIs. 

Accord ing t o A. Haswel l , a n d C. Meinecke , t h e o x i d a t i o n of m e r c u r o u s ch lor ide 
b y a n ac id soln. of ferric s u l p h a t e : H g 2 C l 2 - j - F e 2 ( S 0 4 ) 3 - } - 2 H C l = 2 H g C l 2 + 2 F e S 0 4 
+ H 2 S O 4 , is c a t a l y t i c a l l y f a v o u r e d b y s t a n n i c ch lo r ide . M. B e r t h e l o t d i s cus sed 
t h e t h e r m a l v a l u e of a d m i x t u r e of soln. of ferr ic s u l p h a t e w i t h soln. of s o d i u m , 
p o t a s s i u m , and a m m o n i u m su lphates . A . G o r g e u f o u n d t h a t w h e n a n h y d r o u s 
ferric s u l p h a t e is m e l t e d w i t h s o d i u m s u l p h a t e i n a c u r r e n t of d r y c a r b o n d i o x i d e , 
c rys ta l l ine ferric ox ide , ferrosic ox ide , i ron , i r on su lph ide , a lka l i s u l p h i t e , a n d 
c a r b o n m a y be p r o d u c e d . T h e a d s o r p t i o n of ferr ic s u l p h a t e f r o m a q . soln . b y 
p r e c i p i t a t e d bar ium sulphate w a s d i scussed b y F . W . K i i s t e r a n d A . Th ie l , 
J . W . Mellor, T . W . R i c h a r d s a n d co -worke r s , a n d E . A . Schne ide r . Z . Karaoglanoff 
obse rved t h a t b a r i u m s u l p h a t e is inso lub le in a s u l p h u r i c ac id soln . of ferr ic s u l p h a t e . 
E . Z in t l a n d F . SchlofEer showed t h a t c h r o m o u s s u l p h a t e r e d u c e s a s u l p h u r i c acid 
soln . of ferric s u l p h a t e t o t h e fe r rous s t a t e . L . C. A . Ba r r e swi l f o u n d t h a t a so ln . 
of ferrous su lphate r a p i d l y d issolves a n h y d r o u s ferr ic s u l p h a t e . 
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39. 1162, 1917 ; K . Someya , Zeit. anorg. Chem., 188. 294, 1924 ; 145. 170, 1925 ; G. Spacu , Ann. 
Scient. Univ. Jassy, 8. 32 , 166, 1914 ; 9. 12O, 1915 ; P . a n d F . M. Spence, Brit. Pat. No. 3835, 
1882 ; G. S t e inmann , Zeit. Krist., 15. 3 , 1889 ; H . H . S tephenson , Chem. News, 102. 188, 1910 ; 
5 . Sugden , Journ. Chem. Soc., 119. 233 , 1921 ; J . D. Sul l ivan, Bur. Mines Tech. Paper, 473 , 487, 
1 9 3 0 ; J . O. SuIhvan a n d G. L,. Oldr ight , Rept. Investigations U.S. Bur. Mines, 2967, 1 9 2 9 ; 
C. Sylvester , Ann. Phil., 13 . 466, 1819 ; I . S. Teletoff a n d V. M. S imonova , Ukrain. Khem. Zhur., 
6. 75, 1931 ; 1... J . T h e n a r d , Ann. Chim. Phys., (1), 56. 72, 1805 ; P . Theodor ides , Arch. Sciences 
Geneve, (5), 3 . 161, 1921 ; Journ. Phys. Rad., (6), 3 . 1, 10, 1922 ; Compt. Rend., 171. 715, 1920 ; 
F . T h o m a s , Met., 1. 8, 1904 ; M. do K. T h o m p s o n , Electrochem. Ind., 2 . 228, 1904 ; J . Thomson , 
Pogg. Ann., 143. 503 , 1871 ; Journ. prakt. Chem., (2), 11. 423, 1875 ; Thermochemische Unter-
suchungen, Leipzig, 3 . 294, 1 8 8 3 ; T . T h o m s o n , Ann. Phil., (1), 10. 98 , 1817'; T . E . Tho rpe , 
Chem. News, 45. 184, 1882 ; Journ. Chem. Soc., 41 . 287, 1882 ; C. R . C. T ichborne , Proc. Roy. 
Irish Acad., (2), 1. 179, 1874 ; Chem. News, 24. 202, 1871 ; G. S. Til ley a n d O. C. Ra l s ton , 
Trans. Amer. Electrochem. Soc., 44. 40, 1923 ; Z. Toborffy, Zeit. Krist., 43 . 369, 1907 ; Foldt. 
Kozl., 87. 122, 173, 1907 ; D. T o m m a s i , Bull. Soc. Chim., (3), 2 1 . 887, 1899 ; (3), 38. 148, 1882 ; 
M. Tor re , Anal. Assoc. Quint. Argentina, 3 . 8, 1915 ; J . S. E . Townsend , Phil. Trans., 187. 544, 
1897 ; Proc. Roy. Soc., 60. 186, 1896 ; I . T r a u b e , Zeit. anorg. Chem., 8. 36, 1895 ; G. Tunell 
a n d E . Posn jak , Journ. Phys. Chem., 36. 929, 1931 ; F . Ulr ich, Zeit. ges. Naturwiss., 16. 209, 
1860 ; Berg. Hiitt. Ztg , 18. 45 , 1859 ; Dingler's Journ., 152. 395, 1859 ; H . Ungemach , Compt. 
Rend., 197. 1132, 1 9 3 3 ; A. Ves terberg , Ber., 39. 227O, 1906 ; JD. Vorlander, ib., 46. 19O, 
1913 ; B . Wa l the r , Chem. Ztg., 45. 842, 1921 ; F . W a r l i m o n t , Met., 6. 131, 1909 ; Ueber 
die Oxydation der Sulfide und die Dissociation der Sulfate von Eisen, Kupfer, und Nickel, 
Hal le a. S., 1909 ; R . H . Weber , Jahresb. Rad. Elektron., 12. 89, 1915 ; Ann. Physik, (4), 36. 
646, 1911 ; J . H . Weibel , Reaktionen einiger Metallsalzlosungen unter erhohten Temperaturen 
und Drucken, Zur ich , 1923 ; R . Wein land , Einfilhrung in die Chemie der Komplex-Verbindungen, 
S t u t t g a r t , 1924 ; R . Wein land a n d R . Ensg rabe r , Zeit. anorg. Chem., 84. 366, 1913 ; E . Wein-
schenk, Foldt. K6zl., 86. 182, 224, 249, 359, 1906 ; P . Weiss , Compt. Rend., 152. 367, 1911 ; 
Phys. Zeit., 12. 945, 1 9 1 1 ; Arch. Sciences Geneve, (4), 3 1 . 422, 1 9 1 1 ; (4), 34. 209, 1912 ; 
R . C. Wells , Journ. Amer. Chem. Soc., 81 . 1027, 1909 ; T. W. B . Welsh a n d J . H. Broderson, 
ib., 37. 829, 1915 ; G. C. Wel tz ien , Liebig's Ann., 138. 131, 1866 ; JL. Whi tby , Journ. Chem. 
Soc., 60, 1929 ; G. W i e d e m a n n , Pogg. Ann., 126. 20, 1865 ; Phil. Mag., (5), 4. 167, 1877 ; 
Journ. prakt. Chem., (2), 9. 159, 1874 ; Sitzber. Akad. Berlin, 283, 1865 ; Wied. Ann., 5. 56, 
1878 ; H . H . Wi l la rd a n d R . I>. Fowler , Journ. Amer. Chem. Soc., 64. 496, 1932 ; F . W i r t h , 

Com.pt
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Zeit. artorg. Chem., 79. 362, 1913 ; F. Wirth and B. Bakke, ib., 87. 21, 1914 ; G. C. Wittstein, 
Kepert. Pharrn., 68. 223, 1838 ; L. Waaler and M. Griinzweig, Ber., 46. 1590, 1913 ; L. and 
P. Wohler and W. Pliiddemann, ib., 41. 703, 1908 ; E. Wiilfing, TschermaVa MtU., (2), 9. 401, 
1888 ; O. Wylach, Untersuchungen fiber die Magnetisierungszahlen von JEtsen und Mangansalzen, 
Barmen, 1905 ; E. Zintl and F. Schloffer, Zeit. angew. Chem., 41. 958, 1928. 

§ 46. The Basic Ferric Sulphates 
As indicated above, ferric sulphate is readily hydrolyzed, and al though a great 

number of basic salts have been reported, either as laboratory products , or as 
minerals, less than half a dozen have been prepared under condit ions where 
equilibrium between soln. and solid has been established, and at t e m p , be tween 
50° and 200°. These basic salts are the heptadecahydrate , 2 F e 2 O 3 - S S O 3 ^ H 2 O , 
the mono- and pentahydrates, Fe 2 O 3 ^SO 3 -H 2 O and 5 H 2 O , and the enneahydrate , 
3 F e 2 0 3 . 4 S 0 3 . 9 H 2 0 . This work—Figs . 661 to 668—was done b y E . Posnjak 
and H. E . Merwin,1 F . K. Cameron and W. O. Robinson, M. P . Applebey and 
S. H. Wilkes, and F . Wirth and B. Bakke. A. Krause, as indicated above , 
studied the effect of alkalies on soln. of ferric sulphate, and he found t h a t t h e 
composit ion of the precipitate at 15° changes wi th the OH'- ion cone, of t h e soln. 
Similar remarks apply to the complex salts of ferric sulphates so tha t there again 
basic salts are formed. The following list includes the basic ferric sulphates, and 
complex basic ferric sulphates which have been reported as minerals : 

Amarantite (A. Frenzel , 1890) 
A.mmortiojaroaite (E . V. Shannon, 1929) 
A.potelite (A. Meillet, 1841) 
Beaverite (W. T. Schaller, 1912) . 
Bilinite (J. Sebor, 1903) 
Borgstr&mite (M. Saxen, 1916) 
Botryogcn (W. Hai dinger, 1828) . 
Butlerite (C. Lausen, 1928) 
Carphosiderite (A. Broithaupt, 1827) 
Castanite (L. Darapsky, 1890) 
Copiapite (W. Haidinger, 1845) . 
p-Oopiapite (R. Scharizer, 1912) . 
Clinocrocite (S. Singer, 1879) 
Clinophceite (S. Singer, 1879) 
Cubeite (L. Darapsky, 1898) 
CyprusUe (P . F . Reinsch, 1882) . 
Ferrortatrite (J. B . Macintosh, 1906) 
Fibroferrite (H. Rose , 1833) 
Ouildite (C. Lausen, 1928) 
Glockerite (J. J . Berzelius, 1826) 
Hydroglockerite «<E. Greenley, 1919) 
Idrizite (A. Schrauf, 1891). 
Jarosite (A. Breithaupt , 1852) 
Louderbackite (C. Lausen, 1928) . 
Melavoltine (J. Blaas , 1883) 
Paposite (L. Darapsky, 1887) 
JPastreite (L. Bergemann, 1866) . 
JPlagiocitrite (S. Singer, 1879) 
Blanoferrite (F. Grttnling, 1898) . 
Quetenite (A. Frenzel , 189O) 
JRaimondite (A. Bre i thaupt , 1866) 
Ranaomite (C. Lausen, 1928) 
Bomerite (J. Grailich, 1858) 
Rubrite (L Darapsky , 1890) 
Sideronotrite (A. Raimondi , 1882) 
Slavikite (R. N . C. R . Jirkorsky and F . 

Ulrich, 1926) 
Utahite (A. Arzruni, 1884) . 
Vegasite (A. Knopf, 1913) . 
VoUaUe (J. Blaas , 1883) . 

2Fe 8 O 8 . 2SO 3 . 7H 8 O 
( N H 4 ) a 0 . 3 F e a 0 8 4SO a . 6H a O 
2 F e 8 O a . 3 S O a . l £ H a O 
C u O . P b O . F e a 0 8 . 2 S 0 8 . 4 H a O 
FeO-Fe 8 O 8 . 24H 2 O 
F e a O a . S O s . 3 H a O 
2 M g O . F e 2 0 8 . 4 S 0 3 . 1 5 H a O 
F e a 0 8 . 2 S 0 3 . 5 H a O 
3Fe a O a . 4SO 3 . 10H a O 
Fe a O a . 2SO a . 7H a O 
2 F e a 0 3 . 5 S 0 8 . 1 8 H a O 
3 F e a 0 8 . 8 S 0 8 . 2 7 H a O 
(See clinophceite) 
4(K,3Sra)8O.FeO.(Fe,Al)aOa .5S03 .8HaO 
3 M g 0 . 2 F e a 0 3 . 7 S 0 3 . 3 H a O 
(Al ,Fe) a O a .SO a .6H a O 
3 N a a O . F e a O a . 6 S 0 8 . 6 H a O 
Fe 2 O 8 . 2SO 8 . 10H a O 
3 ( C u , F e ) 0 . 2 ( F e , A l ) a 0 3 . 7 S 0 8 . 1 7 H a O 
2 F e a 0 3 . S 0 3 . 6 H 2 0 
2Fe 2O a . SO 8 . 8H a O 
( M g . F e ) 0 . ( A l , F e ) a 0 8 . 3 S O a . 1 6 H a O 
K a 0 . 3 F e a 0 3 . 4 S 0 8 . 6 H a O 
2 F e 0 . 3 ( F e , A l ) 2 0 8 . 1 0 S O 8 . 1 6 H a O 
5 ( K a , N a a , F e ) O . 3 F e a O 8 . 2 0 S O 3 . 1 8 H a O 
2Fe a O 8 . 3SO a . 10H a O 
(See raimondite) 
( K , N a ) a 0 . 2 F e 0 . 3 ( A l , F e ) a 0 8 . 6 S O a . 2 7 H a O 
Fe a O a .SO a . 15H a O 
MgO. F e aO a . 3SO 8 .13H aO 
2 F e a 0 8 . 3 S 0 8 . 7 H a O 
CuO.Fe aO a .4SO a . 7 H a O 
FeO.Fe a O a .4SO a . 14H 8 O 
Fe a O a . 2SO a . 3H a O 
2 N a 8 O . F e 8 0 8 . 4 S O a . 7 H a O 

( N a , K ) a 0 . 5 F e a 0 8 . 1 3 S O a , 6 6 H 8 0 
F e 8 O 9 S O 8 ^ H 1 O 
P b 0 . 3 F e a 0 „ . 4 S 0 8 . 6 H a 0 
8FeO.2K a O.3(Fe ,Al ) a O 8 . 20SO 3 . 46H,O 

A. Recoura reported a product, 7 F e 2 O 8 . 1 8 S 0 8 . n H 2 0 , t o be formed b y t h e 
hydrolysis or evaporat ion of cone. soln. of ferric sulphate, but in all probabi l i ty 
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H y [-

i t m e r e l y r e p r e s e n t s a n u n c o m p l e t e d s t a g e of t h e h y d r o l y s i s ; t h e r e is n o e v i d e n c e 
of i t in t h e e q u i l i b r i u m d i a g r a m s . 

T h e ye l low e a r t h re fer red t o i n t h e first c e n t u r y a s fjutcrv b y Dioscor ides in h is 
TTept vXrj$ lasrpLKTis, a n d a s misy, b y P l i n y , i n h i s Historia naturalis ; a n d i n t h e 
s i x t e e n t h c e n t u r y a s yellow atrament b y G. Agr ico la , is t h o u g h t t o refer p a r t l y t o 
c o p i a p i t e a n d p a r t l y t o m e t a v o l t i n e . J . D . D a n a sugges t ed t h e t e r m misylite, 
w h i c h H . Moissan mis-spel ls migsite. T h e m i n e r a l w a s desc r ibed b y J . G. Wa l l e r iu s , 
J . F . Li. H a u s m a n n , A . B r e i t h a u p t , a n d H . H o s e . E . F . Glocker cal led i t xantho-
siderite, a n d W . H a i d i n g e r , cop iap i te—from t h e loca l i ty T ie r r a Amar i l l a , n e a r 
Cop iapo , Chili , w h e r e t h e m i n e r a l w a s first f o u n d . I t h a s b e e n also r e p o r t e d f rom 
o t h e r local i t ies—e.g. K n o x v i l l e , a n d S u l p h u r !Bank, Cal i fornia ; R i o T i n t o , S p a i n ; 
a n d Gos la r i n t h e H a r z . A n a l y s e s w e r e r e p o r t e d b y G. L i n c k , C. L a u s e n , 
H . F . Collins, C. L i s t , J . B . M a c i n t o s h , R . J i r k o v s k y , !L. D a r a p s k y , W . H . Melvil le 

. a n d W . L i n d g r e n , I . D o m e y k o , E . M a n a s s e , W . T. Schal le r , R . Schar ize r , 
R . Mauze l ius , H . A h r e n d , T . L . W a l k e r , W . J . M c C a u g h e y , J . F . Scha i r e r a n d 
C. C. L a w s o n , a n d C. F . R a m m e l s b e r g . T h e r e s u l t s a r e b e s t r e p r e s e n t e d b y t h e 
f o r m u l a : 2 F e 2 0 3 . 5 S 0 3 . 1 8 H 2 0 , o r ferric o x y p e n t a s u l p h a t e , F e 4 O ( S O 4 ) 5 . 1 8 H 2 O — 
P . G r o t h g a v e 1 9 H 2 O ; E . P o s n j a k a n d H . E . Merwin , 1 7 H 2 O ; a n d F . W i r t h a n d 
B . B a k k e , 1 8 H 2 O . R . Scha r i ze r ' s a n d W . T . Scha l l e r ' s c o n s t i t u t i o n a l formulae a r e 
a s follows : 

HO-Fe<™°« 

H O - F e < H S 0 4 

B. Scharizer's formula W. T. Schaller's formula 
R . S c h a r i z e r ' s f o rmu la , ( H 0 . F e ) 4 ( S 0 4 ) 3 ( H S 0 4 ) 2 . 1 5 H 2 0 , is e q u i v a l e n t t o a sa l t f o r m e d 
b y t h e c o n d e n s a t i o n of four mols . of f e r r i su lphur ic ac id , ( H O . F e ) ( H S 0 4 ) 2 , o r 
ferric hexahydroxypentasulphate. 

Cop iap i t e is t h e m o s t c o n s p i c u o u s of t h e bas ic ferric s u l p h a t e s ; a n d i t is t h e 
s a l t w h i c h first s e p a r a t e s f rom a n a q . soln. of ferric s u l p h a t e , a n d i t c a n b e re -
c rys t a l l i zed f rom i t s a q . soln. "without a n excess of su lphu r i c ac id be ing p r e s e n t . 
R . Scha r i ze r o b s e r v e d t h a t i t s e p a r a t e s in su lphur -ye l low c r y s t a l s f rom soln. of 
ferr ic s u l p h a t e w i t h t h e mo l . r a t i o S O 3 : F e 2 O 3 exceed ing 2*5 ; if t h e r a t i o is j u s t 
2*5, t h e n c o p i a p i t e is f o r m e d a lone ; if i t is b e t w e e n 2-5 a n d 3-0, t h e c o p i a p i t e is 
m i x e d w i t h e n n e a h y d r a t e d ferric s u l p h a t e ; a n d if t h e r a t i o is 3*0, t h e l a t t e r sa l t 
is a l one p r o d u c e d . F . W i r t h a n d B . B a k k e o b s e r v e d t h a t t h e s a l t is in e q u i l i b r i u m 
w i t h a soln. a t 25° w h e n t h e soln. c o n t a i n s F e 2 O 3 , 18-52 t o 20-65 p e r cen t . , SO 3 , 
26-80 t o 27-96 p e r cen t . , a n d H 2 O , 54-68 t o 52-29 p e r c e n t . H e r e t h e mo l . r a t i o 
S O 3 : F e 2 O 3 is b e t w e e n 2-614 a n d 2-889. E . P o s n j a k a n d H . E . Merwin f o u n d t h a t 
i t is s t a b l e in c o n t a c t "with i t s s a t . soln. o n l y be low 90°—vide F i g s . 661 t o 668 . 

R . S c h a r i z e r p r e p a r e d w h a t h e ca l l ed /9-copiapite c o r r e s p o n d i n g w i t h ferric hydroxy-
tetrasulphate, ( H O ) F e 8 ( S O ^ ) 4 . 1 3 H a O ; a n d F . W i r t h a n d B . B a k k e a d d e d t h a t i t is i n equi l i ­
b r i u m a t 25° w i t h so ln . i n w h i c h t h e m o l . r a t i o F e 8 O 3 : S O 3 l ies b e t w e e n 1 : 3-472 a n d 
1 : 2*889. O r d i n a r y c o p i a p i t e w a s t h e n ca l led a-copiapite. E . P o s n j a k a n d H . E . M e r w i n 
h a v e s h o w n t h a t t h e e v i d e n c e j u s t i f y i n g t h e r e c o g n i t i o n of t h i s p r o d u c t a s a c h e m i c a l 
i n d i v i d u a l is e x t r e m e l y u n s a t i s f a c t o r y , a n d t h e o n l y v a l i d in fe rence f rom t h e o b s e r v e d 
r e s u l t s is t h a t e q u i l i b r i u m h a d n o t b e e n e s t a b l i s h e d , a n d t h a t t h e a l l eged /3-copiapite i s a 
m i x t u r e of c o p i a p i t e a n d n o r m a l ferr ic s u l p h a t e . F o r t h e i d e n t i t y of janos-Ue w i t h c o p i a p i t e , 
vide infra. 

C o p i a p i t e o c c u r s in n a t u r e a s a s u l p h u r - y e l l o w or ye l lowish-b rown inc ru s t a t i on , 
o r i n loose a g g r e g a t e s of c rys t a l l i ne scales , o r g r a n u l a r masses . G. Ziinck said t h a t 
t h e c r y s t a l s a r e monoc l in i c , w i t h t h e a x i a l r a t i o s a : b : c = 0 4 7 9 0 4 : : 1 : 0*97510, 
a n d / 3 = 7 2 ° 3 ' , b u t B . B e r t r a n d , A . d e s Clo izeaux , Z . Toborffy, a n d E . Manasse sa id 
t h a t t h e c r y s t a l s a r e r h o m b i c . C. L a u s e n sa id t h a t t h e c rys t a l s of t h e c o p i a p i t e 
o c c u r r i n g a t J e r o m e , Ar i zona , a r e monoc l in ic . T h e c rys t a l s occur in t h i n , p s e u d o -
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h e x a g o n a l p l a t e s para l le l t o (100). T h e p inaco id is a t (10O), t h e b a s e a t (001) ; t h e y 
a lso occur in p r i s m s e longa t ed para l le l t o (0Ol), a n d flattened para l l e l t o (010). 
T h e (OlO)-cleavage is perfect , a n d t h e (100)-cleavage imper fec t . E . P o s n j a k a n d 
H . E . Merwin also found t h a t t h e pa le greenish-yel low, art if icial c r y s t a l s a r e r h o m b i c 
w i t h t h e ax ia l r a t i o s a : b : c = 0 - 8 1 : 1 : — , a n d a d d e d t h a t t h e c r y s t a l s h a v e a 
monocl in ic a p p e a r a n c e d u e t o t h e u n e q u a l d e v e l o p m e n t of t h e b o u n d a r i e s w h i c h 
co r r e spond w i t h t h e c rys t a l faces. T h e c rys t a l s of c o p i a p i t e a r e u s u a l l y t a b u l a r 
para l le l t o (010), a n d t h e (010)-cleavage is good. T h e c r y s t a l s i n t h e a - d i r e c t i o n 
a r e colourless ; in t h e ^ -d i rec t ion , l ight grey ish-ye l low ; a n d i n t h e y -d i r ec t i on , 
b r i g h t yel low. A. F renze l sa id t h a t t h e green t i n g e of t h e c r y s t a l s is a c o n s e q u e n c e 
of t h e i r exposu re t o sunl ight , a n d t h a t i t d i s a p p e a r s i n d a r k n e s s . T h e op t i ca l 
c h a r a c t e r is n e g a t i v e ; t h e op t ica l ax ia l angle 2 F = 5 2 ° ; a n d , a c c o r d i n g t o A . d e s 
Cloizeaux, 2H0=1130 10£ ' for red- l ight , a n d 2H0=Il*0 1 5 ' for ye l low- l igh t ; a n d 
G. L i n c k gave 2 # 0 = 1 1 1 ° 3 6 ' for yel low-l ight . G. L i n c k g a v e 2-103 for t h e s p . gr . , 
a n d C. Lauaen , 2-092. T h e h a r d n e s s is 2-5. T h e c r y s t a l s of c o p i a p i t e a t t r a c t 
mo i s tu re , a n d del iquesce m o r e s lowly t h a n e i t he r r h o m b o c l a s e o r c o q u i m b i t e . 
E . Manasse obse rved t h a t w h e n cop i ap i t e is confined ove r c a l c i u m ch lor ide , i t loses 
a b o u t 1-82 pe r cen t , of w a t e r , i.e. a b o u t a mol . , a n d t h i s is t h o u g h t t o b e h y g r o s c o p i c 
or a d s o r b e d w a t e r ; R . Schar ize r obse rved f u r t h e r t h a t c o p i a p i t e loses a b o u t 5 mo l s . 
of w a t e r a t 60° ; 6 mols . a t 90° , 12 mols . a t 116° ; a n d a t a h i g h e r t e m p . 3 m o r e 
mols . a r e los t a t 200°, a n d t h e r e m a i n i n g 2 mols . a b o v e 200° . S o m e r e su l t s w e r e : 

50° 0O° 90° 100° 110° 1 3 0 ° 170° 2 0 0 ° 2 7 9 ° 
Loss . . 1-31 7-98 9-18 1 4 1 2 17-31 20-90 24-25 25-98 28-50 per cent . 

T h e d e h y d r a t i o n c u r v e h a s b r e a k s a t 60°, 90° , a n d 120°. T h e r e is a m a r k e d c h a n g e 
in vol . a t a b o u t 100° w h e n t h e co lour c h a n g e s f rom su lphur -ye l low t o b r o w n i s h -
yel low ; i t me l t s in i t s w a t e r of c rys t a l l i za t ion a t 112°. G. L i n c k ' s s t ud i e s on t h e 
d e h y d r a t i o n a re in a g r e e m e n t w i t h t h o s e of R . Schar ize r . E . P o s n j a k a n d 
H . E . Merwin found t h a t t h e op t i ca l d i spers ion is smal l . E . Manasse r e p o r t e d 
t h a t t h e indices of re f rac t ion of cop i ap i t e for N a - l i g h t r a n g e d f rom <x=l -506 t o 
1-509, £ = 1 - 5 2 9 t o 1-532, a n d y = l - 5 7 3 t o 1-577 ; W . J . M c C a u g h e y g a v e <x= l -525 , 
£ = 1 - 5 4 5 , a n d y = l - 5 9 2 ; E . S. L a r s e n , a = l - 5 1 0 t o 1-530, / 3 = 1 - 5 3 5 t o 1-550, a n d 
y = 1 5 7 5 t o 1-600 ; T . L.. W a l k e r , £ = 1 - 5 3 7 , a n d y = l - 5 7 8 ; C. L a u s e n , <x= l -525 , 
£ = 1-540, a n d y = l - 5 9 5 ; a n d W . E . F o r d , £ = 1 - 5 3 , a n d y = l - 5 7 . E . P o s n j a k a n d 
H . E . Merwin g a v e for t h e artificial c rys t a l s : 

F- Tl- Na- C- J,i-light 
a . . . 1-542 1-536 1-531 1-527 1-526 
£ . . - 1-559 1-552 1-546 1-541 1-54O 
y . . . 1-620 16OO 1-597 1-589 1-587 

D . Mawson obse rved t h a t t h e m i n e r a l is r ead i ly d e c o m p o s e d b y a m m o n i a — l i q u i d , 
soln. , or gas . 

Accord ing t o A. Maus , if a cone . soln. of ferr ic s u l p h a t e b e t r e a t e d w i t h c a l c i u m 
h y d r o x i d e or c a r b o n a t e u n t i l t h e p r e c i p i t a t e n o longe r d issolves , a n d t h e l i q u i d b e 
r a p i d l y filtered, t h e d a r k b r o w n filtrate c o n t a i n s ferric oxyd i su lphate , w i t h 
F e 2 O 3 : S O 3 = I : 2. T h e sa l t is a lso fo rmed b y a g i t a t i n g a c o n e . soln. of ferr ic 
s u l p h a t e w i t h t h e p r e c i p i t a t e o b t a i n e d b y t r e a t i n g a n excess of ferr ic s u l p h a t e 
w i t h a m m o n i a in t h e cold . T h e yel low depos i t f o rmed o n c r y s t a l s of f e r rous sul ­
p h a t e o n e x p o s u r e t o a i r a lso cons is t s of t h i s d i s u l p h a t e , so t h a t a so ln . of t h e a l t e r e d 
fe r rous s u l p h a t e depos i t s t h e d i s u l p h a t e w h e n h e a t e d . O n e v a p o r a t i n g t h e soln . 
of t h e d i s u l p h a t e , a g u m m y ye l lowish-b rown m a s s is f o r m e d ; a n d w h e n t h e soln . 
is a l lowed t o s t a n d for some t i m e , d i s u l p h a t e is p r e c i p i t a t e d wh i l s t t h e n o r m a l 
s u l p h a t e r e m a i n s in soln. Th i s decompos i t i on is less c o m p l e t e t h e m o r e cone , t h e 
so ln . ; a n d for c o m p l e t e decompos i t i on , t h e soln. m u s t b e boi led . T h e d i s u l p h a t e 
fo rms a m m o n i u m a n d p o t a s s i u m sa l t s ; a n d i t expe l s t h e n o r m a l s u l p h a t e f r o m i t s 
c o m b i n a t i o n w i t h t h e a lka l i s u l p h a t e s . F . W i b e l de sc r ibed a su lphur -ye l low, 
c rys t a l l ine p r e c i p i t a t e , c o r r e s p o n d i n g w i t h F e 2 0 3 . 2 S 0 3 . 2 H 2 0 , sa id t o b e f o r m e d 
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b y h e a t i n g a soln. of c o p p e r a n d fe r rous s u l p h a t e s in a c losed vessel . T h e ev idence 
is h e r e t o o indef in i te t o e s t ab l i sh t h e ex i s t ence of t h e s e p r o d u c t s a s chemica l 
i n d i v i d u a l s . 

M. P . A p p l e b e y a n d S. H . W i l k e s s u p p o s e d t h a t a n a n h y d r o u s bas i c sa l t , 
7 F e 2 O 3 . 1 5 S O 3 , o r 5 ( F e 2 0 3 . 3 S 0 3 ) . 2 F e 2 O 3 , s e p a r a t e s a t 25° f r o m soln . w i t h b e t w e e n 
27 a n d 3 0 p e r c e n t . SO 3 . T h e c o m p o u n d is n o t f o r m e d a t 18°, a n d w h e n t h e a c i d i t y 
is less t h a n 27 p e r c e n t . S O 3 a t 25° , o r 29-6 p e r c en t , a t 18°, t h e solid p h a s e s a r e 
solid soln . of v a r i a b l e c o m p o s i t i o n . A c c o r d i n g t o G. K e p p e l e r a n d J . d ' A n s , if 
f e r rous s u l p h a t e b e h e a t e d in d r y a i r a t a b o u t 300° , a c h o c o l a t e - b r o w n p o w d e r is 
fo rmed of sp . gr . 3*83, a n d in c o m p o s i t i o n i t a p p r o x i m a t e s t o a n h y d r o u s ferric o x y -
s u l p h a t e . H . O. H o f m a n a n d W . WanjukofE a l so o b s e r v e d t h a t t h e o x y d i s u l p h a t e 
beg ins t o fo rm a t 167° w h e n h e p t a h y d r a t e d fe r rous s u l p h a t e i s h e a t e d in a i r ; a n d 
t h e r e a c t i o n is c o m p l e t e d a t 455° ; a t a h i g h e r t e m p . , 492° t o 560° , i t beg ins t o 
f o r m r e d ferric ox ide . T h e c o m p o u n d w a s s imi la r ly m a d e b y E . K o t h n y . 

E . P o s n j a k a n d H . E . Merwin p r e p a r e d t h e monohydrate of ferr ic o x y d i s u l p h a t e , 
F e 2 0 3 . 2 S 0 3 . H 2 0 , m a y b e F e ( O H ) S O 4 , u n d e r t h e c o n d i t i o n s i n d i c a t e d i n F i g s . 661 
t o 668 . I t is f o r m e d a b o v e 75° in t h e s y s t e m F e 2 O 3 - S O 3 - H 2 O , w h e n t h e pe r ­
c e n t a g e p r o p o r t i o n s of t h e s e t h r e e c o m p o n e n t s a r e 14-31 t o 19*74 : 22*71 t o 
30*80 : 62*98 t o 49*46 a t 110° ; 12*05 t o 15-35 : 22*39 t o 30*88 : 65*66 t o 53*77 a t 
140° ; a n d 0*63 t o 1-91 : 5*58 t o 48*94 : 93*79 t o 4 9 1 5 a t 200° . T h e c r y s t a l s a r e 
v e r y p a l e o range-ye l low, w i th p l eoch ro i sm a. a n d )3 colour less , a n d y c lear ye l low. 
T h e r h o m b i c c r y s t a l s a p p e a r a s fibrous c r u s t s , a n d r o u g h p r i s m s . T h e ind ices of 
r e f rac t ion a r e : 

F- Tl- Na- C- Li-light 
a . 1*814 1-796 1-783 1-772 1-770 
P . 1-844 1-821 1-804 1-79O 1-788 
Y . . 1-968 1-94O 1-918 1-897 1-894 

L . D a r a p s k y desc r ibed a red m i n e r a l f rom R i o L o a , Chili, a n d h e cal led i t rubrite 
— i n a l lus ion t o i t s r e d colour . W h e n a n a l lowance is m a d e for t h e g y p s u m a n d 
e p s o m i t e p r e s e n t a s i m p u r i t i e s , i t s c o m p o s i t i o n c o r r e s p o n d s w i t h t h e trihydrate of 
ferr ic o x y d i s u l p h a t e , F e 2 0 3 . 2 S 0 3 . 3 H 2 0 , or F e ( O H ) S 0 4 . H 2 0 . N o p lace h a s b e e n 
found for t h e t r i h y d r a t e on t h e e q u i l i b r i u m d i a g r a m s , F i g s . 661 t o 668 . C. L a u s e n 
f o u n d d e e p o range-ye l low c rys t a l s of w h a t h e cal led but ler i te—afte r G. M. B u t l e r — 
a s a p r o d u c t of t h e b u r n i n g of p y r i t e o re in a m i n e a t J e r o m e , Ar i zona . Ana ly se s 
c o r r e s p o n d w i t h t h e pentahydrate of ferr ic o x y d i s u l p h a t e , F e 2 0 3 . 2 S 0 3 . 5 H 2 0 , o r 
F e ( O H ) S 0 4 . 2 H 2 0 . E . P o s n j a k a n d H . E . Merwin p r e p a r e d t h e p e n t a h y d r a t e 
u n d e r t h e c o n d i t i o n s i n d i c a t e d in F i g s . 661 t o 668 . T h e sa l t is s t a b l e be low 100°, 
a n d , t a k i n g p e r c e n t a g e p r o p o r t i o n s of F e 2 O 3 : S O 3 : H 2 O , t h e sa l t is s t a b l e a t 75° 
w h e n t h e s e a r e 17*78 t o 20*93 : 23-10 t o 30*11 : 59*12 t o 48*96 ; a n d a t 50° , w h e n 
t h e y a r e 17*96 t o 21*0 :22*96 t o 28*2 :59*08 t o 5O 8. T h e monoc l in i c c r y s t a l s 
h a v e t h e ax i a l r a t i o s a : b : c = 0 * 8 5 8 : 1 : 1*358, a n d £ = 7 1 ° 2 4 ' . C. L a u s e n sa id t h a t 
t h e c r y s t a l s of b u t l e r i t e a r e r h o m b i c w i t h t h e ax i a l r a t i o s a : b : c = 0 * 9 0 0 5 : 1 : 1*3606. 
T h e c ry s t a l s were sa id t o be op t i ca l ly n e g a t i v e , a n d t o h a v e a m o d e r a t e l y h igh 
b i re f r ingence . E . P o s n j a k a n d H . E . M e r w i n sa id t h a t t h e d i a m o n d - s h a p e d , 
mic roscop ic , monoc l in i c c ry s t a l s h a v e a t r a n s v e r s e zone of t w i n n i n g , w i t h t w i n n i n g 
p l a n e s n o r m a l t o t h e s y m m e t r y p l a n e . T h e b a s a l c l eavage is good ; a n d C. L a u s e n 
sa id t h a t one d i r ec t ion of t h e c l e a v a g e pa ra l l e l t o t h e b p inaco id is good, b u t t h e 
o t h e r d i r e c t i o n of t h e c l eavage , a l so p i n a c o i d a l , is imper fec t . B u t l e r i t e is s l igh t ly 
p leochro ic , be ing p a l e b rown i sh -ye l low in t h e ©-.-direction, a n d pa le c a n a r y - y e l l o w 
in t h e y - d i r e c t i o n . E . P o s n j a k a n d H . E . M e r w i n sa id t h a t a is colour less ; /J, fa in t 
y e l l o w ; a n d y , l i g h t ye l low. C. L a u s e n f o u n d t h e s p . gr . of b u t l e r i t e t o be 2*548 ; 
t h e h a r d n e s s 2*5 ; a n d t h e indices of r e f r ac t ion a = l * 6 0 4 , £ = 1 * 6 7 4 , a n d y = l - 7 3 1 . 
E . P o s n j a k a n d H . E . Merwin g a v e for t h e ind ices of re f rac t ion of t h e p e n t a h y d r a t e : 

F- Tl- Na- C- !,Might 
a . . . 1*603 1-594 1-588 1-581 1-580 
p . . 1*702 1-688 1-678 1-669 1-667 
y . . . 1-782 1-765 1-749 1-735 1-733 
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75° 
11*61 

100° 
12-30 

150° 
17-82 

200° 
23-46 

250° 
25-76 

300° 
26-91 

>300° 
28-22 per cent. 

A. Frenzel described a mineral from Carracoles, Chili, "which he called amarantite 
—from the flower amaranth—in allusion to its colour; a slightly altered form was 
called hohmannite—after T. Hohmann ; and a variety from Sierra Gorda was called 
paposite, by L. Darapsky. A. Frenzel, however, showed t h a t paposite, hohmanni te , 
and amarant i te belong to the same mineral species. Analyses reported by 
t i . Darapsky, A. Frenzel, J . B. Macintosh, R. Scharizer, F . A. Genth, and M. Grabner 
correspond with the heptahydrate of ferric oxydisulphate, F e 2 0 3 . 2 S 0 3 . 7 H 2 0 . 
E . A. Wiilfing found t h a t no water is lost when amaran t i t e is heated between 40° 
and 50° ; and R. Scharizer observed a loss of 11-29 per cent, when amaran t i t e is 
confined over cone, sulphuric acid, and when heated t o : 

I J O S S . 

The dehydration curve from R. Scharizer's da ta shows two breaks approximately 
a t 100° and a t 200° corresponding with losses of 3 and 6 mols. respectively. 
A. Frenzel, F . A. Genth, and L. Darapsky found t h a t 12*3 per cent., or 
3 mols. of water are lost a t 100°. R. Scharizer accordingly represented the 
formula of the heptahydrate , F e 2 0 3 . 2 S 0 3 . 7 H 2 0 , by (HO.Fe) 2 (S0 4 ) 2 .6H 2 0, or 
HO.Fe : SO4 .3H2O. Amarant i te is orange-yellow a t 150°, and brownish-red a t 
200°. Amarant i te usually occurs in columnar, bladed, or radiat ing masses, or in 
slender prismatic crystals with the (IOO)- and (OlO)-faces vertically str iated. The 
colour is orange-red, brownish-red, or amaranth-red. The pleochroism on ot is 
stronger t han on j8, which is brownish-red or lemon-yellow. The streak is 
lemon-yellow. The optical measurements of S. LJ. Penfield, in agreement with 
those of E . A. Wiilfing, show t h a t t he triclinic crystals have the axial rat ios 
a : b : c=0-76915 : 1 : 0-57383, a n d a = 9 5 ° 38 ' 15" , £ = 9 0 ° 23 ' 32" , a n d y = 9 7 ° 13 ' 4 " . 
The (100)-, and (010)-cleavages are perfect. The optical character is negative ; 
and the optic axial angles 2J£=59° 3 ' for L.i-light, and 2 ^ = 6 3 ° 3 ' for Na-light. The 
sp. gr. is 2-11, according to A. Frenzel, whilst S. Li. Penfield gave 2-286 ; the hardness 
is 2-5. 

Li. Darapsky described a chestnut-brown mineral from Sierra Gorda, Chili, 
which he called castanite—from castanea, a chestnut , in allusion t o the colour. 
A. F . Rogers described specimens from Knoxville, California. According to 
Li. Darapsky, and A. F . Rogers, the analysis corresponds with the octohydrate, 
F e 2 S 2 0 9 . 8 H 2 0 . The mineral occurs in prismatic crystals more or less dull and 
rounded, and united in massive aggregates, or in minute crystals lining cavities. 
The crystals are monoclinic with a prismatic angle of 82°. According t o 
A. F . Rogers, the prismatic crystals are triclinic with t h e axial ratios a : b : c 
=0-726 : 1 : 0-895, and a = 8 9 ° 50', /3=91° 10', and y = 7 8 ° 46'L The cleavage 
parallel to (010) is perfect, and those parallel t o (110) and t o (110) are less well 
developed. According to Li. Darapsky, the streak is orange-yellow ; t h e sp. gr. 
2-118 ; and the hardness, 3 . A. F . Rogers gave 2-2 for t he sp . gr., and he found 
t h a t the indices of refraction are <x = l -553, / J = 1-643, a n d y = l - 6 5 7 , andy—<x=0-104. 
M. C. Bandy gave the hardness 2-5, and <x=l-550, / J = l - 6 4 5 , a n d y = l - 6 6 0 . According 
to Hi. Darapsky, when castanite is heated, it loses water : 

50° 80° 100° 145° 170° >1700 

Loss . . . l-O 9-5 11-8 15-5 20-5 10-2 per cent . 

The general behaviour thus resembles t h a t of amarant i te , bu t t he loss wi th 
amarant i te over 200° is 1 mol., and with castanite, 2 mols. A. F . Rogers reported 
a break in the dehydrat ion curve a t 27°. The constitutional formula given by 
R. Scharizer is : 

TTO 
™ > F e - H S 0 4 fiW 
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C a s t a n i t e is o n l y s l igh t ly so luble i n w a t e r ; b u t i t d issolves i n w a r m hydroch lo r i c 
ac id , b u t i n t h e co ld t h e a t t a c k is s low. I t r e m a i n s u n c h a n g e d i n air , a n d in a 
de s i cca to r o v e r c a l c i u m ch lo r ide . A s p e c i m e n e x p o s e d t o s u n l i g h t c r u m b l e d t o 
p o w d e r . 

H . R o s e de sc r i bed a p a l e ye l low or w h i t e m i n e r a l f rom T i e r r a A m a r i l l a , Chili, 
a n d a s imi la r m i n e r a l h a s b e e n r e p o r t e d f r o m Pai l l ie res , D e p t . d u G a r d ; Ce t ine , 
T u s c a n y ; C a p e C a l a m i t a , !Elba ; a n d f rom R e d Cliff, Cal i fornia . I t w a s cal led 
frbroferrite b y J . P r i d e a u x ; stypticite, b y J . F . L . H a u s m a n n ; a n d copiapite, b y 
J . L . S m i t h . A n a l y s e s b y J . L.. S m i t h , T . L,. W a l k e r , E . Tob l e r , F . F ie ld , A . B r u n , 
G. L i n c k , L . D a r a p s k y , F . P i s a n i , I . D o m e y k o , R . Schar ize r , E . M a n a s s e , 
R . A . A . J o h n s t o n , H . R o s e , a n d J . P r i d e a u x c o r r e s p o n d gene ra l ly w i t h t h e 
decahydrate, F e 2 S 2 O 9 - I O H 2 O , a l t h o u g h in s o m e cases H H 2 O is n e a r e r t h e m a r k . 
R . S c h a r i z e r f o u n d t h e loss on h e a t i n g t o b e : 

60° 60° 70° 85° 100° 160° 175° 192° > 1 9 2 ° 
L o s s . . 1 2 1 7 150O 19-38 24-4O 25-63 2 8 0 0 33-01 33-19 36-93 

O b s e r v a t i o n s w e r e m a d e b y G. L i n c k , a n d E . M a n a s s e . T h e r e su l t s a r e t a k e n t o 
c o r r e s p o n d w i t h t h e f o r m u l a : ( H O . F e ) 2 ( S 0 4 ) 2 . 9 H 2 0 , i.e. H O . F e : S 0 4 . 4 £ H 2 0 , o r 
H O . F e : S O 4 . 5 H 2 O . F ib ro fe r r i t e occur s in de l i ca te ly fibrous a g g r e g a t e s t h o u g h t 
b y G. L i n c k t o b e monoc l in ic . T h e p l e o c h r o i s m is m a r k e d — a . a n d /J a r e colour less , 
a n d y is a m b e r - y e l l o w . T h e op t i c a l c h a r a c t e r is pos i t i ve . E . M a n a s s e g a v e for 
t h e ind ices of r e f rac t ion <x= l -568 , a n d y — 1 - 5 3 O ; E . S. L a r s e n , C L = 1 - 5 2 5 t o 1-533, 
0 = 1.534, a n d y = l * 5 6 5 t o 1-575 ; a n d T . L . W a l k e r , c t = l - 5 1 8 , / 3 = 1 - 5 1 8 , a n d 
• v = l - 5 6 1 . J . L . S m i t h g a v e 1-84 for t h e s p . gr . ; a n d G. L i n c k , 1*857. T h e h a r d n e s s 
is 2 0 t o 2-5. 

H . Moissan m e n t i o n e d t h e dodecahydrate, 2 F e 2 0 3 . 5 S 0 3 . 1 2 H 2 0 , a s occu r r i ng 
i n n a t u r e in t h e f o r m of t h e m i n e r a l m y s i t e . O. Meis te r o b s e r v e d t h a t a n i ron-
p ick l ing ac id d e p o s i t e d h y a c i n t h - r e d , monoc l in i c c r y s t a l s of t h e pentadecahydrate 
of ferr ic o x y d i s u l p h a t e , F e 2 O 3 . 2 S O 3 . 1 5 H 2 O . T h e c ry s t a l s effloresce in a i r ; w h e n 
h e a t e d , t h e y m e l t in t h e i r w a t e r of c rys t a l l i z a t i on , a n d lose 35 t o 36 p e r c en t , of 
w a t e r ; t h e y a r e s p a r i n g l y soluble in w a t e r ; a n d a r e d e c o m p o s e d b y w a t e r , especia l ly 
if h e a t e d . 

A . B r e i t h a u p t desc r ibed a m i n e r a l f rom t h e t i n - m i n e s of Ehrenf r iedersdor f , a n d 
Bol iv ia , wh ich h e ca l led r a i m o n d i t e — a f t e r A . H a i m o n d i . T h e ana ly s i s cor re ­
s p o n d s w i t h t h e emp i r i c a l f o r m u l a : 2 F e 2 O 3 . 3 S O 3 . 7 H 2 O , or ferric tr ioxytr isulphate . 
M. B e r t h e l o t o b t a i n e d a n h y d r o u s 2 F e 2 0 3 . 3 S 0 3 b y ca lc in ing t h e s u l p h a t e . 
G. C. W i t t s t e i n , a n d F . M u c k r e p o r t e d a n o c t o h y d r a t e t o b e f o r m e d b y ox id iz ing 
a soln . of f e r rous s u l p h a t e i n a i r . A . Ma i lhe a lso o b t a i n e d a h y d r a t e 
2 F e 2 O 3 . 3 S O 3 . w H 2 0 b y t h e p r o l o n g e d a c t i o n of m e r c u r i c o x i d e o n a soln . of fe r rous 
s u l p h a t e . T h e heptahydrate r a i m o n d i t e occu r s in t h i n , s ix -s ided t a b l e s w i t h 
r e p l a c e d basa l edges , a n d also in scale- l ike c r y s t a l s w h i c h a r e h e x a g o n a l o r t r i gona l . 
T h e co lour is h o n e y - y e l l o w or ochre-ye l low. T h e b a s a l c l e a v a g e is per fec t . A. des 
Clo izeaux sa id t h a t t h e c r y s t a l s a r e u n i a x i a l a n d t h e op t i ca l c h a r a c t e r is n e g a t i v e . 
E . S. L a r s e n g a v e o > = l - 8 2 t o 1-867, a n d € = 1 - 7 9 . W . T . Scha l le r , a n d E . S. L a r s e n 
r e g a r d r a i m o n d i t e t o b e rea l ly j a r o s i t e . A . Mei l le t f ound yel low, fr iable nodu le s 
i n t h e c l a y b e d s of M e u d o n , a n d A u t e u i l . T h e a n a l y s i s c o r r e s p o n d e d v e r y n e a r l y 
w i t h t h e hemihydrate, 2 F e 2 0 3 . 3 S 0 3 . l £ H 2 0 , a n d h e ca l led i t apate l i te . W . T . Schal ler 
r e g a r d s a p a t e l i t e a s o n e w i t h j a r o s i t e . J . D . D a n a f o u n d t h a t t h e m i n e r a l n a m e d 
pastrei te—after M. P a s t r e — b y L . B e r g e m a n n is r e l a t ed t o r a i m o n d i t e ; a n d 
W . T . Schal le r , J . D . D a n a , a n d L . A z e m a sugges t ed t h a t p a s t r e i t e w a s i m p u r e 
j a r o s i t e . P a s t r e i t e occurs i n ye l low, a m o r p h o u s , r en i fo rm masse s a t Pai l l ieres , 
D e p t . d u G a r d . L . D a r a p s k y d e s c r i b e d a m i n e r a l f rom P a p o s a , A t a c a m a , a n d h e 
ca l led i t papos i te . T h e d a r k r e d m i n e r a l occu r s i n c ry s t a l s , a n d in fibrous r a d i a t i n g 
m a s s e s . T h e a n a l y s i s a p p r o x i m a t e s 2Fe 2 O 3 -SSO 3 - IOH 2 O. 

N . A t h a n a s e s c o h e a t e d a 2 5 p e r c e n t . so ln . of ferric s u l p h a t e a t 150° a n d o b t a i n e d 
p a l e ye l low r h o m b o h e d r a of ferric pentoxytr i tatetrasulphate , 3 F e 2 0 3 . 4 S 0 8 . 9 H 2 0 ; 
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if a 3 per cent. soln. be used, the product approximates 10Fe2O8-SO3-H2O, and i t 
was thought to be a mixture. E . Posnjak and H. E . Merwin also obtained the 
eriTteahydrate with the same composition under the conditions indicated in Figs. 661 
to 668 ; i t is stable in contact with soln. up to about 170°. The salt was found to 
be stable with the proportions by weight, Fe 2O 3 : SO3 : H 2 O = 1 - 4 4 to 17-96 : 2*30 
to 22-96 ; 96-26 to 59-08 a t 50° ; 0-93 to 17-98 : 1-62 t o 23-10 : 97-45 t o 5 9 1 2 a t 
75° ; 0 0 8 to 14-31 : 0-83 to 22-71 : 9 9 0 9 to 62-96 a t 110° ; and 0-8 to 11-5 : 3-5 t o 
19-0 : 95-7 to 69*5 a t 140°. I t is readily obtained above 75°. G. Tunell and 
E . Posnjak studied the X-radiograms. E. Posnjak and H . E . Merwin found t h a t 
the orange-yellow, rhombohedral crystals have the axial rat io a : c = l : 1-14, and 
they appear in rhombs with deep bases ; and the rhombs are nearly cubes. The 
pleochroism a> is deep yellow, and e light yellow. The powder appears orange-
yellow. The indices of refraction are : 

.F- Tl- Na- C- ia-light 
o>. . . 1-865 1-836 1-816 1-799 1-797 
«• . . . 1-755 1-739 1-728 1-728 1-716 

M. Saxen reported a yellow, ear thy product of the weathering of the pyri tes a t 
Otravaara, Finland, and he named i t borgstr6mite—after J . L. H . Borgstrom. The 
analysis approximates F e 2 0 3 . S 0 3 . 3 H 2 0 , bu t later observations indicate t h a t i ts 
formula is more likely t o be ferric pentoxytetrasulphate, 3 F e 2 0 3 . 4 S 0 3 . 9 H 2 0 , and 
this is in agreement with the observations of E . Posnjak and H . E . Merwin. 

A. Brei thaupt described a mineral occurring in the fissures in mica-slate in 
!Labrador ; J . D. Dana, and F . Pisani said Greenland. I t also occurs a t St. Leger, 
near Macon, Chihuahua, Mexico, and was called carphosiderite—from K<£p<f>os, 
straw ; and criSrjpos, iron. Analyses reported by E . Witt ich, A. !Lacroix, and 
F . Pisani approximate the decahydrate, 3Fe2O3.4SO3.1OH2O. W. T. Schaller 
represents it by a formula of the utahi te type, [Fe(OH]2J2SO4 , namely, 
H2[Fe(OH)2]6(S04)4—vide infra, jarosite. The colour is pale yellow, or deep s t raw ; 
and the streak is yellowish. The mineral occurs in reniform masses and incrusta­
tions, and also in lamellae. The crystals are uniaxial and possibly rhombohedral ; 
the cleavage is basal ; the optical character is positive ; and the birefringence is 
strong. A. Brei thaupt gave 2-49 to 2-50 for the sp. gr., and F . Pisani, 2-728. 
The hardness is 4-0 to 4-5. 

E . Soubeiran added potassium carbonate to a soln. of ferric sulphate so long 
as the alkali does not produce a permanent turbidi ty , and heated the red liquid 
unti l a precipitate is formed. The light reddish-yellow powder had a composition 
corresponding with the trihydrate of ferric dioxysulphate, Fe 2 O 3 . S0 3 . 3H 2 0 . 
A. Arzruni described an orange-yellow incrustation on the quar tz in t he Tintic 
district, Utah , and he called the mineral utahite. Analyses by A. Damour, and 
K. Thaddeefl approximate to the dihydrate, Fe2O3-SO3 .2H2O. The constitutional 
formula may be, as suggested by K. Thaddeefi, [ (HO) 2 Fe-SO 4 -Fe(OH) 2 ; 
R. Scharizer gave [Fe(OH)2]6[S04]3 ; and S. L.. Penfield, [(HO)2Fe]8[SO4I4 . Utah i te 
occurs in aggregates of fine scales consisting of tabular hexagonal crystals with 
rhombohedral faces. A. Arzruni gave for the axial rat io of the rhombohedral 
crystals a : c = l : 1-0576. The optical character is negative, and the crystals are 
often optically anomalous. The pleochroism is strong—pale yellow and yellowish-
brown. The index of refraction given by E . S. Larsen is o> = l-82. W. T. Schaller 
considered utahi te t o be the same mineral species as jarosite. The mineral is said 
to be insoluble in water and nitric acid. 

I J . Darapsky reported a mineral in the Lauta ro mine, Morro Moreno, Atacama, 
which he called planoferrite. Analyses correspond with the pentadecahydrate, 
Fe2O3-SO3 .15H2O. The mineral was also described by F . Grunling. The colour 
is yellowish-green . to brown, and the streak is chrome-yellow. The hexagonal 
plates are probably rhombic, and they have a basal cleavage, and faces on the edges. 
The hardness is 3 . 
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P . F . R e i n s c h described sulphur-yel low, soft , chalk-l ike aggregates of microscopic 
crysta ls found in t h e dolerite of Chrysophone, Cyprus ; a n d h e cal led i t cyprusite. Accord­
ing t o H . F u l t o n , t h e analys i s a p p r o x i m a t e s A l 2 ( S 0 4 ) 3 . 8 F e 2 ( S 0 4 ) 3 . 1 8 H 2 O , w h e n deduct ions 
are m a d e for impurit ies . R . Scharizer a d d e d t h a t t h e formula m a y be that of the 
hexahydrate, R 2 O 3 -SO 3 -GH 2 O. T h e s ix-s ided p la te s are probably h e x a g o n a l ; a n d the 
opt ical character is nega t ive . E . S. Larsen g a v e for t h e indices of refraction to = 1-803 
a n d c = 1-72. W . T . Schaller regarded cyprus i te , a s wel l a s u tah i te , carphosiderite , apate l i te , 
ra imondi te , a n d pastre i te a s crystal lographical ly equ iva lent t o jarosite . 

A c c o r d i n g t o J . J . Berze l ius , if a soln. of ferr ic s u l p h a t e b e t r e a t e d w i t h in­
sufficient a m m o n i a for c o m p l e t e d e c o m p o s i t i o n , or if a n a q . soln. of fe r rous 
s u l p h a t e is e x p o s e d t o t h e a i r , ferric p e n t o x y s u l p h a t e , 2Fe 2 O 3 -SO 3 -GH 2 O, is f o rmed . 
I t is a l so d e p o s i t e d i n v i t r io l a n d a l u m w o r k s b y t h e a c t i o n of a i r on t h e m o t h e r -
l i quor s . C. W e l t z i e n sa id t h a t t h e s a m e c o m p o u n d is f o rmed w h e n a soln. of fe r rous 
s u l p h a t e is t r e a t e d w i t h h y d r o g e n d iox ide . T h e a n a l y s e s of G. C. W i t t s t e i n , a n d 
J?. M u c k s h o w t h a t t h e c o m p o s i t i o n of t h e p r e c i p i t a t e va r i e s w i t h t h e c o n d i t i o n s . 
S. U . P i c k e r i n g r e g a r d e d 2 F e 2 O 3 . S O 3 . w H 2 O , or, a s h e w r o t e i t , F e 2 ( S 0 4 ) 3 . 5 F e 2 0 3 , 
a s t h e o n l y bas ic sa l t c a p a b l e of ex i s t ence a s a chemica l i n d i v i d u a l . W . N . R a e 
a lso f o u n d t h a t t h e w h i t e p r e c i p i t a t e d e p o s i t e d on k e e p i n g soln . of a m m o n i u m ferric 
a l u m , h a s t h e c o m p o s i t i o n 2 F e 2 O 3 . S O 3 . n H 2 0 . C. W e l t z i e n r e p r e s e n t e d i t a s t h e 
octohydrate ; O. Meis ter , a s t h e heptahydrate ; a n d J . J . Berze l ius , a n d F . M u c k a s 
t h e h e x a h y d r a t e , w h i c h t h e y o b t a i n e d b y ox id iz ing a soln. of fe r rous s u l p h a t e 
w i t h h y d r o g e n d i o x i d e . F . C o r n u be l ieved t h a t g locker i te , 2 F e 2 O 3 . S O 3 . 6 H 2 O , is a n 
a d s o r p t i o n c o m p o u n d of h y d r a t e d ferric ox ide . 

J . J . Berze l ius sa id t h a t t h e hexahydrate occurs in n a t u r e in t h e f o r m of w h a t h e 
ca l led Vitriolocker, o r vitriol ochre, w h i c h F . S. B e u d a n t ca l led pittizite—a n a m e 
a p p l i e d t o a h y d r a t e d ferric s u l p h a t o a r s e n a t e . C. F . N a u m a n n e m p l o y e d t h e t e r m 
g locker i t e—afte r E . F . Glocker . Ana ly se s , r e p o r t e d b y J . J . Berze l ius , F . Hoch - -
s t e t t e r , L . A . J o r d a n , T . Scheere r , J . E y e r m a n , A . H . C h u r c h , a n d J . Thie l , ag ree 
w i t h t h e h e x a h y d r a t e f o r m u l a . Vi t r io l och re is co loured b r o w n t o ochre-ye l low, 
du l l g reen , a n d b r o w n i s h - b l a c k t o p i t c h - b l a c k ; a n d i t m a y be e a r t h y , m a s s i v e , o r 
s t a l a c t i t i c . A . B r e i t h a u p t a n d O. L . E r d m a n n a lso desc r ibed a v i t r io l ochre f rom 
t h e a l u m - s h a l e q u a r r y a t Ge rnsdo r f w h i c h h a d a sp . gr . 1-8, a n d w a s r a t h e r m o r e 
h y d r a t e d t h a n g locker i t e ; a n d E . Green ly cal led a s imi lar spec imen , a n octohydrate, 
2 F e 2 0 3 . 2 S 0 3 . 8 H 2 0 , f rom P a r y s M o u n t a i n , Anglesey , h y d r o g l o c k e r i t e . 

Other product s h a v e b e e n ana lyzed . T . Scheerer found t h a t t h a t obta ined b y boi l ing 
a dil. so ln . of ferric su lphate a p p r o x i m a t e s 3 F e 2 O 3 . S 0 3 . 4 H 3 0 ; E . F . A n t h o n , b y preci­
p i ta t ing a soln. of ferric su lphate w i t h bar ium ace ta te , and add ing baryta -water t o the 
filtrate, ob ta ined 4 F e 2 0 8 . S O , . n H , 0 ; a n d T. Scheerer, obta ined a p r o d u c t corresponding 
w i t h 7Fe 2 O 3 -SO 3 . 10 -5H 2 O or 6Fe 2 O 3 -SO 3 - IOH 2 O, b y t h e weather ing of iron pyr i tes in a l u m 
shale . N . Athanasesco obta ined w h a t he regarded as 10Fe 2 O 3 -SO 3 .H 8 O, b y hea t ing a 3 t o 
4 per cent . soln. of ferric su lphate in a sea led t u b e a t 275° . T h e crysta ls of the dark brown 
p o w d e r are n o t well-defined. 
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§ 47. Complex Salts with Ferric Sulphate 
M. Lachaud and C. Lepierre 1 prepared ammonium ferric trisulphate, 

3(NH 4 ) ?S0 4 .Fe 2 (S0 4 ) 3 , or (NH4) sFe(S04)8 , by dissolving ferrous or ferrous 
ammonium sulphate in a fused ammonium sulphate, washing out t h e excess 
of ammonium sulphate from the cold mass with alcohol, and again heat ing 
the product with ammonium sulphate. The white, prismatic needles have 
a sp . gr. of 2*31 a t 14°. If the heating be prolonged, ATimrifwiiTiiTi ferric 
disulphate, (NH4)2S04 .Fe2(S04)3 , or NH 4 Fe(S0 4 ) 2 , crystallizing in hexagons, is 
formed. K. F . Weinland and F . Ensgraber obtained a similar salt, as a white 
crystalline powder, by heating a soln. of ammonium ferric a lum wi th sulphuric 
acid for some hours. M. Lachaud and C. L»epierre found t h a t t he sp. gr. is 2*45 
a t 14° ; and O. Pet tersson gave 2*54 a t 16-8°. The salt is sparingly soluble in 
water. R. F . Weinland and F . !Ensgraber regard i t as a salt of ferridisulphurio 
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ac id , H [ F e ( S O 4 J 2 ] . J- J . Berze l ius , Gr. F o r c h h a m m e r , a n d E . Mi tscher l ich o b t a i n e d 
c r y s t a l s of t h e dodecahydrate, or ammonium ferric alum, ( N H 4 ) 2 S 0 4 . F e 2 ( S 0 4 ) 3 . 2 4 H 2 0 , 
b y c rys t a l l i z a t i on f rom a m i x e d soln. of t h e c o m p o n e n t sa l t s . I f t h e c ry s t a l s h a v e 
a ye l low t i nge , t h i s is d u e t o t h e p re sence of a n excess of t h e ferric sa l t a n d i t d is ­
a p p e a r s w h e n t h e sa l t is re -c rys ta l l i zed . M. L . Neg r i a n d A. A. B a d o de sc r i bed 
m a n u f a c t u r i n g t h i s a l u m on a l a rge scale for t h e pur i f i ca t ion of w a t e r . J . L . H o w e 
a n d E . A. O 'Nea l o b t a i n e d t h e sa l t b y t h e e lec t ro lys is of a soln. of a m m o n i u m a n d 
fe r rous s u l p h a t e s acidified w i t h s u l p h u r i c ac id ; t h e c a t h o d e is a p l a t i n u m wi re 
d i p p i n g in a n acidified soln. of fe r rous s u l p h a t e c o n t a i n e d in a p o r o u s p o t w h i c h is 
p l aced in t h e soln . of m i x e d s u l p h a t e s . A c u r r e n t of 0-04 a m p . is passed t h r o u g h 
t h e cell, a n d in a few h o u r s , c r y s t a l s of t h e a l u m a r e depos i t ed r o u n d t h e a n o d e . 

T h e c ry s t a l s a r e colour less o c t a h e d r a a n d c u b o - o c t a h e d r a be long ing t o t h e cub ic 
s y s t e m , a n d t h e y a r e i s o m o r p h o u s w i t h t h e o t h e r m e m b e r s of t h e a l u m fami ly . 
T h e y were s t u d i e d b y Z. W e y b e r g . A c c o r d i n g t o J . Bonne l l a n d E . P . P e r m a n , 
t h e v io le t co lour is n o t d u e t o t h e p re sence of a m a n g a n e s e sa l t a s sugges ted b y 
W . Os twa ld , b u t t h e p u r e sa l t is v iole t , a n d t h e colourless sa l t is d u e t o t h e m a s k i n g 
of t h e v io le t b y t h e c o m p l e m e n t a r y ye l lowish -b rown of col loidal ferric h y d r o x i d e . 
L . V e g a r d a n d E . E s p e x a m i n e d t h e X - r a d i o g r a m s , a n d i t -was in fe r red t h a t t h e r e 
a r e s ix a t o m s of o x y g e n f rom t h e w a t e r n e x t t o t h e u n i v a l e n t m e t a l , t h e n t h e 
s u l p h a t e g r o u p -with a b a s e of t h e t e t r a h e d r o n t o w a r d s t h e w a t e r g r o u p , a n d t h e 
p o i n t d i r ec t ed t o w a r d s t h e t e r v a l e n t m e t a l . T h e whole fo rms a c o m p a c t u n i t 
a long t h e t r i g o n a l ax i s , w h i c h is t e r m i n a t e d a t e a c h e n d b y a meta l l i c a t o m . 
I i . V e g a r d a n d A . M a u r s t a d found t h e X - r a d i o g r a m of t h e a n h y d r o u s sa l t , 
N H 4 F e ( S O ^ ) 2 , c o r r e s p o n d e d w i t h a h e x a g o n a l space - l a t t i ce h a v i n g a== 4*825 A. , a n d 
c—8-310 A., a n d a mol . of t h e sa l t p e r u n i t cell. A c c o r d i n g t o A. K n o p , w h e n t h e 
c r y s t a l s a r e p l aced in t h e c o r r e s p o n d i n g a l u m i n i u m sal t , t h e y a r e t r a n s f o r m e d i n t o 
p s e u d o m o r p h s of t h e l a t t e r sa l t . F . K l o c k e found c r y s t a l s op t i ca l ly a n o m a l o u s . 
H . K o p p gave 1 -712 for t h e sp . gr . ; L.. P l ay fa i r a n d J . P . J o u l e , 1-718 ; H . T o p s o e 
a n d C. Chr i s t i ansen , 1-719 ; H . G-. F . Sch rode r , 1-70O ; O. P e t t e r s s o n , 1-725 a t 17° 
a n d 1-723 a t 18° ; a n d C. Sore t , 1-713. K . W e n d e k a m m g a v e for t h e different 
i ron a l u m s : 

Specific grav i ty 
MoI. v o l u m e . 
I n d e x of refraction . 
MoI. refraction 

G. T. Gerlach gave for the sp. 

N H 4 F e ( S 0 4 ) 2 . 1 2 H 2 O . 5 10 
Specific grav i ty . 1-023 1-

K Hb 
1-831 1-952 

274-9 281-6 
1-4817 1-4823 

78-31 80-32 

gr. of aq. soln. a t 15° 

15 20 25 
047 1 0 7 1 1 0 9 6 1 

Cs 
2-066 

289-7 
1-4838 

82-81 

: 

Tl 
2-351 

284-4 
1-5237 

87-OO 

3O 35 
•122 1-148 1-175 

NH4 
1-719 

280-5 
1-4848 

80-34 

4O per cent . 
1-2O 

T h e 2O p e r c e n t . soln. is s a t u r a t e d a t t h i s t e m p . W . N . K a e f o u n d t h e s p . gr . of 
so ln . w i t h 0-0080, 0 0 5 0 2 , O-IOOO, a n d 0-2000 g r m . of t h e h y d r a t e p e r c.c. t o be 
r e spec t i ve ly 0-99849, 1-01670, 1-03801, a n d 1-0796 a t 32-5°, a n d t h e co r r e spond ing 
m o l . soln. vo l . a r e : 99, 113-7, 116-8, a n d 124-3. Acco rd ing t o W . N . R a e , soln. 
c o n t a i n i n g C g r m s . of h y d r a t e d a l u m p e r c.c. h a d t h e sp . gr . : 

C . . 0-20OO O-1500O O-IOOO 0-0502 0-0350 0-0250 0-0201 0-0080 
Sp . gr. . 1 0 7 9 6 0 1-05907 1 0 3 8 0 1 1-01670 1 0 1 0 2 5 1-00592 1 0 0 3 7 6 0-99849 

E . W i e d e m a n n s t u d i e d t h e c h a n g e s in vol . w h i c h occur w h e n t h e sa l t is h e a t e d . 
J . Locke ob se rved t h a t t h e sa l t m e l t s in i t s w a t e r of c rys ta l l i za t ion a t 40° . S. L u p t o n 
f o u n d t h a t t h e c r y s t a l s of ( N H 4 ) 2 S 0 4 . F e 2 ( S 0 4 ) 3 . 2 4 H 2 0 lose 23 mols . of w a t e r a t 
150°, a n d all is los t a t 230°. C. M o n t e m a r t i n i a n d E . V e r n a z z a s tud ied t h e ac t ion 
of h e a t on t h e soln . H . C. J o n e s a n d E . M a c k a y m e a s u r e d t h e lower ing of t h e f .p. 
of a q . soln. , a n d t h e r e su l t s show t h a t t h e a l u m ex i s t s in t h e m o r e cone, soln., b u t 
i n di l . soln . t h e c o m p l e x a l u m molecu le is b r o k e n d o w n i n t o t h e s imple s u l p h a t e s 
w h i c h a r e , in t u r n , m o r e or less ionized . P . A. F a v r e a n d C. A . Valson f o u n d t h e 

V O L . x i v . 3 
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heat of soln. of a mol of the dodecahydrate in 50O mols of water is —16-6 CaIs. 
According to C. Soret, the indices of refraction, /J,, are : 

^- B- C- D- E- b- F- G-
fj. . . 1-47927 1-48029 1-48150 1-48482 1-48921 1-48993 1-49286 1-4998O 

whilst H . Topsde and C. Christiansen gave for the C-, X)-, and F- lines, respectively 
1-4821, 1-4854, and 1-4934:—vide supra. T. Swensson studied the action of light 
and observed no photoelectric effect. H . KaufEmann studied the Fa raday effect. 
J . Errera and H. Brasseur studied the sp. induction and the water of crystallization 
of the alums. 

G. Forchhammer observed tha t 1 par t of the salt dissolves in 3 par t s of water ; 
and J . Locke, t ha t 100 c.c. of water a t 25° dissolve 44-15 grms. of the anhydrous 
salt, or 124-4 grms. of the hydrated salt, so t h a t 1-659 mols of the anhydrous salt 
can dissolve in a litre of water. Aq. soln. of the salt become turbid when diluted, 
although cone. soln. will remain clear for months . W. N. Rae found t h a t t he 
addition of ammonium sulphate favours the hydrolysis, whilst sulphuric acid acts 
in the converse way. The hydrolysis is symbolized : 2Fe2(S04)3-f-2(NH4)2S04 
4- 5H 2O ^ 2Fe2O3-SO3 -+• 5H 2SO 4 + 2(NH 4 ) 2 S0 4 ; or 4 F e " -+- SO 4 " + 5H 2 O 
^2Fe 2 O 3 .SO 3 - t -10H\ W. N . Rae found t h a t the change of colour of the soln. which 
occurs on hydrolysis corresponds with the assumption t h a t the colour is due t o 
the presence of the soluble basic sulphate 2Fe2O3-SO3. W. N. Rae found t h e 
precipitate -which separates on keeping the aq. soln. is Fe2O3-SO3 ; the colour of 
the aq. soln. is in agreement with the assumption t h a t a basic soluble salt is present. 
The white precipitate produced on adding cone, sulphuric acid to the soln. is t he 
anhydrous alum. H . C. Jones and E . Mackay found t h a t the lowering of t he f.p. 
for 0-2572V-, 0-0642V-, and 0-0014iV-soln. were respectively 1 -820°, 0-505°, and 0-066° ; 
and t ha t the mol. electrical conductivity of soln. with a mol of the salt in v litres 
of water a t 25° was : 

4 20 4 0 2OO 
118-9 177-4 211-5 320-2 

C. L. Wagner found t h a t the soln. become turbid, deposit a precipitate, and become 
colourless without the conductivity becoming constant , or a t ta ining, in the case 
of the corresponding potassium ferric alum, the value required for soln. of sulphuric 
acid and potassium sulphate containing the eq. of the S04-ions. Thus, for soln. 
with an eq. of ammonium iron alum in v litres, t ime t min., the eq. conductivity, 
A, was : 

t . . . . 1 2 80 195* 1225 2568 7202 m i n s . 

X(v = 40) . . 86-6 86-6 8 7 1 87-4 95-8 101-6 107-2 

Turbidi ty begins to develop a t the t ime denoted by the asterisk : 

*> . . . 1 2 92 136O* 2875 435O 5995 m i n s . 
A(w = 1600) . . 2 4 9 0 257-9 295-2 302-2 303 5 3 0 4 0 305-1 

H. C. Jones and E . Mackay found the electrical conductivity of the soln. increased 
with t ime. The values of fx for soln. with v = 2 0 0 increased from 320-2 t o 330-O 
in 2 hrs. ; and for a soln. with v=2000 , the values of /x were 694-0, 808-2, 891-0, 
and 896-0 respectively in O, 0-5, 1-8, and 21 hrs. I ) . E . Olshevsky studied t h e 
orientation of t h e crystals in a magnetic field. J . Forrest found indications of 
anisotropy, and of magnetic cubic symmetry with the crystals in magnetic fields 
of the order of 20,000 gauss. The subject was studied by C. G. Montgomerie. 
C. Ii. Wagner assumed t h a t the enormous surface of the dispersed colloid adsorbs 
the acid ions, and t h a t as coagulation proceeds, and the surface is accordingly 
diminished, the adsorbed acid returns t o the soln. 

G. Foex, J . Aharoni and F . Simon, and Li. C. Jackson examined the 
magnetic properties of ammonium ferric sulphate. I*, A. Welo's results for t h e 

V . 
fj, . 
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solid and fused salt are summarized in Fig. 580. T. Ishiwara, and K. Honda and 
T. Ishiwara gave for (NH 4 ) 2S0 4 .Fe 2 (S0 4 ) 3 : 

— 1770 —86-6° 22-4° 132-7° 279-7° 400-6° 
X X l O 6 . . . 170-3 91-6 59-6 37-5 5OO 41-9 

and for (NH 4 ) 2 S0 4 .Fe 2 (S0 4 ) 3 .24H 2 0 : 
— 172-6° —76-0° 19-0° 129-0° 236-7° 549-2° 9 3 1 1 ° 

X X l O * . . 94-6 46-9 30-6 22-4 18-1 10-8 3 0 

H. K. Onnes and E . Oosterhuis found t h a t a t T° K., the mass susceptibility x X 10°, 
and t h e product Tx X 105, are : 

T . 200° 169-6° 77-3° 64-6° 20-4° 17-9° 14-7° K . 
* X l O « . 30-4 51-8 114-7 137 432 4 9 2 598 
5TxXlO 8 . 882 879 887 885 881 881 879 

As indicated above, -when sulphuric acid is added to a soln. of ammonium ferric 
alum, a white precipitate approximating NH 4 Fe(S0 4 ) 2 is formed. S. F . Ravi tz 
and R. G. Dickinson studied the photochemical reduction of the salt in the presence 
of polyiodides ; W. Moldenhauer, and E . Mischke, the action of hydrogen sulphide 
on the salt ; M. N. Mittra and N. R. Dhar , the catalytic action of the salt on the 
oxidation of sulphurous acid ; N . SchilofE and B . Nebrassoff, the adsorption of 
the salt by schonite. A. Purgot t i represented the reaction with hydrazine by the 
equation : 5N 2 H 4 - J -4Fe 2 0 3 =8FeO-h4NH 3 - i -3N 2 4-4H 2 0 ; and M. Bobtelsky and 
D. Kaplan, the effect of this salt on the decolorization of soln. of potassium per­
manganate . Li. R. W. McCay and W. T. Anderson studied the reducing action of 
mercury, which is rapid and complete a t 60° to 70° ; and Y. Ono, the action of 
ammonium oxalate. 

According to A. Maus, when ammonia is added to a soln. of ammonium ferric 
alum until the precipitate is no longer dissolved, and the dark brown liquid is 
allowed to evaporate spontaneously, short, regular, six-sided prisms of the basic salt 
ammonium ferric oxytetrasulphate, 2 (NH 4 ) 2 S0 4 .Fe 2 0(S0 4 ) 2 . 4H 2 0 , are formed. 
One pa r t of the salt is soluble in 2-4 par t s of water. J . C. G. de Marignac added 
t h a t the salt loses half its water in vacuo a t ordinary temp. , or in air a t 100°. 
Ammonia is evolved a t a higher t emp . D. E. Olshevsky studied the orientation 
of the crystals in a magnetic field. 

A. Grimm and G. Ramdohr obtained potass ium ferric heptasulphate , 
K 2 S0 4 .2Fe 2 (S0 4 ) s , in white, t abular crystals, as a by-product in the preparation 
of carbon monoxide from a soln. of 1 pa r t of potassium ferrocyanide and 9 
par ts of cone, sulphuric acid. A. l5tard prepared potassium ferric t r isulphate , 
3K2SO4 .Fe2(S04)3 , or K 3Fe(S0 4) 3 , as a white powder insoluble in water, bu t 
slowly decomposed by t h a t liquid. R. F . Weinland and F . Ensgraber obtained 
potass ium ferric disulphate, K 2 S0 4 .Fe 2 (S0 4 ) 3 , or K[Fe(S0 4 ) 2 ] , by heating a soln. of 
potassium ferric a lum for some hours with sulphuric acid. The dodecahydrate, 
KFe(SO4)2 .12H2O, or potassium ferric alum, K 2 S0 4 .Fe 2 (S0 4 ) 3 .24H 2 0, is formed 
by allowing a mixture of cone. soln. of potassium and ferric sulphates to s tand 
for some days a t 0°. The salt was so prepared by R. Richter, and W. Heintz. 
The electrolytic process employed for the ammonium salt is not good because of 
the low solubility of potassium sulphate. W. Heintz noted t h a t the commercial 
salt is usually contaminated with potassium sulphate. The crystals of potassium 
ferric a lum are octahedra, isomorphous with the other members of the family of 
alums. R . Hollemann studied this subject. G. Tammann and A. Sworykin 
studied the solid soln. "with potassium alum. W. Richter observed tha t the crystals 
become ma t t e on exposure to air. C. Christiansen showed tha t the purified salt 
furnishes colourless crystals, and t h a t the violet colour is due to the presence of 
some manganese alum. H . TopsSe and C. Christiansen gave 1-831 for the sp. gr. ; 
O. Pettersson, 1-819 to 1-831 ; and C. Soret, 1-806. F . Ephraim and P . Wagner 
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d i s c u s s e d t h e m o l . v o l . — v i d e supra. G . T . G e r l a c h g a v e f o r t h e s p . g r . o f a q . 
s o l n . a t 1 5 ° : 
K F e ( S O 4 J 2 . 1 2 H 2 O 5 IO 15 2O 25 30 3 5 % 
Specific g r a v i t y . 1-025 1-0507 1-0773 1-1050 1-134O 1-1645 1-1967 

( 1 0 2 6 8 ) ( 1 0 4 6 6 ) ( 1 0 6 7 2 ) ( 1 0 8 9 4 ) (1-1136) (1-1422) ( 1 1 9 6 7 ) 
T h e v a l u e s i n b r a c k e t s w e r e d e t e r m i n e d b y B . F r a n z a t 1 7 - 5 ° . J . B e c k e n k a m p 
f o u n d t h a t t h e e l a s t i c m o d u l u s p e r p e n d i c u l a r t o t h e ( H O ) - f a c e i s 1 8 6 2 k g r m s . p e r 
s q . m m . J . L o c k e o b s e r v e d t h a t t h e s a l t m e l t s i n i t s w a t e r o f c r y s t a l l i z a t i o n a t 
2 8 ° . R . S c h a r i z e r o b s e r v e d t h a t t h e l o s s of w a t e r a t d i f f e r e n t t e m p , i s a s f o l l o w s : 

48° 60° 70° 87° 100° 114° 152° 
Loss . . 30-59 3602 40-10 40-35 41-24 41-41 43-03 per cent. 

showing t h a t of t h e 42-93 pe r cen t , of w a t e r c o n t a i n e d b y p o t a s s i u m ferr ic a l u m , 
K 2 S 0 4 . F e 2 ( S 0 4 ) 3 . 2 4 H 2 0 , a b o u t 40 p e r c e n t . — c o r r e s p o n d i n g w i t h 22 mol s .—is 
g iven off below 70°, a n d t h a t t h e l a s t 2 mols . a r e g iven off s lowly a s t h e t e m p , r ises 
t o 152°. These t w o mols . of w a t e r a r e supposed t o r e p r e s e n t c o n s t i t u t i o n a l w a t e r , 
t h e o t h e r 22 mols . , w a t e r of c rys ta l l i za t ion . W . R i c h t e r f o u n d t h a t a t a r e d - h e a t 
i t is decomposed i n t o ferric ox ide a n d p o t a s s i u m s u l p h a t e , a n d s u l p h u r t r i o x i d e ; 
whi ls t W . H e i n t z obse rved t h a t a t a lower t e m p . — b e t w e e n 60° a n d 1 0 0 ° — t h e 
reac t ion can be symbol ized : 1 0 K F e ( S O 4 ) 2 = 2 F e 2 ( S O 4 ) 3 H - 5 ( K 2 O . 3 F e 2 O 3 . 1 2 S O 3 ) . 
+ 2 S O 3 . C. M o n t e m a r t i n i a n d JE. V e r n a z z a s t u d i e d t h e ac t ion of h e a t on t h e soln. 
S. M i y a m o t o s t u d i e d t h e r e d u c t i o n of t h e sa l t in h y d r o g e n i n t h e electr ic d i s cha rge . 
E . F . A n t h o n showed t h a t 1 p a r t of t h e sa l t d issolves in 5 p a r t s of w a t e r a t 12-5°. 
T h e sa l t is insoluble in alcohol . T h e soln. of p o t a s s i u m ferric a l u m in a l i t t l e h o t 
w a t e r w a s obse rved b y W. R i c h t e r t o depos i t a greenish-ye l low sa l t w h i c h is 
a f t e rwards c o n v e r t e d i n t o t h e a l u m a n d redissolved. T h e b r o w n colour of t h e a q . 
soln. was a t t r i b u t e d b y H . R o s e t o t h e p resence of a basic sa l t in soln. ; t h e soln. 
in dil . su lphur ic ac id is colourless—vide supra^ a m m o n i u m ferric a l u m . T h e 
hydro lys i s of aq . soln. w a s s t u d i e d b y C. R . C. T i c h b o r n e . R . Schar i ze r s h o w e d 
t h a t p o t a s s i u m ferric a l u m c a n n o t be re -crys ta l l ized f rom i t s a q . soln. a t r o o m t e m p , 
because hydro lys i s occurs , m e t a v o l t i n e (q.v.) is p r e c i p i t a t e d , a n d t h e soln. b e c o m e s 
more acid. K . S o m e y a s tud ied t h e r e d u c t i o n of t h e sa l t w i t h lead a m a l g a m . 

Accord ing t o W . F . F o s h a g , t h e dihydrate, K 2 S 0 4 . F e ( S 0 4 ) 3 . 2 H 2 0 , occur s a s a 
mine ra l a t B o r a t e , S a n B e r n a r d i n o Co., California, a n d he ca l led i t kraus i t e—af te r 
E . H . K r a u s . I t occurs in agg rega t e s of c r y s t a l s w i t h a p a l e m a u v e co lour super ­
posed on t h e yel low colour of t h e p u r e r m i n e r a l . T h e p r i s m a t i c c ry s t a l s a r e 
monocl in ic w i th t h e axia l r a t i o s a : b : c=1-5401 : 1 : 1-7584, a n d / 3 = 1 0 2 ° 4 4 ' . 
T h e basa l c leavage is good, a n d t h a t para l le l t o t h e (100)-face is a lso good . T h e 
sp . gr . is 2-84O, a n d t h e ha rdnes s 2-5. T h e c r y s t a l s a r e b iax ia l , t h e op t i ca l c h a r a c t e r 
is pos i t ive ; t h e op t ic ax ia l angle is v e r y la rge ; t h e indices of re f rac t ion a re a.=1-588, 
£ = 1 - 6 5 0 , a n d y=1-722 ; a n d t h e bi refr ingence is la rge . K r a u s i t e is inso lub le in 
w a t e r ; a n d is s lowly h y d r o l y z e d w h e n left in c o n t a c t w i t h w a t e r . I t d issolves 
s lowly a n d comple te ly in hydroch lo r i c ac id . 

R . Schar ize r obse rved t h a t w h e n a n aq . soln. of p o t a s s i u m ferric a l u m is a l lowed 
t o c rys ta l l i ze , me t avo l t i ne—v ide infra—is p r e c i p i t a t e d , a n d t h e soln. b e c o m e s 
acidic ; b u t if t h e soln. be e v a p o r a t e d t o d r y n e s s t h e m e t a v o l t i n e d i s a p p e a r s , a n d 
a pa le v io le t s a l t t a k e s i t s p lace . T h e s a m e sa l t is o b t a i n e d w h e n a soln. of t h e 
compos i t i on of t h e a l u m is acidified w i t h su lphur i c ac id a n d a l lowed t o c rys ta l l i ze . 
A n ana lys i s of t h e sa l t co r r e sponds w i t h K 2 F e 2 S 4 0 1 6 . 8 H 2 0 , o r t h e tetrahydrate, 
K F e S 2 0 8 . 4 H 2 0 . T h e losses w h i c h occur w h e n t h e sa l t is h e a t e d t o different t e m p , 
a r e : 

48° 57° 70° 72° 114° 162° 
Loss . . . 3 - 3 1 4-41 0 0 4 13-25 19-32 19-64 per cent. 

T h e d e h y d r a t i o n c u r v e , F i g . 672, shows t h i n b r e a k s c o r r e s p o n d i n g w i t h t h e loss 
of 3 , 6, a n d 7 mols . of w a t e r . Th i s is t a k e n t o m e a n t h a t 2 of t h e 8 mo l s . of 
w a t e r a r e c o n s t i t u t i o n a l , so t h a t t h e fo rmu la is H 2 K 2 [ F e ( O H ) ] 2 ( S 0 4 ) 4 . 6 H 2 0 , o r 
more simply, potassium ferric dihydrodisulphate, 
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H O — Fe < ^ f Q 4 + 3H 2 O 

E . B e u t e l a n d A. K u t z e l n i g g found t h a t e x p o s u r e t o u l t r a -v io le t l igh t h a s t e n s t h e 
d e h y d r a t i o n of t h e sa l t . 

T h e monoc l in ic c r y s t a l s h a v e t h e ax ia l ang les a : b : c—O95016 : 1 : 1*0221, a n d 
Smal l c r y s t a l s a r e 
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18°, 

/ 3 = 7 2 ° 4 3 ' . T h e b i ref r ingence is l a rge . T h e s p . gr . is 2-403. 
w h i t e , b u t i n masses , t h e co lour a p p e a r s r edd i sh -v io le t . 
T h e s a l t is r e a d i l y so lub le i n w a t e r , for 1OO p a r t s of 
w a t e r a t o r d i n a r y t e m p , d isso lve 22 p a r t s of t h e sa l t . 
T h e s a l t in di l . soln. is h y d r o l y z e d , a n d t h e inso lub le end-
p r o d u c t of t h e h y d r o l y s i s c o r r e s p o n d s w i t h K 2 F e 6 S 5 O 2 5 . 

E . S o u b e i r a n a d d e d p o t a s s i u m c a r b o n a t e t o a so ln . of ferr ic 
s u l p h a t e u n t i l t h e p r e c i p i t a t e n o l o n g e r r ed i s so lved , a n d m i x e d 
t h e d a r k b r o w n l i q u i d w i t h a l coho l i n exces s . T h e l i g h t r e d d i s h -
b r o w n p r e c i p i t a t e , a f t e r w a s h i n g w i t h a l coho l , c o r r e s p o n d e d w i t h 
2 K 8 S O 4 . 3 F e 3 0 ( S 0 4 ) 2 . 2 2 H 2 O . T h e m o i s t p r e c i p i t a t e is so lub le 
i n w a t e r , b u t n o t if i t h a s b e e n d r i e d . T h e s a l t is d e c o m p o s e d 
b y w a t e r . T . S c h e e r e r t r i t u r a t e d p o t a s s i u m i r o n a l u m w i t h 
a b s o l u t e a l coho l , a n d o b t a i n e d a ye l low p o w d e r , 4 K 2 0 . 3 F e 2 O 3 . 
1 2 S O 3 . 2 4 H 8 O ; b y s im i l a r l y t r e a t i n g a c o n e , a q . so ln . of t h e 
a l u m w i t h a b s o l u t e a l coho l , t h e b r o w n i s h - g r e e n p r e c i p i t a t e , a f t e r d r y i n g 13 d a y s a t 
h a d t h e c o m p o s i t i o n : 8 K 2 0 . 6 F e 2 O 3 . 2 4 S O 3 . 3 9 H 8 O , a n d if t h e p r e c i p i t a t e b e d r i e d o v e r 
s u l p h u r i c a c i d i n v a c u o , h e s a i d t h a t t h e c o m p o s i t i o n is : 3 K 2 0 . 2 F e 2 O 3 . 8 S O 3 . 9 H 2 O ; b u t 
if t h e p r e c i p i t a t e w h e n f o r m e d bo bo i l ed for 1 m i n u t e , t h e c o m p o s i t i o n is 5 K 2 0 . 3 F e 2 O 3 . 
1 2 S O 3 . 1 2 H 2 O . T h e r e is l i t t l e d o u b t t h a t t h e s e p r o d u c t s r e p r e s e n t m i x t u r e s p r o d u c e d b y 
t h e h y d r o l y s i s of p o t a s s i u m i r o n a l u m . 

A. M a u s o b s e r v e d t h a t if p o t a s s i u m h y d r o x i d e be a d d e d t o a soln. of p o t a s s i u m 
ferr ic a l u m u n t i l t h e p r e c i p i t a t e n o longer dissolves , a n d t h e d a r k b r o w n l iqu id 
b e a l lowed t o e v a p o r a t e s p o n t a n e o u s l y , ye l lowish -b rown, r egu la r , s ix-s ided p r i s m s 
s h o r t e n e d i n t o p l a t e s a r e d e p o s i t e d . A s imi lar sa l t w a s p r e p a r e d b y E . F . A n t h o n 
f rom a soln. of 78 p a r t s of ferr ic ox ide , 147 p a r t s s u l p h u r i c ac id , a n d 87-2 p a r t s of 
p o t a s s i u m s u l p h a t e ; a n d b y W . R i c h t e r , b y a d d i n g a boi l ing soln. of p o t a s s i u m sul­
p h a t e t o a s u p e r s a t u r a t e d soln. of ferr ic s u l p h a t e . R . Schar i ze r a lso obse rved t h a t 
t h i s s a l t is f o rmed b y t h e a c t i o n of a soln . of p o t a s s i u m h y d r o s u l p h a t e on h y d r a t e d 
ferric ox ide . T h e a n a l y s e s d i scussed b y A. M a u s , T . Scheerer , C. F . R a m m e l s b e r g , 
E . F . A n t h o n , W . R i c h t e r , a n d J . C. G. d e M a r i g n a c c o r r e s p o n d a p p r o x i m a t e l y 
with potassium ferric diozydodecasulphate, 5K 2 0 .3Fe 2 0 3 . 12S0 3 . 18H 2 0 , or 
5 K 2 S 0 4 . 2 F e ( S 0 4 ) 3 . F e 2 0 2 ( S 0 4 ) . 1 8 H 2 0 . T h i s c o m p o u n d is s o m e t i m e s cal led Maus' 
salt—W. H a i d i n g e r ca l led i t niausite. T h e c r y s t a l s were e x a m i n e d b y J . C G. d e 
M a r i g n a c , a n d W . H a i d i n g e r n o t e d t h a t t h e y a r e op t i ca l ly a n o m a l o u s l ike t o u r ­
m a l i n e . A . M a u s f o u n d t h a t 1 p a r t of t h e sa l t d i sso lves in 6 p a r t s of cold 
w a t e r , a n d t h e a q . soln. soon d e p o s i t s c r y s t a l s of bas ic ferric s u l p h a t e . E . F . A n t h o n 
sa id t h a t if t h e sa l t b e t r e a t e d w i t h h o t w a t e r t h e r e r e m a i n s a p a l e ye l low p o w d e r 
w i t h t h e c o m p o s i t i o n : K 2 0 . 3 F e 2 O 3 . 1 0 S O 3 . 1 8 H 2 O . T . Schee re r sa id t h a t if t h i s 
s a l t b e k e p t for a l ong t i m e in a w a r m , d r y p l ace , t h e efflorescence h a s t h e com­
pos i t i on : 1 0 K 2 O . 6 F e 2 O 3 . 2 4 S O 3 . 3 3 H 2 O . 

J . B l a a s o b t a i n e d f rom t h e py r i t i f e rous t r a c h y t e s of M a d e n i Z a k h , Pers ia , ye l low 
a g g r e g a t e s of m i n u t e s ix-s ided p l a t e s , w h i c h h e ca l led me tavo l t ine . F . Z a m b o n i n i 
f o u n d t h e m i n e r a l i n t h e G r o t t a d i ZoIf6, Miseno a n d Vesuv ius ; E . Agui la r , a t t h e 
so l f a t a r a of Pozzuo l i , N a p l e s ; a n d A . L a c r o i x , i n a fumaro le n e a r P y r o m e n i , I s l a n d 
of MiIo, a n d n e a r P o r t o d i !Levante , V u l c a n o . Ana ly se s r e p o r t e d b y J . B l a a s , 
S \ Z a m b o n i n i , a n d R . S c h a r i z e r c o r r e s p o n d w i t h t h e f o r m u l a 5 ( K 2 , N a 2 , F e ) 0 . 
3 F e 2 O 3 . 1 2 S 0 3 . 1 8 H 2 0 , or , i n t h e idea l ized case , K 1 0 F e 6 S 1 2 O 5 0 1 8 ( o r 1 9 ) H 2 0 . 
R . Scha r i ze r f o u n d t h a t t h e d e h y d r a t i o n c u r v e s — a v e r a g e d for a - m e t a v o l t i n e in 
F i g . 6 7 3 — c o r r e s p o n d w i t h losses of t h e o r d e r : 

• 34° 48° 75° 100° 134° 145° 154° 184° 243° 
L o s s . . 4 1 5 5-77 6-36 7-44 1 0 1 3 11-71 13-04 14-05 14-71 p e r c e n t . 
T h e r e a r e b r e a k s a t a b o u t 60°, 120°, a n d 130°, co r r e spond ing re spec t ive ly w i t h t h e 



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

decahydrate, the pentahydrate, and the trihydrate. I t is therefore supposed t h a t 
four mols . of water are constitutional , and that the formula for metavo l t ine 
is : H 2 K 1 0 [Fe (OH)] 6 (SO 4 ) 1 2 14 (or 1 5 ) H 2 0 . There are differences in the reported 

proportions of water of crystall ization. R. Scharizer o b ­
served tha t when the crystals are m left exposed t o air, 
they crumble t o powder. The original crystals correspond 
wi th H 2 K 1 0 [Fe (OH)] 6 (SO 4 ) 1 2 . 15H 2 O, and those which h a v e 
crumbled t o powder have only 12H 2 O, and are pseudo-
morphous wi th the original hexagonal crystals . B . Gossner 
and M. Arm gave K 2 H 7 ( S 0 4 ) 6 . 3 F e ( O H ) 3 . H 2 0 for t h e formula. 

R. Scharizer observed t h a t there are t w o forms of th i s 
Fia. 673. — Dehydra,- s a l t , both of which have the formula : H 2 K 1 0 [ F e ( O H ) ] 6 -

t a v ^ l S ^ 6 8 ° f M ° " ( S 0 4 ) 1 2 . 1 5 H 2 0 . The ordinary form, called a - m e t a v o l t i n e , 
avo .me. ^ a 8 hexagonal crystals, is optical ly negat ive , and has a sp. gr. 

of 2*403 ; the other form, cal led/3-metavolt ine, has triclinic crystals , is optical ly nega­
t ive, and has a sp. gr. 2*339. Hexagonal a-metavol t ine crystall izes easily from soln. 
of potass ium and ferric sulphates containing an excess of one of these salts . The 
amount of potass ium sulphate in excess is wi thout influence, but wi th ferric sulphate 
certain l imits must not be exceeded—vide infra, the hydrolys is of metavol t ine . 
If the soln. of the t w o sulphates, acidified wi th sulphuric acid, be treated wi th 
alcohol, and the orange-red, gelatinous mass be left in contact with the mother-
liquor for 24 hrs., crystals of a-metavolt ine are formed. The exact condit ions for 
the formation of )3-metavoltine have not been determined, but a high concentrat ion 
of substances which hinder the hydrolysis of the a-salt is necessary, and in some cases 
both the a- and )3-salts crystallize from the same soln. The soln. of the a-salt is 
transformed into the )8-salt when the liquid is mixed wi th substances which impart 
an acidity to the soln.—e.g., sulphuric acid, potass ium hydrosulphate, or rhombo-
c lase—but not normal potass ium sulphate. The transformation can be recognized 
as the green soln. becomes brown. B . Gossner and M. A r m prepared metavo l t ine 
b y keeping a soln. of 30O grms. of water, 19*5 grms. potass ium sulphate, and 27 grms. 
of ferric sulphate in a round flask on a sand-bath at 70° t o 80° for some days . Meta­
volt ine is obtained b y evaporating the soln. a t ordinary t emp. , but the product 
appears in the form of crystalline crusts. 

B . Gossner and M. Arm found tha t nearly half the water of crystal l ization is 
lost at ordinary t e m p , in a short t ime . According t o R. Scharizer, the dehydrat ion 
curves of a- and /?-metavoltine, Fig . 673, are similar, but the /3-salt is rather more 
stable when heated in air. R. Scharizer also found t h a t 100 parts of water a t 
ordinary temp, dissolve 11*52 parts of a -metavol t ine and 4*68 parts of potass ium 
hydrosulphate, or else 7*04 parts of /3-metavoltine and 4*62 parts of potass ium 
hydrosulphate. Hence the £-sal t appears t o be the stable form, and the a-salt the 
labile form of metavolt ine . 

B . Gossner and M. Arm found tha t the hexagonal prisms have the axial ratio 
a : c = l : O-957 ; and t h a t t h e X-radiograms correspond wi th a uni t cell containing 
8 mols . , and with the parameters -4 = 19-43 A., and c = 18*60 A. J . B laas gave 2*53 
for the sp. gr. of metavol t ine ; and B . Gossner and M. Arm gave 2*396 ; and found 
the mol. wt . t o be 117*5. J . Blaas gave 2*5 for the hardness. The hexagonal , 
ye l low crystals are pleochroic, o> is yel low t o chestnut-brown, and €, pale ye l low or 
green. E . S. Larsen found the indices of refraction t o be co=1*588, and e = 1 * 5 7 8 . 
Unlike copiapite, metavo l t ine is sparingly soluble in water. J . B laas said t h a t 
metavol t ine dissolves s lowly in hydrochloric acid, and s lowly and imperfect ly in 
co ld water . The aq. soln. deposi ts a red powder w h e n i t is heated . R. Scharizer 
said t h a t the aq. soln. of metavol t ine is a t first undecomposed, but hydrolys is sooner 
or later occurs according t o the concentration. The metavo l t ine splits in to potas ­
s ium sulphate and an unstable residue, Fe^S 7O 8 0 , or 2Fe2(SO4)S-Fe2O2(SO4) , t h e n 
decomposes unti l t h e soluble part approximates t o F e 2 ( S 0 4 ) s , and utahi te , 
Fe 2 O 2 SO 4 , is precipitated. The ferric sulphate is hydrolyzed l iberating sulphuric 
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acid , w h i c h t h e n fo rms w i t h t h e p o t a s s i u m s u l p h a t e s o m e h y d r o s u l p h a t e . As 
i n d i c a t e d a b o v e , t h e h y d r o l y s i s is h i n d e r e d b y s u b s t a n c e s w h i c h c a n g ive su lphur i c 
ac id , b u t n o t b y p o t a s s i u m s u l p h a t e . 

C. F . R a m m e l s b e r g desc r ibed a ye l low i ron ear th—Gelbeisenerz—from t h e b r o w n 
coal depos i t a t L u s c h i t z , B o h e m i a ; W . H a i d i n g e r cons ide red t h a t i t w a s l ike t h e 
tnisy of t h e e a r l y wr t i e r s—v ide supra ; J. F . L . H a u s m a n n ca l led i t ye l low v i t r io l 
—Vitriolgelb ; a n d C. U . S h e p a r d n a m e d a s a m p l e f rom Monroe , N e w Y o r k , morono-
lite—from /xcopou, m u l b e r r y , in a l lus ion t o i t s r e s e m b l a n c e t o t h e m u l b e r r y ca lcu lus . 
A s a m p l e f rom B a r r a n c o J a r o s o , S p a i n , w a s ca l led b y A. B r e i t h a u p t , jaros i te . 
T h e r e a r e occu r rences f rom t h e V u l t u r e m i n e , A r i z o n a ; t h e M a m m o t h m i n e , U t a h ; 
Berezoff, U r a l ; C a j a m a r c a , P e r u ; H a u p t m a n n g r i i n , V o i g t l a n d ; S c h w a r z e n b e r g , 
E r z e g e b i r g e ; e t c . A n a l y s e s were r e p o r t e d b y S. L . Penf ie ld , G. A . K o n i g , 
F . A . G e n t h , W . F . H i l l e b r a n d a n d co-workers , C. F . R a m m e l s b e r g , F . K o v a r , 
T . R i c h t e r , J . H . F e r b e r , L.. A z e m a , W . T . Schal le r , W . P . H e a d d e n , E . M a n a s s e , 
R . C. Wel ls , T . Scheere r , P . P . P h i l i p e n k o , a n d F . S. S i m p s o n a n d M. A . B r o w n e . 
T h e r e su l t s c o r r e s p o n d a p p r o x i m a t e l y w i t h K 2 0 . 3 F e 2 0 3 . 4 S 0 3 . 6 H 2 O , a n d t h i s c a n 
b e a r r a n g e d a s p o t a s s i u m ferric hydroxyte trasu lphate , K 2 0 . 3 F e 2 O s . 4 S 0 3 . 6 H 2 0 , o r 
K 2 [ F e ( O H ) 2 ] 6 ( S 0 4 ) 4 , w h i c h recal ls t h e f o r m u l a for u t a h i t e : [ F e ( O H ) 2 J 2 S O 4 . T h e 
f o r m u l a c a n a lso be w r i t t e n : K ( F e O ) 3 ( S 0 4 ) 2 . 3 H 2 0 . J . G. F a i r c h i l d s y n t h e s i z e d 
t h e p o t a s s i u m j a r o s i t e b y d i sso lv ing O* 17 g r m . of p o t a s s i u m s u l p h a t e a n d 1-6 g r m s . 
of ferr ic s u l p h a t e i n 20 c.c. of 0-75JV-H2SO4 , a n d h e a t e d t h e soln . i n a sea led p y r e x 
glass t u b e for 24 h r s . a t 110° ; a n d 24 h r s . m o r e a t 165° t o 180°. T h e c r y s t a l s 
were w a s h e d in w a t e r . 

T h e t y p e f o r m u l a is i n a g r e e m e n t w i t h t h e o b s e r v a t i o n t h a t w h e n g e n t l y h e a t e d , 
j a r o s i t e suffers n o c h a n g e un t i l , a t a b o u t 105°, t h e s u b s t a n c e d e c o m p o s e s chemica l ly , 
p r o d u c i n g a fine p o w d e r o r d u s t w h i c h is c a r r i e d a long b y t h e e scap ing v a p o u r s 
a n d d e p o s i t e d s o m e d i s t a n c e a l o n g t h e s ides of t h e t u b e s . I n a d d i t i o n t o -water, 
s u l p h u r d iox ide a n d t r i o x i d e a r e cop ious ly evo lved . O n ign i t ion , one - four th of 
t h e s u l p h a t e rad ic le is r e t a i n e d b y t h e a lka l i m e t a l — s o d i u m or p o t a s s i u m . I n 
s o m e fo rms of j a ro s i t e , w h e r e l e ad t a k e s t h e p l ace of t h e a lka l i m e t a l , all t h e s u l p h a t e 
is expe l led . T h i s is in a g r e e m e n t w i t h t h e o b s e r v a t i o n t h a t a l t h o u g h l ead s u l p h a t e 
does n o t d e c o m p o s e u n d e r s imi la r cond i t i ons , y e t a n i n t i m a t e m i x t u r e of finely-
p o w d e r e d l ead s u l p h a t e a n d ferric h y d r o x i d e g ives of? ac id w a t e r w h e n h e a t e d . 
T h e fo rms of j a r o s i t e f rom S o d a S p r i n g s Val ley , N e w Mexico ; B u x t o n m i n e , S o u t h 
D a c o t a ; Mine S a n J o y , Mexico ; M o u n t M o r g a n , Q u e e n s l a n d ; a n d C a p o C a l a m i t a 
E l b a , a n a l y z e d b y W . F . H i l l e b r a n d a n d co -worke r s , W . P . H e a d d e n , T . Cooksey , 
G. A . K o n i g , a n d E . Manas se , in w h i c h t h e p o t a s s i u m is who l ly o r in p a r t r ep l aced 
b y s o d i u m , a r e ca l led natrOjarosite, N a 2 [ F e ( O H ) 2 ] 6 ( S 0 4 ) 4 , a n d s a m p l e s f r o m Cooks 
P e a k , N e w Mexico ; a n d A m e r i c a n F o r k , a n d B e a v e r Co. , U t a h . R . J i r k o v s k y 
s t u d i e d s o d i u m j a r o s i t e . A s a m p l e f rom B o s s m i n e , N e v a d a , a n a l y z e d b y 
W . F . H i l l e b r a n d a n d co-workers , R . C. Wel l s , a n d W . T . Schal le r , h a d t h e p o t a s ­
s i u m r e p l a c e d b y l ead , p lumbojaros i te , P b [ F e ( 0 H ) 2 ] 6 ( S 0 4 ) 4 . W . T . Schal ler , a n d 
C A . S c h e m p p ca l led a n a rgen t i f e rous v a r i e t y f rom U t a h , argentojaros i te . J . G. F a i r -
ch i ld d i d n o t succeed i n m a k i n g lithiojarosite, caesiojarosite, cwprojarosite, o r auro-
jarosite, b u t h e p r e p a r e d rabidiojarosite—uniaxial, a n d n e g a t i v e , w i t h e=1-720 a n d 
O J = 1 - 8 0 5 — a r g e n t o j a r o s i t e — u n i a x i a l , a n d n e g a t i v e , w i t h e = l - 7 8 5 a n d co = 1-880—and 
p l u m b o j a r o s i t e — u n i a x i a l , a n d n e g a t i v e , w i t h e = 1 - 7 8 3 a n d a> —1-870. E . V . S h a n ­
n o n f o u n d s o m e o c h r e o u s n o d u l e s c o r r e s p o n d i n g w i t h a m m o n i o j a r o s i t e , ( N H 4 J 2 O . 
F e 2 0 8 . 4 S 0 3 . 6 H 2 0 , p r o b a b l y o b t a i n e d f r o m U t a h . R . J i r k o v s k y s t u d i e d t h e sa l t . 
T h e f o r m u l a c a n b e r e p r e s e n t e d g r a p h i c a l l y b y o n e or o t h e r of t h e following : 

(HO),Pe.OO.Fe(OH) 8 
V 

(HO) 8Fe.O. ? S O « ° . 0 . F e ( O H ) 8 . ° S O ? 
( H O ) , F e . ( A S - O K KO-S^-O-Fe (OH) 8 (HO) 8 Fe .O-SO-OK K O - O S - O - F e ( O H ) 2 

( H O ) 8 F e . O X 6 SO 8 6 0 . F e ( O H ) 8 6 SO 6 
(HO)8Fe. 0 0 . F e ( O H ) 2 
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W . F . H i l l e b r a n d a n d S. L.. Penfield consider t h a t t h e j a ros i t e s a r e sol fa tar ic 
p r o d u c t s h a v i n g b e e n fo rmed u n d e r t h e combined ac t ion of h e a t a n d press . T h e i r 
spa r ing solubi l i ty exp la ins how t h e y occur as fine c rys ta l l ine p o w d e r s l ike m a n y 
prec ip i t a tes . A. Mitscher l ich ob t a ined ja ros i te b y h e a t i n g a m i x t u r e of ferric 
a n d p o t a s s i u m s u l p h a t e s in a sealed t u b e a t 260°. 

J a r o s i t e is co loured ochre-yellow, yel lowish-brown, or c love-brown. I t occurs 
in m i n u t e , i nd i s t inc t c rys ta l s in druses , a n d less f r equen t ly i n r h o m b o h e d r a l c r y s t a l s 
s o m e w h a t resembl ing cubes w i th t e t r a h e d r a l p l anes . T h e m i n e r a l also occurs in 
fibrous, or c o m p a c t masses , a n d in nodules or i n c r u s t a t i o n s w i t h a t u b e r o s e or coral -
loidal surface. T h e r h o m b o h e d r a l c rys ta l s were found b y G. A. K o n i g t o h a v e t h e 
ax ia l r a t i o a : c = l : 1-2492 ; a n d W . F . H i l l e b r a n d a n d S. L . Penfie ld g a v e 1 : 1-245 
for j a ros i te ; 1 : 1-216 for p lumbo ja ros i t e ; a n d 1 : 1-104 for n a t r o j a r o s i t e . 
G. Cesaro 's va lue , 1 : 1-1689, p r o b a b l y referred t o a m i x e d j a ro s i t e . T h e c r y s t a l s 
were also s tud ied b y A. B r e i t h a u p t , a n d N . v o n Kokscharoff . W . F . H i l l e b r a n d 
a n d F . E . W r i g h t found a spec imen of p l u m b o j a ros i t e wh ich w a s p leochroic , c be ing 
d a r k brownish- red , a n d a pa le golden-yel low. T h e (0001)-cleavage is d i s t i nc t . 
According t o J . G. Fa i rch i ld , t h e c rys t a l s a re un iax ia l a n d op t ica l ly n e g a t i v e , 
wi th t h e indices of refract ion € = 1 * 7 1 a n d o> —1-80. E . S. L a r s e n g a v e a> —1-82. 

Accord ing t o W . F . H i l l eb rand a n d S. L . Penfield, t h e j a ros i t e fami ly m a y be 
t a k e n t o inc lude t h e a lun i t es so as t o furnish t h e i somorphous series : 

A l u n i t e K a [ A l ( O H ) a ] ( , ( S 0 4 ) 1 
N a t r o a l u n i t e . . . . . . . . N a 2 [ A l ( O H ) 8 ] ) 1 ( S 0 4 ) 1 
J a r o s i t e . . . . . . . . . K 2 L F e ( O U ) a ] a ( S 0 4 ) 4 
A m m o n i o j a r o s i t e . . . . . ( N H 4 ) a [ F e ( O H ) B l 6 ( S 0 4 ) 4 
N a t r o j a r o s i t e . . . . . . . N a a [ F e ( O H ) a ] „ ( S 0 4 ) 4 
A rgen t o j a ros i t e . . . . . . . A g a [ F e ( O H ) a ] « ( S 0 4 ) 4 
P l u m b o j a ros i t e . . . . . . . P b [ F e ( O H ) 2 J „ (S0 4 ) 4 
Carpbos ide r i t e . . . . . . . . U2[Fe(OH)Sj]6(SO4)* 

Carphos ider i te w a s a d d e d t o t h e series b y W . T. Schal ler . W . F . H i l l e b r a n d a n d 
S. L . Penfield con t i nued : A s s u m i n g t h a t t he se r ep re sen t t h e mol . formula?, t h e r e 
a re in each molecule fifty a t o m s , t o one P b - a t o m or one g r o u p K 2 or Na 2 - H e n c e , 
t he se fifty a t o m s , b y v i r t u e of t he i r m a s s effect, d o m i n a t e t h e s i tua t ion , a n d a n 
i somorph i sm b e t w e e n such un l ike e l emen t s as p o t a s s i u m , sod ium, a n d lead is n o t 
so surpr is ing a s m i g h t a t first a p p e a r . A l t h o u g h t h e K 2 , Na 2 9 a n d P b u n i t s p l a y 
so smal l a p a r t in t h e s e molecules , t h e s u b s t i t u t i o n of N a 2 for K 2 is a t t e n d e d b y a 
m a r k e d va r i a t i on in t h e angles of t h e c rys ta l s , g rea te r , in fact , t h a n is genera l ly 
obse rved in i somorphous r ep l acemen t s . T h e l ikeness b e t w e e n a l u n i t e a n d j a ros i t e 
w o u l d be a n t i c i p a t e d f rom t h e closeness of t h e ax ia l r a t io s of c o r u n d u m , A l 2 O 3 , 
a n d ha?mati te , F e 2 O 3 , since t h e r a t i o s a : c, for t h e t w o mine ra l s , a r e r e spec t ive ly 
1 : 3630, a n d 1 : 3656. T h e l eng ths of t h e c-axis in these minera l s a r e : 

Alunite Jarowite Natrojarosite Plumbojarosite 
1-252 1-245 1 1 0 4 1-216 

so t h a t t h e subs t i t u t i on of sod ium for p o t a s s i u m in j a ros i t e p r o d u c e s a g r e a t e r 
v a r i a t i o n t h a n t h e subs t i t u t i on of P b for K 2 . T h e opt ica l c h a r a c t e r of t h e j a r o s i t e s 
is pos i t ive ; t h a t of a lun i t e is nega t ive . F . S. L a r s e n g a v e for t h e indices of ref rac­
t i on of na t ro j a ros i t e , co—1-832, a n d e —1*750, or u>—€=0*082, a n d for p l u m b o j a ros i t e , 
<o=l*875 , a n d €=1*784 , o r o > — € = 0 0 9 1 . W . F . H i l l e b r a n d a n d F . E . W r i g h t g a v e 
for p lumbo ja ros i t e , a > = ; > 1*825, a n d € = 1*785, a n d sa id t h a t t h e c ry s t a l s in con­
v e r g e n t polar ized l igh t a r e un iax ia l , opt ica l ly nega t ive a n d w i t h a s t r o n g bi ref r ingence . 
T h e sp . gr . of j a ros i t e is 3*15 t o 3*26 ; a n d t h e h a r d n e s s 2*5 t o 3*5. D . M a w s o n 
obse rved t h a t t h e mine ra l is r ead i ly decomposed b y a m m o n i a — l i q u i d , soln. , o r g a s . 

R . Schar ize r p r e p a r e d p o t a s s i u m ferric tr isulphate, K 6 F e 2 ( S O 4 ) f l . w H 2 0 , o r 
F e ( K S 0 4 ) 3 . n H 2 0 , ana logous t o fe r r ina t r i t e (g.v.), a n d h e accord ing ly n a m e d i t 
ferrikalite. 

H . E r d m a n n , C. Sore t , M. Ie B l a n c a n d P . R o h l a n d p r e p a r e d rub id ium ferric 
disulphate, R b F e ( S 0 4 ) 2 . 1 2 H 2 0 , or rubidium ferric alum, R b 2 S O 4 . F e 2 ( S 0 4 ) 8 . 2 4 H 2 0 , 
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f r o m a soln . of t h e c o n s t i t u e n t sa l t s , a n d J . L . H o w e a n d E . A . O 'Nea l , b y t h e 
e l ec t ro ly t i c m e t h o d e m p l o y e d for t h e a m m o n i u m sa l t . T h e o c t a h e d r a l c ry s t a l s 
a r e colour less o r a de l i ca t e v io le t ; t h e y a r e i s o m o r p h o u s -with t h e m e m b e r s of t h e 
a l u m fami ly . C. S o r e t g a v e 1*916 for t h e s p . gr . ; a n d M. Ie B l a n c a n d P . R o h l a n d 
g a v e 1-952 for t h e solid, a n d 1*0381 a n d 1*0575 r e spec t i ve ly for so ln . w i t h 7*11 a n d 
10*55 p e r cen t , of t h e sa l t—v ide supra. J . Liocke f o u n d t h a t t h e sa l t m e l t s in i t s 
w a t e r of c ry s t a l l i z a t i on a t 53° . H . E r d m a n n sa id 33° . C. S o r e t found for t h e 
i n d e x of re f rac t ion , ^t : 

A- B- C- Z>- E- b- F- <7-light 

ti. . 1-477OO 1-47770 1-47894 1-48234 1-48654 1-48712 1-49003 1-49700 
M. Ie B l a n c a n d P . R o h l a n d g a v e / x = 1 * 4 8 2 3 for t h e solid w i t h N a - l i g h t ; a n d 1*3395 
a n d 1*3427 re spec t ive ly for soln. w i t h 7*11 a n d 10*55 p e r cen t , of sa l t . T h e corre­
s p o n d i n g sp . a n d m o l . r e f rac t ions w i t h t h e /x-formula a r e 0*2501 a n d 36*36 a n d w i t h 
t h e ^---formula, 0*1489 a n d 20*46 for t h e soln . w i t h 7*11 p e r c e n t , of sa l t ; a n d 
for soln . w i t h 10*55 p e r cen t , of sa l t , a n d t h e /x,-formula r e s p e c t i v e l y 0*2488 a n d 34*19, 
a n d w i t h t h e f*.2-formula, O* 1485 a n d 20*40. T h e c r y s t a l s a c q u i r e a g reen t i n g e 
o n e x p o s u r e t o a i r . J . !Locke found t h e solubi l i t ies i n w a t e r a t 25° a n d 30° t o be 
r e spec t ive ly 97*4 a n d 202*4 g r m s . R b . F e ( S 0 4 ) 2 p e r l i t r e ; a t 35° a n d 40°, t h e soln. 
d e c o m p o s e s p r e c i p i t a t i n g a bas ic sa l t . 

C S o r e t p r e p a r e d c a e s i u m ferric d i su lphate , C s F e ( S 0 4 ) 2 . 1 2 H 2 0 , or ccesium ferric 
alum, C s 2 S 0 4 . F e 2 ( S 0 4 ) 3 . 2 4 H 2 0 , f rom a soln. of t h e c o m p o n e n t sa l t s ; a n d J . L . H o w e 
a n d E . A . O ' N e a l , b y t h e e lec t ro ly t i c p rocess u s e d for t h e a m m o n i u m sa l t . T h e 
o c t a h e d r a l c r y s t a l s a r e colour less o r a de l i ca te v io le t , a n d t h e c r y s t a l s a c q u i r e a 
g r een t i n g e o n e x p o s u r e t o a i r . T h e y a r e i s o m o r p h o u s w i t h t h e m e m b e r s of t h e 
a l u m fami ly . C. S o r e t g a v e 2*061 for t h e s p . g r .—v ide supra. J. L o c k e f o u n d t h a t 
t h e sa l t m e l t s in i t s w a t e r of c rys t a l l i za t ion a t 71° . C. So re t g a v e for t h e i n d e x of 
r e f r ac t ion , /x : 

A- B- C- I?- E- b- F- G-light 
/x . 1-47825 1-47921 1-48042 1-48378 1-48797 1-48867 1-49136 1-49838 

J . L o c k e f o u n d t h e solubi l i t ies of t h e sa l t in w a t e r a t 25°, 30°, 35° , a n d 40° t o b e 
r e s p e c t i v e l y 17*1, 25*2, 37*5, a n d 60*4 g r m s . of C s F e ( S 0 4 ) 2 p e r l i t r e . 

A . R a i m o n d i , a n d I . D o m e y k o desc r ibed a l emon-ye l low or o range-ye l low 
m i n e r a l occu r r i ng in t h e S a n S i m o n m i n e , H u a n t a j a y a , Chili, a n d i t w a s cal led 
s ideronatr i te . A n a l y s e s r e p o r t e d b y A. R a i m o n d i , A. F r e n z e l , a n d F . A. G e n t h 
c o r r e s p o n d w i t h 2 N a 2 O . F e 2 0 3 . 4 S 0 3 . 7 H 2 O . F . A . G e n t h o b s e r v e d t h a t a b o u t 
4 m o l s . of w a t e r a r e los t a t 110°, a n d A . F r e n z e l , t h a t all is los t a t 300° . R . Schar ize r 
f o u n d t h a t s i d e r o n a t r i t e w i t h 14*63 p e r cen t , of w a t e r loses 9*43 p e r cen t , of w a t e r 
in a de s i cca to r ; whi le a t 100° i t loses 10*30 p e r c e n t . ;" a t 125°, 4*13 p e r cen t . ; a t 
165°, O* 15 p e r cen t . , a n d a t 205° , 0*05 p e r c e n t . T h i s m e a n s t h a t 6 mols . of w a t e r 
a r e los t a t 125°, a n d t h e r e m a i n i n g m o l . a t h i g h e r t e m p . Al lowing for t h e mol . of 
c o n s t i t u t i o n a l w a t e r , t h e f o r m u l a c a n be w r i t t e n : [ N a S 0 4 ] 4 [ F e ( H O ) ] 2 . 6 H 2 0 , or 
s o d i u m ferric hydrodisu lphate , ( N a S 0 4 ) 2 F e ( O H ) . 3 H 2 0 , a n a l o g o u s w i t h p o t a s s i u m 
ferr ic d i h y d r o s u l p h a t e . A. S k r a b a l s y n t h e s i z e d t h e m i n e r a l b y h e a t i n g a soln. 
of 50 g r m s . of ferr ic s u l p h a t e a n d 10 c.c . of d i l . s u l p h u r i c ac id ( 1 : 6 ) w i t h 30O g r m s . 
of h y d r a t e d s o d i u m s u l p h a t e on a w a t e r - b a t h . R . Schar i ze r c rys ta l l i zed soln. of 
ferr ic s u l p h a t e , o r ac id s u l p h a t e a n d s o d i u m s u l p h a t e , a n d o b t a i n e d s ide rona t r i t e 
so l ong a s t h e p r o p o r t i o n of s u l p h u r i c ac id i n t h e soln. is n o t t o o g rea t , a n d t h e 
p r o p o r t i o n of N a 2 O : F e 2 O 3 is less t h a n a b o u t 2, o the rwi se f e r r ina t r i t e is fo rmed . 

S i d e r o n a t r i t e o c c u r s in o range -ye l low or s t raw-ye l low, c rys ta l l ine masses of 
fine, fibrous s t r u c t u r e w h i c h s e p a r a t e i n t o t h i n sp l in te r s . S. L . Penfield found t h a t 
t h e c r y s t a l s a r e r h o m b i c ; A . R a i m o n d i sa id monoc l in ic ; a n d A. F renze l , t r ic l inic . 
T h e c l e a v a g e is p r o b a b l y p i n a c o i d a l . T h e op t i ca l c h a r a c t e r is pos i t ive . 
P l e o c h r o i s m is n o t v e r y m a r k e d — F . A. G e n t h sa id t h a t a a n d b a re colour less , 
a n d c i s s t r aw-ye l l ow , a n d E . S. L a r s e n , t h a t a is colourless , b is pa le amber -ye l low, 
a n d o is a m b e r - y e l l o w . T h e o p t i c ax ia l ang le aV=58° 5 ' ; a n d t h e ind ices of 
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refraction a = l - 5 0 8 , £=1*525, a n d y = l - 5 8 6 . The sp. gr. given by F . A. Genth is 
2-153, and by S. L.. Penfield, 2*355 ; the hardness is 2-O to 2*5. The mineral is 
virtually insoluble in cold water, bu t is decomposed by boiling water with the 
separation of hydrated ferric oxide. I t is soluble in acids. 

A . Frenzel described a lemon-ye l low or orange-yel low mineral w h i c h h e cal led uruaite, 
obta ined from t h e U r u s p la teau , o n the naphtha is land Cheleken, in t h e Caspian Sea. I t 
occurs in pulverulent ear thy forms, and also in lumps consist ing of min u te , rhombic crysta l s . 
T h e compos i t ion is v e r y close t o t h a t of s ideronatrite, be ing 2 N a , O . F e 8 0 , . 4 S O , . 8 H j O , 
so t h a t J . D . D a n a considered b o t h to be the s a m e mineral species . T h e sp . gr. i s 2*22. 
P . T . Cleve described a n impure sideronatrite obta ined from St . Bar tho lomew, W e s t 
Indies , a n d he cal led i t bartholomite. I t s composi t ion , a l lowing for impurit ies , i s 
2 N a O . F e a 0 8 . 4 S 0 8 . 3 H a O . 

J . B . Macintosh described a mineral from Sierra Gorda, Chili, which he called 
ferronatrite, b u t since the contained iron is ferric, no t ferrous, R . Scharizer altered 
i t to ferrinatrite. A. Frenzel called the mineral gordaite. Analyses reported by 
J . B . Macintosh, F . A. Genth, and A. Frenzel agree with the formula : 
3Na 2 O.Fe 2 0 3 .6S0 3 .6H 2 0. F . A. Genth said 3 mols. of wate i are lost a t 100°, 
and J . B . Macintosh 5*5 mols. ; and R. Scharizer observed t h a t nearly all the -water 
is lost a t 100°, so t h a t none is considered to be constitutional water, and he wrote 
the formula : Fe 2 (NaS0 4 ) 6 .6H 2 0, or sodium ferric trisulphate, Fe(NaSO4);,. 3H 2 O. 
R. F . Weinland and F . Ensgraber wrote the formula : Na 3 [Fe(S0 4 ) 3 ] .3H 20. 
A. Skrabal prepared this salt by melting sodium sulphate in its water of crystalliza­
tion, and adding ferric sulphate and cone, sulphuric acid. R. F . Weinland and 
F . Ensgraber prepared the salt by mixing a soln. of 0*01 mol of ferric sulphate in 
50 c.c. of water, -with O03 to 0*05 mol of sodium sulphate in 50 c.c. of -water, and 
0-08 mol of sulphuric acid ; heating the mixture on a water-bath until half the 
water had evaporated ; and allowing the mixture to cool slowly for 24 hrs. 
R. Scharizer obtained it by allowing a mixture of ferric and sodium acid sulphates 
to s tand for some time in moist air ; and also by employing the method used 
for the preparation of sideronatrite bu t using soln. strongly acidified with sulphuric 
acid. R. Scharizer observed t h a t if ferrinatrite be allowed to stand in moist air 
for a long t ime it passes into sideronatrite ; and conversely, if sideronatrite be 
allowed to stand in a cone, sulphuric acid soln., i t passes into ferrinatrite. 

Ferrinatri te is white, may be pale green or pale grey. I t rarely occurs in 
distinct acicular crystals, more usually in spherical forms with a lamellar and stellate 
structure. According to A. Arzruni, the rhombohedral crystals have the axial 
ratio a : c== 1 : 0-55278. The (1010)-cleavage is perfect, bu t the (1120)-cleavage 
is not so distinct. The optical character of the uniaxial crystals is positive. 
S. L. Penfield gave for the indices of refraction for yellow-light, co = 1-558 and 
€=1 .613 ; and F . Zambonini, o>==l-5559 and e = l - 6 2 7 . F . A. Genth gave 2-547 
to 2-578 for the sp. gr., and 2 for the hardness. Ferrinatr i te is soluble in water, 
and insoluble in alcohol. For sodium ferric hydroxytetrasulphate, vide supra, 
natrojarosite. H . Ungemach described amarillite, NaFe(SO4)2 .6H2O, in pale 
yellow, monoclinic crystals from Tierra Amarilla, Chili. The axial ratios are 
a : b: c=0-7757 : 1 : 1-1482, and 0 = 8 4 ° 33 ' . 

R. Jirovsky and F. Ulrich applied the term slavlklte—after F. Slavik—to small, 
tabular, rhombohedral crystals with the axial ratio a : c==l : 1*03, found at Valaehov, 
Czechoslovakia. The analysis corresponds with (Na,K),S04.Fe10(H:0)a(S04) ia.63HaO. 
The crystals are pleochroic being greenish-yellow parallel to c, and colourless perpen­
dicular to c. The optical character of the uniaxial crystals is negative ; and the indices 
of refraction for sodium light are to = 1*530, and c = 1*506. The sp. gr. is 1*905. 

G. Tunell and !E. Posnjak studied a portion of the quaternary system : 
CuO-Fe 2 O 3 -SO 8 -H 2 O in the region involving 93-5 per cent, or more H 2 O ; 6-5 per 
cent, or less of Fe 2 O 8 ; 6-5 per cent, or less of CuO ; and 6-5 per cent, or less of SO3 
at 50°. The results are summarized in Figs. 674 and 675 on the surfaces of 
an equilateral te t rahedron. There are five crystalline phases : Fe2O8-H2O (geo-
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thite) ; 3Fe 2 03.4S0 8 .9H 2 0 ; CuO (tenorite) ; 4CuO.S0 3 .3H 2 0 (brochantite) ; and 
3CuO.S0 3 .2H 2 0 (antlerite), in this portion of the system, bu t no double salt was 
stable in this region. The Fe2O3-H2O saturat ion surface in the quaternary system 
extends from the saturat ion curve of Fe2O3-H2O in the system, Fe 2 O 3 -SO 3 -H 2 O, 
almost t o the saturat ion curves of 4CuO.SO3 .3H2O and 3CuO.SO3.2H2O in the 
system, CuO-SO 3 -H 2 O, the three-phase curves, Fe2O8-H2O, 4CuO.S0 3 .3H 2 0, 
solution, and Fe2O3-H2O, 3CuO.S0 3 .2H 2 0, solution, lying extremely close t o 
t he saturat ion curves of 4CuO.SO8 .3H2O and 3CuO.SO3 .2H2O in the system, 
CuO-SO 3 -H 2 O. Again, the 3-phase curve : Fe2O3-H2O, 3Fe 2 0 3 . 4S0 3 . 9H 2 0 , 
solution, extending from the triple point : Fe2O3-H2O, 3Fe2O3 .4SO3 .9H2O, solution, 
of the system, Fe 2 O 3 -SO 3 -H 2 O, a t successively higher CuO percentages intersects 
planes parallel t o the Fe 2 O 3 -CuO-SO 3 face of the co-ordinate te trahedron in which 
the percentage of H 2 O is successively lower (the planes referred to are those in 
any one of which the percentage of H 2 O is a constant) ; Fig. 674 is a perspective 
view of a model of the isothermal-isobaric saturat ion surface in the portion of the 
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system, Fe 2 O 3 -CuO-SO 3 -H 2 O, in which the to ta l composition is 93*5 per cent, 
or more H 2 O, 6-5 per cent, or less Fe2O3 , 6-5 per cent, or less CuO, and 6*5 per cent, 
or less SO3 ; and Fig. 675 is a perspective view of a model of the isothermal-isobaric 
saturat ion surface in the portion of the system, Fe 2 O 3 -CuO-SO 3 -H 2 O, in which t h e 
to ta l composition is 93*5 per cent, or more H 2 O, 6*5 per cent, or less Fe2O3 , 6*5 per 
cent, or less CuO, and 6*5 per cent, or less SO3. 

W. Bastick prepared copper ferric tetrasulphate, Cu[Fe(S0 4) 2] 2 .24H 20, or 
copper ferric alum, CuS0 4 .Fe 2 (S0 4 ) 3 .24H 2 0, from an acid soln. of eq. proportions 
of the component salts. In addition t o the tetracosihydrate, C. Lausen observed a 
heptahydrate of copper ferric te t rasulphate , CuO.Fe 2 0 3 . 4S0 3 . 7H 2 0 , occurring in 
sky-blue, rhombic crystals, and the mineral was named ransomite—after 
F . Li. Ransome. I t was formed by the burning of pyrit ic ore in a mine a t Jerome, 
Arizona. The rhombic crystals have the axial rat ios a : b : c—1*7407 : 1 : 0*5168. 
The cleavage—either pinacoidal or prismatic—is perfect. The sp. gr. is 2-632 ; 
t he hardness is 2*5 ; the optical character is positive ; and the indices of refraction 
are <x=l-631, /3=1-643, and y = l - 6 9 5 . The crystals of guildite found in the 
same locality are dark chestnut-brown and monoclinic with the axial 
rat ios a : b : c = l - 0 3 7 : 1 : 1-407. and /3=74° 43 ' . The composition approximates 
3(Cu,Fe)0 .2(Fe,Al) 2 0 3 .7S0 3 .17H 2 0 ; t he sp. gr. is 2-725 ; the hardness is 2-5 ; the 
optical character is positive ; and the indices of refraction are a=1-623, £=1 -630 , 
and y=1-684. For silver ferric hydrotetrasulphate, Ag 2 0 .3Fe 2 0 3 . 4S0 3 .H 2 0 , vide 
supra, argentojarosite. 

According t o Z. Karaoglanoff, bar ium sulphate can adsorb a little ferric sulphate 
from aq. soln., and when bar ium chloride is added to soln. of sulphuric acid or 
soluble sulphates containing ferric salts, the precipitated bar ium sulphate is con­
tamina ted with iron either adsorbed or in solid soln. G. McP. Smith, however, con­
siders t h a t an insoluble compound—barium ferric disnlphate, Ba[Fe(S0 4 ) 2 ] 2 .nH 2 0 
—is formed. 
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W. Bastick prepared magnesium ferric tetrasulphate, Mg[Fe(S04)2]2 .24H20, 
or magnesium, ferric alum, MgS0 4 .Fe 2(S0 4) 3 .24H 20, from a soln. of eq. proportions 
of the component salts acidified with sulphuric acid. 

J . J . Berzelius described a rotker Eisenvitriol, from Falun, Sweden, which was 
called botryogen—from fZoTpvs, a bunch of grapes, and -yevrjs, producing— 
by W. Haidinger, and botryite, or rather botryte, by E . F . Glocker ; F . S. Beudant 
called it neophase ; and A. S. Eakle, palacheite—after C. Palache. The mineral also 
occurs in Madeni Zakh, Persia, a t Knoxville, California, and in Peru. Analyses 
reported by J . G. Gahn and J . J . Berzelius, J . Blaas, R. Mauzelius, P . T. Cleve, 
J . Hockauf, and A. S. Eakle correspond with 2MgO.Fe 20 3 .4S0 3 .15H 20. H . Sjogren 
gave Mg(Fe0H)(S0 4 ) 2 .7H 2 0. A. S. Eakle found t h a t a t 160°, four-fifths 
of the water is given off ; R. Scharizer regarded this as water of crystal­
lization, and he wrote the formula : (MgOH)2(FeOH)2(S04)2(HS04)2 .12H20, or 
H2(MgOH)2(FeOH)2(S04)4 .12H20. The former is analogous to A. Recoura 's 
ferrisulphuric acid, and the constitutional formula represents the salt as magnesium 
ferric trihydrodisulphate : 

H J ^ £ > F e ~ S O * ~ M g O H + 6 H 2 ° 
Botryogen is deep hyacinth-red, or when massive, sometimes ochre-yellow. I t 

usually occurs in reniform or botryoidal shapes or globules with a crystalline 
surface. I t may occur in short, prismatic crystals with the (HO)- and (120)-faces 
vertically striated. The crystals are monoclinic, and /3=62° 26£' ; A. S. Eakle 
gave 0-6554 : 1 : 0-3996, and £ = 1 1 7 ° 9', whilst R. Scharizer, with a different 
orientation, gave 1-2245 : 1 : 0-8265, and y8=99° 35' . The (HO)-cleavage is dis­
t inct ; and the (120)-cleavage in traces. The pleochroic crystals parallel t o c are 
orange, and vertical to c, orange-grey ; E. S. Larsen gave a pale yellow, b pale red, 
and c orange. The indices of refraction are a—1-544, /3=1-548, and y=1-572 for 
sodium light. The optical axial angle 2 F = 4 0 ° 54'. R. Mauzelius gave 2-13 for 
the sp. gr., and A. S. Eakle, 2-13. The hardness is 2-0 to 2-5. The mineral is 
stable in a dry atm., but in a moist a tm. it becomes covered with a dir ty yellowish 
powder. I t is part ly soluble in water, leaving an ochreous residue. 

A. Frenzel described a reddish- brown mineral from the Salvador mine, 
Queetena, Chili, which he called quetenite. The analysis corresponds with 
MgO.Fe 20 3 .3S0 3 .13H 20, and it can be represented as magnesium ferric tetra-
hydrotrisulphate : 

g Fe(OH)-HSO4 
fe04<Fe(OH)-S04-MgOH+11H2° 

Quetenite occurs in indistinct crystalline masses or in monoclinic or triclinic 
crystals, with the prismatic cleavage very distinct. The pleochroism has a and b 
colourless, and c orange-yellow. E . S. Larsen gave for the optic axial angle, 
2 F = 3 2 ° , and for the indices of refraction a = l - 5 3 0 , £ = 1 - 5 3 5 , and y = l - 5 9 5 . 
A. Frenzel gave 2-08 to 2-14 for the sp. gr., and 3 for the hardness. The mineral is 
decomposed by water with the separation of hydrated ferric oxide. 

I*. D a r a p s k y d e s c r i b e d a m i n e r a l f rom R i o L o a , A t a c a m a , w h i c h h e ca l led cubelte. 
T h e a n a l y s i s c o r r e s p o n d s w i t h 3 M g O . 2 F e 8 O 8 . 7 S O 3 . 3 H 8 O , o r p e r h a p s b e t t e r w i t h 
3 ( M g , C a ) 0 . 2 ( F e , A l ) a 0 8 . 7 S O , . 3 H a O . I t occurs in r e d , e l o n g a t e d p y r a m i d s e i t h e r m o n o ­
clinic o r r h o m b i c . 

W. Bastick prepared zinc ferric tetrasulphate, Zn[Fe(S0 4) 2] 2 .24H 20, or zinc 
ferric alum, ZnS0 4 .Fe 2 (S0 4 ) 3 .24H 2 0, by crystallization from a soln. of eq. pro­
portions of the component salts acidified -with sulphuric acid. In addition to this 
tetracosihydrate, I t . Scharizer prepared the tetradecahydrate, ZnSO4-Fe2(SO4)S. 14H2O, 
by allowing a mixture of zinc sulphate and rhomboclase to s tand in contact with 
moist air for several months . R. Scharizer called it zinc-romerite—vide infra, 

A. J£tard prepared aluminium ferric hydrosulphate, Al2(S04)3 .Fe2(S04)8 .H2S04 , 
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in microscopic hexagonal plates, by heating to 200° a cone. soln. of 2 mols of ferrous 
sulphate and a mol of aluminium chloride which had been mixed with nitric acid, 
and a large excess of sulphuric acid. The sandy deposit was separated by decanta-
tion, washed -with glacial acetic acid, and dried a t 120°. When heated t o dull 
redness, sulphuric acid is evolved, and Al 2(S0 4) 3 .Fe 2(S0 4) 3 remains as a white, 
crystalline, insoluble powder. F . Wir th and B . Bakke observed t h a t the solubility 
of either ferric or aluminium sulphate in -water a t 25° is lowered by the addition of 
the other salt. At 25°, 1OO grms. of the soln. contain : 
A l 8 ( S O 4 J 3 . . 5-20O 5-2OO 6 - 6 2 6 8-81O 1 0 - 0 3 ( 1 0 - 2 3 ) ( 1 0 - 7 0 ) 
F e 8 ( S O 4 J 8 • • 4 4 - 9 7 4 2 - 4 4 3 8 - 8 3 3 5 - 8 2 3 4 0 2 3 2 - 4 2 (31-9O) ( 3 1 - 9 1 ) 

The brackets indicate t h a t both salts are present in the solid phase. The 
solubility curves—mols of salt per IOOO grms. liquid, Fig. 676—meet when the 
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ratio Fe : Al is 1 : 0*3831. There is no evidence of the formation of a compound 
or solid soln. H . IJngemach described lapparentite, (Al,Fe)2O3.2SO3.10H2O, from 
Tierra Amarilla, Chili, with monoclinic crystals having the axial ratios 
a : b : c=0-2919 : 1 : 0-24155, and a-=85° 10'. R. Holleman found tha t potassium 
aluminium ferric alums form mixed crystals in all proportions and are isomorphous. 
Fig. 677 shows the relation between the composition of t he soln. and t h a t of the 
crystals. The vap . press, of the pure salts are respectively 2 mm. and 10*9 mm. 
There are minima in the vap . press, curve a t 1*4 and 7*9 mm., and a maximum 
a t 8*1 mm. when Fe : A l = 2 : 1—Fig. 678. T. Klobb prepared solid soln. of 
ammonium aluminium ferric alums, (NH4)2S04 . (Fe,Al)2(S04)3 .24H20. 

J . E . Willm prepared pale yellow octahedra of thallous ferric disulphate, 
TlFe(S0 4 ) 2 .12H 2 0, or thallous ferric alum, T l 2 S0 4 .Fe 2 (S0 4 ) 3 .24H 2 0, from a soln. 
of the component salts. C. Soret gave 2-385 for the sp. gr., and O. Pettersson, 2*351. 
F . Ephra im and P . Wagner discussed the mol. vol.—vide supra. J . !Locke found 
t ha t the salt melted a t 37° in its water of crystallization. C. Soret found the indices 
of refraction, /x, to be : 

A-
1 - 5 1 6 7 4 

B-
• 5 1 7 9 0 

C-
1 - 5 1 9 4 3 

D-
1 - 5 2 3 6 5 

K-
1 - 5 2 8 5 9 

h-
• 5 2 9 4 6 

F-
1 - 5 3 2 8 4 

rv-iight 
1 - 5 4 1 1 2 

The salt is not efflorescent, and it is readily soluble in -water. J . Locke found t h a t 
361-5 grms. of the anhydrous salt or 646 grms. of the hydrate are soluble in a litre 
of water a t 25° ; or 0-799 mol of the salt in a litre of water a t 25°. 

A. Knopf described a hydra ted lead ferric oxytrisulphate, PbO.3Fe2O3 . 
3 S 0 8 . 6 H 2 0 , differing from plumbojarosite, P b 0 . 3 F e 2 0 3 . 4 S 0 3 . 6 H 2 0 ; i t was 
obtained from Clark Co., Nevada, and was called vegasite—after Las Vegas, the 
chief town of the county. I t occurs in straw-yellow, ochreous masses consisting of 
minute fibres and six-sided plates which are optically uniaxial. For plumbojarosite, 
lead ferric hydroxytetrasulpliate, vide supra. B . S. Butler and W. T. Schaller 
described canary-yellow, earthy, friable masses consisting of microscopic, six-sided 
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plates, from Beaver Co., U tah ; and the mineral was called boaverite. It is a 
copper lead ferric trioxydisulphate, CuO.PbO.Fe 2 0 3 .2S0 3 .4H 2 0. 

A. HJtard prepared chromic ferric hydrosulphate, Cr2(S04)3 .Fe2(S04)3 .H2S04 f 
by the method used for the corresponding aluminium compound. When heated 
to dull redness it yields the anhydrous salt Cr2(S04)3 .Fe2(S04)3 . T. Klobb prepared 
solid soln. of ammonium chromium ferric alums, (NH4)2S04 . (Cr,Fe)2(S04)3 .24H20. 
N. Bjerrum and Gr. H. Hansen prepared chromic ferric bromosulphate, 
[CrBr2(H2O)4][Fe(H2O)6]SO4 .2H2O, bu t not the corresponding chldrosulphate. 
A. fitard prepared manganic ferric hydrosulphate, Mn2(S04)3 .Fe2(S04)3 .H2S04 , 
by heating to 250°, the proper proportions of the two sulphates with a mixture 
of equal vols, of nitric and sulphuric acids added in small quantit ies a t a t ime. 
This salt can be converted into Mn2(S04)8 .Fe2(S04)3 by heat . He also pre­
pared manganous ferric hydrosulphate, 2MnS0 4 .Fe 2 (S0 4 ) 3 .3H 2S0 4 , as well as 
2MnS0 4 .Fe 2(S0 4) 3 .H 2S0 4 . 

J . Sebor described an alum, ferrous ferric tetrasulphate, Fe"[Fe(S0 4 ) ] 2 .24H 2 0, 
or ferrosic tetrasulphate, or ferrous ferric alum, FeSO4 .Fe2(S04)3 .24H2O, occurring 
in white or yellowish-white, radially fibrous masses in the Schwaz lignites near 
Bilin, Bohemia ; and he called the mineral bilinite. The sp. gr. of bilinite is 1-875 ; 
the hardness, 2 ; and the index of refraction between 1*495 and 1-501. The double 
refraction of the acicular crystals is low. In addition to the tetracosihydrate jus t 
indicated, the tetradecahydrate occurs as a mineral which J . Grailich called romerite 
—after A. Romer—and G. Linck called it buckingite. I t has been found a t Goslar, 
Harz ; Rio Tinto, Spain ; Madeni Zagh, Persia ; and Tierra Amarilla, Chili. 
Analyses reported by G. Tschermak, R. Scharizer, G. Ianck, Li. Darapsky, 
R. E . Landon, H . F . Collins, and J . Blaas, correspond with ferrous ferric te tra­
sulphate, FeO.Fe 2 0 3 .4S0 3 .14H 2 0, or better, (Fe,Zn,Mg)O.Fe203 .4S03 .14H20, or 
FeS0 4 .Fe 2 (S0 4 ) 3 .14H 2 0. R. Scharizer found t h a t no water is lost by romerite in 
a desiccator over cone, sulphuric acid ; water begins to come off a t about 70°, and 
the reddish-brown powder then becomes bluish-black. The mineral loses 12 mols. 
of water below 130°, while very little is lost between 130° and 250°, beyond which 
temp, the remaining water is expelled. Two mols. of water are accordingly regarded 
as constitutional, and the formula may be writ ten : 

HSO 4 -Fe (OH)-SO 4 Q 

H S O 4 - F e ( O H ) - S O ^ F e + 1 2 H * ° 
C. A. Anderson observed t h a t the mineral in the United Verde mine, Jerome, 

Arizona, was probably formed by the action of vapours from burning sulphide 
ores. R. Scharizer synthesized the mineral by allowing a mixture of powdered 
ferrous sulphate, and rhomboclase to remain in contact with moist air for several 
months ; i t was also prepared from a soln. of the consti tuent salts in which the 
concentration exceeds a certain minimum, and in the presence of an excess of 
sulphuric acid. A soln. with the equivalent of 33-75 per cent, romerite ; 8-98 per 
cent, rhomboclase ; 16-46 per cent, sulphuric acid ; and 40*81 per cent, of water 
yields romerite crystals. If the excess of sulphuric acid is not maintained, the soln. 
first deposits crystals of ferrous sulphate, then copiapite, and later rhomboclase. 

Romeri te varies in colour from light to dark chestnut-brown, violet-brown, 
rust-brown, and yellow. I t occurs crystalline in coarse granules, and in tabular 
crystals parallel t o (001) ; the habi t may be monoclinic ; and the (10O)- and (001)-
faces may be striated parallel t o their edge of intersection, whilst the brachydome 
faces are vertically striated. The crystals are triclinic ; G. Linck gave for the 
axial ratios a : b : c=0-96840 : 1 : 2-64250, and «==116° 3£' , £ = 9 4 ° 40£', and 

y = 8 0 ° 7£' ; J . Blaas, 0-8791 : 1 : 0-8475, a n d a = 8 9 ° 4 4 ' , 0 = 1 0 2 ° IV9 a n d y = 8 5 ° 18' ; 
and R. Scharizer gave 1-1751 : 1 : 0-8304, a n d a = 9 4 ° 44% £ = 9 9 ° 16', a n d y = 8 7 ° 22' . 
The (010)-cleavage is perfect ; and, according to J . Grailich, the (100)-cleavage is 
less distinct. J . Grailich said t h a t the pleochroism a is rose-red or rust-brown, 6 is 
colourless to rose-red, and c is pale or dark rust-brown. G. Linck gave a pale 
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yellowish-white, b darker yellowish-white, and c reddish-brown. The optical 
character is negative ; the optic axial angle 2/JTa—57° 45 ' for Na-light ; and the 
double refraction is small. E . S. Larsen found the index of refraction /3=1*87 ; 
and R. E . Landon gave for the indices of refraction a,=1*526, /3 ==1*571, and 
y = l * 5 8 2 . J . Grailich gave 2*174 for the sp. gr., and G. Linck, 2*102 ; the hardness 
is 3*0 to 3*5. J . Grailich found t h a t the crystals are diamagnetic. The salt is 
readily dissolved by water ; the aq. soln. is acidic, and deposits basic salts -when 
heated. According to R. Scharizer, when the aq. soln. of romerite is evaporated to 
dryness, the soln. decomposes in accord with the equation : 3{Fe"Fe2 ' "(S04)4} 
= 3 F e S 0 4 + 3 { F e 2 ' " ( S 0 4 ) 3 } = 3FeS0 4 +Fe 4 ' "S 5 0 1 8 ( cop iap i t e ) + F e 2 ' " 8 4 0 1 5 ( r h o m b o -
clase). The presence of an excess of rhomboclase in the soln. does not prevent the 
decomposition of the romerite. A mixture of sulphuric acid (37*34 parts) and water 
(1OO parts) dissolves 60*99 par t s of romerite. The stability of a soln. of romerite 
is raised in the presence of rhomboclase, and it can exist in a soln. of sulphuric acid 
in the absence of rhomboclase. The solubility of romerite in a soln. of rhomboclase 
is very small. When romerite is exposed to moist air on a funnel, three-fifths of 
the original ferrous oxide present as ferrous sulphate remains on the funnel. 
R. Scharizer found a mineral in the Harz in which par t of the ferrous iron is 
replaced by zinc—vide supra, zinc romerite. 

C. Lausen found a mineral which he called louderbackite—after G. D . Louder-
back—occurring in pale, chestnut-brown, crystalline crusts in the mine a t Jerome, 
Arizona, where the pyritic ore was smouldering for years ; the crystals are 
biaxial, and have the composition of ferrous ferric decasulphate, 2Fe0.3(Fe,Al)2O3 . 
10SO3 .35H2O. The sp. gr. is 2*185 ; the hardness is 2*5 to 3*0 ; the optical 
character is negative ; and the indices of refraction are a=1*544, /3= 1*558, and 
y = l * 5 8 1 . C. Lausen also found under similar conditions, in the same locality, 
a mineral which he called guildite—after F . N . Guild. The chestnut-brown, 
monoclinic crystals had the composition of copper ferrous ferric heptasulphate, 
3(Cu,Fe)0*2(Fe,Al)2O3.7SO3.17H2O. The crystals have the axial ratios aibic 
= 1*037 : 1 : 1*407, and ct=74° 43 ' . The cleavages parallel t o the base (001), and 
parallel t o the front pinacoid (10O), are both perfect. The optical character is 
positive. The sp. gr. is 2*725, and the hardness 2*5. The indices of refraction 
are a==l*623, £=1*630, and y = l * 6 8 4 . The birefringence is 0*061. The mineral 
is pleochroic with /3 and a pale yellow, and y greenish-yellow. 

J . A. Poumarede allowed a warm soln. of 2 par t s each of hydra ted ferrous 
and ferric sulphates, and 5 to 6 par t s of water to crystallize, and obtained long, pale 
red needles of the decahydrate, FeSO4 .Fe2(S04)3 .10H2O, which are very soluble 
in water. A. fitard obtained six-sided plates, the colour of peach-bloom, of 
ferrous ferric tetrahydrohexasulphate, FeS04.Fe2(S04)3.2H2SO4, by dissolving eq. 
quanti t ies of ferrous and ferric sulphates in as little water as possible, adding an 
excess of cone, sulphuric acid, and heating the mixture to about 200° ; and J . Lefort 
reported the tridecahydrate, FeSO4 .Fe2(S04)3 .2H2SO4 .13H2O, to be formed when a 
cold soln. of hydra ted ferrosic oxide in cone, sulphuric acid is allowed to stand for 
some days, and the white salt separated from the mother-liquor on an asbestos-
filter. The product is dissolved in the smallest possible quant i ty of cold water, 
and allowed t o crystallize. The white salt is very deliquescent, bu t i t is stable in 
d ry air. I t gives off water a t about 75°, and decomposes a t a high temp, into a 
mixture of ferrous and ferric oxides. H . Chandra could not verify this result. 
M. Lachaud and O. Lepierre added ferrous sulphate or ferrous ammonium sulphate 
.to fused ammonium sulphate and insufficient sulphuric acid to convert all the 
ammonia t o t he hydrosulphate. The excess of ammonium sulphate is removed by 
t r ea tmen t with alcohol. There remain colourless, prismatic needles of ammonium 
ferrous ferric octosulphate, 4(NH4)2S04.FeS04.Fe2(S04)3.3H20. The sp. gr. of 
t he salt is 2*02 a t —10°. I t dissolves slowly in cold water, and is hydrolyzed into 
a basic sulphate by boiling water. 

S. Breislak observed a dark green mineral a t the solfatara near Naples, and i t 
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was called voltaite by A. Scacchi. The same mineral was observed near Goslar 
in t he Harz ; in the cupriferous pyrites of Rio Tinto, Spain ; in t he pyritiferous 
t rachyte of Madeni Zakh, in Persia ; and a t Kremnitz , and Schmollnitz, in Hungary . 
Descriptions and analyses were reported by G. Tschermak, J . A. Krenner, 
H . F . Collins, C. A. Anderson, C. Lausen, J . Blaas, P . A. Dufrenoy, H . Abich, 
and R. Scharizer, and the results are difficult to represent by a single formula. 
B. Gossner and M. Arm represented i t by : K2H10(SO4)6 .3(Fe,Al)(OH)3 .4FeSO4 . 
4H 2 O. R. Scharizer was able t o make the formula fit the analysis by assuming 
t h a t there are two voltaites, one richer in bases than the other, each with 5 mols. 
of water of crystallization : 

K S O 4 - F e - S O 4 - F e < H S Q ^ KSO4-*e—&04—*e < S o 4 _ F e ( O H ) 

R. Scharizer concluded t h a t natural and artificial voltaites are mixtures of a 
potassium salt of the acid H2Fe2(S04)4 .4-33Aq., or H6Fe6(SO4) 12.13Aq. and the 
acid H1 2Fe4(S04)1 2 .18Aq. B. Gossner and E . Fell gave t he general formula : 
Fe 4 ' "R 5 "R 2 ' (S0 4 ) 1 2 .16 to 18H2O. The dehydrat ion curve shows t h a t the loss of 
water commences a t 200° ; there is a break a t 200° when about 7 mols. of water 
are lost. The losses with two samples were : 

170° 190° 200° 220° 240° 270° 280° 350° 440° 
Loss . 0 0 7 0-31 5-84 6-24 7-50 11-59 1 2 0 4 12-8O 1 5 0 9 per cent . 

B. Gossner and M. Arm obtained the following losses (time in hours in brackets) : 
3 00° (20) 150° (30) 200° (40) 225° (5O) 300° (6O) 

Loss . . O-7O 0-85 1-6 5-3 13-9 per cent . 

so t h a t a t 200°, the crystals appear turbid ; and the water is expelled above this 
t emp . They consider t ha t the water is mainly present as water of crystallization, 
and represent the formula : K2H4(S04)3 .3Fe(OH)(S04) .4FeSO4-IOH2O. B. Gossner 
and T. Bauerlin gave : [KH5(S04)3]2[(Fe,Al)(OH)3][FeS04]4 .4H20. 

H . Abich obtained a salt resembling voltaite, 3FeS0 4 .2Fe 2 (S0 4 ) 3 .12H 2 0, by 
boiling a mixture of a not too dilute soln. of 16 par t s of ferrous sulphate with 1 
pa r t sulphuric acid of sp. gr. 1*4, then adding a ho t , cone. soln. of 5 to 6 par t s 
of ferric alum, and evaporating the liquid a t 87°. A soln. of the powder in 
acidulated -water was evaporated on a water-bath . L . C. A. Barreswil t reated a 
sat . soln. of ferrous sulphate which was oxidized by adding a mixture of sulphuric 
and nitric acids, and then t reated with cone, sulphuric acid without allowing the 
temp, t o rise. A deep blue precipitate is formed which is decomposed by water . 
J . Blaas, and R. Scharizer obtained voltaite by crystallization from a soln. of i ts 
consti tuent salts containing an excess of sulphuric acid. B . Gossner and co-workers 
prepared voltaite by mixing 300 c.c. of water and 45 c.c. of sulphuric acid with 60*4 
grms. of F e S 0 4 . 7 H 2 0 , and 6*7 grms. of potassium sulphate together with varying 
proportions of 39-1 to 84-5 grms. A12(S04)3 .18H20, and 28-5 to 2-5 grms. Fe 2(S0 4) 3 , 
and keeping t h e liquid a t 80° for some days on a sand-bath. The colour of the soln. 
is first brown, and when sulphuric acid is added, almost black. As the voltai te 
separates, the mother-liquor becomes almost colourless. If the soln. is kept a t 
ordinary temp. , separations other than voltaite occur ; and other products are 
obtained a t higher temp. , or with soln. containing more t h a n 30 grms. of ferric 
sulphate, and less t h a n 30 grms. of aluminium sulphate, or -with less t h a n 2*5 grms. 
of ferric sulphate and over 85 grms. of aluminium sulphate. No voltai te was 
obtained if either the aluminium or the ferric sulphate be omit ted altogether. 
If chromic sulphate be used in place of ferric sulphate, no chromic voltaite 
was formed; nor was a nickel voltaite obtained b y using nickelous sulphate 
in place of ferrous sulphate ; bu t with manganous sulphate in place of 
ferrous sulphate, orange-yellow cubic crystals of manganese voltaite, 
2KHS0 4 .4H 2 S0 4 .4MnS0 4 .3Fe(OH) 3 .4H 2 0, of sp. gr. 2-62, were formed ; and 
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with cobaltous sulphate, in place of ferrous sulphate, dark red, cubic crystals of 
cobalt VOltaite, 2KHS0 4 .4H 2 S0 4 .4CoS0 4 .3Fe(OH) 3 .4H 2 0, of sp. gr. 2-65, were 
formed. B . Gdssner and co-workers obtained a series of voltaites with the iron 
par t ly replaced by alumina and containing as bases thallium ferrous voltaite, in 
octahedral, bluish-green crystals of sp. gr. 3-06 t o 3*09 ; thallium magnesium 
voltaite, in cubic—dodecahedra—green crystals of sp. gr. 2*803 ; thallium n^TwiTim 
voltaite, in cubic—octahedral and dodecahedral—pale green crystals ; rubidium 
cadmium voltaite, in cubic, green crystals of sp. gr. 2*990; and ammonium 
magnesium voltaite, in small, green, cubic crystals of sp. gr. 2-375. 

Voltaite occurs in dull green, greenish-black, brown, or black cubic octahedral 
or dodecahedral crystals, or in combinations of these forms belonging to the cubic 
system. B . Gdssner and M. Arm found t h a t the black, cubic crystals of octahedral 
habi t furnish X-radiograms corresponding with a uni t cell having the parameter 
a—27-33 A., and containing 20 mols. The sp. gr. is 2-79 ; C. A. Anderson gave 2-75 ; 
C. Lausen, 2-611 ; and B . Gdssner and M. Arm, 2-648 to 2-654 ; and the hardness 
3 t o 4. The double refraction is strong ; E . S. Larsen found the index of refraction 
to be 1*602 ; C. A. Anderson gave 1-604 ; and C. Lausen, 1-594. There is no 
pleochroism. • Voltaite is sparingly soluble in water, and the aq. soln. deposits 
crystals of metavoltine, bu t in t he presence of free sulphuric acid, sphsero-crystals, 
and composite pseudo-cubic crystals of voltaite are deposited. 

A . Pau l iny i described a mineral w h i c h He cal led pettkoite—after B . von. P e t t k o — a n d 
•which h e obta ined from K r e m n i t z , H u n g a r y , b u t Gr. Tschermak s h o w e d t h a t i t i s t h e 
s a m e mineral species a s vo l ta i t e . S. S inger described lemon-ye l low, microscopic , monocl in ic 
or tricl inic, pr ismat ic crystals of t h e compos i t ion ( K , N a ) a 0 . 2 F e 0 . 3 ( A l , F e ) a O a . 6 S O 8 . 2 7 1 1 , 0 , 
occurring a t Bauersberg , near B i schopshe im. H e cal led t h e mineral plagiocltlite. T h e 
s p . gr. i s 1-881. I t decomposes o n exposure t o air, becoming reddish-yel low ; i t is so luble 
i n "water a n d t h e so ln . has a n acidic react ion a n d depos i t s h y d r a t e d ferric ox ide o n 
boi l ing. Greenish-black, microscopic , probably monoc l in ic crys ta l s of t h e compos i t ion 
4 ( K : , N a ) a O . F e O . ( F e , A l ) a 0 3 . 5 S O a . 8 H a O , were found in t h e s a m e local i ty . T h e mineral 
w a s cal led ClinophSBlte. I t s sp . gr. is 2-979. I t d isso lves in -water w i t h difficulty, a n d w h e n 
t h e so ln . is boi led i t depos i t s h y d r a t e d ferric ox ide . A deep saffron-yellow mineral occurring 
i n t h e s a m e local i ty w a s cal led ollnoorooite. T h e crysta ls are probably monocl in ic , a n d a 
qua l i ta t ive analys i s s h o w s t h a t i t be longs t o th i s fami ly of sa l ts . A . Schrauf observed a 
ye l lowish-grey, c o m p a c t or crysta l l ine su lphate re la ted t o b o t r y o g e n in t h e mercury m i n e s 
of Ind ia , Carniola, a n d he cal led i t idrizite. T h e ana lys i s corresponds w i t h magnesium 
ferrous ferric trisulphate, ( M g , F e ) 0 . ( A l , F e ) a O s . 3 S O s . 1 6 H 2 0 . U n l i k e que ten i t e , i t is insoluble 
in h o t a n d co ld water . 

P . C. Kay and P . B . Sarkar prepared the salt ammonium ferric sulphatofluo-
beryllate, (NH 4 ) 2BeF 4 .Fe 2 (S0 4 ) 3 .24H 20, isomorphous with the alums. The salt 
was discussed by W. R. C. Curzel, and H . Seifert. N . Bjerrum and Gr. H . Hansen 
prepared from ferric sulphate and the chromic dibromotetraaquosulphate, a com­
plex ferric chromic bromosulphate, [CrBr 2 (H 2 0) 4 ] [Fe(H 2 0) 6 ] (S0 4 ) 2 .2H 2 0, bu t 
the corresponding chloro-compound could not be prepared. 
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§ 48. The Iron Carbonates 
The early writers referred t o a mineral under various terms ; thus , in 1565, 

C Gesner x called it stahelreich Eisen ; in 1735, C. Linnaeus, ferrum intractibile 
albicans spathosum ; in 1747, J . G. Wallerius, minera ferri alba spathiformis ; 
A. Cronstedt, Zarn med Kalkjord forenadt ; T. Bergmann, /errww cum magnesio et 
terra calcarea acido aereo mineralisatum ; J . B . L. Rome de l 'lsle, fer spatique— 
hence the t e rm spathic iron ore ; R. Kirwan, calcareous or sparry iron ore ; 
J . F . L. Hausmann, Eisenspath, and also spherosiderite ; F . S. Beudant , siderose ; 
P . A. Dufrenoy, and A. Brei thaupt , junckerite—after M. Juncker ; E . F . Glocker, 
chalybite ; and W. Haidinger, siderite for t h e mineral, from W. Haidinger 's term 
spheerosiderite. W. Haidinger reserved the la t ter name for a concretionary variety. 
F . Slavik discussed the spherosiderite of Kirvinna, Silesia ; and C. Y. Hsieh, those 
of the cretaceous coal of China. Some varieties of siderite have received special 
terms. Thus, A. Brei thaupt applied the t e rm oligonspath, a manganiferous variety, 
and J . F . Li. Hausmann shortened the word to oligonite ; A. Mayer called a variety 
from Bleisbach, Siebengebirge, thomdite—after K. Thoma ; and a magnesium 
variety, sideroplesite. A variety from New Zealand was called pelosiderite by 
F . Zirkel. Impure siliceous and argillaceous varieties are sometimes called clay 
ironstone, or t he black band ores of the coal measures. The term spherosiderite is 
applied to a variety which occurs in more or less rounded spherules. J . Young 
observed a variety from Campsie, Scotland, in which the spherules averaged one-
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sixteenth of an inch in diameter, and in section they showed layers of ferrous 
carbonate round a spherical centre in various shades of brown ; they also show 
a radiat ing crystalline s tructure. 

I n 1774, P . Bayen 2 showed t h a t when the mineral is t rea ted with an acid, i t 
gives off a gas, carbon dioxide, and t h a t lime is present in the acid soln. ; he also 
thought t h a t zinc was present. T. Bergman, and B . O. Sage detected manganese 
in some samples. I n 1804, C. E. Bucholz found 59*5 per cent, of ferrous oxide, and 
2*5 per cent, of calcium oxide bu t not manganese. He noted t h a t a gas is given 
off when the mineral is heated, and t h a t the residue exhibits polar magnetism. 
In 1806, H . V. Collet-Descotils reported many analyses, and noted the variat ions 
in t he composition of t h e mineral. I n 1807, C. F . Bucholz and M. H . Klaproth 
obtained similar results. Analyses reported by C. F . Rammelsberg,3 C. R. von 
Hauer and C. von John, K. R. von Hauer, C. von John , H . von Foullon, F . Sand-
berger, G, Grattarola, A. Brunlechner, G. H . Williams, F . Beyschlag, A. von Elterlin, 
G. Bodlander, H . Schwager and C. W. von Giimbel, W. Ortloff, F . Gervais, 
E . Manasse, F . Gonnard, A. Hutchinson, P . A. Dufrenoy, H . How, E . V. Shannon, 
C. F . Eichleiter, F . Kretschmer, K. A. Redlich, L. Diirr, A. Carnot, A. Gesell, 
A. Miko, B. Tacke. A. Pat tera , F . Seeland, T. G. Clemson, W. F . Hillebrand, 
M. Ungemach, L. Girolami, J . von Schrdckinger, W. T. Schaller, C. Klein, A. Lasard, 
A. Frenzel, F . Mons, A. Levy, L. Colomba, R. P . Greg and W. G. Let tsom, 
A. Russell, C. Palache, V. R. von Zepharovich, F . W. Clarke, D . Stur, S. Nikitin, 
W. Michailowsky, C. J . B. Karsten, P . Berthier, J . P . J . Monheim, J . Fritsche, 
E . Glasson, C. Schnabel, H . Vorl, B . Baumgartel , G. Bischof, S. P . Popoff, 
L. Diirr, G. A. Kenngott , A. Pleischl, W. Ortloff, W. Heyer, O. Luedecke, 
A. Sigmund, G. Magnus, P . Poni, S. G. Rosengarten, D. P . McDonald, M. F . Heddle, 
A. liacroix, and F . Tucan. The results in the minerals of a high degree of pur i ty 
correspond with ferrous carbonate, FeCO3 . G. Bodlander noted a sample from 
Neunkirchen, Siegen, with 3*85 per cent, of cobalt ; and W. N. Har t ley and 
H . Ramage, samples of Yorkshire clay ironstone with gallium. 

Siderite occurs in crystals which are commonly rhombohedral, with the faces 
more or less curved and built up of smaller crystals. The mineral may also occur 
in cleavable masses, i t may be sub-fibrous or it may occur in silky fibres. I t m a y 
occur in coarse-grained or fine-grained masses, or in concretionary—botryoidal or 
globular—forms—e.g., J . F . L. Hausmann ' s spherosiderite—and it may have a 
scaly or fibrous structure. I t may appear oolitic like oolitic limestone ; and i t 
m a y be compact and ear thy owing to associated clay or sand as in clay ironstone. 
The colour is rarely white, and i t may appear to be ash-grey, yellowish-grey, 
greenish-grey, grey, brown, brownish-red, pink, and, in rare cases, green. The 
colour is produced by impurities. Besides ferrous carbonate of a high degree of 
pur i ty , one group of siderites may contain several per cent, of manganese carbonate 
—manganese siderites—and the colour has then a yellowish t inge or i t m a y be flesh-
red or iron-red ; another group may contain several per cent, of magnesium car-
bonate—magnesium siderites—and very li t t le manganese c a r b o n a t e ; another 
group m a y contain as much as 20 per cent, of calcium carbonate—calciferous 
siderites ; and ye t another may contain relatively large proportions of both calcium 
and magnesium carbonates—-dolomitic siderites. The iron, calcium, magnesium, 
and manganese carbonates are isomorphous, and miscible in all proportions, so t h a t 
t he siderites m a y j>ass into ferruginous calcspar, ferruginous rhodochrosite, and 
ferruginous magnesite—e.g., a ferruginous dolomite is called ankeri te . Boxw&rk 
siderite, so named from i ts s t ructure and appearance, was described by Y. S. Bonillas 
and co-workers, and by C. Trischka and co-workers. 

I t was shown in connection with limonite, and bog-iron ores, t h a t waters 
carrying iron salts- in t he presence of much carbonic acid, or decaying organic 
mat ter , deposit t he iron in t h e form of siderite, and if the conditions are such t h a t 
air has free access, l imonite m a y be formed. I n some cases the deposition is effected 
by the so-called iron bacteria. If the iron carbonate is deposited from m u d d y 
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waters , salt will be associated with the carbonate, and clay ironstone, or black band 
ores will be formed. This subject has been discussed by F . M. StapfE,4 E . Kohler, 
H . Sjogren, K. A. Redlich, J . S. Newberry, A. von Schouppe, J . H . L». Vogt, 
J . W. Gruner, H . Bucking, W. Reinders, B . Baumgartel , B . Tacke, A. Gartner, 
J . Beyschlag, E . J . Moore, R. Canaval, J . M. van Bemmelen, C. L. Dake, A. Brun-
lechner, and G. R . van Hise. Siderite may also be formed by an exchange of bases 
when soln. of iron salts act on limestones, or other carbonate rocks. H. C. Sorby, 
J . P . Kimball, and Li. Dieulafait showed t h a t this may occur by the action of 
ferrous sulphate BoIn. on calcium carbonate ; while H. C. Sorby, G. Keller, J . N. von 
Fuchs, J . von Kobell, and H . Demarcay showed t h a t with soln. of ferric sulphate, 
hydra ted ferric oxide is precipitated. J . M. van Bemmelen added tha t in (some 
cases the deposit which is formed is colloidal ferrous carbonate—e.g., the siderite 
in the peat of the moors in the south-east of Drenthe , Holland. This subject was 
also discussed by W. Reinders, and A. Gartner. R. J . H a r t m a n and co-workers 
obtained periodic precipitations of ferrous carbonate. 

I n illustration of the formation of siderite in nature , J . R. Blum 5 described 
pseudomorphs of siderite after galena ; H . A. Miers, pseudomorphs after bismuth 
glance ; J . R. Blum, and R. P . Greg and W. G. Let tsom, after fluorite ; J . R. Blum, 
A. Frenzel, G. Greim, F . Gonnard, after calcite ; J . R. Blum, after dolomite ; 
J . R. Blum, G. Greim, and A. Frenzel, after aragonite ; J . R. Blum, and R. P . Greg 
and W. G. Let tsom, after barytes ; and J . H . Collins, after gypsum. 

The formation and preparation of ferrous carbonate.—When a soln. of a 
ferrous salt is t reated with an alkali carbonate, a white hydra ted ferrous carbonate 
is precipitated. On exposure to air, the precipitate soon acquires a green colour, 
and it afterwards becomes brown, owing to oxidation. Alkali hydrocarbonates 
furnish a similar precipitate with soln. of ferrous sulphate provided t h a t the soln. 
are no t too dilute. If they are dilute, some ferrous salt is retained in solution, bu t is 
deposited when the soln. are boiled. I t is difficult to wash and dry the precipitate 
without oxidation. The preparation of the carbonate by these methods has been 
discussed by F . Arcularius,6 C. Birkholz, W. Petrascheck, L. Bley, C. H . Bolle, 
R. Brandes, E . Braun, A. Buchner, C. F . Bucholz and J . W. Dobereiner, M. Daum, 
F . Fdlix, P . Groth, H . Hager, G. A. Kenngot t , C. Klauer, A. Lacroix, A. Meillet, 
C. F . Mohr, H . Reinsch, W. T. Schaller, F . W. Schmidt, G. Schmidt, A. G. Vallet, 
H . Wilkens, and G. C. Witts tein. R. E . Brewer and G. H . Montillon precipitated 
ferrous carbonate by adding sodium carbonate to a soln. of ammonium ferrous 
sulphate in an a tm. of hydrogen ; washed the white or greenish-white precipitate 
with water sa tura ted with hydrogen ; and preserved the product under water 
similarly t reated. The yield was smaller when sodium hydrocarbonate was the 
precipitating agent. H . J . Smith obtained a white carbonate by placing equimolar 
proportions of solid ferrous sulphate and sodium hydrocarbonate in a steel bott le, 
and displacing the air by carbon dioxide. Wate r sa tura ted with carbon dioxide 
was added, and the bott le closed by a plug a t tached by a suitable valve to a cylinder 
of compressed carbon dioxide. The valve was closed 'when the press, in the bottle 
had a t ta ined 400 lbs. and the bott le was kept a t 100° for several days. The 
precipitate was filtered in an a tm . of carbon dioxide, and washed -with water sat. 
with carbon dioxide. A similar process was employed by A. Meillet. The analyses 
of J . B . Berthemot, H . Diesel, F . J . Malaguti, G. Schmidt, H . Schutte, B . Tacke, 
G. C. Wittstein, and F . Massieu show t h a t water is only mechanically associated 
with precipitated ferrous carbonate ; no definite hydra te has been prepared. 
R. C. Wells discussed the fractional precipitation of ferrous carbonate from soln. 
of ferrous salts mixed with salts of copper, calcium, zinc, cadmium, lead, and nickel. 
H . de Senarmont heated a soln. of ferrous sulphate with sodium carbonate in a 
sealed tube 150° or over, or else a mixture of ferrous chloride and calcium carbonate 
a t 135° to 180°, for 12 to 18 hrs., and obtained a greyish-white, arenaceous material 
which consisted of crystals of siderite. A. Buchner previously prepared ferrous 
carbonate by the action of "powdered calcite on a soln. of ferrous chloride in a sealed 
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t u b e ; a n d F . H o p p e - S e y l e r h e a t e d t o 200° a so ln . of f e r rous s u l p h a t e w i t h a n excess 
of c a l c i u m c a r b o n a t e in a t u b e f rom wh ich o x y g e n h a d b e e n d i sp laced , a n d o b t a i n e d 
microscopic c ry s t a l s of s ider i te . A . B r u z s f o u n d t h a t t h e fe r rous c a r b o n a t e p r e ­
p a r e d b y H . d e S e n a r m o n t ' s p rocess loses 20 p e r cen t , of i t s c a r b o n d iox ide w h e n 
i t is d r i ed . A s i n d i c a t e d a b o v e , H . C. S o r b y , a n d o t h e r s h a v e o b s e r v e d t h a t w h e n 
ca lc i te , a r a g o n i t e , o r w i t h e r i t e is i m m e r s e d i n a sea led t u b e a t 100° t o 150°, t h e r e 
is a s low e x c h a n g e of bases , so t h a t i n a b o u t a m o n t h , c r y s t a l s of s ide r i t e a r e fo rmed . 
T h e f o r m a t i o n of f e r rous c a r b o n a t e b y r u s t i n g i ron w a s d i scussed b y F . C. Ca lve r t , 
a n d G. T . M o o d y — v i d e supra. 

A. Meil let o b t a i n e d w h i t e , c o m p a c t f e r rous c a r b o n a t e b y t h e a c t i o n u n d e r 
p res s , of c a r b o n d iox ide on p r e c i p i t a t e d fe r rous c a r b o n a t e c o n t a i n i n g m o r e o r less 
f e r rous h y d r o x i d e . F . K . C a m e r o n a n d W . O. R o b i n s o n o b s e r v e d t h a t a t 0° , a n d 
u n d e r a press , of 76 t o 274 cm. , c a r b o n d iox ide c o n v e r t s m o i s t fe r rous h y d r o x i d e 
i n t o c a r b o n a t e , b u t n o t i n t o h y d r o c a r b o n a t e — v i d e infra. P . N . R a i k o w p a s s e d 
c a r b o n d iox ide i n t o w a t e r w i t h f r e sh ly -p rec ip i t a t ed fe r rous h y d r o x i d e i n suspens ion , 
a n d f o u n d t h a t 13 t o 22 p e r cen t , m o r e c a r b o n d iox ide w a s a b s o r b e d t h a n is neces sa ry 
for t h e f o r m a t i o n of fe r rous c a r b o n a t e . A . S m i t s , a n d W . P . J o r i s s e n a n d J . R u t t e n 
o b s e r v e d t h a t fe r rous su lph ide is s lowly t r a n s f o r m e d b y c a r b o n d iox ide i n t o fe r rous 
c a r b o n a t e . J . D u r o c h e t , a n d R . B r a u n s desc r ibed t h e f o r m a t i o n of c r y s t a l s of 
s ide r i t e b y t h e a c t i o n of t h e v a p o u r of fe r rous ch lo r ide o n a m m o n i u m c a r b o n a t e in 
a n i ron t u b e a t a r e d - h e a t . 

Ti. Bou rgeo i s fai led t o o b t a i n fe r rous c a r b o n a t e b y h e a t i n g a fe r rous sa l t soln . 
w i t h u r e a a t a b o u t 140°. A . Michael is o b t a i n e d fe r rous c a r b o n a t e b y boi l ing fe r rous 
o x a l a t e w i t h a soln. of p o t a s s i u m h y d r o c a r b o n a t e ; a n d V. V o l m a r , b y t h e a c t i o n 
of u l t r a -v io l e t l igh t o n a 1 p e r c e n t . soln . of ferr ic t a r t r a t e — t h e fe r rous c a r b o n a t e 
w a s m i x e d w i t h fe r rous h y d r o x i d e . F . H a b e r a n d F . G o l d s c h m i d t e lec t ro lyzed soln. 
of p o t a s s i u m , s o d i u m , a n d c a l c i u m h y d r o c a r b o n a t e s b e t w e e n i ron e lec t rodes w i t h 
a d i aph ragm-ce l l , a t 20° , a n d o b t a i n e d in t h e a n o d e c o m p a r t m e n t g r ey i sh -wh i t e 
fe r rous c a r b o n a t e . 

A . F l u g g e obta ined ferrous carbonate for medic inal purposes b y tr i turat ing a cold 
mix ture of alkali hydrocarbonate a n d ferrous su lphate w i t h glycerol or a sugar so ln . : 
F e S O 4 -+- 2 K H C O 3 = FeCO 8 + K 8 S O 4 + H 2 O -f- CO 8 . Other processes for obta in ing a n 
ana logous product were described b y O. Anse lmino a n d 15. GiIg, M. T e n n e n b a u m a n d 
C. v o n E w e y e , a n d J . C. Krantz . T h e object is t o retard the o x i d a t i o n of t h e ferrous 
carbonate in air—vide infra. 

The physical properties of ferrous carbonate.—The colour of ferrous carbonate 
is w h i t e , b u t b y o x i d a t i o n i t a c q u i r e s a g reen t i n g e a n d l a t e r b e c o m e s b r o w n . 
S ide r i t e m a y occur i n n a t u r e , w h i t e , a sh -g rey , g reen , g reen i sh-grey , ye l lowish-grey , 
b r o w n , a n d b rown i sh - r ed . T h e p o w d e r is w h i t e . S ider i t e occurs c ry s t a l l i ne ; i n 
c l eavab le , fine or coarse g r a n u l a r m a s s e s ; i n b o t r y o i d a l a n d g l o b u l a r fo rms w i t h a 
sub- f ibrous o r s i lky fibrous s t r u c t u r e ; a n d i n c o m p a c t or e a r t h y m a s s e s . T h e 
crys ta l s a r e c o m m o n l y r h o m b o h e d r a l , a n d t h e i r faces a r e of ten c u r v e d a n d b u i l t 
u p of s u b - i n d i v i d u a l s . W . H . W o l l a s t o n g a v e for t h e a x i a l r a t i o of s ide r i t e 
a : c=l : 0-81841 ; A . B r e i t h a u p t g a v e 1 : 0-8191 a n d a = 1 0 3 ° 4 £ ' ; a n d E . Mi t sche r -
l ich g a v e a : c = l : 0-81840 a t o r d i n a r y t e m p . , a n d 1 : 0-81912 a t 100° . F . R i n n e 
f o u n d t h a t t h e ang l e a c h a n g e s 3 - 1 ' p e r 100° r ise of t e m p , so t h a t for t h e n o r m a l 
ang le , a t : 

—105° 60° 22° 104° 200° 302° 385° 
ft . 72° 5 9 ' 5 1 " 73° 3 ' 7" 73° 3'5.O" 73° 6 ' 4 2 " 73° IO' 1" 72° 1 3 ' 4 1 " 72° 1 6 ' 4 6 " 

T h e v a l u e of a : c a t —165° is 1 : 0-8184 ; a t 22° , 1 : 0-8194 ; a n d a t 385° , 1 : 0-8235. 
O b s e r v a t i o n s on t h e c r y s t a l s w e r e m a d e b y A. B r e i t h a u p t , G. Cesaro , A . d e s 
Clo izeaux , Ht. C o l o m b a , V. G o l d s c h m i d t , M. H e n g l e i n , G. A . K e n n g o t t , C. K le in , 
A . d e K l e r k a n d V . G o l d s c h m i d t , W . J a n s e n , A . L a c r o i x , A . L e v y , E . M a n a s s e , 
W . H . Miller, C. P a l a c h e , A . Russe l l , W . T . Schal le r , a n d L . J . Spence r . S ide r i t e is 
un i ax i a l , b u t A. M a d e l u n g o b s e r v e d a s a m p l e f rom Neudorf , H a r z , w h i c h w a s feebly 
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b iax ia l . S ide r i t e be longs t o a n i s o m o r p h o u s fami ly , R " C 0 3 , w h e r e R m a y d e n o t e 
Ca, Sr , B a , Mg, Zn, P b , M n , F e , a n d Co. T h e i s o m o r p h i s m w a s d iscussed b y 
G. Bi l ib in , P . G a u b e r t , W . Diesel , K . Gr i inbe rg , a n d H . d e S e n a r m o n t . T h i s is 
exempli f ied b y t h e m i n e r a l s braunerite, roepperite, masitite, a n d sideroplesite, 
(Mg 4 Fe)CO 8 ; manganocalcite, a n d spartoite, (Ca ,Mn,Fe ,Mg)CO 3 ; rhodochrosite, 
manganese spar, a n d dialogite, ( M n F e ) C O 3 ; iron zinc spar, (Zn ,Fe )CO 3 ; monheimite, 
( Z n , M n , F e ) C 0 3 ; a n d ankerite, ( C a , M g , F e ) C 0 3 . W . Diesel obse rved solid soln. of 
f e r rous a n d c a l c i u m c a r b o n a t e s of t h e v a t e r i t e t y p e , a n d h e n c e H . E . B o e k e in fe r red 
t h a t t h e r e is a n u n s t a b l e modi f ica t ion of fe r rous c a r b o n a t e w h i c h h a s n o t y e t b e e n 
i so la ted , a n d w h o s e s p . gr. , b y e x t r a p o l a t i o n , is n e a r 3*4. T h e colloidal fo rm h a s 
b e e n i n d i c a t e d a b o v e . T h e t w i n n i n g of t h e r h o m b o h e d r a l c r y s t a l s occurs a b o u t 
t h e (Ol 12)-p lane , of ten w i t h enc losed t w i n n i n g lamella; ; t h e s u b j e c t w a s d iscussed 
b y E . A m m e r m a n n , G. A . K e n n g o t t , a n d L . J . Spence r . T h e (0001) c l e a v a g e is 
pe r fec t . A . J o h n s e n found t h a t , a s w i t h ca lc i te , t h e ( l O l l ) - p l a n e is a g l id ing p lane . 
T h e corros ion figures a r e in p a r t s y m m e t r i c a n d in p a r t a s y m m e t r i c , a n d t h e y were 
e x a m i n e d b y H . B a u m h a u e r , A . P . H o n e s s , W . T . Schal ler , a n d G. T s c h e r m a k . 
I . N . S t r a n s k y a n d K . Kubelieff s t u d i e d t h e g r o w t h of t h e crysta ls ; P . G r o t h , 
pa ra l l e l o v e r - g r o w t h s w i t h ca lc i te , a n d S. K r e u t z , o v e r - g r o w t h s w i t h l i t h i u m 
n i t r a t e . T h e X - r a d i o g r a m s of s ider i te were i n v e s t i g a t e d b y W . J a n s e n , W . L . B r a g g 
a n d co-workers , P . P . E w a l d , a n d P . Niggl i . Acco rd ing t o R . W . G. Wyckoff, t h e 
e l e m e n t a r y r h o m b o h e d r a l cell h a s t h e p a r a m e t e r a = 6 - 0 4 A., a . = 4 7 ° 4 6 ' ; G. N a t t a , 
CT=5'82, a n d a = 4 7 ° 4 5 ' ; a n d P . Niggl i c a l c u l a t e d t h a t t h e r e a r e 4 mols . p e r cell , 
t h e edge of t h e cell is 5-94 X 10~» t o 5-99 X 10~ 8 cm . , t h e vol . of t h e cell is 194-9 X 10~ 2 4 

c . c , a n d t h e vo l . of t h e mo l . F e C O 3 is 48-75 X 1 O - 2 4 c.c. T h e s t r u c t u r e of t h e CO 3 -
g r o u p w a s d i scussed b y C. Schaefer a n d co-workers , a n d J . E . L e n n a r d - J o n e s a n d 
B . M. D e n t ; t h e a r r a n g e m e n t of t h e e lec t rons , b y M. L . H u g g i n s ; t h e s t r u c t u r e 
of t h e l a t t i c e b y W . I J . B r a g g a n d S. C h a p m a n , a n d S. C h a p m a n a n d co -worke r s ; 
t h e free e n e r g y of f o r m a t i o n of t h e c r y s t a l s f rom t h e e l emen t s , b y J. Ti. B u c h a n ; 
a n d t h e w o r k of s e p a r a t i n g Fe"" f rom C 0 3 " - i o n s , b y J . E . L e n n a r d - J o n e s a n d 
B . M. D e n t . P . Niggl i s t u d i e d t h e e lec tronic s tructure . 

T h e specific grav i ty of p u r e s ider i te , e x t r a p o l a t e d b y E . T . W h e r r y a n d 
E . S. L a r s o n , is 3-96 ; W . E . F o r d g a v e 3-633 t o 3-951 for s a m p l e s of s ider i te w i t h 
78-2 t o 95-9 p e r c e n t . F e C O 3 ; H . K o p p g a v e 3-796 a t 0° ; 
P . A . D u f r e n o y , 3-815 ; N . S u n d i u s , 3-927 ; A. B r e i t h a u p t , 
3-698 ; F . E . N e u m a n n , 3-872 ; A. H u t c h i n s o n , 3-936 t o 
3-938 ; A. L e m k e a n d W . Bi l tz , 3-832 t o 3-856 ; a n d 
E . M a d e l u n g a n d R . F u c h s , 3-7718. T h e effect of i m ­
p u r i t i e s is s h o w n in T a b l e X C V b y P . N i g g l i ; K . Gri in-
be rg ' s c u r v e for t h e sp . gr . of m i x t u r e s of fe r rous a n d 
c a l c i u m c a r b o n a t e s is s h o w n in F ig . 679. I . I . Sa s l aw-
s k y ca l cu l a t ed a v a l u e for t h e c o n t r a c t i o n w h i c h occurs 
w h e n fe r rous c a r b o n a t e is f o r m e d f rom i t s e l e m e n t s . 
A . L e m k e a n d W . Bi l tz s t u d i e d t h i s sub jec t . T h e hardness 
of s ide r i t e on M o h s ' scale is 3-5 t o 4 . F . Pfaff f ound t h a t 
if t h e h a r d n e s s of t a l c b e u n i t y , t h a t of s ider i t e on t h e 
(OOOl)-face is 32 , a n d o n t h e ( l O l l ) - f a c e , 5 3 . E . M a d e l u n g 
a n d R . F u c h s g a v e 0-0699 for t h e coeff. of compress ibi l i ty in m e g a b a r s p e r sq . c m . 
L . H . A d a m s a n d E . L>. Wi l l i amson g a v e £ = 0 - 0 6 6 0 ; a n d for t h e bu lk m o d u l u s , 
.K"x 1 0 - « = l - 6 7 ; a n d t h e r igidity, Rx 1 0 - 6 = 0 - 9 1 . 

H . F i z e a u f o u n d t h e coeff. of t h e r m a l e x p a n s i o n in t h e d i r ec t ion of t h e a -axis 
t o b e 0-00001918, a n d p e r p e n d i c u l a r t o t h a t ax i s , v iz . t h e c-axis, 0-00000605, a t 40° . 
F . Pfaff g a v e 0-000005388 for t h e c-axis , a n d 0-000016133 for t h e a-axis f rom 0° 
t o 100°. F o r t h e coeff. of cub ica l e x p a n s i o n , H . K o p p g a v e 0-000035 be tween 14° 
a n d 45° ; a n d F . Pfaff, 0-00002688 b e t w e e n 0° a n d 100°. Obse rva t ions were m a d e 
b y O . H u l s m a n n a n d W . Bi l tz . E . J a n n e t t a z g a v e 1-06 for t h e sq . r o o t of t h e r a t i o 
of t h e t h e r m a l conduct iv i ty pa ra l l e l a n d ve r t i ca l t o t h e chief axes . F . E . N e u m a n n 
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found the specific heat of siderite t o be 0-182 to 0-183 ; H . Kopp gave 0-166 be­
tween 17° and 46° ; H . V. Regnault , 0-1934 between 9° and 98° ; and F . TJlrich and 
E . Wollny, 0-1793. C. Pape made some observations on H . V. Regnaul t ' s results. 
W. A. Roth and W. Ber t ram found the mean sp. h t . between 20-5° and 95° t o be 
0-196 ; and the mean molecular heat , 22-72 a t 100°. C. T. Anderson gave for Cp a t 

— 218-9° —205-6° —182-2° —141-2° —89-0° —32-6° 13-0° 28-8° 
Cp . . 4-117 5-714 8-489 12-14 15-15 17-83 19-34 19-57 

At the beginning of the nineteenth century, C. !F. Bucholz, and M. H . Klaproth 
noted t h a t the thermal decomposition of siderite a t a red-heat, and out of contact 
with air, results in t he evolution of a combustible gas, presumably carbon monoxide, 
and the residual oxide is magnetic, presumably Fe8O4 . The carbon monoxide is 
formed by t h e reduction of carbon dioxide by ferrous oxide a t a red-heat. This 
was confirmed by t h e work of J . W. Dobereiner, J . N . von Fuchs, F . J . Malaguti, 
A. Kramer , E . Glasson, S. de Luca, and I. IJ. Bell. J . W. Dobereiner gave 5FeCO3 
= 3 F e O + F e 2 0 3 + 4 C 0 2 - { - C O . J . A. Hedvall observed t h a t with 4 h r s \ heat ing a t 
700°, a basic ferrous carbonate gave ferric oxide. K. Busz, W. Jung , J . J . Noggerath, 
and H . Pohlig also observed t h a t siderite appears t o have been converted into 
magneti te -when i t has been in contact with basalt intrusions. G. C. Wit ts te in 
observed t h a t when hydra ted ferrous carbonate is heated out of contact with air, 
t he ferrosic oxide which is formed may be pyrophoric. H . Moissan observed t h a t 
ferrosic oxide is formed when ferrous carbonate is heated out of contact with air, 
and when carbon dioxide is passed over ferrous oxide, carbon monoxide and ferrosic 
oxide are formed. Hence i t is probable t h a t t he ferrous carbonate first splits in to 
ferrous oxide and carbon dioxide, and t h a t these react on one another in accord 
with : 2 F e O + C O 2 = C O H-Fe2O8. If ferrous carbonate be slowly heated in a current 
of nitrogen, ferrosic oxide is produced, and if rapidly heated, pyrophoric ferrous 
oxide is formed. 

A. Knop observed t h a t the thermal decomposition of ferrous carbonate begins 
a t about 350°. K. Friedrich and !L. G. Smith found t h a t the decomposition of 
siderite begins a t about 400°, and proceeds rapidly a t 460° t o 500°. H . Wolbling 
said t h a t t he decomposition begins a t about 220°, bu t only becomes appreciable 
a t about 300° ; t he reaction is favourably influenced by water vapour ; W. Hempel 
and C. Schubert, t h a t the reaction begins a t 470°, and is completed a t 880° ; 
J . A. Hedvall , t h a t in nitrogen, siderite begins t o decompose a t 195° ; H . Schneider-
hohn, t h a t the decomposition is perceptible between 300° and 400° ; and A. Gautier 
and P . Clausmann t h a t siderite slowly decomposes a t 300°, and rapidly a t 400° in 
accord with : 3FeCO8=Fe8O4-J-2CO2H-CO. E . A. Wulfing observed t h a t siderite 
of a high degree of pur i ty lost 31*71 per cent, in weight on heat ing it 2 hrs. a t 500°, 
and 32*61 per cent, when heated for 10 mins. over a blast-flame. F . Duftschmidt 
observed t h a t the reactions which occur in an inert gas can be symbolized : 
FeCO 3 =FeOH-CO 2 and 3FeOH-CO2=Fe3O4H-CO. I n a current of carbon dioxide 
mixed with nitrogen, when the part ia l press, of the carbon dioxide is 7IO mm., 
siderite begins to decompose a t about 450° ; the speed of t he reaction rapidly 
rises with the t emp . ; in nitrogen alone, the mineral darkens a t 300°, and a t 350° 
the evolution of carbon dioxide is perceptible. Air accelerates the decomposition 
more t han does nitrogen. In a current of carbon dioxide, ferrosic oxide is produced 
a t 550°, and a t higher t emp, ferric oxide is formed. I n a current of air ferric oxide 
is produced. H . Fleissner added t h a t in steam, t h e ferrous carbonate decomposes 
a t 250°, in air a t 420°, in nitrogen a t 440°, and in carbon dioxide a t 500°. I J . Gruner 
studied the decomposition of the carbonate in carbon dioxide ; and H . Fleissner 
and F . Duftschmidt, in carbon monoxide, producer gas, and hydrogen. According 
to B . Bruzs, the thermal decomposition of siderite in the interval 491° t o 581° is 
unimolecular, dx/dt=ae—kt, where a is the initial velocity when t=*0 ; and k is t h e 
velocity constant : 

491° 611° 521° 581° 541° 550° 581° 578° 581° 
k . 000805 00221 0 0 4 4 2 00851 0 1 9 1 0-352 0-607 0-989 1*472 
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The velocity constant is abnormal a t 491°, and between 445° and 495°, the velocities 
are low. I t is inferred t h a t within this range, the velocity constant remains 
unchanged, whilst t h e active mass increases with temp. Whilst t he mineral form 
can be completely decomposed a t 495°, the synthetic form can be decomposed a t 
340°—when t he press, of carbon dioxide is 76O mm. The values of k are 0*01 IO 
a t 340°, 0-0152 a t 350°, and 0-0239 a t 360°. The critical increment, E, calculated 
from log ( A J 1 / ^ ) ==(-&/i?)(T 2 - I -T 1

- I ) , is 85,500 cals. for siderite between 501° and 
561°, and 30,700 cals. for the synthetic carbonate between 340° and 360°. The 
influence of t he grain-size of t he carbonate on the speed of decomposition was 
examined by H . Fleissner, and B . Bruzs ; and W. A. Noyes and W. E. Vaughan, 
and K. Fischbeck and K. Schnaidt discussed t h e reaction. 

M. Berthelot calculated for t h e beat of formation of precipitated ferrous 
carbonate, (Fe ,C, l J0 2 ) = 178*8 Cals. ; H . Ie Chatelier gave for the crystallized 
carbonate, 184-5 Cals. ; and with carbon as graphite, W. A. Ro t h and co-workers 
gave 171-7 Cals. H . Ie Chatelier also gave for t he crystalline carbonate and gaseous 
carbon dioxide, (FeO,C0 2 )=25-2 Cals., and W. A. Roth , and D. Muller 13-4 Cals. 
Values were also calculated for t he thermal decomposition by B . Bruzs—vide 
supra. M. Berthelot gave for the heat of neutralization with dissolved carbon 
dioxide, {Fe(OH)2,CO2}==10-0 Cals., and with gaseous carbon dioxide, 15-6 Cals. 
W. A. R o t h found t h a t the heat of oxidation : 3 F e C 0 3 + ^ 0 2 = F e 3 0 4 t + 3 C 0 2 + 3 3 - 4 
Cals. J . I J . Buchan gave —175,0OO cals. per mol for the free energy calculated 
from the heat of formation of the crystalline carbonate from i ts elements ; and 
— 151-52O cals. per mol when calculated from the lattice constants . C. T. Anderson 
gave 22-2 for the entropy. J . E . Lennard-Jones and B . M. Dent calculated the 
-work of separating Fe" "-ions from C03"-ions in the crystal latt ice to be 759 to 765 
cals. per mol. 

A. Hutchinson found t h a t the indices of refraction of siderite from Camborne, 
Cornwall, with respectively 98-43, 1-82, 0-18, and 0-26 percent , of ferrous, manganese, 
calcium, and magnesium carbonates, to be : 

Li- Na- Tl-light 
ca . . 1-8642 to 1-8655 1-8722 to 1-8734 1-8798 to 1-8812 
c . . 1-6278 to 1-6306 1-631O to 1-6342 1-6344 to 1-6373 

W. OrtlofE observed a pale yellow siderite from Wolfsberg, Harz, to have o>—1-93409, 
and €=1*62185. The results of W. E. Ford, H. von Philipsborn, P. Gaubert, and 
E. T. Wherry and E. S. Larsen were collected by P. Niggli in Table XCV. 

TABiiE XCV.—IKDICES or KrJEFBACTIOW AND SrBCiMC GRAVITIES OF SIDEBITES. 

!Locality 

I v i g t u t * . 
I v i g t u t 
S p o k a n e . 
M i n e d e B a i g o r r y * * 
B o x b u r y , C o n n . * 
N e u d o r f *-
B i n d t * . 
B i n d t * . 
S t . P i e r r e * * 
D ' A l l e v a r d * * . 
D ' A U e v a r d * * . 
VisriHe * * 

FeCO8 

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

7 0 - 2 4 

Composition 

MnCO, 

4 1 
5 1 6 

t r a c e 
1-9 
6-7 

15*8 
4 - 7 
2 - 2 

1-62 

MgCO3 

0 - 6 2 
1 -83 
7 - 5 6 
9-1 
6 - 6 

1 7 - 9 
7 3 - 3 

2 6 - 2 8 

CaCO, 

0 - 3 7 
5 - 1 3 
— 

1-6 
0 - 4 
0 - 6 
1-3 

— 
— 
• 

Sp. ex. 

3 - 9 5 1 
3-94O 
3 - 8 4 0 

— 
3 - 7 9 3 
3 - 8 1 3 

! 3 - 7 0 7 
3 - 6 3 3 

— 
_ 

Indices of refraction 

to 

1-872 
1-871 
1-858 
1 - 8 4 1 6 
1-847 
1 -849 
1 -838 
1 -830 

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

! 1 8 1 4 

C 

1 - 6 3 4 
I 1 -631 
j 1 -622 

1-62O 
1 -613 
1 -615 
1 -603 
1 - 5 9 6 
1 -609 
1 - 6 0 1 2 
1 - 5 9 8 2 
1 -586 

W. E. Fords* results are marked * , and those of P. Gaubert * * . Observations were 
also made by N. Sundius, and W. A. Wooster. By extrapolation, E. T. Wherry 
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and E . S. Larsen found t h a t for ferrous carbonate, co=l*875, and €=1*635 ; and 
W. E . Ford, o>=l*875 and €=1-633. W. L. Bragg calculated for the molecular 
refraction, 13*48 from co and 10*57 from €. S. Procopiu found t h a t powdered siderite 
suspended in organic liquids, exhibits double refraction in magnetic and electric 
fields. The double refraction of abnormal crystals, observed by A. Madelung has 
been previously mentioned. J . Chaudier also found t h a t suspensions of powdered 
Biderite in carbon disulphide exhibit an optical and an electrical birefringence. 

Li. B . Morse measured the reflecting power of the crystals for ultra-red light 
between 5/x and 16ft, and maxima were found for 6*60/cz, ll*47/x,, and 13*9/x ; whilst 
C. Schaefer and M. Schubert observed maxima a t 6*77/x, ll*53/x, and 13-54/a with 
ordinary light, and maxima with o>-light were observed a t 6-77/z. and 13-54/x, and 
with €-light, a maximum at ll*53/x. Observations were also made by C. Schaefer 
and co-workers, W. W. Coblentz, W. Schmidt, and T. Iaebisch and H . Rubens . 
The absorption spectrum of ultra-red light was measured by W. W. Coblentz between 
l-5/i, and 6/x ; and C. Schaefer and co-workers observed the results summarized in 
Fig. 680, for a plate cut perpendicular to the c-axis. The absorption with wave­
length below 9/x is ascribed to the presence of the C03-radicle being characteristic 
of the carbonates of calcium, barium, magnesium, and lead. Observations were 
made by E . K. Plyler. 

slljg 

* ! ' 2 3 4 5 6 7 8 S /0 // /? 0 Af /5 /S // /& /0 20ft 

F i a . 6 8 0 . — T h e T r a n s m i s s i o n of t h e Ul t ra - red . K a y s of S i d e r i t e . 

E. Engelhardt observed t h a t in ultra-violet light, some samples of siderite show 
a feeble, white luminescence, bu t not phosphorescence.- C. Doelter observed t h a t 
radium radiations deepen the colour of yellow siderite t o brownish-yellow, and a 
similar change of colour occurs on exposing the crystals t o air, and it is due to 
oxidation, so t h a t radium rays accelerate the speed of aerial oxidation. E . Baur 
found t h a t the photochemical transformation of ferrous carbonate to oxalate : 
2FeCO3=(EeO)2C2O4 , proceeds neither with nor without sensitizors. 

G. Meslin found t h a t a suspension of siderite in carbon disulphide exhibits 
magnetic dichroism—vide supra9 ferric oxide. L. Graetz found t h a t the electrical 
dispersion of siderite is positive. H . Knoblauch observed the dielectric polarization 
of crystals of siderite. T. Liebisch and H . Rubens found t h a t the dielectric constant 
of siderite is 7-8 for the ordinary ray, and 6*0 for the extraordinary ray ; whilst 
W. Schmidt found for the extraordinary ray 6-85 parallel to the c-axis, and 7-85 
normal to the c-axis. W. A. D. Rudge observed the positive electrification of 
siderite when the dust is blown through a wire gauze. A. Abt gave 7154 ohms for 
t he electrical resistance of a cm. cube of siderite. J . Konigsberger discussed the 
electrical conductivity of ferrous carbonate. T. Liebisch calculated from J . Tyn-
dall 's observations t h a t the rat io of the a t t ract ive force of two spheres of siderite 
between the poles of an electromagnet in directions parallel and vertical t o t he 
isotropic axes is as 100 : 71. T. W. Case observed no change in the resistance on 
exposure t o light. 

M. Earaday showed t h a t siderite is paramagnetic, and he examined the effect 
with heated crystals. G. Foex found the sp. magnetic susceptibility of siderite 
parallel and vertical to the chief optical axis to be : 

— 186° —73° 19-5° 42-8° 62-1° 77-7° 102-5° 128-5° 
r Paral le l . 5 8 1 1 6 231-3 142-6 129-8 120-9 111-9 105-3 97-O 

x X Vert ica l . 180-3 111-4 84-2 79-4 76-0 72-4 69-4 66-O 

Above —73°, t h e sp. susceptibility is a linear function of the temp. , and the lines 
for x taken parallel and perpendicular to the chief axis are parallel. F . Stutzer 
and co-workers gave 332 X 1O-"6 for the coeff. of magnetization ; and W. R. Crane, 
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1*86 X10""6 for t h e m a g n e t i c su scep t ib i l i t y . T h e s u b j e c t w a s s t u d i e d b y G. D u p o u y , 
Li. P a u l i n g a n d M. L . H u g g i n s , a n d K . S. K r i s h n a n a n d c o - w o r k e r s ; a n d t h e 
p a r a m a g n e t i c r o t a t i o n b y J . B e c q u e r e l a n d co-workers . H . A . J . W i l k e n s a n d 
H . B . C N i t z e p l a c e d s ide r i t e a m o n g s t t h e m i n e r a l s suscep t ib le t o a t t r a c t i o n in 
m a g n e t i c s e p a r a t i o n s , a s in t h e s e p a r a t i o n of s ide r i t e f rom zinc b l e n d e d i scussed 
b y E . Clark , G. P r u s , M. Be l lom, a n d G. G r o m i e r . 

The chemical properties of ferrous carbonate.—Y. A. Ravich-Shcherbo, 
a n d H . S c h n e i d e r h o h n s t u d i e d t h e w e a t h e r i n g of s ide r i t e u n d e r t h e inf luence of 
m i c r o r g a n i s m s . W h e n s ider i t e is h e a t e d t o r e d n e s s in h y d r o g e n , H . F le i s sne r a n d 
F . D u f t s c h m i d t f o u n d t h a t c a r b o n d i o x i d e a n d m o n o x i d e a n d w a t e r a r e evo lved , 
a n d t h e r e s idue c o n t a i n s s o m e m e t a l l i c i ron . A c u r r e n t of h y d r o g e n acce l e ra t e s 
t h e t h e r m a l d e c o m p o s i t i o n of s ide r i t e b y c a r r y i n g t h e c a r b o n d iox ide a w a y f rom t h e 
s e a t of t h e r e a c t i o n . S ide r i t e b e c o m e s b r o w n i s h - r e d o r b r o w n i s h - b l a c k on e x p o s u r e 
t o air , owing t o t h e o x i d a t i o n of t h e i ron a s i t p a s s e s t o l i m o n i t e ; a n d b y a s u b s e q u e n t 
loss of w a t e r i t m a y p a s s t o h soma t i t e o r m a g n e t i t e . T h e d e o x i d a t i o n i n t h e l a t t e r 
case m a y be a s s i s t ed b y t h e p r e s e n c e of o rgan ic m a t t e r . I n i l l u s t r a t i o n of s o m e of 
t h e c h a n g e s w h i c h s ider i t e m a y u n d e r g o i n n a t u r e , J . R . B l u m , M. v o n Si l lem, 
A . B r e i t h a u p t , a n d R . N o s i t z m e n t i o n e d t h a t p s e u d o m o r p h s of h e m a t i t e a f t e r 
s ider i t e m a y occur ; A . B r e i t h a u p t , J . R . B l u m , a n d C O . T r e c h m a n n , of g o e t h i t e ; 
M. v o n Si l lem, J . R . B l u m , E . W e i n s c h e n k , G. G r a t t a r o l a , H . Hofe r , J . Samoiloff, 
A . S c h m i d t , a n d E . F . Glocker , of l i m o n i t e ; J . R . B l u m , of m a g n e t i t e ; a n d 
J . R . B l u m , a n d A. B r e i t h a u p t , of ch lo r i t e . H . d e S e n a r m o n t o b s e r v e d t h a t d r y , 
w h i t e fe r rous c a r b o n a t e does n o t c h a n g e in d r y a i r , b u t i t s lowly co lou red in m o i s t 
a i r ; a n d S. d e L u c a f o u n d t h a t w h i t e a n d d r y f e r rous c a r b o n a t e c a n be p r e s e r v e d 
indef in i te ly in sea led t u b e s , b u t w i t h t h e e n t r y of a i r a n d m o i s t u r e , i t is s lowly 
c o n v e r t e d i n t o h y d r a t e d ferric ox ide . A . K r a u s e a lso n o t e d t h a t p r e c i p i t a t e d f e r rous 
c a r b o n a t e , n e u t r a l t o l i t m u s , is s lowly ox id ized in a i r t o h y d r a t e d ferric ox ide a l m o s t 
free f r o m c a r b o n d iox ide . G. T . M o o d y m a d e a n a n a l o g o u s o b s e r v a t i o n . T h e 
s u b j e c t w a s s t u d i e d b y J . K l a r d i n g , a n d E . D u f t s c h m i d t . F o r t h e d e c o m p o s i t i o n of 
f e r rous c a r b o n a t e w h e n h e a t e d i n air , vide supra. A c c o r d i n g t o C. K l a u e r , t h e m o i s t 
c a r b o n a t e b e c o m e s d r y a f t e r e x p o s u r e t o t h e a i r for a few d a y s , a n d is c o n v e r t e d 
i n t o ferr ic ox ide ; t h e o x i d a t i o n of t h e p a r t i a l l y - d r i e d p o w d e r i n a i r m a y p r o c e e d 
so q u i c k l y t h a t t h e p o w d e r b e c o m e s h o t , a n d gives off s t e a m . I f t h e m o i s t p o w d e r 
b e m i x e d w i t h suga r , i t a c q u i r e s a c o a t i n g of s y r u p w h i c h r e n d e r s i t m o r e p e r m a n e n t . 
R . Ph i l l i p s a l so n o t e d h o w t h e p r e sence of s u g a r r e t a r d s t h e o x i d a t i o n of t h e 
c a r b o n a t e , e v e n w h e n i t is h e l d in soln. b y w a t e r i m p r e g n a t e d w i t h c a r b o n d iox ide . 
A . B icke l a n d C. v a n E w e y k s t u d i e d t h e s u b j e c t . A c c o r d i n g t o G. J u s t , in t h e 
o x i d a t i o n of f e r rous c a r b o n a t e in soln . in c a r b o n a t e d w a t e r : 4 F e ( H C O 3 ) 2 - f - 2 H 2 O 
- f - 0 2 = 4 F e ( O H ) 3 - f - 8 C 0 2 , t h e r e a c t i o n is b imo lecu la r , b u t t h e o x y g e n i n t h e first 
s t a g e of t h e p rocess a c t s m o l e c u l a r l y : F e ( H C 0 3 ) 2 = F e ( O H ) 2 - { - 2 C 0 2 , a n d t h e r e 
m a y be p r o d u c e d a n i n t e r m e d i a t e " m o l o x i d e " : 

g > Fe(OH)2 

F r e s h l y - p r e c i p i t a t e d fe r rous c a r b o n a t e t a k e s u p o x y g e n f rom t h e air , wh ich t h e r e b y 
b e c o m e s a c t i v a t e d so t h a t , a s s h o w n b y O. B a u d i s c h a n d h i s fe l low-workers , m a n y 
o r g a n i c subs t ances—e .g . , l ac t i c ac id , s u g a r , a n d p y r i m i d i n e — a r e s i m u l t a n e o u s l y 
ox id i zed . I f t h e f e r rous c a r b o n a t e be n o t f resh ly p r e c i p i t a t e d , i t will be ox id ized 
b y a i r , b u t t h e o x y g e n is n o t a c t i v a t e d , a n d p y r i m i d i n e , for i n s t a n c e , is n o t ox id ized . 
T h e fac i l i ty of a c t i v a t i n g t h e o x y g e n m a y l a s t for a few seconds o r m i n u t e s . 

A c c o r d i n g t o A . K n o p , p o w d e r e d s ide r i t e is d e c o m p o s e d b y w a t e r v a p o u r a t 
a b o u t 100° f o r m i n g c a r b o n d i o x i d e , a n d w i t h coa r se -g ra ined s ider i te , a l i t t l e 
c a r b o n m o n o x i d e is f o r m e d a s wel l ; a t a r e d - h e a t , c a r b o n d iox ide a n d h y d r o g e n 
a r e f o r m e d w i t h l i t t l e o r n o c a r b o n d i o x i d e . A . G a u t i e r obse rved t h a t w h e n 
s t e a m a c t s o n s i de r i t e a t a r e d - h e a t , ferr ic a n d ferrosic oxides , h y d r o g e n a n d c a r b o n 
d i o x i d e a r e p r o d u c e d . W . T r a u b e a n d c o - w o r k e r s showed t h a t f r e s h l y - p r e c i p i t a t e d 
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ferrous carbonate is oxidized by boiling water in t he presence of palladium chloride 
forming hydrogen and carbon dioxide. C. von Hauer said t h a t if carbon dioxide 
a t ordinary press, be passed through water in which iron is suspended, a soln. 
containing 9*1 par t s of FeCO8 t o 10,000 par t s of water is obtained ; R . Wagner, 
t h a t 100 par t s of water sat. with carbon dioxide can dissolve 0*72 pa r t of FeCOa, 
t h a t one pa r t of FeCO8 dissolves in 1381 par t s of water sat. with carbon dioxide 
under a press, of 4 to 6 a tm. ; H . Ehler t and W. Hempel, t h a t a litre of water sat . 
with carbon dioxide dissolves 6*1907 grms. of freshly-precipitated carbonate under a 
press, of 2 a tm. a t 14° ; O. Haehnel, t h a t 100 grms. of a sat. soln. of ferrous carbonate 
in water a t 18°, and in contact with carbon dioxide a t a press, of 1 a tm. , contain 
0-072 grm. FeCO8 , and if the press, be 5 a tm. , 0*077 grm. FeCO3 dissolves ; 
J . Giinzburg, t h a t a litre of water, through which a current of carbon dioxide is 
continually passed, dissolves 0-504 grm. of precipitated ferrous carbonate a t room 
temp. ; A. Cossa, t ha t 10,000 par t s of water charged with carbon dioxide a t a tm. 
press., dissolve 7*2 par ts of siderite a t 18° ; J . Ville, t h a t a litre of water charged 
with carbon dioxide a t a tm. press., dissolves : 

15° 19° 20° 24° 
FeCO 3 . 1-39O 1 1 8 5 1 1 4 2 1 0 9 8 grms . 

and I*. F . Caro, t h a t 10,000 par t s of water sat. with carbon dioxide a t a press, p a tm. , 
dissolve : 

p . . . 1 2 3 4 5 6 7 8 a t m . 
ir r>r> / a t 5° . 3-45 4-21 4-56 5-36 5-74 6-51 6-51 5-51 
J ? o ^ ^ 3 \ a t 2 0 ° . 3-25 3 .73 4 1 2 4-59 5-U7 5-36 5-84 6 1 2 

J . R. JBaylis found t h a t the solubility of precipitated ferrous carbonate, S pa r t s 
Fe per million, in water containing CO2 par t s per million, with the H*-ion cone. pu 
is : 

C O , . . 8 - 8 5 O O 0 O O 
Pn . 7-2 7-3 8-4 8-6 9 1 9-6 
S . . 4-O l-O 0-10 trace 0-1O trace 

The subject has been discussed in connection with t h e corrosion of iron (q.v.) by 
H . Henecka, M. Rohland, J . Giinzburg, etc. J . Tillmans and B . Klarmann, for 
instance, say t h a t water with over 100 mgrms. per litre of combined carbonic acid 
will dissolve iron pipes, whilst water with a H*-ion cone, of 0*3 X 1O -7 to 4*0 X 10*~7 

may be considered safe. J . W. Gruner observed t h a t the solubility of siderite in 
peat-water can be detected after 77 days ' exposure, and after 182 days ' exposure, 
the water contains 48 par t s of iron per million par t s of water. According t o 
J . R. Baylis, the solubility of ferrous carbonate, S pa r t s Fe per million, in water 
containing CO2 par t s per million, in the H"-ion cone. pR is : 

C O a . 0 O 2 0 13-2 24-O 33-4 
P H 9-6 8 O 7-3 7 O 6-7 6-8 — 
S . . . trace trace 0-8 6-5 12-O 14-O 

I t is assumed t h a t normal ferrous carbonate is insoluble in water, bu t it dissolves 
if carbonic acid be present. I t is assumed t h a t in t he presence of carbonic acid, 
the carbonate is in soln. as ferrous hydrocarbonate, Fe(HCO s)2 , bu t t h a t this com­
pound is so unstable t h a t i t is known only in aq . soln. The relations between 
the ferrous carbonate and carbonated water are similar t o those which obtain 
with the alkali and calcium carbonates. The conditions of equilibrium are repre­
sented by the five equa t ions : (i), [H] [HCO 8 ' ] = K1 [H2CO8] ; (ii), [H] [CO 8 ' ' ] 
= ,K: 2 [HC0 8 ' ] ; (iii), [Fe " X C O s " ] = / ^ , the solubility product ; (iv), [HCO 3 ' ]=2[Fe" ] ; 
and (v), o[Fe(HC0 3 ) 2 ]—[Fe"] , where a. represents the degree of ionization of ferrous 
hydrocarbonate. B y extrapolation from J . Kendall 's values for JRL1, i t follows t h a t 
^ = 3 - 7 x 1 0 - 7 a t 30° ; C. A. Seyler and P . V. Lloyd's value for JT2=4-91 X 1 0 ~ " 
a t 25°. The following is a selection from H. J . Smith 's solubility da t a for ferrous 
hydrocarbonate in water a t 30° : 
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f H , C 0 8 ] . 
[Fe(HCOa) 8 ] . 
a. 
i f x i o * . 

0 1 8 6 8 
0 0 0 2 4 5 
0-912 
3-91 

0-2168 
0 0 0 2 6 2 
O- 908 
3-96 

0-3116 
0 0 0 3 0 4 
0-902 
4 0 4 

0-4046 
0 0 0 3 3 2 
0-896 
4 0 2 

0 66OO 
0 0 0 4 0 2 
0-884 
4 0 8 

0-7154 
0-00418 
0-880 
4-11 

0-7600 
0 0 0 4 3 4 
0-878 
4 1 8 

T h e a v e r a g e of t l i e 'whole ser ies of d e t e r m i n a t i o n s w a s J T = 4 - 0 4 X 10~ 3 . I t i s t h e r e ­
fore poss ib le t o c a l c u l a t e t h e v a l u e of . K 3 = [ F e * " I C O 8 " ] , s ince K3=4:'KZKS/K1 ; 
a n d t h i s g ives 2 T 8 - 3 4 * 5 3 X10—1 2 . C o n s e q u e n t l y , if fe r rous c a r b o n a t e w e r e n o t 
h y d r o l y t i c a l l y d i s soc ia ted , i t s so lub i l i ty i n p u r e w a t e r free f rom c a r b o n d i o x i d e 
w o u l d b e 5*8 x l O ~ o m o l . J . T i l l m a n s a n d B . K l a r m a n n ca l cu l a t ed 2 - 7 X l O - I O , 
for t h e so lub i l i ty p r o d u c t . Li. A . Klyachare f f s t u d i e d t h e effect of ferric h y d r o x i d e 
o n t h e so lub i l i ty of c a r b o n d i o x i d e i n w a t e r . W . F e i t k n e c h t f o u n d t h e space -
l a t t i c e of ferrous o x y c a r b o n a t e , F e C 0 3 . 3 F e ( O H ) 2 , c o r r e s p o n d s w i t h a l t e r n a t e 
l aye r s of h y d r o x i d e a n d n o r m a l sa l t . 

J . W . D o b e r e i n e r s h o w e d t h a t w h e n fe r rous c a r b o n a t e is h e a t e d w i t h p o t a s s i u m 
hydroxide , ferrosic o x i d e is f o r m e d a n d c a r b o n m o n o x i d e is g iven off a n d p o t a s s i u m 
c a r b o n a t e is f o r m e d . J . L»emberg sa id t h a t bo i l ing p o t a s h - l y e b l a c k e n s s ide r i t e 
b u t n o t so w i t h ca l c spa r o r d o l o m i t e ; a n d R . B o t t g e r f o u n d t h a t w i t h p r e c i p i t a t e d 
f e r rous c a r b o n a t e , a bo i l ing soln . of p o t a s s i u m h y d r o x i d e fo rms ferrosic o x i d e . 
J . R . B a y l i s f o u n d t h a t t h e so lub i l i ty of p r e c i p i t a t e d fe r rous c a r b o n a t e , S p a r t s 
of F e p e r mil l ion, i n w a t e r c o n t a i n i n g C O 2 p a r t s p e r mil l ion in w a t e r s a t . w i t h 
c a l c i u m hydroxide , a n d w i t h t h e H"-ion cone . j>H is : 

CO 2 . 
VVL 
S 

. 9-7 
7-0 

. 4 0 

7-9 
7-3 
2 0 

5-3 
7-5 
0 -8 

8-8 
7-4 
2 - 5 

0 
8-6 
trace 

O 
8-6 
trace 

O 
8-6 
0 1 0 

E . B r a u n o b s e r v e d t h a t f e r rous c a r b o n a t e is r e a d i l y so luble i n a soln . of a m m o n i u m 
hydrocarbonate, and rather less in soln. of sodium and potassium hydrocarbonates. 
H . C h a n d r a f o u n d t h a t a soln. of 120 g r m s . N a H C O 8 p e r l i t r e c a n dissolve 0*828 g r m s . 
of F e ; a s a t . soln . of p o t a s s i u m h y d r o c a r b o n a t e 0*908 g r m . p e r l i t r e . I f t h e so ln . 
i n a m m o n i u m h y d r o c a r b o n a t e o r i n rub id ium hydrocarbonate i s ox id ized i n a i r , 
c o m p l e x ferrosic sa l t s a r e fo rmed , [ F e 2 " F e ( C 0 3 ) 0 ] ' . O. H a u s e r o b t a i n e d a co lour ­
less soln . of f e r rous c a r b o n a t e i n o n e of a m m o n i u m carbonate . J . Ville f o u n d 
t h a t t h e a lka l i o r a lka l ine e a r t h carbonates p r e c i p i t a t e h y d r a t e d fe r rous o x i d e 
f r o m c a r b o n a t e d w a t e r h o l d i n g fe r rous c a r b o n a t e in soln. , a n d t h e y a re t h e m s e l v e s 
c o n v e r t e d i n t o h y d r o c a r b o n a t e s ; h e n c e t h e a lka l i a n d a lka l ine e a r t h c a r b o n a t e s 
h a v e n o a c t i o n o n c h a l y b e a t e w a t e r . J . R . B a y l i s f o u n d t h a t w i t h c a l c i u m 
carbonate a n d soln . c o n t a i n i n g C O 2 p a r t s p e r mil l ion, t h e so lub i l i ty of fe r rous 
c a r b o n a t e , S p a r t s F e p e r mil l ion, w h e n t h e H*-ion cone , of t h e soln . is p^ is : 

Time 2 4 6 29 26 days 
CO2 . . 3-5 2-6 1-8 5-3 6-6 
3>n . . . 7-3 7-4 7-4 7-3— 7-4 — 
*S . . . 1 - 6 1-3 0-8 1-8 0-6 

H . E h l e r t o b t a i n e d t h e fol lowing r e su l t s for t h e so lub i l i ty of fe r rous c a r b o n a t e 
i n w a t e r a lone , a n d i n w a t e r w i t h c a r b o n d i o x i d e a t 2 a t m . p ress . , c o n t a i n i n g JS 
g r m s . of f e r rous c a r b o n a t e p e r l i t r e , a n d a lso c o n t a i n i n g different p r o p o r t i o n s of 
the salts—sodium and magnesium chlorides, and of sodium and magnesium 
s u l p h a t e s — i n d i c a t e d i n s q u a r e b r a c k e t s exp re s sed i n t e r m s of g r a m s of sa l t p e r 
1000 g r m s . of w a t e r , w h e n S for w a t e r a lone is 6-1907. T h e resu l t s w i t h a n a s t e r i sk 
re fe r t o w a t e r free f rom c a r b o n d i o x i d e . 
[NaCl] 
S 
[MgCl a .6H,0] 

ENa1SO4 .10H.O] 
S 
[MgS0 4 . 7H ,0 ] 

351-2* 
0-35042* 

2300-0* 
4-2049* 

137-7* 
0-70085* 

105-3* 
1-4667* 

50 
6-3541 

86-9 
5-8403 
Sat. at 14°* 
0-93444* 
Sat. at 18°* 
2-9334* 

106-9 175-6 
5-7001 5-0226 

70OO 1150-0 
4-5553 4-4587 
137-7 Sat. at 14° 
7-9428 9-5780 

105-3 Sat. at 18° 
6-2423 7-3922 

263-4 
4-3218 

17250 
5-3975 

351-2 
3-9246 

23000 
90524 
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E. Wohler found t ha t when siderite is heated in a current of chlorine, i t yields 
a sublimate of ferric chloride and a residue of ferric oxide mixed -with some ferrous 
chloride if the supply of chlorine is deficient : 6FeC03-+-3Cl2=2FeCl3H-2Fe203 
+ 6 C O 2 . W. Kangro and R. Fliigge added t h a t a t 900°, 84*3 per cent, of iron -was 
removed by chlorine from siderite in 120 mins. H . de Senarmont said t h a t crystal­
line ferrous carbonate, prepared a t a high temp., is bu t slowly a t tacked by acids, 
and J . Durocher found t h a t bubbling with the escape of carbon dioxide occurs only 
when the mixture is heated, bu t B . Bruzs observed t h a t the artificial ferrous car­
bonate readily dissolves in acids. Siderite is slowly at tacked by hydrochloric acid 
with the evolution of carbon dioxide. 

J . J . Berzelius observed tha t when hydrogen sulphide is passed over ferrous 
carbonate a t 100°, iron disulphide, sulphur dioxide, water, and hydrogen are 
formed. C. Doelter obtained crystals of pyri te by the action of water sat. with 
hydrogen sulphide on siderite in a sealed tube a t 80° to 90°. W. P . Jorissen and 
J . Rut ten found t ha t the action of hydrogen sulphide on precipitated basic car­
bonate is more rapid than it is on normal ferrous carbonate. H . !Lotz investigated 
the action of air with 19 per cent, of carbon dioxide and 1 per cent, of sulphur 
dioxide on moist siderite, and found t ha t some iron and manganese oxides become 
soluble in water. A. Gorgeu found t h a t molten alkali sulphate mixed with a little 
alkali sulphite reacts with siderite forming crystals of ferrosic oxide with in­
clusions of manganese, calcium, and magnesium ferrites. J . W. Dobereiner found 
t h a t a t a high temp. cone, sulphuric acid acts on powdered siderite forming carbon 
dioxide, then sulphur dioxide and ferrosic sulphate. According to V. Lenher and 
C. H . Kao, siderite does not react with selenium dichloride. 

According to R. H . Bret t , ferrous carbonate is insoluble in an aq. soln. of 
ammonium chloride or nitrate, bu t A. Terreil showed t h a t it is soluble in a boiling 
soln. of an ammonium salt. G. Xiinck added t h a t siderite is rapidly oxidized by a 
mixture of ammonium ni t ra te and sodium chloride a t 60° to 70°. L. Cambi and 
co-workers found t h a t nitric oxide gives with ferrous carbonate an unstable product 
which could not be isolated ; and as the nitric oxide is reduced to nitrous oxide, 
some hyponitri te is formed. W. Dominik represented the action of ni tr ic acid on 
a mush of ferrous carbonate by : 3 F e C 0 3 + H N 0 3 + 4 H 2 0 = = 3 F e ( O H ) 3 + N O + 3 C 0 2 . 
O. Baudisch and co-workers found t h a t freshly-precipitated ferrous carbonate 
reduces alkali nitrites and nitrates t o form ammonia. 

H . C. Bolton observed t h a t siderite is not a t tacked by a cold, sat. soln. of oxalic 
acid ; likewise with cold, sat. soln. of citric, tartaric, or acetic acid, but if the 
soln. are hot, the carbonate is at tacked. If moist precipitated ferrous carbonate 
be warmed with sugar, C. Klauer found t h a t carbon dioxide is developed, and the 
ferrous oxide which is formed is protected from oxidation to some extent by the 
sugar. The reaction was studied by A. Buchner, R. Phillips, etc.—vide supra. 
W. Spiepermann found t ha t the reaction with alkali thiocyanate, K C y S + F e C O 3 
==KCy04-FeSH-C02 , begins a t 280°, and proceeds rapidly between 280° and 340°. 
A. Simon and T. Reetz studied the reaction with benzidine chloride. I . I . Wanin 
and A. A. Tschernojarowa found t h a t a t 55° to 60°, benzylidene chloride reacts 
turbulent ly with ferrous carbonate. W. H . Coghill and J . B . Clemmer discussed 
the soap flotation of siderite. H . Ie Chatelier represented the reaction with silica 
by : FeCO 8H-SiO 2=FeSiO 3H-CO 2-7-6 CaIs. 

H . Rose observed t h a t ferric oxide can drive the carbon dioxide from ferrous 
carbonate. A soln. of a cuprous salt in ammonium carbonate was found by 
E . Braun to be reduced by freshly-precipitated ferrous carbonate t o form copper ; 
T. S. H u n t made a similar observation with respect t o cupric chloride ; and 
H . C. Biddle observed t h a t a precipitated mixture of cupric and ferrous carbonates 
forms copper and basic ferric carbonate. A. F . Rogers found t h a t siderite reduces 
a soln. of silver sulphate to form silver. J . Ville found t h a t ferrous carbonate is 
soluble in a soln. of a ferric salt with the evolution of carbon dioxide, and the preci­
pitation of hydra ted ferric oxide. A. Sismonda investigated the conversion of 
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F i a . 681 .—Solubi l i ty of Iron in W a t e r Car­
bonated, a t 50 a t in . !Pressure. 

s ide r i t e i n t o l i m o n i t e t h r o u g h t h e a c t i o n of a soln. of ferrous su lphate f o rmed b y 
t h e w e a t h e r i n g of p y r i t e s . 

T h e fac t t h a t f e r rous c a r b o n a t e is v e r y s p a r i n g l y so luble i n w a t e r a lone , b u t is 
so luble in w a t e r c o n t a i n i n g c a r b o n d iox ide i n soln. , is e x p l a i n e d b y a n a l o g y w i t h 
t h e b e h a v i o u r of c a l c i u m c a r b o n a t e , b y a s s u m i n g t h a t so luble ferrous hydro -
carbonate , F e ( H C O 3 ) 2 , is fo rmed , a l t h o u g h t h i s sa l t h a s n o t y e t b e e n p r e p a r e d 
i n t h e solid s t a t e . O. H a e h n e l a s s u m e d t h a t t h i s s a l t will a p p e a r a s a solid p h a s e 
i n soln . w i t h c a r b o n d iox ide u n d e r a p res s , e x c e e d i n g 40 a t m . ; a n d H . J . S m i t h 
c a l c u l a t e d t h a t t h e p res s , of c a r b o n d iox ide w i t h solid f e r rous h y d r o c a r b o n a t e a t 
25° is g r e a t e r t h a n 25 a t m . 

Xi. G m e l i n s t a t e d t h a t i r o n d i sso lves in a n a q . so ln . of c a r b o n d i o x i d e w i t h t h e 
e v o l u t i o n of h y d r o g e n . H . K l u t a l so o b s e r v e d t h e e v o l u t i o n of h y d r o g e n w h e n 
w a t e r free f rom d i sso lved o x y g e n a c t s on i ron . G. T . M o o d y s h o w e d t h a t w h e n 
i r o n is left for 26 d a y s i n c o n t a c t w i t h a soln. of c a r b o n d iox ide a t a t m . p ress . , 
1*66 g r m s . of i r on p e r l i t re d issolve 
a s f e r rous h y d r o c a r b o n a t e ; a n d ^, 2"5r 

J . G i inzbu rg f o u n d t h a t i n t h e a b - ^ 
sence of o x y g e n , w a t e r s a t . -with 
c a r b o n d iox ide u n d e r a t m . p res s , 
d i sso lves a b o u t a g r a m of i r o n p e r 
l i t r e i n a few d a y s . T h e soln . of 
h y d r o c a r b o n a t e is s t a b l e if i t be 
s e p a r a t e d f rom t h e excess of i ron , 
b u t if i t b e s h a k e n w i t h i ron , w i t h 
o r w i t h o u t t h e i n t r o d u c t i o n of m o r e 
c a r b o n d iox ide , w h i t e f e r rous ca r ­
b o n a t e is f o rmed . B . Mul le r a n d H . H e n e c k a f o u n d t h a t w i t h t h e c a r b o n d iox ide 
u n d e r a p ress , of 50 a t m . , w a t e r -with p u l v e r u l e n t i r on in suspens ion a t 30° t o 100° 
a t t a i n s a m a x i m u m c o n c e n t r a t i o n of h y d r o c a r b o n a t e , a n d t h i s t h e m o r e r a p i d l y 
t h e h ighe r t h e t e m p . T h e c o n c e n t r a t i o n of t h e h y d r o c a r b o n a t e in soln. t h e n 
dec reases owing t o i t s d e c o m p o s i t i o n i n t o fe r rous c a r b o n a t e , e t c . A t 20°, a con ­
c e n t r a t i o n of 2-249 g r m s . of i r on p e r l i t r e is a t t a i n e d , b u t , a s s h o w n in F ig . 6 8 1 , 
t h e m a x i m u m is less p r o n o u n c e d a t 20° t o 60° t h a n i t is a t 80° t o 100°. T h e 
dec rease in t h e c o n c e n t r a t i o n of t h e h y d r o c a r b o n a t e af ter a t t a i n i n g a m a x i m u m 
w a s a lso o b s e r v e d b y N . N . GavrilofE a n d co -worke r s . T h e o b s e r v a t i o n s 
of J . K e n d a l l , C. A . Sey le r a n d P . V . L l o y d , H . J . S m i t h , a n d J . T i l lmans a n d 
B . K l a r m a n n h a v e j u s t b e e n d iscussed . 

M. Golf ier-Besseyre p r e p a r e d a soln. of t h e h y d r o c a r b o n a t e b y pas s ing c a r b o n 
d i o x i d e i n t o a flask filled w i t h w a t e r a n d i ron t u r n i n g s , a n d M. S a r z e a u sa id t h a t 
t h e r e a c t i o n is a cce l e r a t ed if p ieces of p l a t i n u m wi re a r e a lso p r e s e n t . T h e for­
m a t i o n of a soln . of h y d r o c a r b o n a t e b y t h e a c t i o n of a soln. of c a r b o n i c ac id on i ron 
w a s o b s e r v e d b y A . C. B r o w n , H . B u n t e a n d A . S c h m i d t , F . C. Ca lve r t , W . R . D u n -
s t a n a n d co -worker s , J . G i inzbu rg , C. v o n H a u e r , B . K l a r m a n n , W . L e y b o l d , 
A . S i m o n a n d K . K o t s c h a u , L . N . V a u q u e l i n , a n d J . Vil le. Accord ing t o 
G. S tadnikoff a n d N . GavrilofE, t h e d i s so lu t ion of i r o n is f a s t e r if t h e c a r b o n d iox ide 
b e p a s s e d t h r o u g h t h e w a t e r i n t h e p r e sence of i r o n t h a n if t h e w a t e r be first s a t . 
w i t h c a r b o n d iox ide ; a n d t h e r a t e of d i s so lu t ion inc reases t h e fas te r t h e c u r r e n t 
of g a s . B u s t y i r on dissolves m o r e q u i c k l y t h a n c lear i ron ; i ron e t c h e d w i t h 
h y d r o c h l o r i c ac id dissolves m o r e r a p i d l y t h a n t h e u n t r e a t e d i ron ; i r on p r e v i o u s l y 
u s e d for t h e p r e p a r a t i o n of t h e h y d r o c a r b o n a t e d i sso lves less qu i ck ly t h a n o r d i n a r y 
i r on . I f a i r b e p r e s e n t so t h a t t h e r a t i o C O 2 : A i r = l : 1, t h e r a t e of d issolu t ion 
of i r o n is i n d e p e n d e n t of t i m e ; if t h e r a t i o is 1 : 3 , t h e r a t e of d isso lu t ion is still 
i n d e p e n d e n t of t i m e , b u t i t is less t h a n w h e n t h e r a t i o is 1 : 1, s ince p a r t of t h e i ron 
goes i n t o ox ide . N . N . GavrilofE a n d co-workers f ound t h a t if ove r 5 p e r 
c e n t , of o x y g e n a n d 14 t o 15 p e r c e n t , of c a r b o n d iox ide a r e p r e s e n t in flue-gases, 
t h e v e l o c i t y of f o r m a t i o n of t h e h y d r o c a r b o n a t e is r e t a r d e d owing t o t h e f o r m a t i o n 
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of a layer of oxide on the metal. A. Simon and K. Kotschau found that by-
triturating ferrum reductum in a porcelain mortar, in the presence of carbon 
dioxide and moisture, some ferrous hydrocarbonate is formed. F. Haber and 
F. Goldschmidt said that some hydrocarbonate is formed with iron as anode in 
an aq. soln. of carbon dioxide -with a current of 0005 amp. per sq. cm. 

IJ. Gmelin, A. Buchner, and G. Just obtained a soln. of the hydrocarbonate by 
the action of carbonated water on precipitated ferrous carbonate. C. Peeters 
said that the hydrocarbonate is precipitated by mixing aq. soln. sat. with carbon 
dioxide containing respectively a ferrous salt and an equimolar proportion of an 
alkali hydrocarbonate together with 1 to 5 per cent, of an alkali tartrate, citrate, 
lactate, etc. W. Leybold found that precipitated ferrous hydroxide dissolves in 
carbonated water more slowly than iron. N. N. Gavriloff and S. K. and P. K. Mel 
discussed the formation of the hydrocarbonate from carbon dioxide and iron oxide. 
F. K. Cameron and W. O. Robinson measured the vap. press., p cm., of carbon 
dioxide over moist hydrated ferrous oxide (0*1231 grm. FeO), and found, for added 
carbon dioxide : 

[CO 8 ] . 
P 

o-o 
76 

0-014 
76 

0-070 
76 

0 0 9 8 
102 

0 1 2 6 
134 

0 1 8 2 
199 

0-224 
245 

0 252 g r m . 
274 c m . 

The break in the curve, Fig. 682, represents the point where all the ferrous oxide 
has been converted into normal carbonate. The result is taken to show that with 

vap. press, less than 4*5 atm. of carbon dioxide, no 
other than the normal carbonate, or a hydrate of 
the normal carbonate, can exist as a solid phase. 
W. Thorner said that some hydrocarbonate is formed 
when carbonated water acts on pyrite : FeS2 -+-2CO2 
4-2H20=Fe(HC08)2+S+H2S. 

H. Molisch observed that light does not accele­
rate the oxidation of ferrous hydrocarbonate to ferric 
hydroxide ; and in the absence of air, A. Simon and 
K. Kotschau found that the soln. is not decom­
posed by ultra-violet light ; E. C. C. BaIy observed 

300 
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S* 200 
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/00 
76 
50. 
Wm 
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G/vms acfifec/ CO2 

F i o 
of Carbon Carbon Dioxide by^Hy- t n e formation of carbohydrates when a soln. of the 
clratad Ferrous Oxide. hydrocarbonate is exposed to ultra-violet light. 

O. Baudisch and D. Davidson found that when the 
soln. is exposed to the light of a carbon arc, hydrogen is evolved, and the 
ferrous hydrocarbonate is oxidized. O. Haehnel found the electrical conductivity 
of aq. soln. at 18° to be : 

FeCO 3 . 
Mho x 10-« 

0-077 
369 

0-072 
349 

OOl 
195 

0-005 per cent . 
96 

Measurements were also made by J. Giinzburg, who found that the transport 
number of the Fe"-ion is independent of the age of the soln., and amounts to 
about 0*5. The colourless soln. of ferrous hydrocarbonate—called steel-water, or 
chalybeate water—has a slightly ferruginous taste, and Lt. Gmelin observed that when 
the soln. is exposed to air, hydrated ferric oxide is precipitated and carbon dioxide 
is evolved. If the excess of carbon dioxide is expelled from the soln. without the 
entry of air, M. Golfler-Besseyre found that white ferrous carbonate is precipitated ; 
and A. C. Brown, that in an atm. free from oxygen and carbon dioxide, gas is 
evolved and ferrous carbonate is precipitated, but in the presence of oxygen, some 
ferric hydroxide is formed. If the aq. soln. be boiled in a flask with a reflux 
condenser, all the carbon dioxide is expelled, and, according to W. R. Whitney, 
colloidal ferric oxide is formed. In the absence of air, the soln. remains clear and 
colourless, but G. T. Moody found that when the soln. is boiled, green ferrous car­
bonate is precipitated, and it becomes reddish-brown in air ; atm. oxygen decom­
poses the soln. precipitating ferrous and ferric hydroxides, and ferrous carbonate. 
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J . Ville n o t e d t h a t t h e p r e s e n c e of ch lo r ides a n d s u l p h a t e s r e t a r d t h e d e c o m p o s i t i o n 
of c h a l y b e a t e -water b y ae r ia l o x i d a t i o n ; a n d t h e p re sence of suga r , o r g lycero l , 
w a s f o u n d b y C. K l a u e r , G. Bischof, R . Ph i l l i p s , e tc .—v ide supra—to m a k e t h e soln . 
a l i t t l e m o r e s t a b l e i n a i r . Ia. N . V a u q u e l i n o b s e r v e d t h a t w i t h h y d r o g e n s u l p h i d e , 
t h e soln . d o e s n o t g ive a p r e c i p i t a t e of b l a c k i r o n su lph ide u n t i l t h e l i qu id h a s b e e n 
e x p o s e d t o t h e a i r for s o m e t i m e ; t h e s u l p h i d e is f o r m e d as t h e c a r b o n d iox ide 
e scapes . C. H . PfafE a d d e d t h a t w h i l s t t i n c t u r e of galls g ives n o co lo ra t i on o r 
p r e c i p i t a t e w i t h f e r rous s a l t s i n t h e a b s e n c e of a l l t r a c e s of ferric sa l t s , a p u r p l e 
c o l o r a t i o n o r p r e c i p i t a t e i s p r o d u c e d w i t h a so ln . of f e r rous h y d r o c a r b o n a t e . 
Li. C a m b i a n d A. Clerici f o u n d t h a t n i t r i c o x i d e f o r m s a n u n s t a b l e p r o d u c t w h e n 
i t a c t s o n a soln . of f e r rous h y d r o c a r b o n a t e . 

Complex ferrous c a r b o n a t e s . — O . H a u s e r a lso o b t a i n e d a colour less so ln . of 
f e r rous c a r b o n a t e i n o n e of a m m o n i u m c a r b o n a t e ; p r e s u m a b l y fttnTfEOTiiniT^ f errous 
carbonate is formed. According to W. C. Reynolds, potassium ferrous carbonate, 
K 2 C O 3 - F e C O 3 ^ H 2 O , is p r o d u c e d b y m i x i n g , o u t of c o n t a c t w i t h a i r , a c o n e . so ln . 
of f e r rous ch lo r ide m i x e d w i t h a n excess of p o t a s s i u m c a r b o n a t e . T h e w h i t e 
p r e c i p i t a t e first f o r m e d soon d isso lves p r o d u c i n g a g reen i sh soln . w h i c h d e p o s i t s 
w h i t e , s ca ly c r y s t a l s of t h e d o u b l e sa l t . 

A . B r e i t h a u p t desc r ibed a m i n e r a l f rom Trave r se l l a , P i e d m o n t , w h i c h h e ca l led 
JMesitenspath o r mesitine, a n d t h i s w a s l a t e r modif ied t o m e s i t i t e — f r o m /xeoLTTJ^, 
a g o - b e t w e e n — i n a l lus ion t o i t s b e i n g i n t e r m e d i a t e b e t w e e n m a g n e s i t e a n d s ide r i t e . 
T h e a n a l y s i s a p p r o x i m a t e s m a g n e s i u m fe r rous t r i c a r b o n a t e , 2MgCO 3 . FeCO 3 . 
H e a f t e r w a r d s o b t a i n e d a s imi la r m i n e r a l f rom t h e s a m e loca l i ty , a n d f rom T h u r n -
b e r g , S a x o n y , a n d h e ca l led i t p i s t o m e s i t e — f r o m rricrTos, re l iab le , a n d fxcart-r-qs, a 
g o - b e t w e e n — b e c a u s e p i s t o m e s i t e is n e a r e r t h e m i d d l e b e t w e e n s ider i t e a n d 
m a g n e s i t e t h a n m e s i t i t e , be ing m a g n e s i u m ferrous carbonate , MgCO 3 . FeCO 3 . 
A n a l y s e s w e r e r e p o r t e d b y O. W . G i b b s , J . F r i t s c h e , A . P a t e r a , a n d C. E t t l i n g . 
P r o b a b l y b o t h a r e s t ages in a ser ies of solid so ln .—v ide supra. T h e co lour of t h e 
m i n e r a l s is ye l lowish-whi te , ye l lowish-grey , o r ye l lowi sh -b rown ; a n d t h e c r y s t a l s 
a r e r h o m b o h e d r a l . T h e ( l O l l ) - c l e a v a g e is pe r fec t . T h e sp . gr . of m e s i t i t e i s 
3-35 t o 3*36, a n d of p i s t o m e s i t e , 3*42. T h e h a r d n e s s is 3-5 t o 4*0. T h e r e a r e a l so 
F . S a n d b e r g e r ' s f e r r o b r u c i t e , ( M g , F e ) O . C O 2 . 1 0 H 2 O , d iscussed b y P . G a u b e r t ; 
breunerite is 3FeCO 3 -SMgCO 3 a p p r o x i m a t e l y ; V . Z s i v n y ' s (Fe ,Mg,Ca)CO s , w h e r e 
F e : M g : C a = I : 4 9 : 5O—vide a n k e r i t e , 4 . 29 , 367 ; a n d E . A r t i n i ' s p ink , m i c a c e o u s 
m i n e r a l , brugnate l l i t e , f o u n d in t h e VaI Malenco , L o m b a r d y , a n d a lso on t h e M o n t e 
R a m a z z o , L u g u r i a , w h i c h a p p r o x i m a t e s M g C O 3 . 5 M g ( O H ) 2 - F e ( O H ) 3 . 4 H 2 O . I t is 
u n i a x i a l w i t h a pe r f ec t c l eavage , a n d a r e f r ac t ive i n d e x of 1*533 w i t h N a - l i g h t ; 
t h e o p t i c a l c h a r a c t e r is n e g a t i v e . I t is p leochro ic be ing c o = y e l l o w i s h - r e d , 
a n d e = c o l o u r l e s s . R . L . Codazz i foun<J a n a s h - b r o w n c o m p l e x c a r b o n a t e , 
(Ca ,Mg ,Fe ,Ce )C0 3 , i n Muzo , Coscuez, a n d Coper , Co lombia , a n d n a m e d i t c o d a z z i t e 
— a f t e r A . Codazzi . * I t be longs t o t h e r h o m b o h e d r a l s y s t e m ; i t s sp . gr . is 2-5, 
a n d i t s h a r d n e s s , 4 . 

Sol id soln. of m a n g a n o u s a n d fe r rous c a r b o n a t e s occur i n n a t u r e a s rhodochrosite-
siderite, o r tnanganosiderite r e p o r t e d b y A . B r e i t h a u p t , -who cal led t h e mine ra l 
ol igonite* I t w a s ca l led tnanganosph&rite b y KL. B u s z , b u t E . B . M a y o a n d 
W . J . O ' L e a r y , W . E . F o r d , E . H . K r a u s a n d W . F . H u n t , S. K o c h a n d 
Tt. Z o m b o r y , a n d N . H . a n d A . N . W i n c h e l l p re fe r red o l igoni te . T h e op t i c a l 
p r o p e r t i e s w e r e s t u d i e d b y N . S u n d i u s , E . T . W h e r r y a n d E . S. L a r s e n , 
G. F . Lioughlin, W . E . F o r d , a n d E . B . M a y o a n d W . J . O ' L e a r y . 

Ferr ic c a r b o n a t e s . — A c c o r d i n g t o L . Gme l in , t h e p r e c i p i t a t e o b t a i n e d b y a d d i n g 
p o t a s s i u m c a r b o n a t e t o a so ln . of ferr ic n i t r a t e , w h e n t h o r o u g h l y w a s h e d , is 
h y d r a t e d ferr ic o x i d e free f rom c a r b o n d i o x i d e ; a n d E . S o u b e i r a n found t h a t t h e 
p r e c i p i t a t e o b t a i n e d f r o m fe r rous s a l t s u n d e r l ike cond i t i ons , w h e n exposed in a 
t h i n l a y e r t o m o i s t a i r i n a ce l lar for s ix m o n t h s , c o n t a i n s a b o u t 8*3 p e r c en t , of 
c a r b o n d i o x i d e , 2O p e r c e n t , of w a t e r , a n d 71 »4 p e r c en t , of ferric o x i d e — n o f e r r o u s 
i r o n w a s p r e s e n t . W . Schee rmesse r , R . R o t h e r , K . S e u b e r t a n d M. E l t e n , A . L a n g l o i s , 

V O L . x i v . 2 B 
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J . Lefor t , W . Wal l ace , J . B a r r a t t , a n d T . P a r k m a n o b t a i n e d s imi lar r e su l t s b y p r e ­
c i p i t a t i n g soln. of ferr ic sa l t s w i t h a lka l i o r a m m o n i u m c a r b o n a t e s . T h e r a t i o s 
F e 2 O 8 : C O 2 : H 2 O r a n g e d f r o m 9 : 1 : 12 t o m i x t u r e s w i t h o n l y 1*36 p e r cen t , 
c a r b o n d iox ide . K . F e i s t t r i t u r a t e d c rys t a l s of ferric ch lor ide w i t h a s l igh t excess 
of h y d r a t e d s o d i u m c a r b o n a t e , a n d w h e n c a r b o n d iox ide w a s n o longer evo lved , t h e 
l iqu id m i x t u r e w a s t r e a t e d w i t h w a t e r a n d t h e p r e c i p i t a t e a l lowed t o se t t l e . W h e n 
dr ied , a p r e c i p i t a t e 7 : 1 : 8 w a s o b t a i n e d . T h e compos i t i on v a r i e d w i t h t h e t i m e 
of wash ing , showing t h a t t h e t r e a t m e n t w i t h w a t e r i n d u c e d hydro lys i s . 

Taking the mol . rat ios F e 8 O 3 : CO 2 : H 2 O , the fol lowing basic sa l t s h a v e b e e n repor ted: 
3 : 1 : 6 a n d 9 : 1 : 12, b y W . Wal lace ; 3 : 1 : 8 , b y J . Barratt ; 3 : 1 : 4, b y W . Wal lace , 
and J . Barrat t ; 1 : 1 : n, b y T. P a r k m a n ; 6 : 3 : 12, b y R. R o t h e r ; a n d 10 : 1 : 28 , b y 
K. Seubert and M. E l t e n . 

AU t h i s shows t h a t if ferric carbonate , F e 2 ( C 0 3 ) 3 , is fo rmed , i t is i m m e d i a t e l y 
h y d r o l y z e d in a q . soln. P . N . R a i k o w obse rved t h a t c a r b o n d iox ide a c t i n g on 
f resh ly -prec ip i t a ted ferric ox ide fo rms n o ferric c a r b o n a t e . J . T i l lmans a n d 
co-workers found t h a t p r e c i p i t a t e d h y d r a t e d ferric ox ide a d s o r b s c a r b o n d iox ide 
f rom t h e soln. . a n d t h e resu l t s w i t h a fresh p r e p a r a t i o n d id n o t differ f r o m t h o s e 
•with one 8 d a y s old ; a p r e c i p i t a t e o b t a i n e d f rom a h o t soln . a d s o r b e d less t h a n 
one f rom a cold soln. W h e n t h e a m o u n t of p r e c i p i t a n t , s o d i u m h y d r o c a r b o n a t e , is 
c o n s t a n t , t h e a m o u n t of a d s o r b e d c a r b o n d iox ide increases w i t h t h e cone , of t h a t 
gas in t h e soln. ; a n d w h e n t h e a m o u n t of c a r b o n d iox ide is k e p t c o n s t a n t , t h e 
a m o u n t of c a r b o n d iox ide a d s o r b e d increases w i t h t h e cone , of s o d i u m h y d r o c a r ­
b o n a t e . I t is a s s u m e d t h a t t h e a d s o r p t i o n is a t t e n d e d b y t h e f o r m a t i o n of ferric 
h y d r o x y c a r b o n a t e , F e ( O H ) C 0 3 . w F e ( O H ) 3 . F . K . C a m e r o n a n d W . O. R o b i n s o n 
found t h e v a p . press . , p cm. , of c a r b o n d ioxide over w e t ferric h y d r o x i d e a t 0° in 
t h e p resence of t h e n u m b e r of g r a m s of c a r b o n d iox ide i n d i c a t e d b y t h e s q u a r e 
b r a c k e t s : 

[CO8I • • O 0-014 0-07O 0 1 4 0 0-182 0-224 0-256 grm. 
v . . 76 85 148 224 273 318 368 cms . 

T h e who le of t h e r e su l t s fall on a s t r a i g h t l ine, a n d show p rac t i ca l l y n o a d s o r p t i o n , 
a n d t h i s is in a g r e e m e n t w i t h t h e o b s e r v a t i o n s of P . N . R a i k o w . A. G a t t e r e r 
obse rved t h a t t h e hyd roso l of ferr ic h y d r o x i d e a b s o r b s 20 p e r cen t , m o r e c a r b o n 
d iox ide t h a n does t h e c a r b o n a t e a lone ; consequen t l y , he infer red t h a t a c o m p l e x 
ferric c a r b o n a t e is fo rmed. T h e sub jec t w a s s t u d i e d b y A. v o n D o b e n e c k , a n d 
E . R e i c h a r d t a n d E . B l u m t r i t t — v i d e h y d r a t e d ferric ox ide . 

Accord ing t o O. H a u s e r , t h e p r e c i p i t a t e s fo rmed b y a d d i n g a m m o n i u m c a r b o n a t e 
t o soln. of fer rous or of ferric sa l t s a r e soluble in a n excess of t h e p r e c i p i t a n t . T h e 
ferric sa l t furnishes a b lood-red l iqu id f rom wh ich t h e i ron is p r e c i p i t a t e d b y 
h y d r o g e n su lphide , b y r e a g e n t s w h i c h r e a c t w i t h c a r b o n a t e s , o r b y boi l ing a lkal i - lye , 
b u t n o t b y p o t a s s i u m fe r rocyan ide ; w h e r e a s p r u s s i a n b lue d issolves in a n a q . soln. 
of a m m o n i u m c a r b o n a t e t o fo rm a v io le t - red soln. I t is the re fore a s s u m e d t h a t t h e 
l iquid c o n t a i n s a m m o n i u m fe r r i c carbonate , a n d i t c a n be p r e s e r v e d in a closed 
vessel for several weeks , b u t depos i t s h y d r a t e d ferric ox ide o n e v a p o r a t i o n . 

J . Lefor t cou ld n o t p r e p a r e a definite ferrosic carbonate , a l t h o u g h t h e 
pa r t i a l ly -ox id ized p r e c i p i t a t e fo rmed w h e n a n a lka l i c a r b o n a t e is a d d e d t o a soln. 
of a fe r rous sa l t , m a y c o n t a i n b o t h f e r rous a n d ferric c a r b o n a t e s or o x y c a r b o n a t e s . 
T h e w h i t e p r e c i p i t a t e o b t a i n e d "with fer rous sa l t s is less r ead i l y d i sso lved b y 
a n excess of a m m o n i u m c a r b o n a t e , a n d t h e colourless soln. , on t r e a t m e n t 
w i t h h y d r o g e n d iox ide , or o n e x p o s u r e t o a ir , r a p i d l y t u r n s b r o w n ; b u t w h e n 
oxid ized b y a l imi ted q u a n t i t y of a i r , i t depos i t s a m m o n i u m ferrous ferric o x y -
carbonate , NH4.CO3.Fe .CO3.FeCO3.FeO.2H 2 O, in t h e fo rm of s t e l l a t e a g g r e g a t e s 
of smal l , doub ly - re f rac t ing , g reen p r i s m s . W h e n t h e c r y s t a l s a r e e x p o s e d t o a i r , 
t h e y b e c o m e ol ive-green, a n d finally b r o w n , owing t o t h e f o r m a t i o n of h y d r a t e d 
ferric ox ide . T h e sa l t dissolves i n di l . ac ids , w i t h e v o l u t i o n of c a r b o n d iox ide , 
t o fo rm a yel lowish-green soln. , a n d w h e n t r e a t e d w i t h a lka l i h y d r o x i d e s , i t y i e lds 
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ammonia, and black, strongly magnetic, ferrosic oxide. R. Frey and J . Burghelle 
described a pink, pleochroic, basic carbonate, 2Fe2O3 .Cr203 .27Mg0.6C02 .54H2O, 
from Bou Oufroh, in Morocco. The sp. gr. is 2-1 to 2*2 ; and the hardness, 1. 
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§ 49. The Iron Nitrates 
H . D a v y 1 s h o w e d t h a t w h e n cone , n i t r i c ac id a c t s u p o n i ron , n i t r ic ox ide is 

g iven off w i t h g r e a t r a p i d i t y , a n d a g r e a t r ise of t e m p . ; t h e soln. a s s u m e s a ye l low 
t i n t , a n d a s t h e process goes on , a ye l low o x i d e is p r e c i p i t a t e d . T h e soln. w a s 
a s s u m e d t o c o n t a i n ferric n i trate , F e ( N 0 3 ) 3 , b e c a u s e i t g ives a r ed p r e c i p i t a t e w i t h 
a lka l ies , a n d a b r i g h t b l u e p r e c i p i t a t e "with, p o t a s s i u m fe r rocyan ide . O n t h e o t h e r 
h a n d , w i t h v e r y d i l . n i t r i c ac id , s a y of sp . gr . 1*16, t h e i ron dissolves w i t h o u t t h e 
a s s i s t ance of h e a t , a n d w i t h o u t t h e e v o l u t i o n of g a s for some t i m e , a n d t h e soln . 
b e c o m e s d a r k o l ive -brown. T h e l iqu id w a s a s s u m e d t o c o n t a i n ferrous nitrate , 
F e ( N O 3 J 2 , b ecause i t g ives a pa l e g reen p r e c i p i t a t e w i t h a lka l ies , a n d a pa l e g reen 
co lo ra t i on w i t h p o t a s s i u m fe r rocyan ide . I r o n t h u s fo rms t w o n i t r a t e s a s well a s 
t w o s u l p h a t e s , t w o ch lor ides , e t c . T h e ex i s t ence of t h e g reen n i t r a t e w a s n o t 
s u s p e c t e d b y J . L . P r o u s t . H . D a v y sa id t h a t h e h a d n o t succeeded in p r e p a r i n g 
fe r rous n i t r a t e -which g a v e o n l y a w h i t e p r e c i p i t a t e w i t h p o t a s s i u m fe r rocyan ide , 
t h a t is , a soln. w h i c h c o n t a i n e d on ly i r o n ** a t i t s m i n i m u m o x i d a t i o n " ; for w h e n 
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p u r e , g reen i ron ox ide is d i sso lved b y v e r y di l . n i t r i c acid , a sma l l q u a n t i t y of t h e 
ac id is genera l ly d e c o m p o s e d , w h i c h is l ikewise t h e case w h e n p o t a s s i u m n i t r a t e is 
d e c o m p o s e d b y fer rous s u l p h a t e . A soln. is sa id t o b e o b t a i n e d b y t r e a t i n g fe r rous 
s u l p h a t e wi th a n eq . q u a n t i t y of b a r i u m n i t r a t e , a n d e v a p o r a t i n g t h e n i t r a t e i n 
v a c u o ove r su lphu r i c ac id . 

A . S c h e u r e r - K e s t n e r obse rved t h a t w i t h n i t r i c ac id of sp . gr . 1-034, f e r rous 
a n d a m m o n i u m n i t r a t e s a r e fo rmed ; w i t h ac id of sp . gr . 1-073, fe r rous , ferr ic , a n d 
a m m o n i u m n i t r a t e s ; w i t h ac id of s p . gr . 1-115, ferric n i t r a t e a l o n e ; a n d w i t h 
ac id of s p . gr . o v e r 1-115, ferric a n d bas ic ferric n i t r a t e s a r e p r o d u c e d . T h e s u b j e c t 
w a s i n v e s t i g a t e d b y W . H e l d t . Accord ing t o J . M. O r d w a y , t h e p rog re s s of t h e 
r eac t i on d e p e n d s on t h e t e m p , a s well a s on t h e cone , of t h e acid , a n d i t is a lso 
affected b y t h e n a t u r e of t h e impur i t i es—e .g . , s u l p h u r a n d phosphorus—-in 
i ron . W i t h n i t r i c ac id of sp . gr . 1-05, i ron of a h igh degree of p u r i t y 
furnishes fer rous n i t r a t e , b u t m o r e cone, ac ids , a m i x t u r e of fe r rous a n d 
ferric n i t r a t e s is p r o d u c e d . C. M o n t e m a r t i n i obse rved t h a t fe r rous n i t r a t e is 
first fo rmed even wi th cone, ac ids , b u t i t is t h e n oxid ized t o ferr ic n i t r a t e b y t h e 
n i t rogen oxides s i m u l t a n e o u s l y fo rmed . N . A . E . Mil lon f o u n d t h a t t h e p r e s e n c e 
of p l a t i n u m chlor ide influences t h e f o r m a t i o n of t h e ferric sa l t , a n d A. Q u a r t a r o l i 
m a d e a s imi lar o b s e r v a t i o n w i t h r e spec t t o u r e a . T h e f o r m a t i o n of i r on n i t r a t e s 
a n d n i t r i t e s in h y d r a t e d ferric ox ide , or in i ron - rus t , which h a s been e x p o s e d t o t h e 
a i r for a long t i m e , w a s d iscussed b y A. B a u m a n n , E . D o n a t h , a n d H . D i t z a n d 
CO-workers. F . W . B e r g s t r o m n o t e d t h a t t h e sa l t is fo rmed b y t h e a c t i o n of a 
soln. of a m m o n i u m n i t r a t e i n l iqu id a m m o n i a on i ron wire . 

T h e preparat ion o t ferrous n i t r a t e . — J . J . Berze l ius sa id t h a t in p r e p a r i n g 
a soln. of ferrous n i t r a t e b y dissolving i ron in n i t r i c ac id , t h e i ron shou ld be i m m e r s e d 
in -water, a n d n i t r ic acid , free f rom n i t r o u s ac id a n d chlor ine , shou ld b e a d d e d in 
smal l po r t i ons , w i t h c o n s t a n t ag i t a t i on , so t h a t t h e t e m p , m a y n o t rise a b o v e 50° ; 
a s often a s t h e l iquid cools d o w n , fresh ac id shou ld be a d d e d . U n d e r t h e s e cir­
c u m s t a n c e s n o gas is evo lved , b u t some a m m o n i u m n i t r a t e is f o r m e d : 4 F e - J - I O H N O 3 
= - 4 F e ( N 0 3 ) 2 + N H 4 N 0 3 - h 3 H 2 0 . A. Pleischl f o u n d t h a t w i t h a m i x t u r e of 1 
p a r t of ac id w i t h 3 of w a t e r , a m i x t u r e of n i t r i c a n d n i t r o u s ox ides is a t first 
evo lved , a n d a f t e rwa rds only n i t r i c ox ide . J . J . Berze l ius a lso n o t e d t h a t fe r rous 
su lph ide a n d well-cooled n i t r i c ac id fo rms a soln. of fe r rous n i t r a t e a n d gives ofT 
h y d r o g e n su lph ide . I f t h e t e m p , is a l lowed t o r ise , some ferric sa l t is fo rmed . 
J . M. O r d w a y also dissolved fe r rous su lph ide in well-cooled n i t r i c acid of s p . gr . 
less t h a n 1-12, a n d e v a p o r a t e d t h e soln. , a s n e a r l y a s poss ible , a t 60° . C. F . S c h o n -
be in r e g a r d e d t h e c rys t a l s o b t a i n e d f rom a soln. of t h e scale-oxide of i ron in cone , 
n i t r i c ac id a s ferric n i t r a t e ; L . N . Vauque l i n , as fe r rous n i t r a t e w h i c h is c o n v e r t e d 
i n t o ferric n i t r a t e a n d a ye l low depos i t on e x p o s u r e t o a i r . I . T r a u b e , a n d 
A . A . N o y e s a n d B . F . B r a n n o b t a i n e d a n aq . soln. b y t h e a c t i o n of b a r i u m n i t r a t e 
o n a soln. of fer rous s u l p h a t e , a n d fi l tering off t h e p r e c i p i t a t e d b a r i u m s u l p h a t e ; 
R . F u n k said t h a t t h e soln. so o b t a i n e d a r e v e r y d i lu t e , a n d a r e p a r t i c u l a r l y p r o n e 
t o o x i d a t i o n on e v a p o r a t i o n , a n d h e r e c o m m e n d e d t r i t u r a t i n g solid l e a d n i t r a t e 
w i t h a n e q u i v a l e n t p r o p o r t i o n of h y d r a t e d fe r rous s u l p h a t e a l o n g w i t h s o m e d i l u t e 
a lcohol , a n d a f t e r w a r d s e v a p o r a t i n g t h e soln. E . W e i t z a n d H . Mul le r r e c o m ­
m e n d e d t r i t u r a t i n g t h e sa l t s first w i t h a l i t t le w a t e r , a d d i n g a few d r o p s of soda - lye 
t o a v o i d t h e effect of free ac ids , a d d i n g a n e q u a l vol . of a lcohol , a n d e v a p o r a t i n g 
t h e filtered soln . in a i r . A . A . N o y e s a n d B . F . B r a n n r e d u c e d a soln . of ferr ic 
n i t r a t e w i t h s i lver : F e ( N 0 8 ) s + A g ^ A g N 0 8 + F e ( N 0 3 ) 2 ; a n d W . H . R o s s , a n d 
O . B a u d i s c h a n d E . M a y e r f ound t h a t fer rous n i t r a t e is f o r m e d w h e n a soln . of 
ferr ic n i t r a t e is e x p o s e d t o sun l i gh t , or t o u l t r a -v io l e t l i gh t ; b u t M. S c h n e i d e r 
o b s e r v e d n o r e d u c t i o n i n sun l igh t . 

A n h y d r o u s f e r rous n i t r a t e h a s n o t b e e n p r e p a r e d ; w h e n t h e a q . so ln . is 
e v a p o r a t e d , g r een , monoc l in i c p r i s m s of t h e hexahydrate, F e ( N 0 3 ) 2 . 6 H 2 0 , a r e f o r m e d . 
J . M. O r d w a y f o u n d t h a t 100 p a r t s of w a t e r d isso lve 200 p a r t s of t h e c r y s t a l s a t 0 ° ; 
245 parts a t 15° ; a n d 300 p a r t s a t 25° . R . F u n k a n d F . Myl ius o b t a i n e d r a t h e r 
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l a r g e r v a l u e s , a n d t h e i r r e su l t s , summarized i n F i g . 683 , a r e a s follow, w h e n t h e 
so lub i l i ty , S, refers t o g r a m s of F e ( N O s ) 2 iu g r a m s of soln. : 

S . 
-145-5° 
2 9 - 8 

— 20° 
3 2 - 8 

— 38° 
8 5 - 5 

— 27° 
3 5 - 6 

— 19° 
3 6 - 5 

— 12° 
39*4 

— 10° 
3 9 - 6 

o° 
4 1 - 5 

20° 
4 5 - 5 

60-5° 
62*5 

Ice F e ( N 0 8 ) , . 9 H 2 0 Fe(N0 3 ) a . 6Hj ,0 
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=/2[ 
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F i o . 6 8 3 . T h e S o l u b i l i t y 
of F e r r o u s N i t r a t e . 

W h i l e t h e h e x a h y d r a t e s e p a r a t e s f rom cone . soln. w h e n t h e t e m p , is 
b e t w e e n —12° a n d 60*5°, t h e enneahydrate, F e ( N 0 3 ) 2 . 9 H 2 0 , s e p a r a t e s w h e n 
t h e t e m p , is b e t w e e n —12° a n d — 2 8 ° . A . Gorboff con­
c l u d e d f rom insufficient ev idence t h a t t h e r e is a n octo-
decahydrate, F e ( N 0 3 ) 2 . 1 8 H 2 0 , a n d a pentadecahydrate, 
F e ( N O s ) 2 . 1 5 H 2 O . H . C. J o n e s a n d H . P . B a s s e t t d i s ­
cussed t h e r e l a t i on b e t w e e n t h e t e m p , of c rys t a l l i za t ion , 
a n d t h e n u m b e r of mols . of w a t e r of c rys t a l l i z a t i on of 
t h e sa l t . 

The physical properties of ferrous nitrate.—R. Funk 
sa id t h a t t h e h e x a h y d r a t e furn ishes pa l e g reen , r h o m b i c 
p l a t e s . J . M. O r d w a y found t h a t soln. s a t . a t 0° , 15°, 
a n d 25° h a v e r e spec t i ve ly t h e sp . gr . 1-44, 1-48, a n d 1-50. 
R . F u n k o b s e r v e d t h a t t h e soln . s a t . a t 18° h a s a s p . gr . 
1-497 ; a n d I . T r a u b e , t h a t soln . w i t h 4-554 a n d 6-052 
p e r c e n t . F e ( N 0 3 ) 2 h a v e t h e r e spec t i ve s p . gr . 1-03556 
a n d 1-04835. I . T r a u b e d i scussed t h e mo l . soln. vo l . 
R . F u n k sa id t h a t t h e h e x a h y d r a t e m e l t s a t 60-5°. T h e m o l t e n sa l t w a s f o u n d 
b y R . F u n k t o d e c o m p o s e w i t h t h e evo lu t i on of a gas if h e a t e d a l i t t l e a b o v e 
t h e m . p . ; a d a r k r e d r e s idue r e m a i n s . A c c o r d i n g t o C. M o n t e m a r t i n i a n d 
E . V e r n a z z a , t h e d e c o m p o s i t i o n of fe r rous n i t r a t e b y h e a t is r e p r e s e n t e d b y : 
2 F e ( N O 3 ) 2 — 2 F e O 4 - 4 N O 2 H-O2 ; b u t s ince t h e fe r rous ox ide is ox id ized , a n d t h e w a t e r 
of c ry s t a l l i z a t i on is a l w a y s p r e s e n t u p t o 100°, t h e r e s u l t a n t r e a c t i o n is symbo l i zed : 
3 F e ( N 0 3 ) 2 H - 7 H 2 0 - > 3 F e ( O H ) 3 + 5 H N 0 3 4 - N O . T h e ferric ox ide is p r e s e n t a s 
F e 2 O 3 - H 2 O . T h e h e a t of f o r m a t i o n w a s s t u d i e d b y P . A. F a v r e a n d J . T . Si lber-
m a n n ; M. B e r t h e l o t g a v e : ( F e , N 2 g a a , 3 0 2 g a s , A q . ) = 119-0 CaIs. ; a n d J . T h o m s e n , 
( F e , O g a s , N 2 0 5 g a 8 , A q . ) = 8 9 - 6 7 OaIs.-; J . T h o m s e n a lso g a v e for t h e h e a t of n e u t r a ­
l i za t ion : F e ( O H ) 2 + 2 H N 0 3 . A q . = F e ( N 0 3 ) 2 . A q . + 2 1 - 3 3 9 CaIs., a n d M. B e r t h e l o t , 
21-5 CaIs. 

F . Al l ison a n d E . J . M u r p h y s t u d i e d t h e m a g n e t o - o p t i c p r o p e r t i e s ; 
H . M . V e r n o n , t h e c h a n g e in t h e co lour of a q . soln. on d i l u t i o n or on ra i s ing t h e 
t e m p . ; a n d S. J a k u b s o h n a n d M. R a b i n o w t i s c h , t h e e lec t r ica l c o n d u c t i v i t y of t h e 
soln . H . Buff o b s e r v e d t h a t in t h e e lec t ro lys is of d i l . soln . of f e r rous n i t r a t e , i ron 
a n d h y d r a t e d - ferr ic ox ide a r e f o r m e d ; a n d J . H . P a t e r s o n sa id t h a t b e t w e e n 
p l a t i n u m e lec t rodes , e i t h e r i ron , o r w i t h a s m a l l c o n c e n t r a t i o n a n d low c u r r e n t 
d e n s i t y , fe r rous h y d r o x i d e is d e p o s i t e d . A . Schiikareff f o u n d t h a t w h e n t h e 
e lec t ro lys i s is c o n d u c t e d b e t w e e n p l a t i n u m e lec t rodes , in a m a g n e t i c field, a 
m a g n e t o c h e m i c a l effect a p p e a r s . G. W i e d e m a n n m a d e s o m e o b s e r v a t i o n s on t h e 
m a g n e t i c suscep t ib i l i t y of t h e soln . 

The chemical properties of ferrous nitrate.—J. M. Ordway reported that the 
c r y s t a l s of t h e h e x a h y d r a t e a r e s t a b l e i n t h e co ld , b u t t h e c ry s t a l s , freed f rom t h e 
m o t h e r - l i q u o r , r a p i d l y f o r m d a r k r e d bas ic ferr ic n i t r a t e . R . F u n k a d d e d t h a t a t 
o r d i n a r y t e m p , t h e c ry s t a l s c a n n o t b e k e p t a d a y or t w o w i t h o u t b r o w n i n g , b u t a t 
0° t h e y a r e s t a b l e . T h e c r y s t a l s d a r k e n i n a few m i n u t e s if t r a c e s of impur i t i e s , 
l ike h y p o n i t r o u s ac id , a r e p r e s e n t . J . J . Berze l ius showed t h a t t h e n e u t r a l aq . soln. 
d e c o m p o s e s w h e n h e a t e d fo rming a bas i c ferr ic n i t r a t e . J . M. O r d w a y a d d e d t h a t 
t h e n e u t r a l soln . of f e r rous n i t r a t e , n o t t o o c o n c e n t r a t e d , c a n be boiled w i t h o u t 
d e c o m p o s i t i o n , b u t if free a c i d is p r e s e n t , n i t r i c ox ide is evo lved . R . F u n k 
f o u n d t h a t i t i s n o t poss ib le t o e v a p o r a t e t h e soln. w i t h o u t some o x i d a t i o n . 
W . F e i t k n e c h t o b s e r v e d t h a t t h e space - l a t t i c e of ferrous oxyni trate , F e ( N O 3 ) 2 . 
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4 F e ( O H ) 2 , co r r e sponds w i t h a l t e r n a t e l a y e r s of t h e n o r m a l s a l t a n d of t h e 
h y d r o x i d e . 

J . T h o m s e n sa id t h a t t h e t h e r m a l va lue of t h e r eac t ion b e t w e e n fe r rous n i t r a t e 
a n d h y d r o g e n su lph ide , all in a q . soln., is —6-77 CaIs., a n d a d d e d t h a t t h e n e g a t i v e 
v a l u e exp la ins h o w h y d r o g e n su lph ide does n o t p r e c i p i t a t e t h e s u l p h i d e f r o m a soln . 
of fe r rous n i t r a t e . F . H a b e r e lec t ro lysed a soln. of a m m o n i u m n i t r a t e , s a t . a t 0° , 
b e t w e e n a n i ron c a t h o d e a n d a c a r b o n a n o d e , in a d i a p h r a g m cell, w i t h a c u r r e n t 
d e n s i t y of 0*02 a m p . p e r sq. d m . , a n d o b t a i n e d a go lden-ye l low l i qu id w h i c h , 
acco rd ing t o A. K a u f m a n n , c o n t a i n s a n a m m i n e of fe r rous n i t r a t e , H e a lso sa id 
t h a t a s imi lar l iqu id is p r o d u c e d w h e n p o w d e r e d i r on is d ige s t ed w i t h a h o t , c o n e , 
a m m o n i a c a l soln. of a m m o n i u m n i t r a t e . O b s e r v a t i o n s w e r e a lso m a d e b y 
W . Vaube l ; E . W e i t z a n d H . Miiller said t h a t t h e go lden-ye l low co lour is d u e 
t o t h e p resence of complex n i t r i t e s , a n d a d d e d t h a t ferrous h e x a m m i n o n i t r a t e , 
Fe(NUs) 6 (NOg) 2 , is formed b y pass ing a m m o n i a i n t o a cold soln . of 5 g r m s . 
each of h e x a h y d r a t e d ferrous a n d a m m o n i u m n i t r a t e s in 2O c.c. of w a t e r f rom w h i c h 
a i r h a s been d i sp laced by h y d r o g e n . W h e n t h e fe r rous h y d r o x i d e first p rec ip i ­
t a t e d has dissolved, t h e l iquid is filtered f rom t h e h y d r a t e d ferric ox ide in a n a t m . 
of a m m o n i a , a n d aga in t r e a t e d w i t h a m m o n i a gas u n t i l a p r e c i p i t a t e is f o r m e d . 
The p r e c i p i t a t e is w a s h e d w i t h a m m o n i a c a l a lcohol , a n d t h e n w i t h d r y e the r , free 
from pe rox ide . T h e ye l low t i nge of t h e green, o c t a h e d r a l c r y s t a l s is a t t r i b u t e d t o 
t h e p resence of some colloidal ferr ic h y d r o x i d e . F . W . BeTgs t rom n o t e d t h a t t h e 
h e x a m m i n e is formed in l iqu id a m m o n i a . Acco rd ing t o E . W e i t z a n d H . Miiller, 
if t h e filtered l iqu id f rom t h e h y d r a t e d ferric ox ide b e t r e a t e d w i t h n i t r i c ox ide , 
a m i x t u r e of c ry s t a l s of t h e h e x a m m i n e w i t h b l a c k o c t a h e d r a of ferrous n i trosy l -
pentamminon i t ra te , [ F e ( N O ) ( N H 3 ) 5 ] ( N 0 3 ) 2 , is fo rmed . T h e sa l t oxid izes in a i r 
w i t h t h e evo lu t ion of a m m o n i a , a n d i t g ives off n i t r i c ox ide w h e n t r e a t e d w i t h ac ids . 
H . D a v y obse rved t h a t t h e soln. r ead i ly a b s o r b s n i t r i c ox ide , a n d w h e n t h e s a t . 
soln. is h e a t e d , gas is l i be ra t ed , a n d h y d r a t e d ferric ox ide is p r e c i p i t a t e d . 
E . W e i t z a n d H . Miiller a s s u m e d t h a t a ferrous n i trosy lpentaquoni trate , 
[Fe (NO)(H 2 O) 5 ] (NOa) 2 , is f o r m e d . 

W . Schrenz lowa found t h a t cuprous and ferrous n i trates f o rm i s o d i m o r p h o u s 
solid soln. D . Vi ta l i found t h a t s i lver ox ide d e c o m p o s e s t h e n i t r a t e c o m p l e t e l y 
w i t h t h e s e p a r a t i o n of fer rous h y d r o x i d e . M. V. D o v e r s t u d i e d t h e r e a c t i o n : 
A g N 0 3 + F e ( N O 3 ) 2 ^ F e ( N 0 3 ) 3 + A g s a n d A. A. N o y e s a n d B . F . B r a n n g a v e 172-3 
CaIs. for t h e t h e r m a l va lue of t h e r eac t ion in soln. L . L o s a n a o b s e r v e d t h a t w i t h 
f inely-divided b a r i u m fer ra te s u s p e n d e d in w a t e r , fe r rous f e r ra t e is fo rmed . J . J e t t -
m a r d iscussed t h e ac t ion of t h e n i t r a t e on a n i m a l sk ins in t h e t a n n i n g i n d u s t r y . 
E . H . K r a u s r e p o r t e d t h a t he p r e p a r e d d i d y m i u m ferrous dodecani trate , 
2 D i ( N 0 3 ) 3 . 3 F e ( N 0 3 ) 2 . 2 4 H 2 0 , b u t cou ld n o t r e p e a t t h e resu l t . T h e c r y s t a l s w e r e 
t r i g o n a l w i t h t h e ax ia l r a t i o a : c==l : 5590, a n d o . = 8 0 ° 8 ' ; t h e (100)-c leavage 
d i s t i n c t ; t h e opt ical c h a r a c t e r n e g a t i v e ; t h e bi refr ingence s t r o n g ; a n d t h e s p . gr . 
w a s 2-257. 

As i n d i c a t e d a b o v e , H . D a v y 2 obse rved t h a t if i r on b e d i s so lved i n cone , n i t r i c 
ac id , ferric ni trate , F e ( N 0 3 ) 3 , is p r o d u c e d . I f t h e ac id b e i n excess , a b r o w n soln . 
is fo rmed , a n d if t h e ac id be n o t in excess , a ye l lowish -b rown bas ic s a l t is p r o d u c e d . 
T h e o b s e r v a t i o n s of A. S c h e u r e r - K e s t n e r , i n d i c a t e d a b o v e , s h o w e d t h a t w i t h n i t r i c 
ac id of sp . gr . 1*115, ferric n i t r a t e a lone is fo rmed ; w i t h a m o r e d i l u t e acid , fe r rous 
n i t r a t e a p p e a r s , a n d w i t h a m o r e cone, ac id , a bas ic ferr ic n i t r a t e is fo rmed . 
J . M. O r d w a y ' s o b s e r v a t i o n s a r e a lso discussed in c o n n e c t i o n w i t h fe r rous n i t r a t e . 
W . H e l d t p r o p o s e d t h e h y p o t h e s i s t h a t t h e w h i t e sk in fo rmed o n i ron is a n h y d r o u s 
ferr ic n i t r a t e a n d t h a t i t p r o t e c t s t h e i ron f rom a t t a c k — v i d e supra, p a s s i v i t y — a n d 
h e f u r t h e r a s s u m e d t h a t t h e a n h y d r o u s sa l t so fo rmed is inso lub le i n n i t r i c ac id of 
s p . gr . 1*45 t o 1*54. O the rwi se , t h e a n h y d r o u s sa l t h a s n o t b e e n i so la ted . 

TJ. A n t o n y a n d 6 . Gigli p r e p a r e d t h e sa l t b y a d d i n g t h e c a l c u l a t e d q u a n t i t y of 
n i t r i c ac id t o a so ln . of t h e bas ic n i t r a t e , a n d t h i s g ives a n e u t r a l soln. , b u t 
e v a p o r a t i n g t h e soln . i n v a c u o o v e r s u l p h u r i c ac id does n o t fu rn i sh c ry s t a l s . T h e 
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crystallization of the soln. is possible only in the presence of an excess of nitric 
acid. B. Lambert and J. C. Thomson electrolyzed a soln. of purified ferric chloride 
between iridium electrodes, and dissolved the electrodeposited iron in purified, dil. 
nitric acid. The soln. 1WaS concentrated on a water-bath, and re-crystallized several 
times from its soln. in cone, nitric acid. T. "W. Richards and co-workers, 
G. P. Baxter and C. R. Hover, and F. K. Bell and W. A. Patrick described the 
preparation of the salt of a high degree of purity. 

M. Z. Jovitschitsch prepared a soln. by passing nitrogen peroxide through a 
tower packed with pieces of glass, and finely-divided ferric oxide, and down which 
water trickled. C. Mene described the technical preparation of the salt by the 
action of nitric acid on iron slags ; and G. Kingsley, by the action of nitric acid 
on pyrites. 

The hydrates of ferric nitrate.—The equilibrium relations of the system 
Fe2O3-N2O6-H2O; at 25°, were partially worked out by F. K. Cameron and 
W. O. Robinson. They observed as solid phases with soln. containing the per­
centage proportions Fe2O3 : N2O5 : (i) ferric hydrotetranitrate, Fe2O3.4N2O5.18H2O, 
with 3-25 to 3-93 : 49-6 to 47-2 ; (ii) enneahydrated ferric nitrate, Fe2O3-N2O5.18H2O, 
with 4-49 to 15-22 : 55-2 to 30-5—G. Malquori gave 5-99 : 45-84 ; (iii) G. Malquori 
gave for the transition point of the ennea- to the hexahydrate 9-25 : 46-48 ; 
(iv) hexahydrated ferric nitrate, Fe203 .3N205 .12H20, 9-28 : 48-88 ; and (v) 
F. K. Cameron and W. O. Robinson found the so-called basic ferric nitrates appear 
with 15-40 to 1-78 : 29-52 to 2-21. The following is a selection from F. K. Cameron 
and W. O. Robinson's results : 

S p . g r . . 1-032 1-127 1-498 1-496 1-404 1-465 1-407 1-419 
F e 2 O 3 . 1-78 5-79 15-4O 15-22 5 0 2 4-49 3-93 3-52 
N 2 O 6 . 2 21 9 0 0 29-52 30-50 47-5O C^ 2 47-2 49-6 

» v ' » v ' * v ' 

Solid solution Fe203 .3N20B .18H20 Fe203.4Na06.181£20 
The results are plotted in Fig. 684. No definite basic salts are formed at 25°. 
The so-called basic salts are solid soln. of the three components, Fe2O3.W-N2O5.WH2O, 

W 

Fe2O3 Ws SeAK)3 

FiO. 6 8 4 . — T h e T e r n a r y S y s t e m : F i a . 6 8 5 . — T h e T e r n a r y S y s t e m : 
F e 2 O 3 - N 2 O 6 - H 2 O , a t 25° . F e ( N O j ) 3 - HlSTO 3-H 2O, a t 25° . 

for the lines joining the points representing the composition of the liquid and 
the corresponding solid phase do not meet at a common point or points. 
When nitric acid is in excess, the lines do meet at a point ^ corresponding 
with the enneahydrate. There is also an acidic nitrate, ferric hydrotetra­
nitrate, Fe(N03)3 .HN03 .8£H20, which is less soluble than the normal nitrate. 
G. Malquori's study of the ternary system : Fe(NOg)3-HNO3-H2O, at 25°, is sum­
marized in Fig. 685. He did not obtain the tetranitrate, but observed, as solid 
phases, the hexahydrate and the enneahydrate. 

According to J . M. Ordway, the enneahydrate, Fe(N03)3 .9H20, is deposited from 
soln. containing Fe(N08)8 .9H20+rt(2HN03 .3H20). The range of stability is 

Sp.gr
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i n d i c a t e d in F . K . C a m e r o n a n d W . O. R o b i n s o n ' s d i a g r a m , F ig . 684, i.e. in soln . 
c o n t a i n i n g 3O t o 45 p e r cen t . N 2 O 5 , a t 25°. G. Malquor i o b t a i n e d t h e e n n e a h y d r a t e 
f rom soln. w i th be tween 5-99 p e r cen t . F e 2 O 3 , 45-84 pe r cen t . N 2 O 5 , a n d 9-25 p e r 
cen t . F e 2 O 3 , 46-48 p e r cen t . N 2 O 5 . S. H a u s m a n n , a n d C. F . Schonbe in o b t a i n e d 
t h e hexahydrate, F e ( N 0 3 ) 3 . 6 H 2 0 , by e v a p o r a t i n g t h e a q . soln. t o a s y r u p , a n d 
a d d i n g half i t s vol . of n i t r ic acid ; R . Wi ldens te in , b y a l lowing a cone . soln. of i ron 
in n i t r ic acid t o s t a n d for 18 m o n t h s ; A. Scheure r -Kes tne r , b y c rys ta l l i za t ion f rom 
t h e mothe r - l i quo r a f te r t h e separa t ion of t h e e n n e a h y d r a t e ; J . M. O r d w a y , b y 
h e a t i n g t h e e n n e a h y d r a t e un t i l 14 pe r cent , of w a t e r h a s b e e n expel led , a n d t h e n 
a d d i n g n i t r i c acid, o r b y cooling a soln. of a mol . of t h e fused e n n e a h y d r a t e w i t h 
4 mols . of n i t r ic acid ; a n d G. Malquor i , b y t h e ac t ion of cone , n i t r i c ac id on a s a t . 
soln. of t h e e n n e a h y d r a t e in n i t r ic ac id of sp . gr. 1-52. Acco rd ing t o J . M. O r d w a y , 
t h e sal t is bes t ob ta ined from a soln. w i th F e ( N 0 3 ) 2 . 6 H 2 0 - | - n H N 0 3 . H 2 0 — i f m o r e 
w a t e r is present , t h e e n n e a h y d r a t e appea r s , a n d if less, t h e soln*. c rys ta l l izes w i t h 
difficulty. G. Malquor i said t h a t a t 25°, t h e sa l t is s t ab l e w i t h soln. c o n t a i n i n g 
9-25 t o 9-28 pe r cent . F e 2 O 3 a n d 46-48 t o 48-88 p e r cen t . N 2 O 5 — v i d e supra, F i g . 684. 
A. D i t t e r epor t ed a trihydrate, F e ( N 0 3 ) 3 . 3 H 2 0 , t o b e fo rmed b y e v a p o r a t i n g a soln. 
con ta in ing a large excess of n i t r i c acid ; s a t u r a t i n g t h e s y r u p y l iqu id w i t h 
H N O 3 . H 2 O a t 60° ; a n d d r a in ing t h e c rys t a l s on a p o r o u s t i l e . A . Scheu re r -
K e s t n e r could n o t confirm t h e ex i s tence of t h i s s a l t ; h e sa id t h a t t h e monohydrate, 
F e ( N 0 3 ) 3 . H 2 0 , s epa ra t e s f rom a soln. s u p e r s a t u r a t e d on t h e w a t e r - b a t h a n d t h e n 
cooled t o 0° . J . M. O r d w a y could n o t p r e p a r e t h e m o n o h y d r a t e . T h e h y d r a t e s 
were s tud ied b y E . N . Gapon . 

The physical properties of ferric ni trate .— T h e e n n e a h y d r a t e w a s sa id b y 
C. F . Schonbein , a n d E . Schaer t o furnish p a l e l avende r -b lue , a m e t h y s t - b l u e , or 
purple-coloured rhombic p r i sms . I f p u r e , t h e sa l t is colourless . W h e n h e a t e d t h e 
colourless sal t appea r s yellow or o range , b u t on cooling, i t becomes colourless 
again . J . M. O r d w a y said t h a t t h e c rys t a l s a r e p r o b a b l y monoc l in ic , a n d H . F r e y , 
r hombohed ra l . N . I . SurgunofT, a n d B . L a m b e r t a n d J . C. T h o m s o n o b t a i n e d 
colourless or whi te c rys ta l s , wh ich , accord ing t o N . I . Surgunoff, a r e m o n o -
clinic wi th t h e axia l r a t i o a : b : c = l - 1 2 9 6 : 1 : 1-9180, a n d j S = 1 3 1 ° 3 1 ' . 
K . P . Gr inakowsky t h o u g h t t h a t t h e c rys t a l s occur in t w o modi f ica t ions . R . Wi lden ­
stein, a n d J . M. O r d w a y said t h a t t h e h e x a h y d r a t e forms wate r -c lea r , cubic c rys t a l s ; 
a n d S. H a u s m a n n , a n d A. S c h e u r e r - K e s t n e r sa id t h a t t h e h e x a h y d r a t e fo rms 
colourless pr isms. A. D i t t e a lso sa id t h a t t h e t r i h y d r a t e furnishes colourless 
needles ; a n d A. Scheure r -Kes tne r , t h a t t h e m o n o h y d r a t e a p p e a r s a s a colourless , 
c rys ta l l ine mass . C. L e e n h a r d t s t u d i e d t h e speed of c rys t a l l i za t ion of t h e h y d r a t e . 

According t o J . M. O r d w a y , t h e c rys t a l s of t h e e n n e a h y d r a t e h a v e a specific 
gravity of 1-6835 a t 21°, a n d w h e n me l t ed a n d supercooled t o 21°, t h e s p . gr . is 
1-6712. K. P . Gr inakowsky found t h e sp . gr . of t h e undercoo led m o l t e n ennea ­
h y d r a t e t o be, a t 0°/4° : 

0-2° 9-7 20-7° 50-6° 65-2° 

Sp . gr. . . 1-7159 1-7064 1-6979 1-6599 1-6429 

B . F r a n z g a v e fo r t h e s p . g r . of a q . s o l n . of t h e s a l t a t 1 7 - 5 ° / 4 ° : 

F e ( N O 8 ) , . 5 IO 2O 30 40 50 6O 65 p e r c e n t . 
S p . g r . . 1 0 3 9 8 1-077O 1-1612 1-2622 1-3746 1-4972 1-6572 1-7532 

S o m e o b s e r v a t i o n s w e r e m a d e b y J . T r a u b e , A . H a u k e , F . K . C a m e r o n a n d 
W . O . R o b i n s o n , A . H e y d w e i l l e r , C. E . R i c h a r d s a n d R . W . R o b e r t s , G . P i a g g e s i , 
G . T . G e r l a c h , a n d H . C. J o n e s a n d F . H . G e t m a n . A c c o r d i n g t o B . C a b r e r a 
a n d E . M o l e s , t h e s p . g r . , a t 1 9 ° / 4 ° , of s o l n . w i t h : 

F e ( N O 8 ) , . 0-0129 0-0534 0-0584 0-1157 0 2204 milliraol per litre. 
Sp . gr. . 1-0029 1 0 0 8 7 1-0098 1-0209 1 0 4 1 9 

P . F . G a e h r expres sed t h e r e l a t i on be tween t h e s p . gr. , JD9 a n d t h e p e r c e n t a g e 
concen t r a t i on , C9 b y log10D=aC9 whe re a is a c o n s t a n t . F . K . C a m e r o n a n d 
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W. O. R o b i n s o n measured t h e sp . gr . of soln. of ferric ox ide in n i t r i c ac id of v a r i o u s 
c o n c e n t r a t i o n s ; a n d B . C a b r e r a a n d E . Moles, t h e effect of n i t r i c ac id on t h e 
s p . gr . of soln . of ferric n i t r a t e . J . T r a u b e d iscussed t h e mo l . so lu t ion vo l . 

M. T o r r e m e a s u r e d t h e diffusion, 2>, of soln. of ferric n i t r a t e of c o n c e n t r a t i o n 
C g r m s . F e ( N 0 3 ) 3 p e r 100 c . c , b y t h e c h a n g e s i n c o n c e n t r a t i o n a t different t e m p . , 
in 24 h r s . : 

C«=0-804 C = 0 - 3 2 0 C=»0160 
t * * , * , , * s 
30° 40° 50° 30° 40° 50° 30° 40° 50° 

Z> . . 0 - 2 0 0 0 - 3 4 9 0 - 4 0 7 0 - 1 1 4 0 1 3 4 0 1 6 1 0 - 0 5 9 0 - 0 6 7 0 0 8 1 
K . P . G r i n a k o w s k y m e a s u r e d t h e surface t e n s i o n , o- d y n e s p e r cm. , t h e molar 
surface energy , o-vM*—1. 13 , 2 2 — a n d t h e t e m p , coeff. of t h e m o l a r surface ene rgy 
of unde rcoo l ed m o l t e n e n n e a h y d r a t e d ferric n i t r a t e , a n d found : 

0-5° 0-6° 20-7° 50-6° 65-3° 
a 70-OS 6 9 - 4 2 6 8 - 7 5 . 6 6 - 1 8 6 3 - 3 5 
ovM'i . 4 2 4 0 - 0 4 2 1 7 0 4 1 8 8 0 4 1 0 5 - 3 3 9 4 7 1 
d(ovM*)d8 . — 2 - 5 5 2 - 6 5 2 - 7 6 1 0 - 7 6 

H e also found t h e v i scos i ty of t h e unde rcoo led e n r i e a h y d r a t e a t 0*3°, 20-6°, a n d 
50*5 t o be r e spec t ive ly 6-0336, 1-0653, a n d 0*2234 gr in , p e r c m . p e r sec. H . C. J o n e s 
a n d co-workers f o u n d t h e m o l . l o w e r i n g of t h e freez ing-point , A» of soln. w i t h G 
mols p e r l i t re t o be : 

C . . . 0 0 7 4 8 0 1 4 9 6 0 - 4 4 8 8 1 0 4 7 2 1 - 4 9 6 0 
A 6 - 3 9 6 -37 7 - 6 3 1 0 - 9 2 1 4 - 3 0 

E n n e a h y d r a t e d ferric n i t r a t e , l ike C r ( N 0 3 ) 3 . 9 H 2 0 , a n d A 1 ( N 0 3 ) 3 . 9 H 2 0 , shows a 
g r e a t e r lower ing of t h e f .p. t h a n is t h e case w i t h t h e h e x a h y d r a t e d n i t r a t e s 
of m a g n e s i u m , z inc , coba l t , a n d n icke l ; a n d i t is four or five t i m e s a s g r e a t a s 
t h e v a l u e ca l cu l a t ed on t h e a s s u m p t i o n t h a t t h e so lven t a n d so lu te a r e in ­
d e p e n d e n t . J . S. A n d e r s o n obse rved t h a t t h e e n n e a h y d r a t e smel ls of n i t r i c ac id ; 
A. S c h e u r e r - K e s t n e r , t h a t some n i t r i c ac id is los t a t 50°—C. L e e n h a r d t sa id 
a t 80° ; a n d J . M. O r d w a y found t h a t a b o u t ha l f i t s n i t r i c ac id is lost a t 100° 
a n d a d r y , de l iquescen t , d a r k b r o w n p o w d e r r e m a i n s . Accord ing t o C. M o n t e -
m a r t i n i a n d E . Vernazza , t h e d e h y d r a t i o n of fer rous n i t r a t e h e x a h y d r a t e a t 
t h e o r d i n a r y t e m p , in a n a t m o s p h e r e of c a r b o n d iox ide is a c c o m p a n i e d 
b y evo lu t i on of n i t r i c ox ide , a n d o x i d a t i o n of t h e i ron : 3 F e ( N 0 3 ) 2 - J - 7 H 2 0 
- » 3 F e ( O H ) 3 + 5 H N 0 3 + N O . D e c o m p o s i t i o n in boi l ing a q . soln. in a n a t m o s p h e r e 
of c a r b o n d iox ide , is a t first s low w i t h f o r m a t i o n of a r e d d i s h p r e c i p i t a t e ; i t t h e n 
s u d d e n l y becomes v io l en t a n d c o n t i n u e s t o c o m p l e t i o n a c c o r d i n g t o t h e a b o v e 
s c h e m e . T h e p r e l i m i n a r y p e r i o d is s h o r t e r for m o r e c o n c e n t r a t e d so lu t ions or on 
a d d i t i o n of n i t r i c or n i t r o u s ac id , b u t n o defini te r e l a t i on b e t w e e n c o n c e n t r a t i o n 
a n d t h e f o r m a t i o n of n i t r o g e n d iox ide , n i t r o u s ox ide , a m m o n i a , e t c . , w a s found. 
T h e solid p r o d u c t is t h e h y d r a t e , F e 2 O 3 - H 2 O . S. IJ. P i c k e r i n g found t h a t in 
sun l igh t , ac id v a p o u r s a r e g iven off a t o r d i n a r y t e m p . , b u t t h e y a r e r e - abso rbed in 
d a r k n e s s . Hy r e p e a t e d l y h e a t i n g t h e sa l t a b o v e i t s m . p . , K . P . G r i n a k o w s k y 
n o t i c e d t h a t t h e s a l t is d e c o m p o s e d ; F . K . Be l l a n d W . A. P a t r i c k , t h a t wi th 
6 t o 8 hrs*. h e a t i n g a t 120°, a d r y , r e d bas ic n i t r a t e is f o r m e d ; a n d J . M. O r d w a y , 
t h a t a t a r e d - h e a t al l t h e n i t r a t e is lost , a n d ferr ic ox ide r e m a i n s . J . M. O r d w a y 
sa id t h a t t h e me l t ing -po in t of t h e e n n e a h y d r a t e is 47-2° ; a n d K . P . G r i n a k o w s k y , 
50*1°. J . M. O r d w a y n o t e d t h a t t h e m o l t e n sa l t r e m a i n s a s a clear , d a r k r e d l iquid 
d o w n t o 21°. S. H a u s r a a n n sa id t h a t t h e h e x a h y d r a t e m e l t s a t 35° ; C F . Schon-
be in g a v e 50° ; a n d J . M. O r d w a y , b e t w e e n 35° a n d 40° . K . P . G r i n a k o w s k y , a n d 
C. L e e n h a r d t s t u d i e d t h e rate of crysta l l izat ion of t h e unde rcoo led e n n e a h y d r a t e . 
J . M. O r d w a y g a v e 125° for t h e bo i l ing-po int of t h e e n n e a h y d r a t e . 

M. B e r t h e l o t g a v e for t h e h e a t of f o r m a t i o n ( F e J i V 2 J O 2 1 A q . ) = 157-15 CaIs. ; 
a n d for Fe 2 O 3 -^H 2 O+6HNO 3 8 0 1 n - =^Fe(NOs) 3 8 0 I 1 1 . - ! -35*4 CaIs., a n d J . T h o m s e n , 
33-95 CaIs. J . T h o m s e n f o u n d for t h e r eac t i on in soln., 3 B a ( N 0 3 ) 2 + F e 2 ( S 0 4 ) 3 
=2Fe(N08)3 - f -3BaS0 4 H-25*776 CaIs. M. B e r t h e l o t g a v e — 9 0 CaIs. p e r m o l . for 
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t h e hea t Of solut ion of t h e e n n e a h y d r a t e ; a n d he sa id t h a t t h e hea t of di lut ion 
changes -with age, because 12 l i t res of a fresh soln. of a m o l of t h e sa l t in 6 l i t res 
absorbed 1-1 CaIs. when d i lu ted w i t h 30 l i t res of w a t e r , b u t in 3-weeks-old soln. , 
absorbed only 1 -05 CaIs .—this does n o t a m o u n t t o m u c h , a f te r al l . T h e n e g a t i v e 
h e a t of soln. is charac te r i s t ic of freezing mixtures , a n d A. S c h e u r e r - K e s t n e r found 
t h a t by t h e dissolut ion of 2 p a r t s of t h e e n n e a h y d r a t e in 1 p a r t of w a t e r , t h e 
t e m p , is lowered 18-5°. 

A. H a u k e measu red t h e index of refraction, a n d found for a soln. w i t h 16-65 
per cen t . Fe(NOg)3 , ^ = 1 - 3 6 4 9 for Na- l ight , 1-3673 for Tl- l ight , a n d 1-3625 for 
C-light ; and for t h e re la t ion be tween t h e wave-length, A, of l ight , a n d t h e re f rac t ive 
index of a soln. wi th 0*996 g rm. of w a t e r p e r c.c. of soln. , a t 17°, C. E . R i c h a r d s 
a n d R . W . R o b e r t s gave : 

A . . /5893 5 7 8 0 5 4 6 1 533O 5 2 1 8 5 1 0 5 
fA. . 1 -3797 1 - 3 8 0 4 1 -3818 1 -3827 1 - 3 8 3 6 1 - 3 8 6 8 

a n d for soln. wi th va ry ing concentration, h a v i n g C mol of t h e sa l t p e r l i t re , a t 0° , 
H . C. J o n e s a n d F . H . G e t m a n obse rved w i t h N a - l i g h t : 

C 0 0 7 4 8 
1 -32689 

O-1496 
1 - 3 3 1 9 1 

0 0 4 4 8 8 
1 - 3 4 5 3 6 

O-7480 
1-35797 

10470 
1-37075 

1-496O 
1-38873 

G. L i m a n n found for t h e ref ract ive index of soln. wi th C e q u i v a l e n t s of t h e sa l t 
pe r l i t re , a t 18° : 

a . . O o-5 1 

{H a - l i n e 
7>-liiie . 
H|S-lino 

Ii 

O 
1-33139 
1-33322 
1-33737 

35-93 

O-5 
1-33858 
1-34054 
1-34504 

35-90 

1-34562 
1-34769 
1-35248 

35-89 

2 
1-35946 
1-36178 
1-36713 

35-78 

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

3 5 - 6 

Observa t ions were also m a d e b y A. Hoydwei l ler . T h e molecular refraction, R, 
obta ined by A. H a u k e , for a 16-65 pe r cen t . soln. for t h e CMine, is 73-0 ; a n d 
G. L i m a n n gave 35-84 a t 18° for Na- l igh t ; a n d t h e resu l t s b y A. Heydwei l l e r 
a re ind ica ted above . A. Heydwei l le r , a n d G. L i m a n n ca lcu la ted va lues for t h e 
dispers ion. A. Heydwei l ler d iscussed t h e re la t ion be tween t h e op t ica l p rope r t i e s a n d 
t h e electr ical conduc t iv i t y of t h e soln. 

T h e colour of aq . soln. of ferric n i t r a t e is cond i t ioned b y hydrolys is—vide infra. 
According t o A. B y k a n d H . JafTe, t h e absorption spectrum shows a b a n d in t h e 
u l t ra -v io le t , and i t is d isplaced in t h e d i rec t ion of t h e sho r t wave- l eng ths b y d i lu t ion , 
or b y t h e addi t ion of n i t r ic acid. J . S. Anderson found for t h e ex t inc t i on coeff., 
k, of soln. wi th C mols of F e ( N 0 3 ) 3 . 9 H 2 0 per l i t re : 

t r c = 2-o 
4340 
7-3 

1O-6 

4 9 9 0 
2 -25 
4 0 4 

547O 
O-7O 
0 - 8 2 

602O 
0-16 

687O 
O-17 

746O 
O-25 
O-3 7 

837O 
0 -32 
0 -9 5 

9 6 8 0 
0 - 1 3 
0 -21 

11 ,75O 
O-Ol 
0 0 4 

for t h e effect of va ry ing t h e concen t ra t ion of t h e soln. : 
A = 4530 

C 
k 

2 O 
5-57 

1-4 
5 -95 

O-8 
6-48 

O-2 
10-49 

0 - 0 2 
1 3 - 1 5 

2 O 
0 1 4 

1-4 
0 1 5 

0-8 
0 1 6 

Obse rva t i ons were also m a d e b y R . A. H o u s t o u n , R . A. H o u s t o u n a n d C. Cochrane , 
T. E w a n , C. E . R i c h a r d s a n d R . W . R o b e r t s , a n d R . A. Mor ton a n d R . W . R i d i n g . 

M. E . V e r d e t found t h a t t h e magnet i c rotatory power— i . e . t h e m a g n e t i c r o t a t i o n 
of t h e p l a n e of po la r i za t ion of l ight—is smal ler for soln. of ferric n i t r a t e t h a n 
i t is for w a t e r ; t h e effect becomes a lmos t zero for v e r y cone, soln., b u t i t does n o t 
a t t a i n a nega t i ve va lue . C E . R i c h a r d s a n d R . W . R o b e r t s obse rved t h a t t h e sp . 
r o t a t i o n , to, a n d t h e v a l u e ca l cu la t ed for F e ( N 0 3 ) 3 , of a soln. w i t h 0-996 g r m . of 
w a t e r p e r c.c. of soln. , a t 20°, in a m a g n e t i c field of 13,510 gauss , a n d l igh t of w a v e ­
l eng th , A : 

A 5 8 9 3 5 7 8 0 5 4 6 1 533O 5 2 1 8 5 1 0 5 
to . . 0 - 0 0 8 5 0 - 0 0 9 0 0 - 0 0 9 6 0 - 0 0 9 6 0 - 0 0 9 9 0 - 0 1 0 4 
W-Fo(NO 1 )J . — 0 - 0 0 5 0 — 0 - 0 0 5 0 0 - 0 0 6 1 0 - 0 0 6 9 0 - 0 0 7 3 0 - 0 0 7 7 
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T h e r e is a n a b s o r p t i o n b a n d for A—535O. T h e v a l u e of co inc reases w i t h a r ise of 
t e m p . P . K . P i l l a i , "E. Miescher , a n d F . All ison a n d E . J . M u r p h y s t u d i e d t h e 
m a g n e t o - o p t i c p r o p e r t i e s . 

M. S c h n e i d e r cou ld d e t e c t n o r e d u c t i o n of a q . soln. of ferric n i t r a t e i n sun l ight , 
b u t W . H . R o s s , a n d O. B a u d i s c h a n d E . M a y e r obse rved t h a t i n u l tra-v io le t l ight , 
r e d u c t i o n t o f e r rous n i t r a t e occur s w i t h t h e e v o l u t i o n of o x y g e n . S. U . P i c k e r i n g 
o b s e r v e d t h a t t h e e n n e a h y d r a t e i n s u n l i g h t g ives off ac id fumes wh ich a r e r e ­
a b s o r b e d in d a r k n e s s . 

T h e e lectr ical conduct iv i ty of a q . soln. of ferr ic n i t r a t e w a s m e a s u r e d b y 
H . C. J o n e s a n d co -worker s , a n d b y A. Heydwe i l l e r . H . C. J o n e s a n d C. A. J a c o b s o n 
g a v e for t h e mo l . c o n d u c t i v i t y of soln. , /JL, w i t h a m o l of t h e n i t r a t e in v l i t res : 

. 
(0° 
J io° 
125° 
135° 

2 
97-68 

1 2 8 1 
381-6 

. 220-7 

8 
132-2 
185-7 
266-5 
328-2 

1 6 
15O-7 
202-7 
295-3 
364-3 

3 2 
171-4 
233-7 
342-6 
422-6 

1 2 8 
199-5 
271-7 
399-4 
491-4 

5 1 2 
371-3 
408-7 
705-7 
927-0 

1024 
490-9 
571-4 
877-7 

1116-5 

2048 
585-2 
693-5 
961-6 

1183-0 

A. A. N o y e s a n d B . F . B r a n n s h o w e d t h a t t h e c o n d u c t i v i t y of a f r e s h l y - p r e p a r e d 
soln. of 0 ' I iV-Fe(NOs) 3 c h a n g e s i n s o m e w e e k s a t o r d i n a r y t e m p . , or in a coup le 
of h o u r s a t 50° t o 55° . A. H e y d w e i l l e r g a v e 123 for t h e l im i t i ng v a l u e of t h e eq . 
c o n d u c t i v i t y a t 18° ; a n d H . C. J o n e s a n d F . H . G e t m a n , 190*6 for t h e l i m i t i n g 
v a l u e of t h e mo l . c o n d u c t i v i t y a t 0 ° . A . H e y d w e i l l e r d i scussed t h e r e l a t i on 
b e t w e e n t h e op t i c a l p r o p e r t i e s a n d t h e eq . c o n d u c t i v i t y of a q . soln. of ferric 
n i t r a t e . H . C. J o n e s a n d F . H . G e t m a n c a l c u l a t e d for t h e p e r c e n t a g e degree of 
i on iza t ion , <x, a n d o b t a i n e d for t h e mo l . c o n d u c t i v i t y of soln . w i t h a mo l . of t h e 
sa l t in v l i t res a t 0° : 

0-67 
43-2 
22-6 

O-74 
48-2 
25-3 

O-95 
63-4 
33-3 

1-34 
82-0 
43 O 

2-23 
102-O 

53-5 

2-34 
117-2 

61-5 

6-68 
136-4 

71-6 

13-37 
152-5 

80-0 CL 

H . C. J o n e s a n d C A. J a c o b s o n obse rved t h a t t h e v a l u e of a. i nc reases w i t h a r ise 
of t e m p . , owing t o hyd ro lys i s . H . C. J o n e s a n d F . H . G e t m a n ca l cu l a t ed v a l u e s 
for t h e so lva t ion or degree of hydrat ion of ferr ic n i t r a t e in a q . soln . F o r soln. w i t h 
C mo l s of F e ( N 0 3 ) 3 p e r l i t re , [ H 2 O ] , r e p r e s e n t e d t h e n u m b e r of mo l s in c o m b i n a t i o n 
w i t h a m o l of sa l t if a l i t r e of t h e soln. a t t h e g iven c o n c e n t r a t i o n , c o n t a i n e d 1000 
g r m s . of w a t e r : 

C . . 1-496O 1-3464 1 0 4 7 2 0-7480 0-4488 0-2992 
[ H 2 O l - . 28 29 33 37 43 37 

As i n d i c a t e d a b o v e , t h e sa l t is h y d r o l y z e d in a q . soln. T h e d e g r e e of h y d r o l y s i s 
is d e p e n d e n t on t h e c o n e , t h e age , t h e t e m p . , t h e a c i d i t y , a n d t h e p re sence of 
o t h e r s u b s t a n c e s in t h e soln. T h e p rogres s of t h e h y d r o l y s i s is s h o w n b y t h e 
c h a n g e s of co lour w h i c h occur , for t h i s is d e t e r m i n e d b y t h e p r e s e n c e of col loidal 
h y d r a t e d ferric ox ide : F e ( N 0 3 ) 3 + 3 H 2 O ^ F e ( O H ) 3 + 3 H N 0 3 , so t h a t t h e co lour 
c h a n g e s t h r o u g h yel low, b r o w n , a n d r ed , a f te r w h i c h , a t u r b i d i t y a p p e a r s . T h u s , 
S. U . P i c k e r i n g obse rved t h a t t h e co lour of t h e a q . soln . i nc reases in i n t e n s i t y w i t h 
p rogres s ive d i l u t i o n u n t i l a m a x i m u m is a t t a i n e d , a f t e r w h i c h t h e co lour b e c o m e s 
p a l e r w i t h d i l u t i on . G. W i e d e m a n n g a v e for t h e p e r c e n t a g e degree of hyd ro ly s i s , 
H, of soln . w i t h C g r m s . of F e ( N 0 3 ) 3 p e r IOO c.c. a t 20° : 

C . . . 50-03 37-51 24-99 18-75 12-47 6-24 
H . . 12-0 13-9 14-4 14-O 14-9 17-7 

U . A n t o n y a n d G. Gigli f ound for soln . 10 d a y s o ld : 

C . 50 t o 6-7 4 0 2-0 0-5 0-2 0-05 0-02 0 0 0 5 O-004 
H • . 7 13 16 2 6 30 44 55 14-9 17-7 

T h e f o r m a t i o n of col lo idal h y d r a t e d ferric ox ide is s h o w n b y t h e fac t t h a t s o d i u m 
ch lo r ide p r e c i p i t a t e s ferr ic h y d r o x i d e , a n d t h a t p o t a s s i u m fe r rocyan ide g ives n o 
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b l u e co lora t ion in such so lu t ions ; i n less d i l u t e so lu t ion , t o w h i c h f e r rocyan ide h a s 
b e e n a d d e d , t h e b lue co lour g r a d u a l l y increases in i n t e n s i t y ow ing t o t h e c o n t i n u e d 
re - fo rmat ion of t h e ferric n i t r a t e . A q . so lu t ions of ferr ic n i t r a t e c o n t a i n i n g less 
t h a n O l pe r cent , a r e q u i t e colourless , t h u s differing f rom o t h e r d i l . soln . of ferr ic 
sa l t s which a r e a l w a y s co loured ; i t is s u p p o s e d t h a t i n s u c h d i l . ferr ic n i t r a t e soln. , 
basic ferric sa l t s a r e n o t fo rmed , b u t r a t h e r sa l t s of p y r o n i t r i c ac id , H4N2O7, o r 
o r thon i t r i c ac id , H 5 N O 5 . F e r r i c o r t h o n i t r a t e a n d p y r o n i t r a t e b e i n g s i m p l y p r o ­
d u c t s of hydro lys i s of ferric n i t r a t e , t h e r e a c t i o n b e t w e e n al l t h r e e s a l t s a n d w a t e r 
is a revers ib le one ; t h e o r t h o n i t r a t e b y f u r t h e r h y d r o l y s i s d i s soc ia tes i n t o ferr ic 
h y d r o x i d e a n d n i t r i c ac id . U . A n t o n y a n d G. Gigli t h u s c o n c l u d e d t h a t t h e suc ­
cessive s t ages of t h e hyd ro ly s i s a r e : 

Fe(NOg)3 —> Pe g O(NO s ) 4 - * r e ( N O , ) s O H - • Pe(NO 1 ) (OH) 1 ->• Fe(OH) 3 

ColourlesH Yellow Colourless Colourless Brown 
D i l u t i o n . I : 2 t o 1 : 7OO 1 : IOOO t o 1 : 2 0 , 0 0 0 < 1 : 25,0OO t o 1 : 8 0 , 0 0 O < 1 : 8 0 , 0 0 0 

R . W e i n l a n d a t t r i b u t e d t h e a m e t h y s t t i n t , o b s e r v e d b y S. TJ. P i c k e r i n g w i t h cone , 
soln. , t o t h e f o r m a t i o n of a p a l e r e d h e x a q u o f e r r i c c a t i o n . J . S. A n d e r s o n s h o w e d 
t h a t a soln. w i th ove r 0*8 mol of t h e n i t r a t e p e r l i t r e r e m a i n e d c lear u n d e r c o n d i t i o n s 
w h e r e a soln. w i t h 0*2 mol p e r l i t r e b e c a m e t u r b i d in a y e a r , a n d w i t h a soln . h a v i n g 
0*02 m o l p e r l i t re , t h e p r e c i p i t a t i o n of t h e h y d r a t e d ferric ox ide w a s c o m p l e t e , a n d 
t h e soln . decolor ized. T h e p rogres s of t h e hyd ro ly s i s b y co lou r - changes w a s a lso 
obse rved b y XJ. A n t o n y a n d G. Gigli, a n d , a s i n d i c a t e d a b o v e , b y A . A. N o y e s a n d 
B . F . B r a n n . C F . S c h o n b e i n obse rved t h a t b y ra i s ing t h e t e m p , of a n a q . so ln . 
of ferr ic n i t r a t e , t h e co lour d e e p e n s a s i t pa s se s f r o m yel low t o b r o w n t o r ed , a n d 
t h a t w h e n t h e soln. is cooled t h e l iqu id b e c o m e s pa l e r in t i n t . A n a l o g o u s obser ­
v a t i o n s showing t h a t t h e p rogress of t h e hyd ro ly s i s is f a v o u r e d b y ra i s ing t h e t e m p , 
were m a d e b y F . Bei ls te in a n d R . L u t h e r , M. B e r t h e l o t , T . Cohen , E . J . H o u s t o u n , 
S. U . P icke r ing , E . Schaer , E . A . Schne ide r , a n d A. A . N o y e s a n d B . F . B r a n n . 
G. W i e d e m a n n obse rved a l m o s t a l i nea r r e l a t ion b e t w e e n t h e p e r c e n t a g e d e g r e e 
of hydro lys i s , H, a n d t h e t e m p , b e t w e e n 10° a n d 60° for a soln. of t h e n i t r a t e w i t h 
1*155 g r m s . F e in 10 c.c. : 

6° 15" 20f>° 25° 31-5° 4L° 51° 55-3° 62° 
/ / . . 9 -6 10 -3 12 -5 1 3 - 5 15 -5 16-6 18-7 19 -3 2 1 - 4 

Accord ing t o J . M. O r d w a y , a n d A. S c h e u r e r - K e s t n e r , t h e b r o w n a q . soln. of ferr ic 
n i t r a t e becomes colourless if a l i t t l e n i t r i c ac id b e a d d e d . A s imi la r o b s e r v a t i o n 
w a s m a d e b y A. A. N o y e s a n d B . F . B r a n n . F . K . C a m e r o n a n d W . O. R o b i n s o n 
sa id t h a t t h e b rown colour d i s a p p e a r s w h e n a m o l of H N O 3 is p r e s e n t p e r m o l of 
F e ( N 0 3 ) 3 , a n <l S. U . P i cke r ing sa id t h a t w h e n 1-2 t o 1-8 mols of H N O 3 a r e p r e s e n t 
p e r g r a m - a t o m of i ron , t h e di l . soln. is ye l low ; w i t h 3 t o 20 m o l s of n i t r i c ac id , 
t h e colour is lemon-yel low. G. W i e d e m a n n e x a m i n e d t h e effect of n i t r i c ac id o n 
t h e degree of hyd ro lys i s of ferric n i t r a t e soln. C. F . S c h o n b e i n , a n d E . S c h a e r 
o b s e r v e d t h e effect of va r i ous a d d i t i o n s on t h e co lou r -changes of t h e s o l n . ; G. W i e d e ­
m a n n , t h e degree of hyd ro ly s i s of bas ic n i t r a t e i n a q . so ln ; a n d S. M i y a m o t o , t h e 
decompos ing ac t ion of t h e si lent d i scha rge . 

A. A . Groen ing a n d H . P . C a d y m e a s u r e d t h e d e c o m p o s i t i o n v o l t a g e of so ln . 
of ferr ic n i t r a t e in w a t e r a n d in l iquid a m m o n i a , a n d o b t a i n e d 1*02 a n d 1*19 
v o l t s r e spec t ive ly ; a n d t h e m e t a l ove r -vo l t ages a r e r e spec t i ve ly 0*16 a n d —0*8 
vo l t . A . Schukareff obse rved a m a g n e t o c h e m i c a l effect i n t h e e lec t ro lys is of a 
soln . of ferr ic n i t r a t e w i t h p l a t i n u m e lec t rodes w h e n t h e c a t h o d e is in a m a g n e t i c 
field, b u t n o t so w i t h t h e a n o d e i n a m a g n e t i c field. 

M. F a r a d a y f o u n d e n n e a h y d r a t e d ferric n i t r a t e t o b e p a r a m a g n e t i c ; a n d 
A. Q u a r t a r o l i s h o w e d t h a t if t h e a q . soln. is n o t t o o d i l u t e , i t a l so is p a r a m a g n e t i c , 
b u t v e r y d i l u t e so ln . a r e d i a m a g n e t i c . T h e c o n c e n t r a t i o n of t h e soln. w h e r e t h e 
d i a m a g n e t i s m of w a t e r j u s t neu t r a l i z e s t h e p a r a m a g n e t i s m of t h e ferr ic n i t r a t e 
is 2*94 g r m s . F e p e r l i t r e . O b s e r v a t i o n s o n t h e m a g n e t i c propert ies of t h e soln . 
we re m a d e b y J . P l i i cker , a n d G. W i e d e m a n n . J . S. E . T o w n s e n d g a v e 6 2 x l 0 ~ * 



I R O N 3 8 5 

m a s s u n i t for t h e m a g n e t i c suscept ibi l i ty of t h e a q . soln. a t 10° ; O. L i e b k n e c h t 
a n d A . P . Wil l s , 5 6 x 1 0 - ° a t 18° ; a n d G. J a g e r a n d S. Meyer , 4 6 X l C r 6 a t 18° . 
G. J a g e r a n d S . M e y e r m e a s u r e d t h e effect of v a r i a t i o n s in t h e field-strength b e t w e e n 
10,00O a n d 18 ,000 gauss , a n d J . S. E . T o w n s e n d , b e t w e e n 1 a n d 9 g a u s s , a n d 
o b s e r v e d n o p e r c e p t i b l e inf luence o n t h e suscep t ib i l i t y . L . A . WeIo ' s r e s u l t s for 
t h e sol id a n d fused s a l t a r e i n d i c a t e d i n F i g . 580 . B . C a b r e r a a n d E . Moles g a v e 
for t h e s p . a n d t h e a t . su scep t ib i l i t y of a q . so ln . of ferric n i t r a t e , b e t w e e n 16-6° 
a n d 18-3° : 

Fe(NOg) 8 . . 0-5304 1-292 1-412 2-837 5-530 per cent . 
Specific x X 10« . —0-4378 —0-03579 0-03014 0-8359 2-2933 
A t o m i c x X 10* • 12,755 12,665 12,73O 13,145 13,55O 

T h e r e s u l t s for so ln . w i t h 1*285 g r m s . F e ( N O 3 J 3 p e r IOO g r m s . of soln. c o n t a i n i n g 
free n i t r i c ac id i n t h e p r o p o r t i o n q m o l H N O 3 : m o l . F e ( N O 3 J 3 : 

q 0 1 8 7 6 0-3377 0-8646 1-3371 2-714 
X X l O 6 . . 0-086O 0-2227 0-6172 0-6750 0-7465 

O b s e r v a t i o n s w e r e also m a d e b y G. P iagges i , a n d A . Q u a r t a r o l i ; t h e l a s t - n a m e d 
g a v e for t h e mo l . su scep t ib i l i t y of soln . w i t h a m o l of sa l t i n v l i t r es , a t 18° : 

v 1 0 IOO 2 5 0 5OO 1 , 0 0 0 
X X 10« . . 1 2 , 7 8 9 1 2 , 2 7 2 1 1 , 8 5 9 1 1 , 8 6 0 1 1 , 5 4 5 

J . S. E . T o w n s e n d found t h a t a t 10°, i n a field of 1 t o 9 gauss , t h e r e is a l i nea r 
r e l a t i on b e t w e e n t h e suscep t ib i l i t y , a n d t h e d e g r e e of d i l u t i on . G. W i e d e m a n n , 
G. P iagges i , a n d A . E . O x l e y o b s e r v e d a l i nea r r e l a t i o n b e t w e e n t h e suscep t ib i l i t y 
a n d t e m p . G. P i agges i f o u n d for soln. of t h e p e r c e n t a g e c o n c e n t r a t i o n C, w i t h a 
field of i n t e n s i t y H g a u s s : 

^ = 4100; C = 42-810 J? = 7460 ,* C==7 325 
, A ^ , * ^ 

24-2° 4O 3° 71 5° 84-7° 23 7° 41-2° 63 5° 85 4° 
X X l O 6 . 27-521 26-289 24-667 2 3 1 8 5 3-247 3-077 2-898 2-703 

H . Mosler o b s e r v e d t h a t t h e t e m p , coeff. w i t h soln . c o n t a i n i n g 12-1 , 16-4, 21*2, a n d 
28-2 p e r c e n t . F e ( N 0 3 ) 3 , a r e r e spec t i ve ly —0-00273 , —0-00287, —0-00286, a n d 
—0-00287, b e t w e e n 0° a n d 40° ; wh i l s t G. P i agges i g a v e for soln . w i t h 7-32, 19-51, 
a n d 42*82 p e r c e n t . F e ( N O a ) 3 , t h e r e spec t i ve v a l u e s —0-00287, —0-00285, a n d 
—0-00276 b e t w e e n 23° a n d 85° . O b s e r v a t i o n s w e r e a lso m a d e b y G. J a g e r a n d 
S. Meyer . A c c o r d i n g t o L . A . WeIo , t h e m a g n e t i c suscep t ib i l i t i e s of solid a n d 
l i qu id e n n e a h y d r a t e a r e s u m m a r i z e d i n F i g . 58O. T h e Cur ie c o n s t a n t s , C = y ( T — O ) 9 
for t h e solid a r e , C = 4 - 2 5 , a n d 0=O° ; a n d for t h e l iqu id , < 7 = l - 7 8 , a n d 0==164°. 
B . C a b r e r a a n d E . Moles , a n d A . Q u a r t a r o l i m a d e e s t i m a t e s of t h e m a g n e t o n 
n u m b e r for ferr ic n i t r a t e in a q . soln . 

T h e c h e m i c a l propert ies of ferric n i t r a t e . — S . M i y a m o t o sa id t h a t i n t h e s i lent 
e lec t r ic d i scharge , i n h y d r o g e n , t h e h y d r o x i d e , n i t r i c o x i d e , n i t r o g e n d iox ide , 
a n d a m m o n i u m n i t r a t e a n d n i t r i t e a r e fo rmed . "W. IpateefE a n d A . I . Kisseleff, 
a n d W . IpateefE f o u n d t h a t h y d r o g e n a t a b o u t 200 a t m . p re s s , a c t s on a soln. of 
i r o n n i t r a t e p r e c i p i t a t i n g h y d r a t e d ferr ic ox ide , o r a m i x t u r e of fer rous a n d ferric 
ox ides ; me ta l l i c i r o n w a s n o t f o r m e d e v e n a t 360° . C F . S c h o n b e i n n o t i c e d t h e 
r e d u c t i o n of a soln . of ferric n i t r a t e b y n a s c e n t h y d r o g e n ; a n d F . F . R u n g e , i t s 
r e d u c t i o n b y z inc a m a l g a m . H . F r e y f o u n d t h e e n n e a h y d r a t e t o b e v e r y de l i quescen t 
i n a ir ; a n d A. S c h e u r e r - K e s t n e r , a n d N . I . Surgunoff a d d e d t h a t a b r o w n l iqu id is 
p r o d u c e d w h i c h r e a d i l y d e c o m p o s e s w h e n h e a t e d , for i t g ives ofE n i t r i c ' a c i d fumes 
a t 50° . C. F . S c h o n b e i n o b s e r v e d t h a t t h e h e x a h y d r a t e de l iquesces t o a h o n e y -
ye l low l iqu id . J . M. O r d w a y , A . S c h e u r e r - K e s t n e r , a n d F . K . C a m e r o n a n d 
W . O. R o b i n s o n f o u n d t h a t t h e e n n e a h y d r a t e d issolves in w a t e r i n al l p r o p o r t i o n s , 
f o r m i n g a b r o w n o r ye l l owi sh -b rown soln . ; b u t G. M a l q u o r i a d d e d t h a t t h e solu­
b i l i t y a t 25° i s 46-57 p e r c en t .—v ide F i g s . 686 a n d 689, Fe(NOg) 8 . J . M. O r d w a y 
o b s e r v e d t h a t t h e h e x a h y d r a t e r e a d i l y t a k e s u p 3 mols . of w a t e r t o f o r m t h e 
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enneahydrate ; C F . Schonbein added t h a t the hexahydrate dissolves in water 
in all proportions. The relations of the nitrate with water have been discussed 
in connection with the solubility of the salt ; and also in connection with the 
hydrolysis of aq. soln. V. L.. Bohnson, and I. S. Teletoff and V. M. Simonova 
studied the catalytic action of ferric nitrate on hydrogen dioxide—vide supra, 
ferric chloride. 

Many basic salts have been reported, but F . K. Cameron and W. O. Robinson 
could find none ; and they consider to be solid soln. all t he basic ni trates 
which have been reported ; remembering their results with the basic ferric sulphates, 
i t is possible t h a t some of the basic nitrates which have been reported, or are 
yet to be reported as being formed under other conditions, may be chemical 
individuals. U. Antony and Gr. Gigli assumed tha t definite individuals are 
formed as intermediate products in the hydrolysis of aq. soln. of the n i t ra te— 
vide supra, the hydrolysis of this salt, and also in connection with the basic car­
bonates. A. Muller, and E . Lenssen regarded commercial iron-liquor as a soln. 
of basic nitrates. J . M. Ordway said t ha t a mol. of N 2 O 5 forms compounds with 
1, 2, 3, 4, 5, 6, and 8 mols. of ferric oxide, and t h a t they are soluble in water. These 
substances can be prepared as colloidal soln. by dissolving the calculated quant i ty 
of freshly-precipitated, hydrated ferric oxide in an aq. soln. of ferric ni t ra te . Soln. 
containing 6 mols. of ferric oxide t o 1 mol. of N 2 O 5 furnish precipitates, when 
treated with various salts—e.g., sodium or ammonium chloride ; potassium iodide 
or chlorate ; sodium, calcium, zinc, or copper sulphate ; potassium, sodium, 
ammonium, magnesium, barium, or lead ni t rate ; and barium or zinc acetate ; 
bu t not by alcohol, lead or copper acetate, mercuric cyanide, silver n i t ra te , or 
arsenious acid. The phenomenon resembles the flocculation of colloids by 
electrolytes—vide supra, ferric chloride, and the hydrosol and hydrogel of hydrated 
ferric oxide. 

Taking tho mol . ratios in th is order: F e 8 O 8 : N 2 O 6 : H a ^» S. H a u s m a n n reported, w h a t 
ho regarded as 36 : 1 : 48 ; A . B e c h a m p , 12 : 1 : O ; A . JBechamp, S. H a u s m a n n , a n d 
J. M. Ordway, 8 : 1 : 1 2 ; J . M. Ordway, 6 : 1 : n ; a n d also 5 : 1 : n ; J". J . Berzel ius , 
1*. CJrouvelle, S. H a u s m a n n , J . M. Ordway, C. F. Schonbein, a n d A . Scheurer-Kestner , 
4 : 1 : n> ; A . Schourer-Kestnor, a n d J . M. Ordway, 3 : 1 : 2 ; J . M. Ordway, 3 : 3 : w ; 
A . Benrath , J . M. Ordway, A. Pieeini a n d F. M. Zuco, and A . Scheurer-Kestner, 2 : 1 : 1 ; 
J . M. Ordway, and A . Scheurer-Kestner, 1 : 1 : » ; J . M. Ordway, 2 : 3 : n ; G. Lemoine , 
J . M. Ordway, and A . Scheurer-Kestner, 1 : 2 : n ; and J . M. Ordway, 2 : 5 : n. 

C F . Schonbein, and E. Schaer discussed the colour-changes which occur when 
potassium bromide, or sulphur dioxide is added to the aq. soln. C. F . Schonbein 
noted the reducing action of sulphur dioxide as well as of selenium and tellurium 
hydrides. A. W. Davidson found t h a t the enneahydrate with 100 per cent, sul­
phuric acid forms yellowish-white, insoluble ferric sulphate. C. F . Schonbein, 
and E. Schaer discussed the colour-changes which occur when fl-wiTnonium chloride 
is added to the aq. soln. H . Davy observed t h a t a soln. of ferric ni t ra te absorbs 
little or no nitric oxide ; and C F . Schonbein observed t h a t th is gas reduces a 
soln. of ferric nitrate. W. Heldt, and E . S. Hedges found t h a t with an increasing 
concentration of nitric acid, the solubility of the ni t ra te is reduced ; J . M. Ordway 
found t h a t 100 par t s of nitric acid of sp. gr. 1-37 do not quite dissolve 5 par t s of 
the enneahydrate a t 15*6°. C. F . Schonbein observed t h a t phosphorus slowly 
reduces a soln. of ferric ni trate ; and similarly with phosphine ; arsenic, antimony, 
and bismuth also reduce the soln., as does stibine. C. F . Schonbein, and 
E . Schaer discussed the colour-changes which occur on the addition of arsenic 
trioxide to a soln. of ferric ni t rate . 

When the soln. is shaken up with carbon powder, i t is reduced forming ferrous 
ni t ra te and a basic ferric ni t ra te . C F . Schonbein, and E . Schaer discussed the 
colour-changes which occur when methyl or ethyl alcohol is added t o the aq. soln. 
A. Scheurer-Kestner observed t h a t the enneahydrate forms a brown soln. with 
alcohol, but , added J . M. Ordway, the solution is incomplete. E . Schaer observed 
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t h a t t h e soln . i n 97 t o 98 p e r c en t , a lcohol is n o t s t ab le , a n d d e c o m p o s e s in a few 
w e e k s a t o r d i n a r y t e m p , or w h e n w a r m e d , depos i t i ng a bas ic n i t r a t e . A . B e n r a t h 
o b s e r v e d t h a t i n t h e p h o t o c h e m i c a l o x i d a t i o n of a lcohol b y ferric n i t r a t e , t h e ferr ic 
s a l t is n o t r e d u c e d t o t h e fe r rous s t a t e , b u t a bas ic ferric n i t r a t e is p r e c i p i t a t e d . 
A. N a u m a n n o b s e r v e d t h a t t h e e n n e a h y d r a t e dissolves- in a c e t o n e of s p . gr . 0-795. 
R . W e i n l a n d a n d co -worker s , A . R o s e n h e i m a n d P . Muller , a n d E . S p a t h d i scussed 
t h e a c t i o n of ace t i c ac id on t h e e n n e a - a n d h e x a h y d r a t e s ; a c o m p l e x sa l t a p p e a r s 
t o b e fo rmed . T h e c o m p l e x sa l t s were s t u d i e d b y R . G r u n b e r g - K r a s n o w s k a j a , 
a n d R . W e i n l a n d a n d H . H a c h e n b u r g . C. F . S c h o n b e i n o b s e r v e d t h a t t h e ac id 
r e d u c e s a h o t soln. of ferric n i t r a t e , a n d t h a t t h e r e d u c t i o n is i n c o m p l e t e i n t h e cold ; 
s imi la r r e su l t s w e r e o b t a i n e d w i t h f ormic , c itric , tartaric , a n d uric ac ids ; 
C F . Schonbe in , a n d E . S c h a e r obse rved t h e effect of t a r t a r i c a n d c i t r ic ac id s on 
t h e h y d r o l y s i s of ferr ic n i t r a t e . C. E . S c h o n b e i n o b s e r v e d t h a t n o t o n l y is 
o x a l i c ac id n o t ox id ized b y soln. of ferr ic n i t r a t e , b u t t h a t t h e ac id h i n d e r s t h e 
r e d u c t i o n of t h e n i t r a t e b y o t h e r o rgan ic a n d ino rgan ic s u b s t a n c s , b u t G. L e m o i n e 
sa id t h a t t h e oxal ic ac id is oxid ized w i t h t h e e v o l u t i o n of c a r b o n d iox ide a n d 
n i t r o g e n pe rox ide , a n d t h e f o r m a t i o n of a p r e c i p i t a t e of bas ic ferr ic n i t r a t e a n d 
ferric ox ide . XJ. A n t o n y a n d G. Gigli d i scussed t h e a c t i o n of p o t a s s i u m ferro-
cyan ide on ferric n i t r a t e . R . W e i n l a n d a n d A . Kiss l ing s t u d i e d t h e c o m p o u n d s 
fo rmed w i t h qu ino l ine . G. S p a c u o b t a i n e d a c o m p l e x w i t h benz id ine , a n d 
G. A . B a r b i e r i , one w i t h urea . C F . S c h o n b e i n n o t e d t h e r e d u c i n g a c t i o n of 
creosote , a n d sugar ; a n d C. F . Schonbe in , a n d E . Schaer , t h e decolonisa t ion of 
ind igo ; a n d t h e effect of g u m arabic o n t h e co lour of t h e soln. J . J e t t m a r dis­
cussed t h e a c t i o n of ferr ic n i t r a t e soln . on a n i m a l s k i n s i n t h e t a n n i n g i n d u s t r y . 
I . PlotnikofE a n d K . W e b e r s t u d i e d t h e a c t i o n of t h e n i t r a t e o n n i co t ine ; a n d 
W . T h o m s o n a n d F . Lewis , o n india-rubber. 

C. F . S c h o n b e i n f o u n d t h a t a soln . of ferr ic n i t r a t e is s lowly r e d u c e d b y s o m e 
m e t a l s — c o p p e r , si lver, z inc c a d m i u m , m e r c u r y , t i n , l ead , a n d i ron ; b u t t h e 
a c t i o n w i t h gold, p a l l a d i u m a n d p l a t i n u m is u n c e r t a i n . M. V. D o v e r , a n d 
A. A. N o y e s a n d B . F . B r a n n r e p r e s e n t e d t h e r e a c t i o n w i t h s i lver b y : A g - f - F e ( N 0 3 ) 3 
^ A g N 0 3 + F e ( N 0 3 ) 2 , wh ich w a s a lso d iscussed b y E . J . S h a w a n d M. E . H y d e . 
O. C. P a l i t a n d N . R . D h a r n o t i c e d t h a t t h e p re sence of ferr ic n i t r a t e r e t a r d s t h e 
d i s so lu t ion of m e r c u r y in n i t r i c ac id , b u t acce le ra te s t h e a c t i o n of t h e ac id on 
coppe r , a n d si lver. C. F . S c h o n b e i n found t h a t t h e soln . of ferric n i t r a t e is 
s lowly r e d u c e d b y cuprous Oxide ; a n d D . Vi ta l i f ound t h a t s i lver oxide r e su l t s 
i n t h e depos i t i on of h y d r a t e d ferr ic ox ide ; A . Mai lhe , t h a t yel low, f reshly-preci ­
p i t a t e d mercur ic ox ide is d issolved, a n d a bas ic m e r c u r i c n i t r a t e , H g 2 O ( N O s ) 2 - H 2 O , 
is p r e c i p i t a t e d ; E . A . Schne ide r , t h a t a l u m i n i u m hydroxide is t a k e n u p in col loidal 
soln. ; a n d J . M. O r d w a y , t h a t ferric hydroxide is a l so t a k e n u p in col loidal soln. 
E . K o t h n y found t h a t cupric su lphide , a n d cha lcopyr i te a r e n o t a t t a c k e d b y a soln. 
of ferr ic n i t r a t e , b u t E . F . A n t h o n obse rved t h a t w i t h l e a d su lphide s o m e i ron 
su lph ide is fo rmed . Acco rd ing t o E . M. W a l t o n , a n d J . M. O r d w a y , w h e n t h e 
e n n e a h y d r a t e is m i x e d w i t h h y d r a t e d s o d i u m carbonate or hydrocarbonate , 
t h e r e is a m a r k e d d r o p i n t e m p . ; a n d E . M. W a l t o n , t h a t w h e n t h e e n n e a h y d r a t e 
is m i x e d w i t h h y d r a t e d c a l c i u m or s o d i u m chlor ide , t h e m i x t u r e liquefies, a n d t h e r e 
is a n i n t e r c h a n g e of ac id rad ic les . 

G. M a l q u o r i ' s o b s e r v a t i o n s on t h e t e r n a r y s y s t e m : K N O 3 - F e ( N 0 3 ) 3 — H 2 O , 
s h o w t h a t n o p o t a s s i u m ferric n i tra te is f o r m e d a t 25°, b u t in t h e p resence of n i t r i c 
ac id , p o t a s s i u m ferric n i t r a t e , 2 K N 0 3 . F e ( N 0 3 ) 3 . 4 H 2 0 , is f o rmed a s i n d i c a t e d be low. 
T h e r e su l t s a r e s u m m a r i z e d in F i g s . 686 a n d 687 . G. Ma lquo r i s t u d i e d t h e q u a t e r ­
n a r y s y s t e m : F e ( N O a ) 3 - K N O 3 - H N O 3 - H 2 O a t 25° , a n d o b s e r v e d t h e solid p h a s e s 
F e ( N 0 3 ) 3 . 9 H 2 0 a n d F e ( N 0 3 ) 3 . 6 H 2 0 w i t h soln. h a v i n g Fe(NO 3 J 3 , 2 8 0 2 p e r cen t . ; 
H N O 3 , 5 4 - 2 3 ; a n d H 2 O , 17-75 : t h e t w o h y d r a t e s a n d 2 K N O 3 . F e ( N O s ) 3 . 4 H 2 O w i t h 
so ln . h a v i n g F e ( N O s ) 3 , 27 0O ; K N O 3 , 1 7 - 3 0 ; H N O 3 , 3 9 1 1 ; H 2 O , 1 6 - 5 9 : t h e 
e n n e a h y d r a t e a n d K N O 3 w i t h F e ( N 0 3 ) 3 , 3 9 0 5 ; K N O 3 , 11 02 ; a n d H 2 O , 4 9 0 3 : 
t h e e n n e a h y d r a t e , p o t a s s i u m n i t r a t e , a n d F e ( N 0 3 ) 3 . 2 K N 0 3 . 4 H 2 0 w i t h F e ( N 0 3 ) 3 , 
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24-91 ; KNO3 , 26-5O; HNO 3 , 26-71 ; and H 2 O, 21-88 : and F e ( N 0 3 ) s . 2 K N 0 8 . 4 H 2 0 
and KNO 3 with Fe(NOg)3, 7-8O ; KNO 3 , 43-95 ; HNO 3 , 4 6 1 5 ; and H 2 O, 2-1O. 
The lines mMm, nNn, and pP represent the systems Fe(NO s)3—HNO3-H2O, 
Fe(NOa)3-KNO3-H2O, and K N O 3 - H N O 3 - H 2 O respectively. Sat . soln. of 
Fe(N0 3 ) 3 . 9H 2 04-Fe(N0 3 ) 3 . 6H 2 0 are represented by the line MA ; Fe (N0 3 ) 3 . 9H 2 0 
4-KNO3 , by NB ; F e ( N 0 3 ) 3 . 9 H 2 0 + F e ( N 0 3 ) 3 . 2 K N 0 3 . 4 H 2 0 , by AB ; Fe(NOg)3. 

KiO. 6 8 6 . — T h e Quaternary S y s t e m : F i a . 687.— !Equilibrium in the Ternary 
Fe(NO 3 )S-KNO 3 -H]SrO 3 - I I 2 O, a t 25°. S y s t e m ; K N O , - F e ( N O s ) 3 - H 2 0 , a t 25° . 

2 K N 0 3 . 4 H 2 0 + K N 0 3 , by BC. Points A and B represent soln. sat. with respect 
to three salts ; and C represents the solubility of Fe (N0 3 ) 3 . 2KN0 3 . 4H 2 0 in a 
sat. soln. of potassium ni t ra te in nitric acid of sp. gr. 1-52. H . L. Wells and 
A. P . Beardsley reported caesium ferric ni t ra te , CsNO3 .Fe(N03)3 .7H2O, to be 
formed at a ra ther low temp, in very cone. soln. of eq. proportions of the com­
ponent salts in nitric acid. The pale yellow, deliquescent, prismatic crystals 
melt between 33° and 36°. 

FiO. 688 .—Equi l ibr ium in t h e Ternary F i o . 689 .—Equi l ibr ium Condit ions in t h e 
S y s t e m : A 1 ( N 0 3 ) 3 - F e ( N O 3 J 3 - H 2 O , a t 25°. Quaternary S y s t e m : K N O s - A ] ( N O , ) a -

F e ( N O s ) 3 - H 8 O , a t 25° . 

G. Malquori in his s tudy of the ternary sys tem: Al (N0 3 ) 3 -Fe(NO a ) 3 -H 2 0 , a t 
25°, observed no formation of an aluminium ferric ni t ra te ; the only solid phases 
observed were the two enneahydrates as illustrated in Fig. 688. N o complex was 
observed in the quaternary sy s t em: KN03-A1(N03)3—Fe(N03)3-H20, a t 25°. 
The results are summarized in Fig. 689. 
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§ 50. The Ferrous Phosphates 
In 1758, A. Crons ted t 1 referred to calx martis phlogisto juncta ; in 1772, I. E que a 

a Born referred to ccBruleum berolinense natioum ; in 1783, J . B . Ja. Rome de PIsIe, 
t o ochre martiale bleue or blue de Prusse natif; and in 1784, M. H . Klaproth, t o 
naturliche Berlinerblau ; A. G. Werner applied the term, vivianite—after J . G. Vivian 
— t o an earth, "which was afterwards shown to be the same as t he blue iron, earth, 
or native prussian blue. F . Mohs called i t Eisenglimmer / A. Brei thaupt , Eisen-
phyllite ; E . F . Glocker, Glaucosiderit; T. Thomson, tnullicite ; and P . Berthier, 
anglarite. Analyses, etc. , have been reported by M. H . Klaproth, "R. Pat t ison, 
J . Bostock, J . Murray, I#. N. Vauquelin, F . Stromeyer, R. Brandes, A. Vogel, 
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M. S e g e t h , P . B e r t h i e r , C. F . R a m m e l s b e r g , N . S . M a s k e l y n e a n d W . F l i g h t , 
W . F i s h e r , F . K u r l b a u m , H . S t r u v e , S. P . Popoff, K . v o n M u r a k o z y , 
W . Li. D u d l e y , W . T je louch in , J . Thie l , a n d C. S c h m i d t . T h e f resh m i n e r a l , n o t 
c o n t a m i n a t e d w i t h i m p u r i t i e s , h a s a c o m p o s i t i o n closely a p p r o x i m a t i n g t h a t of 
ferrous or thophosphate , F e 3 ( P O ^ ) 2 - S H 2 O , b u t a s e m p h a s i z e d b y C. F . R a m m e l s b e r g , 
v i v i a n i t e , a s i t u s u a l l y occur s i n n a t u r e , is r a t h e r a m i x t u r e of different p h o s ­
p h a t e s : F e 3 ( P 0 4 ) 2 . 8 H 2 0 - j - w F e 6 P 4 0 1 9 . 1 6 H 2 0 ; S. P . PopofE also e m p h a s i z e d t h a t 
t h e f e r rous i r on m a y b e i s o m o r p h o u s l y r e p l a c e d b y ca l c ium, m a n g a n e s e , or 
m a g n e s i u m , R 3 ( P O 4 ) ^ S H 2 O , w h e r e R d e n o t e s f e r rous i ron , Mg, M n , a n d Ca, a n d 
h e ca l l ed t h i s c o m p l e x paravivianite; a n d t h e r e a r e a n u m b e r of spec imens 
c o n t a i n i n g m o r e o r less ferr ic i ron—e .g . , R O . F e 2 O 3 . P 2 O 5 . 7 H 2 O , or a-kertschenite 
— a f t e r K e r t s c h , C r i m e a ; a n d 5 R 0 . 2 F e 2 0 3 . 3 P 2 0 5 . 2 3 H 2 0 , o r fi-kertschenite. 
W . L . D u d l e y r e p r e s e n t e d t h e c o m p o s i t i o n of t h e m i n e r a l b y a d o u b l e d f o r m u l a ; 
a n d S. P . Popoff t h e t r i p l e d formulas : 

O O O O O O O O O O O O 

Ki Xv .R 
Paravivianito 

R 

O O 

R - O - R R R 
/8-Kertschenite 

R R — O 

R - O - R 

R - O - B . R - O - R 
a-Kertsctienite 

R - O - R R - O - R R O - R 
Oxykertschenite 

R - O - R 

V i v i a n i t e , o r b l u e e a r t h , occu r s a s soc i a t ed w i t h p y r r h o t i t e a n d p y r i t e in coppe r , 
a n d o t h e r m e t a l v e i n s . I t occu r s f r iable a n d c rys t a l l i zed in b o d s of c lay , a n d 
s o m e t i m e s a s soc ia t ed w i t h l imon i t e o r bog- i ron ore . I t a lso f r e q u e n t l y occur s in 
cav i t i e s of fossils o r b u r i e d b o n e s . T h u s , A . L a c r o i x 2 f o u n d i t a s soc ia t ed w i t h 
fossil t e e t h n e a r B a y o n n e , Basses P y r e n e e s ; P . G a u b e r t , i n m a s t o d o n b o n e s , S a n 
P a b l o , G u a t e m a l a ; a n d W . L . D u d l e y found , n e a r Edgev i l l e , K e n t u c k y , p l a n t 
r o o t s w h i c h were t r a n s f o r m e d a l m o s t c o m p l e t e l y i n t o b lue e a r t h b y a p rocess of 
r e p l a c e m e n t . J . Sch lossberger d i scussed t h e f o r m a t i o n of b l u e e a r t h b y t h e ac t ion 
of o r g a n i c m a t t e r , a n d m e n t i o n e d t h a t s o m e i ron na i l s f ound in t h e s t o m a c h of a n 
o s t r i ch w e r e e n v e l o p e d i n b l ack , o r g a n i c m a t t e r , a n d a f te r severa l d a y s ' e x p o s u r e 
t o t h e a i r b e c a m e cove red w i t h b l u e s p o t s o w i n g t o t h e f o r m a t i o n of t h e b l u e 
p h o s p h a t e . L . G m e l i n a d d e d t h a t a p i t in a t o w n h a d b e e n filled for c en tu r i e s w i t h 
bones , wood , f e r rug inous gneiss , e t c . Colour less c ry s t a l s of v i v i a n i t e w e r e found 
o n t h e c a r b o n i z e d p ieces of wood , a n d l ikewise o n t h e m i c a c e o u s laminae of t h e 
gne iss , b u t n o t o n t h e o t h e r m a t e r i a l s ; t h e c ry s t a l s b e c a m e b l u e o n e x p o s u r e t o 
a i r . W . H a i d i n g e r f o u n d c r y s t a l s of v i v i a n i t e in t h e hol low of a b o n e i n t h e ske le ton 
of a m i n e r f o u n d in a n o ld w o r k i n g a t T a r n o w i t z . E . V. S h a n n o n found v i v i a n i t e 
e n c r u s t i n g a fossil t u s k i n I d a h o ; a n d H . K u n z - K r a u s e d iscussed i t s f o r m a t i o n 
i n a r a b l e soils. O t h e r e x a m p l e s were r e c o r d e d b y F . S a n d b e r g e r , J . N ick les , 
N . F r i e d r e i c h , N . J . Be r l in , a n d M. N i t s c h m a n n . R . W a r r i n g t o n found t h a t a so ln . 
of c a l c i u m p h o s p h a t e i n c a r b o n e t t e d w a t e r is c o m p l e t e l y d e c o m p o s e d b y h y d r o x i d e s 
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of i ron a n d a l u m i n i u m found in c l ays a n d soils. T h e f o r m a t i o n of b l u e e a r t h i n 
p e a t , a n d m o o r soils, e t c . , w a s d iscussed b y J . Stansfield, A. F . W i e g m a n n , F . Senffc, 
K . R o r d a m , J . M. v a n B e m m e l e n , A. G a r t n e r , a n d G. R e i n d e r s . G. T a m m a n n 
a n d H . O. v o n S a m s o n - H i m m e l s t j e r n a a t t r i b u t e d t h e b lue co lou r of s o m e ar t i f ic ial 
p r e p a r a t i o n s t o t h e p resence of a fe r rous p o l y p h o s p h a t e , n o t ferr ic p h o s p h a t e . 

C. F . R a m m e l s b e r g 3 o b t a i n e d a w h i t e p r e c i p i t a t e of f e r rous p h o s p h a t e b y 
a d d i n g s o d i u m h y d r o p h o s p h a t e t o a soln. of a fe r rous s a l t ; a n d t h e c o m p o s i t i o n 
of t h e p r e c i p i t a t e s w a s also i n v e s t i g a t e d b y G. C. W i t t s t e i n , a n d G. J e n z s c h . 
J . M. v a n B e m m e l e n sa id t h a t if a m i x e d soln . of 1 of f e r rous s u l p h a t e , 12 of 
s o d i u m h y d r o p h o s p h a t e , a n d 1 of glacial ace t i c a c i d b e k e p t s o m e d a y s a t o r d i n a r y 
t e m p , o u t of c o n t a c t wi th air , t h e co l lo idal ferrous p h o s p h a t e f irst p r o d u c e d f o r m s 
a sol w i t h t h e ace t ic acid, wh ich g r a d u a l l y d e p o s i t s c r y s t a l s of t h e octohydrate of 
fer rous p h o s p h a t e , F e 3 ( P O 4 J 2 . 8 H 2 O . E . Ange le scu a n d G. B a l a n e s c u f o u n d t h a t 
t h e s imu l t aneous p rec ip i t a t i on of i ron a n d p h o s p h o r i c ac id is poss ib le w h e n t h e 
r a t i o F e : P is g r ea t e r t h a n 2, a n d w h e n t h e a c i d i t y jt?H is less t h a n 7. T h e t e m p , 
a n d t h e anion of t h e ferric sa l t a r e w i t h o u t effect o n t h e p r e c i p i t a t i o n . I n a lka l ine 
soln., t h e phosphor i c ac id is n o t c o m p l e t e l y a d s o r b e d . W . R . G. A t k i n s s t u d i e d 
t h e effect of t h e a c i d i t y of t h e soln . on t h e compos i t i on of f e r rous p h o s p h a t e . 
I I . D e b r a y o b t a i n e d t h e n o r m a l f e r rous p h o s p h a t e b y h e a t i n g t h e h y d r o p h o s p h a t e 
w i t h w a t e r in a sealed t u b e a t 250° ; E . N . H o r s f o r d , b y h e a t i n g m i x e d soln . of 
s o d i u m p h o s p h a t e a n d fe r rous s u l p h a t e in a n a t m . of c a r b o n d i o x i d e i n a sea led 
t u b e ; a n d E . J . E v a n s , b y a l lowing a soln . of 2 p a r t s s o d i u m a c e t a t e , 10 p a r t s of 
s o d i u m p h o s p h a t e , a n d 8 p a r t s of f e r rous s u l p h a t e t o s t a n d for seve ra l d a y s o u t of 
c o n t a c t w i t h air , co l lec t ing t h e p r e c i p i t a t e o n a cal ico filter, a n d d r y i n g i t a t 40° . 
Smal l c rys t a l s d e v e l o p if t h e p r e c i p i t a t e be k e p t in c o n t a c t w i t h i t s m o t h e r - l i q u o r 
for a week a t 60° t o 80° . 

G. Cesaro p r e p a r e d t h e sa l t b y m i x i n g soln . of a m m o n i u m fe r rous s u l p h a t e 
a n d a m m o n i u m p h o s p h a t e , d i s so lv ing t h e p r e c i p i t a t e b y a d d i n g hydro f luo r i c ac id 
d ropwise , a n d a l lowing t h e soln . t o s t a n d for a l ong t i m e . I n a b o u t 17 d a y s , t h e 
smal l c rys t a l s w h i c h a p p e a r h a v e t h e c o m p o s i t i o n of v i v i a n i t e . E . W e i n s c h e n k 
o b t a i n e d colourless c rys t a l s b y t h e a c t i o n of a m m o n i u m h y d r o p h o s p h a t e o n a soln . 
of a fer rous sa l t in a sea led t u b e a t a n e l e v a t e d t e m p . A c c o r d i n g t o A . C. B e c q u e r e l , 
i ron p l a t e s i m m e r s e d in a n a q . soln. of a m m o n i u m p h o s p h a t e b e c o m e c o v e r e d w i t h 
w h i t e c rys ta l l ine fer rous p h o s p h a t e ; a n d if a cell b e m a d e u p w i t h a p o r o u s p o t 
c o n t a i n i n g a soln. of coppe r s u l p h a t e a n d a c o p p e r r o d as c a t h o d e , p l a c e d i n a soln . 
of s o d i u m p h o s p h a t e w i t h an i ron r o d a s a n o d e , o n c los ing t h e c i rcu i t , w h i t e c r y s t a l ­
l ine nodu les of ferrous p h o s p h a t e col lect on t h e i ron rod , a n d t h e n q u i c k l y a s s u m e 
a b lue colour on exposure t o air . 

H . D e b r a y p r e p a r e d t h e monohydrate, F e 3 ( P O 4 J 2 - H 2 O , a s a d a r k green , c ry s t a l l i ne 
p o w d e r , b y h e a t i n g t h e h y d r o p h o s p h a t e , F e H P O 4 , w i t h w a t e r a t 250° . F . Miill-
b a u e r o b t a i n e d t h e trihydrate, F e 8 ( P O 4 J 2 - S H 2 O , a s a m i n e r a l o c c u r r i n g i n t h e 
p h o s p h a t e depos i t s of B a v a r i a ; a n d h e cal led i t bau ldauf l t e—afte r M. B a u l d a u f . 
I t is cons ide red t o be i s o m o r p h o u s w i t h h y d r a t e d m a n g a n o u s p h o s p h a t e . T h e 
l igh t rose , o r flesh-red monocl in ic p r i s m s h a v e t h e a x i a l r a t i o s a : b : c = 2 * 2 1 : 1 : 1-84, 
)8—133° 18". T h e op t i ca l c h a r a c t e r is n e g a t i v e . H . S t e i n m e t z g a v e t h e f o r m u l a : 
R 5 H 2 ( P O 4 J 4 - S H 2 O . P . D w o j t s c h e n k o , a n d S. P . Popoff desc r ibed a ye l low, col loidal 
p h o s p h a t e a p p r o x i m a t i n g 3 F e 2 O 3 . 2 P 2 O 5 . 1 7 H 2 O , f rom t h e C r i m e a ; i t w a s ca l led 
bosphori te . A. G a u t i e r sa id t h a t t h e hexahydrate, Fe 3 (PO 4 J 2 -GH 2 O, is f o r m e d b y 
t h e p r o l o n g e d h e a t i n g a t 83° of finely-divided fe r rous c a r b o n a t e i n suspens ion i n 
a n a q . soln . of a m m o n i u m p h o s p h a t e ; or if a soln. of fe r rous c a r b o n a t e i n c a r b o n i c 
ac id is h e a t e d w i t h a m m o n i u m p h o s p h a t e . T h e m i n e r a l v i v i a n i t e cou ld h a v e b e e n 
f o r m e d n a t u r a l l y b y s o m e s u c h r eac t i on , b u t a t a lower t e m p . , a n d d u r i n g a l onge r 
p e r i o d t o a c c o u n t for t h e h i g h e r w a t e r - c o n t e n t . T h e octohydrate, F e 3 ( P O 4 J 2 - S H 2 O , i s 
r e p r e s e n t e d b y v i v i a n i t e . 

T h e m i n e r a l is o f ten w h i t e w h e n f reshly d u g u p , b u t i t a f t e r w a r d s t u r n s g r e e n 
o r b l u e o n e x p o s u r e t o a i r . T h i s is t h e case w i t h t h e colour less c ry s t a l s f rom 
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Delaware, Pennsy lvania , observed b y W . Fisher. This is taken t o indicate t h a t the 
blue colour is due t o t h e presence of ferric phosphate . The colour deepens on pro­
longed exposure—v ide infra. The streak, or powder, is a t first colourless t o 
bluish-white , soon changing t o indigo-blue. I n the extreme case, t h e powder 
becomes l iver-brown. Vivianite m a y occur in prismatic crystals somet imes 
flattened parallel t o the (lOO)-face ; and t h e prismatic faces m a y be striated. The 
crystals m a y occur in stel late groups. Viv iani te m a y form reniform or globular 
masses , and h a v e a fibrous or earthy structure. The mineral m a y also occur as 
an incrustation. G. v o m !Rath gave for t h e axial ratios of t h e monoclinic prisms, 
a : b : c = 0 - 7 4 9 7 5 : 1 : 0*70153, and £ = 7 5 ° 34£' ; and G. Cesaro, 0*7488 : 1 : 0-7020, 
and /?=104: 0 33J'. Observations on t h e crystals were also m a d e b y W. H . Miller, 
B . Gildersleeve, F . Ulrich, S. Koch , G. Cesaro, A. des Cloizeaux, H . But tgenbach , 
E . V . Shannon, and O. Miigge. The (OlO)-cleavage is nearly perfect ; and the 
(IOO)-cleavage occurs in traces. The optical character is pos i t ive ; and the optic 
axial angles are m e d i u m ; according t o A. des Cloizeaux, these angles are, for red-
l ight, 2J5Ta=80° 2 6 ' ; 2 ^ 0 = 1 2 1 ° 1 9 ' ; 2 ^ = 1 4 2 ° 2 2 ' ; and 2 F = 7 3 ° 4 ' ; for ye l low-
light, 2 ^ = 8 0 ° 35 ' ; 2 ^ 0 = 1 2 1 ° 10' ; 2JE = 143° 14/ ; and 2 F = 7 3 ° 10' ; and for 
violet- l ight , 2Ha^SO° 5 4 ' ; 2£r0 = 120 0 5 2 ' ; 2 ^ = 1 4 6 ° 4 6 ' ; and 2 F = 7 3 ° 26' . 
E . S. Larsen gave 2 ^ = 9 0 ° 01 ' , 2F a ==83° 17' for Na- l ight ; N . H . Winchel l , 
2 F = 7 3 ° 10' ; and V. Ros icky , 2 F = 7 3 ° 7 1 ' t o 73° 20' . M. Kuhara studied t h e tear-
figures or percussion figures of v iv iani te . 

C F . Rammelsberg gave 2*58 t o 2*68 for t h e sp. gr. of v iv iani te ; S. P . PopofE, 
2*66 ; C. Schmidt , 2*542. The observed results for the sp. gr. of v iv ianite range 
from 2*58 t o 2*72. E . S. Larsen gave 2*670 t o 2*693 a t 18°. The m e a n can be taken 
as 2*65. V. Ros icky found 2*678 for the v iv iani te from Vladic, and 2*686 for t h a t 
from Cornwall. T. L . W a t s o n and S. D . Gooch gave 2*693 for the sp. gr. of 
v iv iani te from Florida. The hardness of the crystals is 1*5 t o 2*0. N . S. Kurnakoff 
and I. A. Andreevsky found t h a t t h e dehydrat ion curve has arrests a t 110° to 112°, 
170°, 296° t o 304°. R. Cusack gave 1114° for the m.p. T. L. W a t s o n and 
and S. D . Gooch gave for the refractive indices, <z= l*580; j 8 = l * 5 9 8 , a n d y = l * 6 2 7 ; 
E . S. Larsen gave <x=l*579, £ = 1 - 6 0 3 , and y = l * 6 3 3 ; H . Berman, a = l*584, 
3 = 1 - 6 0 0 , and y=r l*634 ; N . H . Winchell , a = l*5766, j 8 = l - 6 0 5 0 , and y = l - 6 2 6 7 ; 
and V. Ros icky , a = l * 5 8 0 9 , £ = 1 * 6 0 3 8 , and y = l * 6 3 6 1 ; F . Ulrich, T. I,. Watson 
and S. D . Gooch, and A. Lacroix also made observations on the subject. R. Robl 
observed no luminescence in ultra-violet l ight. 

Ferrous phosphate , v iv iani te , as indicated above , rapidly oxidizes on exposure 
t o air, thereby losing i t s white colour, and, passing through deepening shades of 
blue, finally becoming brown beraunite, or something similar. Oxidat ion occurs 
rapidly w h e n the mineral is finely ground. A. Gartner analyzed v iv iani te in three 
forms—(i) freshly dug ; (ii) after a month's e x p o s u r e ; and (iii) after three months* 
exposure, and found : 

Organic 
MgO CaO IToO Fe 2 O 3 PaO8 !Loss and sand CO2 

( i ) . . 3 - 6 9 3 9 - 7 6 3 - 0 7 2 5 - 8 2 6 - 6 4 2 0 0 2 — 
( i i ) . . O i l 2 - 5 9 25-7O 6 1 O 17-7O 3 5 - 0 7 9 -55 

( i i i ) . . 0 0 9 2-4O 1 9 - 5 5 1 8 - 1 1 1 2 - 0 2 2 6 0 5 1 4 - 4 8 7-3 
The subject was further considered b y G. Tschermak, T. L. Watson , M. Oknoff, 
and S. P . PopofE. The las t -named considered t h a t t h e stages in the oxidat ion of 
paravivianite , (Mg,Ca,Mn,Fe)3(P0 4 )2 .8H 2 0, are represented y8-kertschenite, a-kert-
schenite , and oxykertschenite , whose graphic formulae h a v e been previously 
indicated. F . Cornu observed t h a t mois t v iv iani te has a strong acidic reaction. 
The salt is said t o be insoluble in water, but F . K. Cameron and L. A. Hurst showed 
t h a t t h e phosphates of iron, a luminium, and calc ium are hydrolyzed by water 
which becomes more acidic, and a basic phosphate remains. S. R. Carter and 
N . H . Hartshorne s tudied the ternary s y s t e m : F e O - P 2 O 5 - H 2 O , at 70°, wi th b e t w een 
7*38 a n d 57-51 per cent , of phosphoric acid. With in this range, the stable phases 
a r e : 2 F e O . P 2 0 5 . 5 H 2 0 , or F e H P 0 4 . 2 H 2 0 ; 2 F e O . P 2 0 5 . 3 H 2 0 , or F e H P O 4 - H 2 O ; 
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a n d F e O . P 2 0 5 . 4 H 2 0 , or F e ( H 2 P 0 4 ) 2 . 2 H 2 0 . N o v iv i an i t e a p p e a r s . E x p r e s s i n g 
t h e c o n c e n t r a t i o n of t h e l iqu id p h a s e i n pe r cen t ages , t h e r a n g e s of s t a b i l i t y of t h e 
sol id p h a s e s a r e : 

F e O . . 2-76 4-38 G-84 7-71 9-12 11-9 10-5 6-29 3-15 
P . O 6 . . 7-38 12-06 15-1 21-6 24-29 36-99 38-86 46-61 67-51 

*- v ' * " ' v " * s/ " 
F e H P 0 4 . 2 H , 0 F e H P O 4 - H 4 O F e ( H , P 0 4 ) , . 2 H , 0 

R e t u r n i n g t o v iv i an i t e , J . I . P i e r r e sa id t h a t 1 p a r t of fe r rous p h o s p h a t e is so luble 
in 1000 p a r t s of w a t e r con ta in ing m o r e t h a n 1 vol . of c a r b o n d iox ide . J . M. v a n 

B e m m e l e n f o u n d t h a t h y d r o g e n d iox ide a lso 
oxidizes v i v i a n i t e t o a p r o d u c t r e s e m b l i n g 
b e r a u n i t e . W . K a n g r o a n d R . F l t igge o b ­
se rved t h a t a t 900° , ch lo r ine g a s r e m o v e d 96*7 
p e r cen t , of t h e i r o n f rom v i v i a n i t e , b u t n o 
p h o s p h o r u s w a s r e m o v e d . L . C a m b i a n d 
A. Cagnasso s t u d i e d t h e a b s o r p t i o n of n i t r i c 
ox ide b y fe r rous h y d r o p h o s p h a t e s u s p e n d e d 
in w a t e r a t 0 ° , a n d n o t e d t h a t a s t h e n i t r i c 

/ Ph ///7-R reWrusWW ox ide is r e d u c e d t o n i t r o u s ox ide , s o m e h y p o -
fpfeO'/zO^/iO^^ /*\ / \ n i t r i t e is p r o d u c e d . W . W a r d l a w a n d co-
_^^2JeO^Ub'3%P \ / \ w o r k e r s found t h a t fe r rous p h o s p h a t e i n c o n e . 

re 7O^ ftOs soln. of p h o s p h o r i c ac id is c o n s i d e r a b l y oxi -
F i G . G O O . - K q u i l i b r i u m i n t h e T e r r x a r y d « e d b y s u l p h u r d i o x i d e ; ^ ^ 2 P 0 4 ) 2 

S y s t e m : F e O - P 2 O 6 - H 8 O , a t 70°. ~h 4 H 3 P O 4 + S O 2 = 4 F e ( H 2 P 0 4 ) 3 -f- 2 H 2 O + S . 
Accord ing t o E . J . E v a n s , fe r rous p h o s p h a t e is 

soluble in acids , a n d in a q . a m m o n i a ; a n d , a c c o r d i n g t o R . H . B r e t t , i t d issolves 
in soln. of a m m o n i u m sa l t s . F . E p h r a i m o b s e r v e d t h a t n o i ron n i t r i d e is f o r m e d 
when sodamide is h e a t e d w i t h fe r rous p h o s p h a t e . H . C. B o l t o n o b s e r v e d t h a t i t is 
so luble in cold c i t r ic ac id ; a n d J . I . P i e r r e f o u n d 1 p a r t of f e r rous p h o s p h a t e is 
soluble in 560 p a r t s of w a t e r c o n t a i n i n g -gJoth p a r t of ace t ic ac id , a n d 1 p a r t of t h e 
X>hosphate dissolves in 1666 p a r t s of w a t e r c o n t a i n i n g 150 p a r t s of a m m o n i u m 
a c e t a t e . J . Spiller found t h a t t h e p r e sence of s o d i u m c i t r a t e p r e v e n t s t h e p rec ip i t a ­
t i on of ferrous p h o s p h a t e . Acco rd ing t o A . N a u m a n n , t h e p h o s p h a t e is inso luble 
in ace tone . F e r r o u s p h o s p h a t e is so luble i n a n excess of a soln. of a fe r rous sa l t . 
A boi l ing soln. of p o t a s s i u m h y d r o x i d e dissolves o u t t h e p h o s p h o r i c ac id f rom 
v i v i a n i t e . W . H e i k e r e p r e s e n t e d t h e r e a c t i o n w i t h ca l c ium ox ide : F e 3 ( P 0 4 ) 2 
- + - 4 C a O ^ C a 4 P 2 O e + 3 F e O . 

Accord ing t o M. Messini, w h e n fe r rous s u l p h a t e is i n t r a v e n o u s l y in jec ted i n t h e 
a n i m a l body , i t fo rms co l lo ida l f e r r o u s p h o s p h a t e . Th i s colloid is p r e p a r e d b y 
m i x i n g soln. of sod ium p h o s p h a t e a n d fer rous s u l p h a t e i n p r e s e n c e of t h e colloid, 
a n d t h e t i m e i n t e rva l be tween m i x i n g a n d t h e a p p e a r a n c e of flocculation w a s n o t e d . 
T h e p r o t e c t i v e ac t ion of ge la t in is obse rvab le a t a c o n c e n t r a t i o n of 2*5 g r m s . p e r 
l i t r e a n d reaches a m a x i m u m a t 12*5 g r m s . p e r l i t r e , t h e r e a f t e r r e m a i n i n g c o n s t a n t . 
T h e sma l l e r t h e c o n c e n t r a t i o n of fer rous p h o s p h a t e t h e g r e a t e r i s i t s s t a b i l i t y ; 
t h e colloid r e m a i n s s t ab l e for a n indef ini te ly long pe r iod a t a c o n c e n t r a t i o n of 
0-006 g r m . p e r l i t r e a n d i n p resence of 12-5 g r m s . p e r l i t r e of ge la t in . S imi la r 
r e su l t s were o b t a i n e d w i t h ox-b lood s e r u m a s t h e p r o t e c t i v e colloid. T h e p r o t e c t i v e 
effect is o b s e r v e d a t a c o n c e n t r a t i o n of 1OO c.c. p e r l i t re , a n d t h e colloid seems t o 
b e p e r m a n e n t l y s t a b l e w h e n t h e c o n c e n t r a t i o n of fe r rous p h o s p h a t e is 0-006 g r m . 
p e r l i t r e a n d t h a t of s e r u m 700 c.c. p e r l i t re . 

N . S. M a s k e l y n e a n d F . F i e ld desc r ibed a m i n e r a l f rom t h e W h e a l J a n e m i n e , 
T r u r o , Cornwal l , a n d t h e y ca l led i t l u d l a m i t e — a f t e r A . L u d l a m . T h e ana lys i s cor­
r e s p o n d s w i t h f errous h y d r o x y p h o s p h a t e , 2 F e 3 ( P 0 4 ) 2 . F e ( O H ) 2 . 8 H 2 0 . N . F u k u c h i 
f o u n d i t n e a r S h i m o t s u k e , J a p a n . T h e bas ic p h o s p h a t e s w e r e d i scussed b y 
P . Jo l ibo i s a n d Li. Clout ie r . A c c o r d i n g t o N . S. M a s k e l y n e a n d F . F ie ld , i t o c c u r s 
i n smal l , g reen , monoc l in ic c r y s t a l s w i t h t h e ax i a l r a t i o s a : b : c = 2 * 2 5 2 0 : 1 : 1*9819» 
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and 0 = 7 9 ° 27' . The crystals are tabular parallel to (OOl), and the (OOl)- and ( H l ) -
faces are str iated or furrowed parallel t o the (001)/(l l l)-edge. The (001)-cleavage 
is perfect, and the (100)-cleavage is distinct. The optic axial angles 2 / J a = 9 7 ° 5O' ; 
2Jy 0=119° J and 2 F = 8 2 ° 22' ; the optical character is positive ; and the dispersion 
is small. The sp. gr. is 3-12 ; and the hardness 3 to 4. H. But tgenbach gave for 
the mean birefringence, 0*0142. The basic phosphate is soluble in dil. hydrochloric 
and sulphuric acids. F . Mullbauer obtained a hydra ted ferrous hydroxyphosphate, 
Fe 7 (OH) 2 (PO 4 J 4 ^H 2 O, with small proportions of manganese and magnesium. 
The mineral occurs in apple-green, monoclinic crystals from Hagendorf, Bavaria. 
H e called the mineral lehnerite—after F . Lehner. H . Steinmetz gave the formula : 
R3(P0 4 ) 2 . 3H 2 0 . The axial ratios are a : b : c=0-89651 : 1 : 2-4939, a n d 0 = H O ° 23 ' . 
The basal cleavage is perfect. The mineral was discussed by H. Berman, and it 
is thought to be identical with ludlamite. E . S. Larsen thus compared some 
properties of the two minerals : 

Refractive indices 
/• *> • -x Opt. Axial Cleavage Sp. «r. Hardness 

a. B y Char. Angle Perfect. 
. L e h n e r i t e . I -65O 1-669 1 -689 -f- L a r g e (OOl) 3 - 1 9 3 - 5 
L u d l a m i t o . 1 -653 1 -675 1 -697 -+- 8 2 ° (OOl) 3 1 2 3 t o 4 

A. Vogel, and J . W. Dobereiner observed t ha t ferrous j>hosphate dissolves in 
aq. ammonia, forming a brown soln., which, on evaporation, gives up the ammonia. 
F . J . Ot to prepared ammonium ferrous phosphate* NH 4 FePO 4 .H 2 O, by mixing 
a soln. of iron in hot hydrochloric acid with, a little ammonium sulphite, and then 
adding to the hot soln., a boiled aq. soln. of sodium hydrophosphate, when ferrous 
phosphate is precipitated. Aq. ammonia is then added in excess, and, after 
agitation, the flocculent precipitate is converted into tabular crystals which rapidly 
settle. If it be still flocculent, hea t again and add more ammonia. The crystals 
are not now so sensitive to the oxidizing action of air, and they can be washed 
with thoroughly boiled water, and dried. No ammonia must be added, since its 
presence favours oxidation. The greenish-white, soft lamime are permanent in 
air, they are decomposed when heated, leaving at first ferrous phosphate, and this 
passes to the ferric phosphate. The salt gives off ammonia when treated with 
potash-lye, and if the mixture be boiled, ferrosic oxide is formed. The salt is 
insoluble in water, even when boiling. The freshly-prepared, moist salt is soluble 
even in dil. acids, bu t when it has been dried, i t dissolves with difficulty even in 
cone, acids. 

A. Sachs observed crusts of crystals lining cavities in the limonite mines of 
Zelesnyj Rog, near Anapa, on the Taman Peninsula, Kuban Province, Russia, 
and the mineral as a calcium ferrous phosphate, 2CaO.FeO.P 2 0 5 . 4H 2 0 , or 
(Ca,Fe) 3(P0 4) 2 .4H 20. I t was called anapaite. S. P . PopofE called it tamanite. 
Analyses were made by A. Sachs, S. P . Popoff, and J . Loczka. The crystals were 
examined by P . N. Tschirwinsky, and C. Palache. The greenish-white mineral 
has triclinic crystals with the axial rat ios a : b : c = 0 8 7 5 7 : 1 : 0-5975, and 
a = 1 3 2 ° 22',JS=IOG0 47' , a n d y = 8 3 S 28' , according to A. Sachs ; 0-7069 : 1 : 0-8778, 
and c t=97° 42' , £ = 9 5 ° 17', and y = 7 0 ° 11 ' , according to S. P . Popoff ; and 
0-8575 : 1 : 0-9401, and a = 1 0 8 ° 56' 40" , /3=104° 05 ' 40" , and y—78° 25 ' 24" , 
according to C. Palache. The (100)-cleavage is perfect. The sp. gr. is 2-81 to 
2-85, and the hardness 3*5. 

S. G. Gordon obtained two minerals, aluminium ferrous phosphates, from the 
rhyolite a t Llallagna, Oruro, in Bolivia. One called vauxite—after G. Vaux—has 
a composition corresponding with 4Fe0 .2Al 2 0 3 . 3P 2 0 5 . 24H 2 0- | -3H 2 0 , where the 
3H 2 O is given off a t 104°. Another specimen gave FeO.Al 2 0 3 .P 2 0 B . 6H 2 0 . The 
radiat ing aggregates of sky-blue, triclinic crvstals have the axial ratios a : b : c 
=1-1510 : 1 : 1-2624, and a = 9 9 ° 21 ' , 0 = 1 0 2 ° ' 14', and y = 1 1 0 ° 14'. The optical 
character is positive ; the refractive indices, c t= l -551 , 0=1 -555 , a n d y = l * 5 6 2 ; t he 
hardness is 3*5 ; and the sp. gr. 2*375. The other mineral, called paravauxite, has 
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t h e compos i t ion : 5 F e 0 . 4 A l 2 0 3 . 5 P 2 0 5 . 2 6 H 2 0 - } - 2 1 H 2 0 , w h e r e t h e 2 1 H 2 O is los t 
a t 104°. A n o t h e r spec imen g a v e F e O . A l 2 O 3 - P 2 O 5 - S H 2 O . T h e colour less , p r i s m a t i c , 
t r i c l in ic c rys ta l s h a v e t h e ax ia l r a t i o a : b : c = 0 - 5 0 5 8 : 1 : 0-6882, a n d a = 9 7 ° 4 2 ' , 
£ — 1 1 0 ° 22 ' , a n d y==100 0 5 6 ' . T h e (010)-c leavage is good ; t h e op t i ca l c h a r a c t e r 
is pos i t ive ; t h e re f rac t ive indices , a ,=1 -554 , / 3=1*558 , a n d y = l - 5 7 3 ; t h e h a r d n e s s 
is 3 ; a n d t h e sp . gr . 2-291. S. G. G o r d o n a lso o b t a i n e d w h a t h e ca l led metavauarite, 
in monocl inic c rys t a l s a p p r o x i m a t i n g F e O . A l 2 O 3 . P 2 0 5 . 4 H 2 0 . F o r lazul i te , 
( F e , M g ) O . A l 2 0 3 . P 2 0 5 . H 2 0 , vide 5 . 3 3 , 2 3 . 

F o r ferrous l i th ium phosphate , L i i 3 P04 .Fe3(P0 4 ) 2 , vide m a n g a n e s e p h o s p h a t e s , 
triphylite. F . Z a m b o n i n i , a n d B . Gossner a n d H . S t r u n z s t u d i e d t h e i sogon i sm of 
t r i phy l i t e , I a F e P O 4 , a n d ol ivine, MgMgSiO 4 ; for m a n g a n o u s ferrous p h o s p h a t e , 
vide m a n g a n e s e p h o s p h a t e s , triplite. O. B a r b o s a desc r ibed a m i n e r a l , m a n g a n o u s 
fer rous p h o s p h a t e — z w i e s e l i t e — f r o m S a o Gonca lo , R i o d e J a n e i r o . F . Mi i l lbauer ' s 
h y d r a t e d m a n g a n e s e fer rous p h o s p h a t e , ( M n , F e , M g ) 3 ( P 0 4 ) 2 . 5 H 2 0 , or wenze l i t e w a s 
descr ibed in connec t ion w i t h m a n g a n o u s p h o s p h a t e s . T h e p h o s p h o r i t e COllinsite, 
descr ibed b y E . P o i t e v i n , f rom F r a n c o i s Lake , B r i t i s h Co lumbia , h a s t h e c o m ­
pos i t ion : C a 2 ( M g 9 F e ) ( P 0 4 ) 2 . 2 £ H 2 0 — H . S t e i n m e t z g a v e R H P 0 4 . 2 H 2 0 — s p . gr . 
3 0 4 ; h a r d n e s s 4-5 ; a n d indices of re f rac t ion c t = l - 6 3 , / 3 = 1 - 6 2 6 , a n d y=1-629. 

M. W e b s k y r e p o r t e d a m i n e r a l t o occur n e a r Michelsdorf, Silesia, in i r r egu la r 
el l ipsoids or d i s t o r t e d s ix-s ided p l a t e s -with a co lour on a fresh sur face v a r y i n g f r o m 
flesh-red t o l a v e n d e r - b l u e . I t w a s cal led sarcopside, a n d i t is a ferrous m a n g a n o u s 
fluophosphate, a p p r o x i m a t i n g 2 R 3 ( P 0 4 ) 2 . R F 2 , w h e r e R d e n o t e s Fe ,Mn ,Mg ,Ca . 
I t w a s e x a m i n e d b y E . F . H o l d e n , a n d i t is r e l a t e d in s o m e r e spec t s t o triplite, 
(Fe ,Mn)P0 4 . { (Fe ,Mn)F> . T h i s m i n e r a l w a s d iscussed b y E . V . S h a n n o n , a n d 
E . P . H e n d e r s o n , w h o showed t h a t t h e fe r rous i r on m i g h t r a n g e f rom 1-68 t o 41-42 
pe r cen t . A v a r i e t y r i ch in i r on w a s cal led zwieselite. T h e sp . gr . of sa rcops ide is 
3-64 ; a n d M. W e b s k y gave 3-692 t o 3-730 ; t h e h a r d n e s s , 4 ; a n d , a c c o r d i n g t o 
M. W e b s k y , t h e re f rac t ive i n d e x is 1-70O t o 1-725. T h e p l eochro i sm is a ye l low t o 
ye l lowish-brown, a n d P l igh t t o d a r k ol ive-green. All w a t e r is expe l led a t 110°. 
I t is soluble in di l . hyd roch lo r i c o r su lphur i c ac id . D . G u i m a r a e s desc r ibed a 
p h o s p h a t e of i ron , m a n g a n e s e a n d o t h e r bases of t h e genera l f o r m u l a : 
4 R 3 ' P 0 4 . 9 R 3 " ( P 0 4 ) 2 , a n d h e ca l led i t arrojadite. T h e d a r k green , b iax ia l , m o n o -
clinic c rys t a l s h a v e a perfec t c l eavage ; t h e y a r e p leochroic , h a v i n g a. a n d fi co lour­
less, a n d y pa l e green ; t h e op t i ca l c h a r a c t e r is n e g a t i v e ; t h e op t i c ax ia l ang le 
2 F — 7 1 ° ; t h e h a r d n e s s is o v e r 5 ; a n d t h e i n d e x of re f rac t ion y = l - 7 0 , a n d 
y—a—0-007. I t occurs a t Ser ro B r a n c o , Braz i l , a n d is be l ieved t o b e t h e 
s a m e as a p h o s p h a t e f rom S o u t h D a k o t a p r e v i o u s l y r e p o r t e d b y W . P . H e a d d e n . 
H . L a u b m a n n a n d H . S t e i n m e t z r e p o r t e d a mine ra l , phosphorphyl l i te , t o occur in 
colourless or pa l e b lue , monocl in ic c rys ta l s , w i t h a per fec t m i c a c e o u s c leavage , a t 
Hagendor f , B a v a r i a . I t is a h y d r a t e d ferrous a l u m i n i u m su lphatophosphate 
a p p r o x i m a t i n g 3 ( F e , M g , C a , K 2 ) 3 ( P 0 4 ) 2 . 2 A l ( O H ) S 0 4 . 9 H 2 0 . I t w a s a lso d i scussed 
b y C P a l ache a n d H . B e r m a n . H . S t e i n m e t z , a n d H . L a u b m a n n a n d H . S t e i n m e t z 
de sc r i bed a fe r rous m a n g a n o u s p h o s p h a t e , ( F e , M n ) 3 ( P 0 4 ) 2 . 3 H 2 0 , occu r r ing a s c l o u d y 
wh i t e o r g reen c rys ta l l ine masses i n t h e p e g m a t i t e a t Hagendor f , B a v a r i a , a n d i t 
w a s cal led phosphoferrite . T h e r h o m b i c c r y s t a l s h a v e t h e a x i a l r a t i o s a : b : c 
= 0 - 8 6 2 9 : 1 : 0-9418, a n d sp . gr. 2-96 t o 3-10. T h e (010)-c leavage is n o t p e r f e c t ; 
t h e op t i ca l c h a r a c t e r is n e g a t i v e . 

H . S t . C. Devi l le a n d H . Ca ron r e p o r t e d t h e p r e p a r a t i o n of m a n g a n o u s ferrous 
fluophosphate, ( M n , F e ) 3 ( P 0 4 ) 2 . ( M n , F e ) F 2 , a s well a s of m a n g a n o u s ferrous c h l o r o -
phosphate , (Mn ,Fe ) 3 (P0 4 ) 2 . (Mn ,Fe )C l 2 . 

A c c o r d i n g t o H . B e r m a n a n d F . A. Gonyer , t h e ye l lowish-green , t a b u l a r 
c r y s t a l s of dickinsonite h a v e t h e compos i t ion : 7 ( M n , F e ) 0 . 2 ( K 2 , N a 2 , C a ) 0 . 3 P 2 0 5 . 
H 2 O ; fairfieldite h a s t h e compos i t i on : ( M n , F e ) 0 . 2 C a O . P 2 0 5 . 2 H 2 0 ; reddingile, 
3 ( M n , F e ) O . P 2 0 5 . 3 H 2 0 ; triploidite, 4 ( M n , F e ) O . P 2 0 5 . H 2 0 ; a n d lithiophilite, 
2 ( M n , F e ) 0 X i 2 0 . P 2 0 6 — v i d e m a n g a n e s e p h o s p h a t e s , 1 2 . 64, 26 . A . B r e i t h a u p t 
descr ibed a c love -b rown v a r i e t y of t r ip lo id i t e , r i ch in i ron, a s t h e m i n e r a l ztviselite, 
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a n d E . F . Glocker , a s t h e m i n e r a l zwieselite. I t occurs a t R a b e n s t e i n , i n B a v a r i a ; 
a n d O. B a r b o s a desc r ibed a v a r i e t y from S a o Gonca lo , Brazi l . 

A . !Levy r e p o r t e d a ye l lowish-whi te , pa l e ye l lowish-brown, or b rown i sh -b l ack , 
c rys t a l l i ne m i n e r a l o c c u r r i n g i n Cornwa l l a n d !Devon. I t s c o m p o s i t i o n c o r r e s p o n d s 
w i t h ferrous a l u m i n i u m p h o s p h a t e , 2 A l P 0 4 . 2 ( F e , M n ) ( O H ) 2 . 2 H 2 0 , a n d h e ca l led i t 
childrenite^—after J . G. Chi ld ren . A n o t h e r m i n e r a l w i t h a h ighe r p r o p o r t i o n of 
m a n g a n e s e , occu r r ing i n H e b r o n , U .S .A . , w a s desc r ibed b y G. J . B r u s h a n d 
E . S. !Dana, a n d n a m e d eosphori te—v ide 12* 64, 26 . Accord ing t o A . !Levy, a n d 
J . P . Cooke, ch i l d r en i t e a p p e a r s i n s ix-s ided p y r a m i d s be long ing t o t h e r h o m b i c 
s y s t e m . W . H . Miller g a v e for t h e ax i a l r a t i o s a : b : c = 0 * 7 7 8 0 1 : 1 : 0*52575 ; a n d 
A . d e s Clo izeaux g a v e for t h e o p t i c a x i a l ang le s 2 2 ? = 7 5 ° 2 2 ' for red- l igh t , 74° 2 5 ' 
for ye l low- l igh t , a n d 71° 3 1 ' for b lue - l igh t . T h e c l eavage (100) is impe r f ec t ; t h e 
o p t i c a l c h a r a c t e r is n e g a t i v e ; t h e s p . g r . is 3-18 t o 3*24 ; a n d t h e h a r d n e s s 4-5 t o 
5-0. O b s e r v a t i o n s w e r e m a d e b y E . S lav ik , a n d E . K o l b e c k . E . S. L a r s e n g a v e 
for t h e ind ices of r e f rac t ion a = l * 6 4 3 , j8—1*678, a n d y — 1 * 6 8 4 . Ch i ld ren i t e is so luble 
in h y d r o c h l o r i c ac id . F . S l av ik desc r ibed a m i n e r a l f rom Ehren f r i ede r sdo r f w h i c h 
h e cal led roscher i te—afte r W . R o s c h e r . T h e m i n e r a l occurs in s h o r t c o l u m n s o r 
t h i n p l a t e s wh ich a r e p leochro ic , a ye l low w i t h a t i n g e of o l ive-green, /J b r o w n i s h -
ye l low w i t h a t i n g e of green , a n d y c h e s t n u t - b r o w n . I t s c o m p o s i t i o n c o r r e s p o n d s 
w i t h ( F e , M n , C a ) 2 A l ( O H ) ( P 0 4 ) 2 . 2 H 2 0 . T h e monoc l in ic c r y s t a l s h a v e t h e a x i a l 
r a t i o s a : b : c = 0 * 9 4 : 1 : 0-88, a n d J S = 9 9 ° 5 0 ' . T h e (OOl)-cleavage i s n e a r l y pe r ­
fect, a n d t h e (Ol O)-cleavage is d i s t i n c t . T h e m e a n i n d e x of re f rac t ion is 1*625 t o 
1*630. T h e s p . gr . is 2*916, a n d t h e h a r d n e s s 4*5. 

C. W . Scheele f o u n d t h a t p h o s p h o r i c ac id d issolves i ron w i t h t h e e v o l u t i o n of 
h y d r o g e n , a n d t h e f o r m a t i o n first of a n acidic sa l t , a n d a f t e r w a r d s a g reen i sh -wh i t e 
s u b s t a n c e a p p r o a c h i n g t h e n o r m a l s a l t in compos i t i on . A . Vogel obse rved t h a t 
t h e ac id soln. g ives a g reen ish p r e c i p i t a t e w i t h a m m o n i a , a i ld i t is so luble i n a n 
excess of t h a t r e a g e n t . H . D e b r a y p r e p a r e d ferrous hydrophosphate , F e H P O 4 - H 2 O , 
b y d isso lv ing i r on in a boi l ing soln. of p h o s p h o r i c ac id ; o r b y boi l ing a soln. of 
fe r rous s u l p h a t e w i t h m a g n e s i u m p h o s p h a t e p r e p a r e d in t h e cold. T h e s a l t w a s 
a lso p r e p a r e d b y A. C. B e c q u e r e l . E . E r l e n m e y e r r e g a r d e d i t as i m p u r e o r t h o -
p h o s p h a t e , a n d t h e cond i t i ons of s t a b i l i t y were w o r k e d o u t b y S. R . C a r t e r a n d 
N . H . H a r t s h o r n e , F i g . 690. T h e s a l t 2 F e O . P 2 0 5 . 5 H 2 0 c a n b e r e g a r d e d a s t h e 
dihydrate, F e H P 0 4 . 2 H 2 0 , a n d t h e sa l t 2 F e O . P 2 O 5 . 3 H 2 O b e c o m e s t h e ntono-
hydrate, F e H P O 4 . H 2 O . T h e d o t t e d l ine for t h e m o n o h y d r a t e w i t h c o n c e n t r a t i o n s 
b e t w e e n 9*2 a n d 11*9 p e r c e n t . F e O , a n d 24*29 t o 36*99 p e r c e n t . P 2 O 5 , refer 
t o t h e a m o r p h o u s sa l t . T h e c rys t a l l i ne s a l t a p p e a r s w i t h c o n c e n t r a t i o n s 7*71 
t o 11*29 p e r c e n t . F e O , a n d 21-6 t o 37*21 p e r c e n t . P 2 O 5 . H . D e b r a y obse rved 
t h a t t h e d i h y d r a t e c rys ta l l izes in colour less need les w h i c h b e c o m e blue-
o n e x p o s u r e t o a i r . S. R . C a r t e r a n d N . H . H a r t s h o r n e sa id t h a t t h e c r y s t a l s 
a r e b i ax ia l , a n d pos i t ive , w i t h a n o p t i c ax i a l ang l e 2 P r = 6 0 ° t o 70° . H . D e b r a y 
sa id t h a t t h e sa l t is inso lub le i n w a t e r . W a t e r a t 250° c o n v e r t s t h e s a l t i n t o 
v i v i a n i t e . T h e s a l t is r e a d i l y so luble i n di l . ac ids , a n d i n a q . a m m o n i a . 
W . M a n c h o t f o u n d t h a t a v isc id l iqu id is p r o d u c e d w h e n a soln. of a m m o n i u m 
p h o s p h a t e is a d d e d t o a lcohol s a t u r a t e d w i t h n i t r i c ox ide a t 0° ; t h e oil c ry s t a l ­
l izes w h e n p l a c e d i n a freezing m i x t u r e , a n d w h e n purif ied b y re -c rys ta l l i za t ion a t a 
low t e m p . , b r o w n , flaky c r y s t a l s of ferrous n i trosy l hydrophosphate , F e H P O 4 - N O , 
m e l t i n g a t 16°, a r e fo rmed . O n e x p o s u r e t o a ir , i t y ie lds w h i t e ferric p h o s p h a t e . 
T h e n i t r o s y l c o m p l e x w a s a lso s t u d i e d b y I . Bel lucci , a n d E . W . Merry* 
R . W e i n l a n d a n d co-workers a l so p r e p a r e d complexes w i t h p y r i d i n e a n d 
m e t h y l a lcohol , F e H P 0 4 . 4 C 5 H 5 N . 2 C H 8 O H . 4 H 2 0 , a n d F e P 0 4 . F e H P 0 4 . 4 C 5 H 5 N . 
4 C H 8 0 H . 8 H 2 0 . H . D e b r a y p r e p a r e d c r y s t a l s of a m m o n i u m ferrous h y d r o -
p h o s p h a t e , ( N H 4 ) 2 F e ( H P 0 4 ) 2 . 4 H 2 0 , b y d iges t i ng t h e n o r m a l sa l t for 7 or 8 d a y s 
w i t h a c o n e , a c id soln . of a m m o n i u m p h o s p h a t e . 

E . E r l e n m e y e r p r e p a r e d f errous d ihydrophosphate , F e ( H 2 P 0 4 ) 2 . 2 H 2 0 , b y d i s ­
so lv ing i r o n i n a n excess of p h o s p h o r i c ac id i n a c u r r e n t of h y d r o g e n t o p r o t e c t i t 
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from air. The excess of acid is removed by washing with ether, and the product 
is dried in hydrogen. The salt is a white, crystalline powder, which readily 
oxidizes in air, forming a ferric salt. I t is readily soluble in water, bu t is 
insoluble in alcohol. The salt is the F e O . P 2 0 5 . 4 H 2 0 observed by S. R . Carter 
and N. H . Hartshorne, and the conditions of equilibrium a t 70° are summarized 
in Fig. 69O. 

A. Schwarzenberg prepared ferrous pyrophosphate, Fe 2 P 2 O 7 , as an unstable, 
white powder by the double decomposition of ferrous sulphate, and sodium pyro­
phosphate ; or by heating ferrous orthophosphate ; or by reducing ferric phosphate 
with hydrogen. On exposure to air, the salt turns green, and ult imately brown. 
The salt was also prepared by -L. Ferrand. H . Struve obtained the pyrophosphate 
by heating the normal salt in hydrogen. H . Rose, and G. Buchner noted t h e 
precipitate is soluble in an excess of the precipitant. J . H . Gladstone found t h a t 
when the soln. in dil. sulphuric acid is boiled, i t deposits a precipitate of ferric 
pyrophosphate. C. V. Smythe found t h a t non-ionized ferrous pyrophosphate or 
metaphosphate is rapidly oxidized by air regardless of the acidity of the soln., 
whereas ferrous sulphate in similarly acidified soln. suffered no appreciable oxida­
tion. P . Pascal observed t ha t a sat. soln. of ferrous pyrophosphate in one of 
sodium pyrophosphate slowly deposits crystals of sodium ferrous pyrophosphate* 
Na8Fe2(P2O7)S- Solutions containing alkali ferrous pyrophosphate reduce soln. 
of silver and gold salts in the cold, bu t p la t inum salts are no t reduced even on 
boiling. In the case of dil. soln., the reduced gold and silver are colloidal, and 
strongly coloured. Mercuric salts are reduced to mercurous salts and then to 
mercury ; with dil. soln., the mercury is colloidal and maroon by t ransmit ted and 
grey by reflected light. Soln. of cupric salts furnish colloidal cuprous hydroxide, 
yellow by transmit ted and green by reflected light. The yellow colour becomes 
darker in t ime, owing to the reduction of the hydroxide to metallic copper. At 
100°, the copper is deposited on glass as a thin film. S. Freed and C. Kasper 
discussed the complex ion [Fe 2 (P 2 O 7 )S]"""" . J . Persoz obtained a soln. of the 
salt and noted tha t it is coloured brown by hydrogen sulphide, and is completely 
precipitated by ammonium sulphide. H . A. Spoehr studied the catalytic action 
of the salt in the oxidation of carbohydrates, and J . H . C. Smith and H . A. Spoehr, 
in the oxidation of soln. of potassium arsenite, and sodium sulphite. A. Rosenheim 
prepared ammonium ferrous pyrophosphate, (NH 4 ) 3 [Fe(OH)P 2 0 7 ] .2H 2 0. 

A. Colani prepared ferrous metaphosphate, Fe (P0 3 ) 2 , as a white, insoluble 
PO1WdCr by the action of fused metaphosphoric acid on metallic iron, on ferrous 
chloride or oxalate, or, best of all, ferrous phosphate, in a gold crucible in an a tm. 
of carbon dioxide. The product is insoluble in hydrochloric and nitric acids, bu t 
it is at tacked by hot, cone, sulphuric acid—for the oxidation of the soln., vide supra. 
A. Glatzel reported a telrahydrate. C. G. Ziindbom prepared ferrous trimetaphos-
phate, F C 3 ( P 3 O Q ) 2 , by double decomposition with the bar ium salt and ferrous 
sulphate. The salt is slightly soluble in cold water, more easily soluble in hot water ; 
and after ignition it is soluble in hydrochloric acid only after a prolonged boiling. 
A. Glatzel prepared ferrous tetrametaphosphate, Fe2P4O1 2-IOH2O, by heating 
an excess of phosphoric acid with a ferrous salt or oxide so t h a t a molten mass is 
obtained ; and this is slowly cooled. H . Luder t obtained gelatinous ferrous hexa-
metaphosphate, Fe3(POa)6, by double decomposition between sodium hexameta-
phosphate and ferrous salts. These two salts may be the same chemical individuals. 
P . Pascal prepared sodium ferrous metaphosphate, Na4Fe(PO3) 6, by the method 
used for the pyrophosphate. 

M. Strange prepared sodium ferrous triphosphate, N a 3 F e P 3 O 1 0 - H i H 2 O , by 
adding sodium tr iphosphate t o a soln. of ferrous sulphate. The soln., after filtration 
deposits the salt in slender, silky, white needles. I t is stable when dry, bu t in 
contact with water, i t rapidly oxidizes and forms a brown syrup which is thought 
to be a basic salt. I t dissolves in nitric acid, and, on warming, is converted into 
ferric pyrophosphate with a violent evolution of nitric oxide. I t is dehydrated 
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only by heating to the m.p. , and ferrous oxide is then deposited. Observations 
were made by P . Gliihmann. 

H . L a u b m a n n a n d H . S t e i n m e t z reported a n ac id ferrous phosphate , 4-5(Fe,Mg,Ca). 
3 P O 4 - H 3 P O 4 , or H , R , " ( P 0 4 ) 8 , in t h e p e g m a t i t e a t Hagendorf , Bavar ia . I t w a s ca l led 
phosphoferrlte. 

J . J . Berzelius, C. F . Rammelsberg, G. Jenzsch, and G. C. Witts tein reported 
a terrosic phosphate of indefinite composition t o be formed during the oxidation 
of vivianite, or of artificial ferrous phosphate in air ; and W. N. IpateefE and 
W. Nikolajeff observed t h a t t he crystals of the alleged ferrosic phosphate are green, 
blue, or black, according to the proportion of contained ferrous i ron; and t h a t under 
•water, a t an elevated t emp, and with hydrogen under press., the ferric phosphate 
is part ial ly reduced to ferrosic phosphate . 
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§ 51 . The Ferric Phosphates 
T h e h y d r a t e d n o r m a l ferric phosphates h a v e been r e p o r t e d in n a t u r e . A . Nies * 

desc r ibed a m i n e r a l f rom D u n s b e r g , Giessen, e t c . , wh ich h e n a m e d s trengi te—afte r 
A. S t r e n g . A n a l y s e s r e p o r t e d b y A. Nies , a n d G. A . K o n i g co r r e spond w i t h t h e 
dihydrate, F e P 0 4 . 2 H 2 0 . A. L a c r o i x desc r ibed a mine ra l , wh ich h e cal led vilateite, 
w h i c h is t h o u g h t t o b e a m a n g a n i f e r o u s s t r eng i t e . T h e colour of s t r eng i t e is p e a c h -
b lossom-red , c a r m i n e a n d o t h e r s h a d e s of r ed , a n d s o m e t i m e s i t i s n e a r l y colour less . 
T h e s t r e a k is ye l lowish -whi t e . I t gene ra l ly occurs in g lobu la r a n d b o t r y o i d a l 
fo rms , o r a g g r e g a t e s w i t h a r a d i a t e d , f ibrous s t r u c t u r e , a n d a d r u s y surface . Good 
c r y s t a l s a r e r a r e . W . B r u h n s a n d Kl. B u s z g a v e for t h e a x i a l r a t i o s of t h e r h o m b i c 
c r y s t a l s , a : b : c = 0 - 8 6 5 1 7 : 1 : 0-98272. T h e (100)-c leavage is imper fec t . T h e 
o p t i c a x i a l ang le is n e a r l y 60° . W . T . Schal le r g a v e / z 0 — 1 - 7 1 , f c y = 1*735, a n d for 
t h e d o u b l e re f rac t ion /xy—/A0=0*025. E . S. L a r s e n found s a m p l e s with// .„== 1*697 
t o 1-73O ; fjLg=l-708 t o 1-732 ; a n d fjLy=l'722 t o 1-762 ; a n d t h e p l eochro i sm, a p a l e 
v io le t , jS v iole t , a n d y d e e p b lue . Acco rd ing t o A . Nies , a n d A. L a c r o i x , t h e s p . gr . 
is 2*87 ; a n d t h e h a r d n e s s 3 t o 4 . I t is sa id t o b e insoluble i n n i t r i c acid , a n d eas i ly 
so luble i n h o t hyd roch lo r i c ac id . W . K n a u s t s t u d i e d t h e c o a g u l a t i o n of col loidal 
soln. of ferric h y d r o x i d e p e p t i z e d w i t h p h o s p h o r i c ac id . 

W . B r u h n s a n d K . Busz desc r ibed a m i n e r a l f rom Eiserfeld , Siegen, a n d t h e y 
cal led i t phosphosideri te . T h e a n a l y s i s c o r r e s p o n d s w i t h t h e tetritaheptahydrate, 
F e P O 4 - I f H 2 O . H . L a u b m a n n a n d H . S t e i n m e t z obse rved t h a t t h e m i n e r a l occurs 
a t K r e u z b e r g . A c c o r d i n g t o W . B r u h n s a n d K . B u s z , t h e co lour of phosphos ide r i t e 
is peach -b los som- red , o r r edd i sh -v io le t . I t occurs i n p r i s m a t i c c rys t a l s be long ing 
t o t h e r h o m b i c s y s t e m , a n d h a v i n g t h e ax ia l r a t i o s a : b : c=0-53302 : 1 : 0-87723. 
T h e p l eoch ro i sm of t h e c ry s t a l s is d i s t inc t , s ince a is a pa l e rose , )8 is ca rmine - r ed , 
a n d y colour less . T h e (010)-c leavage is per fec t . T h e op t i c ax i a l ang le is l a rge ; 
2 i £ = 6 2 0 5 5 ' ; 2 J £ = 1 2 6 ° 2 6 ' ; 2 F = 6 3 ° 4 ' for ye l low-l ight T h e op t i ca l c h a r a c t e r 
is n e g a t i v e , a n d t h e i n d e x of re f rac t ion )8=1-7315 for ye l low-l ight T h e sp . gr . is 
2*76 ; a n d t h e h a r d n e s s 3-75. I t is n e a r l y insoluble i n n i t r i c ac id , b u t c o m p l e t e l y 
soluble i n h y d r o c h l o r i c ac id . I t is possible b y us ing a different o r i e n t a t i o n of t h e 
c r y s t a l s t o o b t a i n t h e r a t i o s a : b : c = 0 - 8 2 2 8 5 : 1 : 0-93805, wh ich is n o t far f rom 
s t r e n g i t e , b u t t h e t w o mine ra l s differ i n op t i ca l o r i e n t a t i o n , a n d chemica l ly . 

G. Cesaro desc r ibed yel low, spher i ca l agg rega t e s of r a d i a t i n g needles w h i c h h e 
ca l led k o n i n c k i t e — a f t e r L . G. d e K o n i n c k . T h e m i n e r a l occurs a t Riche l le , 
B e l g i u m . T h e a n a l y s i s c o r r e s p o n d s w i t h t h e trihydrate, F e P O 4 . 3 H 2 O . T h e 
c l eavage is t r a n s v e r s e ; t h e op t i c a l e x t i n c t i o n para l le l ; t h e op t i ca l c h a r a c t e r 
pos i t ive ; t h e op t i c a x i a l ang le is smal l ; a n d t h e d i spers ion y—Ct=O-Ol 2, a n d 
j3—ct=0-002. E . S. L a r s e n g a v e for t h e i n d e x of re f rac t ion ot==l-645, a n d y = l - 6 5 6 . 
T h e sp . gr . is 2-3 ; a n d t h e h a r d n e s s 3-5. 

T . B e r g m a n o b s e r v e d t h a t w h e n a soln. of ferr ic ch lor ide is t r e a t e d w i t h s o d i u m 
h y d r o p h o s p h a t e , a m o r p h o u s , ye l lowish-whi te ferr ic p h o s p h a t e , F e P O 4 . n H 2 0 , is 
p r e c i p i t a t e d . E . H e y d e n r e i c h o b t a i n e d t h e p r e c i p i t a t i o n , in a s imi lar w a y , from 
soln . of ferric ch lor ide o r s u l p h a t e . H . D e b r a y o b t a i n e d i t b y expos ing t o a i r a 
soln . of i r o n i n p h o s p h o r i c ac id ; C. v o n Gi r sewald a n d H . W e i d m a n n , b y r o a s t i n g 
f e r r o p h o s p h o r u s ; E . E r l e n m e y e r , b y s a t u r a t i n g -with i ron a 48 p e r cen t . soln. of 
p h o s p h o r i c ac id , h e a t e d on a w a t e r - b a t h ; R . F . W e i n l a n d a n d F . E n s g r a b e r , b y 
h e a t i n g o n t h e w a t e r - b a t h a m i x t u r e of ferr ic ch lor ide or a c e t a t e w i t h p h o s p h o r i c 
ac id o r p r i m a r y p o t a s s i u m p h o s p h a t e ; a n d G. A r t h , b y e v a p o r a t i n g a m i x e d soln. 
of 4 m o t s of ferric ch lo r ide a n d 1 m o l of s o d i u m h y d r o p h o s p h a t e w i t h a n excess of 
n i t r i c a c i d — a s t h e l iqu id b e c o m e s s y r u p y , t h e r e is a copjous s e p a r a t i o n of ferric 
p h o s p h a t e . A c c o r d i n g t o F . L . Winck le r , E . H e y d e n r e i c h , a n d H . S t r u v e , t h e sa l t 
p r e c i p i t a t e d f rom n e u t r a l soln. a p p r o x i m a t e s F e 2 0 3 . P 2 0 5 . » * H 2 0 , a n d , accord ing t o 
H . W . F . W a c k e n r o d e r a n d C. L u d w i g , a n d C. F . Mohr , t h e s a m e s u b s t a n c e is 
p r e c i p i t a t e d f rom a n ace t i c ac id soln. , whi le C. R . F re sen ius a n d H . Wil l sa id t h a t 
in t h e p re sence of ace t i c acid , t h e p r e c i p i t a t e is 2Fe 2 O 3 -SP 2 O 6 -WH 2 O. R . M. C a v e n 

V O L . x r v . 2 r> 
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recommended adding t h e soln. of ferric chloride t o one of orthophosphoric acid 
prepared b y boiling glacial metaphosphoric acid wi th water unti l i t n o longer g ives 
a precipitate wi th barium chloride. The phosphoric acid, calculated as H 3 P O 4 , 
should be double t h e theoretical amount required t o precipitate the iron. The 
precipitate so obtained, when suspended in water, appears perfectly white , a n d 
when strained off on calico i t appears bluish-white. The washing should be done 
with cold water , on account of the rapid hydrolysis wi th h o t water . F . K. Cameron 
and Li. A. Hurst observed that i t is very difficult t o prepare normal ferric phosphate 
b y t h e precipitation process, because, as emphasized b y B . Liachowicz, the pre­
cipitate loses phosphoric acid continuously w h e n washed b y water : F e P O 4 
H - 3 H 2 O ^ F e ( O H ) 3 + H 3 P O 4 . The product, in consequence, contains t o o m u c h 
or t o o l itt le phosphoric acid, unless, by chance, t h e excess originally provided for 
has jus t been removed. This continuous hydrolys is also explains how m a n y basic 
phosphates occur in nature, or have been prepared artificially. F . K. Cameron 
and Li. A. Hurst observed no evidence of t h e formation of a definite basic salt . 
F . K. Cameron and J. M. Bell invest igated the s y s t e m wi th be tween 0*942 and-4-706 
per cent. P 2 O 5 a t 25°, and the results are in accord wi th the assumpt ion t h a t there 
is a continuous change in the composit ion of the solid phase, say F e 2 O 3 . P 2 O 5 . » H 2 0 , 
due t o the adsorption of phosphoric acid. E . Erlenmeyer obtained three well-de­
fined phosphates : F e 2 0 3 . P 2 0 B . 4 H 2 0 ; F e 2 0 3 . 2 P 2 0 5 . 8 H 2 0 ; and F e 2 0 3 . 3 P 2 0 5 . 6 H 2 0 , 
as well as a series of ill-defined amorphous products -with the ratio F e 2 O 3 : P 2 O 5 
ranging from 8 : 9 t o 8 : 11, and the evidence agrees wi th t h e assumption t h a t t h e 
products are stages in a continuous process of adsorption. R . F . Weinland and 
F . Ensgraber observed a marked difference between the normal phosphate prepared 
as just indicated, and the products obtained b y precipitating soln. of ferric salt 
wi th alkali phosphate soln. in the cold. The amorphous products in the latter case 
a lways varied in composit ion, and t h e y contained more acid than is required for 
the normal salt. The subject was studied b y Li. Cloutier. 

W. R. G. Atk ins studied the effect of the acidi ty of the soln. on the composi t ion 
of the phosphate ; and S. R. Carter and N . H. Hartshorne made a partial s tudy of 

IPiCtB. 691 a n d 6 9 2 . — E q u i l i b r i u m S t u d i e s of t h e S y s t e m : F e 8 O 4 - P 8 O 5 - H 8 O , a t 25° 
a n d 70°. 

the ternary sy s t em : F e 2 O 3 - P 2 O 5 - H 2 O , at 25° and at 70°. The results are sum­
marized in Figs . 691 and 692. Expressing concentrations in percentage, t h e y 
found : 

F e 8 O , . . . t r a c e 0-23 1-40 2-43 4-42 
P 8 O 4 . . . * 5-93 1 0 1 1 4 1 19-8 21-7 

FeP0 4 . 2 iH 8 0 

The solid phase w i t h t h e first mixture is FePO^nH 2 O-I -H 3 PO 4 . This means t h a t a t 
25°, and the lowest acid concentrat ion, an amorphous compound, F e 2 0 a . P 2 0 6 . n H a 0 , 
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i s s table , a n d i t adsorbs phosphoric acid from the mother-l iquor ; at higher acid 
concentrat ions another amorphous , but granular phase appears, namely , the 
hemipentahydrate, F e 2 C V P 2 O 5 - S H 2 O , or F e P 0 4 . 2 £ H 2 0 . O. W . Waine's results 
agree w i t h th i s . This product does n o t adsorb phosphoric acid. B . Kicca and 
P . Meduri s tudied the sys tem. 

Analyses of ferric phosphates were made b y B . Lachowicz, P . Jol ibois 
and Li. Cloutier, M. v o n Wrangel l and E . K o c h , and F . K. Cameron and 
L. A . Hurst . G. C. Wit t s te in observed t h a t the precipitate dried a t 50° 
has t h e c o m p o s i t i o n : F e 2 O 3 - P 2 O 5 ^ H 2 O ; and when it is dried at 100°, 
C. F . Rammelsberg , A. Millot, and H . D e b r a y found F e 2 0 3 . P 2 0 5 . 4 H 2 0 . The pro­
d u c t obta ined b y E . Er lenmeyer w a s represented as a dihydrate, F e P 0 4 . 2 H 2 0 , l ike 
strengite , but t h e analyses correspond wi th about 2 J H 2 O . A. de Schulten also 
observed t h a t the d ihydrate is formed when 26 c.c. of a soln. of hydrated ferric 
chloride in half i t s we ight of water, is heated wi th 4 t o 5 c.c. of a soln. of phosphoric 
acid, of sp. gr. 1*578, in sealed tubes a t 180° t o 190°, for several hours ; microscopic, 
rose-coloured crystals are obtained, which are insoluble in nitric acid, but dissolve 
in hydrochloric acid. I f a smaller quant i ty of phosphoric acid is used, the crystals 
are m u c h smaller ; whi lst if the acid is in excess , the yie ld is much smaller, or t h e 
l iquid remains perfectly clear. In the latter case, if the proportion of phosphoric 
acid is n o t very large, crystals are still obtained b y heat ing the tube t o a higher 
temperature, which, however, mus t not exceed 210°, or a green basic phosphate is 
formed. W h e n ferric hydroxide is heated w i t h a soln. of phosphoric acid in sealed 
tubes , the product is amorphous. Unl ike strengite, these crystals are monocl inic , 
those of strengite are rhombic. The sp. gr. is 2-74 at 15° ; and the crystals are 
birefractive, and frequently twinned. I n some directions, the twins yie ld sect ions 
closely resembling those of rhombic strengite. R. F . Weinland and F. Ensgraber 
regarded their product as the hemipentahydrate . S. R. Carter and N . H . Hart -
shorne's results a t 70° are summarized in Fig . 692, and expressing concentrat ions 
in percentages, t h e y found tha t the solid phase wi th the first mixture is FePO 4 .wH a O 
-J-H3PO4 ; and thereafter four solid phases appear : 

Fo8O3 
PaO5 

trace <Z O-1 
4 0 7 6-38 

5-45 
37-43 

7 1 2 
43-92 

81O 
52-32 

9-79 
53-20 

85-8 
55-84 

5-28 
5807 

3-46 
60-47 

FeP0 4 . 2*H a O F e a 0 3 . 2 P a 0 6 . 8 H a O F e a 0 3 . 3 P a 0 5 . 1 0 H a O Fea03 .3PaO6 .61IaO 

Accept ing the analysis of the minerals strengite, phosphosiderite, and koninckite 
there appears t o be an unknown hydrate , as well as the tri-, hemipenta- , di-, and 
tetr i taheptahydrates . R. F . Weinland and 
F . Ensgraber found t h a t the water mols . 
of t h e hemipentahydrate are strongly 
bound. N o water is lost in v a c u o over 
sulphuric acid. The evolut ion of water 
begins a t 110°, i t comes off faster a t 120°, 
and at about 175°, n ine-tenths is lost ; 
t h e remainder is expel led at 210°. They 
regard th is phosphate as the ferric salt of a 
hydrodiphosphatoferric acid, H 3 [Fe(P0 4 ) 2 ] , 
namely , F e [ F e ( P 0 4 ) 2 ] . 5 H 2 0 , corresponding 
w i t h a series of salts which t h e y prepared 
—v ide infra. A . Bailer's results a t 40° are 
summarized in Fig . 693 . H e obta ined the 
tetrahydrate, H 3 [Fe (PO 4 ) 2 ] . 4H 2 O, and t h e 
hemipenta-hydrate, H s [ F e ( P 0 4 ) 2 ] . 2 4 H 2 0 , as 
well as l&drotriphosphatoterric acid, 
H<£Fe(P04) s] .2H20, as well as hydrotetraphbsphatoferric acid, 
Observat ions were m a d e b y A. Sanfourche and B . Focet on 

•X/.4W 

/Z3P^ 
693.—The Ternary System 

FePO4-H3PO4-H3O. 

H 0 [ F e ( P O 4 ) 3 ] ; and the dihydrate, 
H 9 [Fe(PO 4 )* ] . 
the c o m p l e x : 
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C a [ H 2 F e ( P 0 4 ) 2 ] 2 - T h e s u b j e c t w a s s t u d i e d b y L . D e d e , w h o f o u n d t h a t t h e 
c o n d u c t i v i t y c u r v e s of soln of ferr ic ch lo r ide a n d p h o s p h o r i c ac id in e q u i v a l e n t 
p r o p o r t i o n s g a v e i n d i c a t i o n of t h e ex i s t ence of hydrotr icUoxoferr iphosphoric ac id , 
H 3 [ C l 3 F e ( P O 4 ) ] , w h i c h cou ld n o t be i so la ted , a n d a lso w i t h m o r e di l . so ln . of 
H 3 [ F e ( P 0 4 ) 2 ] . 2 - 5 H 2 0 . 

E . Ange lescu a n d G. B a l a n e s c u obse rved t h a t well-defined ferr ic p h o s p h a t e s 
c a n be o b t a i n e d o n l y in ac id ic soln. Accord ing t o E . A . Schne ide r , co l lo idal ferric 
phosphate is p r o d u c e d w h e n a soln. of ferric ch lo r ide , s a t u r a t e d w i t h n o r m a l 
c a l c ium p h o s p h a t e , is d i a lyzed . W h e n t h e diffusate c o n t a i n e d n o m o r e ch lo r ide , 
t h e ferr ic p h o s p h a t e sol se t t o a je l ly . T h e h y d r o g e l fo rms a r e d d i s h - b r o w n soln . 
w i t h a<j. a m m o n i a , a n d a m m o n i u m p h o s p h a t e is r e m o v e d o n d ia lys i s . I t w a s a l so 
p r e p a r e d b y E . G r i m a u x , a n d H . N . H o l m e s a n d co -worke r s . W . J . Sell o b s e r v e d 
t h a t i n t h e p r e sence of a m m o n i a , a soln . of a m m o n i u m h y d r o p h o s p h a t e d isso lves 
ferric p h o s p h a t e , fo rming a b rown i sh - r ed soln. I f t h e soln. is d i a l y z e d u n t i l al l t h e 
e l ec t ro ly te s a r e r e m o v e d , a s l igh t ly bas ic ferr ic p h o s p h a t e sol is f o rmed . T h e 
colloidal soln. of ferric p h o s p h a t e is t a s t e l e s s a n d w i t h o u t a c t i o n o n l i t m u s . T h e 
a d d i t i o n of a lkal i ch lor ides a n d m o s t o t h e r s a l t s i n d u c e s ge l a t i n i za t ion . T h e v e r y 
smal l v a l u e of t h e c o n d u c t i v i t y p o i n t s t o t h e r e b e i n g n o free i o n s in t h e so lu t ion , 
a n d t h i s is conf i rmed b y t h e fa i lure of p o t a s s i u m t h i o c y a n a t e a n d f e r rocyan ide t o 
give a n y colour r e a c t i o n ; t h e s e r e a g e n t s c a u s e ge l a t i n i za t i on on ly . O n t h e o t h e r 
h a n d , h y d r o g e n su lph ide a n d a m m o n i u m s u l p h i d e b o t h g ive b l a c k p r e c i p i t a t e s . 
H . N . H o l m e s a n d R . E . R ind fusz obse rved t h e p e p t i z a t i o n of ferr ic p h o s p h a t e s 
b y a n a q . soln. of m e t h y l a m i n e , a q . a m m o n i a , ferr ic ch lor ide , or s u l p h a t e , a n d 
n i t r ic or hyd roch lo r i c ac id . N . R . D h a r a n d S. G h o s h , a n d S. G h o s h a n d S. P r a k a s h 
s t ud i ed t h e sub j ec t ; a n d A. C. C h a t t e r j i a n d N . R . D h a r , t h e r h y t h m i c p r e c i p i t a t i o n 
of t h e hydroge l . H . P . V a r m a a n d S. P r a k a s h , a n d S. P r a k a s h a n d N . R . D h a r 
found t h a t a soln. of O-hM-FeCl3, a n d ha l f i t s vo l . of 22 p e r c en t , p o t a s s i u m d i h y d r o -
p h o s p h a t e soln. w h e n d ia lyzed f o r m a clear , r ed soln. S. G h o s h a n d co -worke r s 
s t ud i ed t h e coagu la t ion of t h e h y d r o s o l b y p o t a s s i u m s u l p h a t e , a n d b y h e a t . T h e 
viscosit ies of 15 c.c. of t h e soln. w i t h 46 g r m s . of ferr ic p h o s p h a t e p e r l i t re a n d 
1-2 c.c. of 0-252V-K2SO4 , a t 30° , were : 

A g e . . O 4 0 8O 13O 1 8 5 2 5 2 m i n s . 
V i s c o s i t y . 0 0 1 8 5 9 0 0 2 1 5 9 0 0 2 6 4 8 0 0 3 1 7 6 O - 0 3 8 7 6 0 - 0 4 9 9 7 

S. N . Baner j i a n d S. G h o s h s t u d i e d t h e v iscos i t ies of t h e sol a t v a r y i n g p res su res . 
Acco rd ing t o A. Arz run i , ferr ic p h o s p h a t e is d i m o r p h o u s ; a s j u s t i n d i c a t e d , 
s t r eng i t e is r h o m b i c , a n d t h e artificial sa l t is monoc l in ic . T h e sp . gr . of t h e art if icial 
d i h y d r a t e , g iven b y A. de S e h u l t e n , is 2-74 a t 15° . T h e a c t i o n of h e a t on t h e 
h y d r a t e h a s been i n d i c a t e d a b o v e . M. F a r a d a y sa id t h a t ferr ic p h o s p h a t e is 
m a g n e t i c , a n d I J . A. WeIo found t h a t t h e sp . m a g n e t i c suscep t ib i l i t y is 7 1 * 4 0 x 10"*"6 

m a s s un i t . L . N . B h a r g a v a a n d S. P r a k a s h s t u d i e d t h e m a g n e t i c p r o p e r t i e s . 
C. F r ee se obse rved t h a t w h e n ferric p h o s p h a t e is h e a t e d t o r e d n e s s in h y d r o g e n , 

ferric p y r o p h o s p h a t e is fo rmed ; b u t , a cco rd ing t o H . S t r u v e , if t h e t e m p , is h i g h 
e n o u g h , i ron p h o s p h i d e , F e 4 P 3 , is p r o d u c e d . W . Ipateeff a n d *\V. Nikolaieff f o u n d 
t h a t h y d r o g e n a b o v e 150°, a n d u n d e r press . , h a s n o a p p r e c i a b l e a c t i o n o n p h o s p h o r i c 
ac id a n d i t s a lka l i sa l t s , b u t ferric p h o s p h a t e u n d e r w a t e r , is p a r t i a l l y r e d u c e d , 
y ie ld ing a c o n t i n u o u s series of c o m p l e x ferrosic p h o s p h a t e s of t h e t y p e : 
F e n ' " F m " P 0 4 . a ? H 2 0 — r e s e m b l i n g t h e v iv i an i t e s . T . B e r g m a n sa id t h a t 1 p a r t 
of t h e p r e c i p i t a t e d s a l t is so luble in 1500 p a r t s of boi l ing w a t e r , b u t i n so lub le i n 
co ld w a t e r . A c c o r d i n g t o B . Lachowicz , t h e p r e c i p i t a t e d p h o s p h a t e is o n l y v e r y 
s p a r i n g l y so luble i n w a t e r ; b u t i t is r a p i d l y d e c o m p o s e d b y c o n t a c t w i t h t h a t 
l i qu id . T h e q u a n t i t y h y d r o l y z e d : F e P 0 4 - | - 3 H 2 O ^ F e ( O H ) 8 - | - H 8 P 0 4 , a t a n y 
p a r t i c u l a r t e m p . , d e p e n d s on t h e a m o u n t of w a t e r p r e s e n t , a n d t h e d e c o m p o s i t i o n 
d o e s n o t p r o c e e d b e y o n d a fixed l imi t , un less t h e p h o s p h o r i c a c i d w h i c h h a s 
e n t e r e d i n t o soln . i s r e m o v e d f rom t h e s p h e r e of a c t i o n . I n t h e p r e s e n c e of a 
l a rge excess of w a t e r , t h e who le of t h e p h o s p h o r i c ac id is e v e n t u a l l y d r a w n f rom 
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t h e i r o n p h o s p h a t e . F . Bl. C a m e r o n a n d L . A . H u r s t conf i rmed t h e s e conc lus ions . 
T h e y f o u n d t h a t w i t h a s l igh t ly ac id ic p h o s p h a t e , a f ter 4 3 d a y s ' a g i t a t i o n a t 25°, 
a n d v a r y i n g p r o p o r t i o n s of w a t e r : 

W a t e r . . 2 5 60 85 140 200 800 c .c . p e r g r a m 
D i s s o l v e d P O 4 . 0-302 0-257 O-136 0-099 0-080 0-029 g r m . p e r l i t r e 

T h e p h o s p h o r i c ac id w a s sti l l go ing i n t o soln . a t t h e e n d of t h e 43 d a y s . T h e g r e a t e r 
t h e p r o p o r t i o n of w a t e r i n c o n t a c t w i t h t h e ferric p h o s p h a t e , t h e less is t h e 
c o n c e n t r a t i o n of t h e soln . w i t h r e spec t t o p h o s p h o r i c ac id , a l t h o u g h t h e t o t a l 
a m o u n t pa s s ing i n t o soln . i n c r e a s e d w i t h i nc reas ing p r o p o r t i o n s of w a t e r . T h e 
g r e a t e r t h e p r o p o r t i o n of w a t e r , t h e less r e l a t i ve ly is t h e decompos i t i on , a l t h o u g h 
a c t u a l l y t h e a m o u n t of d e c o m p o s i t i o n w a s g r e a t e r . A n a l o g o u s r e su l t s were 
o b t a i n e d w i t h a s l igh t ly bas ic p h o s p h a t e . C F . Mohr , a n d W . H e s s obse rved t h a t 
in wash ing t h e p h o s p h a t e for ana lys i s , h o t w a t e r e x t r a c t s p h o s p h o r i c ac id . Obser ­
v a t i o n s o n t h e hyd ro ly s i s were a lso m a d e b y R . M. Caven , F . K . C a m e r o n a n d 
L . A. H u r s t , a n d M. v o n Wrange l l a n d E . K o c h ; a n d o n t h e gel f o rma t ion , b y 
H . L . D u b e . 

T h e p re sence of sa l ine s u b s t a n c e s i n w a t e r modif ies i t s ac t ion on ferric p h o s p h a t e . 
E . H e i d e n r e p o r t e d t h a t t h e p re sence of s o d i u m , p o t a s s i u m , a n d a m m o n i u m sa l t s 
inc reases t h e so lub i l i ty of ferr ic p h o s p h a t e , b u t l a t e r w o r k shows t h a t t h i s is n o t 
a l w a y s t h e case . B . l^achowicz o b s e r v e d t h a t one class of sa l t s p r o m o t e s t h e 
hyd ro lys i s , a n o t h e r c lass r e t a r d s i t , wh i l s t a t h i r d class h a s n o ac t ion . Soln . of 
s a l t s h a v i n g a n a lka l i ne r e a c t i o n h y d r o l y z e t h e sa l t t h e m o r e r a p i d l y ; whi l s t soln. 
of n e u t r a l sa l t s h a v e v e r y l i t t l e inf luence on t h e r a t e of hyd ro lys i s . F . K . C a m e r o n 
a n d Li. A. H u r s t f ound t h a t , a t 25° , w i t h 20 c.c. of a soln. of s o d i u m n i t r a t e 
c o n t a i n i n g : 

N a N O 3 . O 5 O 2/5 7 5 15O 3OO g r m s . p e r l i t r e 
! D i s s o l v e d P O 4 0 - 3 5 0 0 0 - 2 2 3 7 0 - 1 9 1 2 0 1 6 2 2 0 - 1 4 5 1 O 1 0 8 4 g r i n , p e r l i t r e 

p e r g r a m of ferric p h o s p h a t e d u r i n g 40 d a y s ' a c t i o n ; w i t h soln. of p o t a s s i u m 
chlor ide : 

K C l . O 0 - 1 1 1 5-O 2 5 15O 30O g r m s . p e r l i t r e 
D i S S o I v O d P O 4 0 - 3 5 0 O 0 - 2 2 5 6 0 1 1 2 7 0 0 9 0 5 0 0 8 7 1 0 - 0 8 7 1 g r m . p e r l i t r e 

a n d w i t h p o t a s s i u m s u l p h a t e d u r i n g 19 d a y s ' a c t i o n : 

K 2 S O 4 3 6 25 50 75 J 5O g r m s . p e r l i t r e 
D i s so lved P O 4 0-32O 0-344 0-366 0-372 0-367 0-364 g r m . p e r l i t re 

T h e s e r e su l t s o b t a i n e d w i t h a s l igh t ly ac id ic p h o s p h a t e a r e s imi lar t o t h o s e 
o b t a i n e d -with a s l igh t ly bas ic p h o s p h a t e . I n t h e s e cases , t h e q u a n t i t y of 
p h o s p h o r i c ac id i n t h e soln. falls off r a p i d l y a s t h e c o n e , of t h e n e u t r a l sa l t is 
i nc reased , or else, a s in t h e case of t h e p o t a s s i u m s u l p h a t e soln. , t h e p h o s p h o r i c 
ac id c o n t e n t inc reases s l igh t ly w i t h i nc reas ing q u a n t i t i e s of p o t a s s i u m s u l p h a t e in 
soln . T h e a c i d i t y inc reases m a r k e d l y a s t h e cone , of t h e n e u t r a l sa l t increases , 
a n d t h e effect is p r o b a l y d u e t o a se lec t ive a d s o r p t i o n w h e r e b y t h e basic p a r t u n i t e s 
w i t h t h e solid res idue , l e av ing free ac id in soln. B . L a c h o w i c z found t h e following 
p r o p o r t i o n s of ferr ic ox ide a n d p h o s p h o r i c ac id w e r e d isso lved f rom ferric p h o s p h a t e 
b y soln . of sa l t s of t h i s k i n d , d u r i n g 24 h r s \ a c t i on , a t 21° t o 26°, us ing 0 5 8 6 4 g r m . 
of ferr ic p h o s p h a t e , a n d a l i t r e of soln. : 

H a O Na 1 SO 4 (NH 4 )JSO 4 KCl NaCl NH 4 Cl N a N O 8 
Grams . . . 6-761 6-364 5-624 4-410 4 0 2 9 6-464 p e r l i t re 
P 8 O . (d i s so lved) . . 6-6 .8-1 6-2 5-6 5-8 4-8 4-5 m g r m s . p e r l i t re 
F e 2 O 8 (d i s so lved) . . 2-6 1-5 2 1 2 0 2-2 3-2 2-5 

T h e a c t i o n w i t h t h e s e soln . is v e r y l i t t l e different f rom t h a t of w a t e r a lone ; b u t 
H . R o s e o b s e r v e d t h a t a soln . of sodium c a r b o n a t e changes t h e co lour of ferr ic 
p h o s p h a t e t o r e d d i s h - b r o w n , a n d p h o s p h o r i c ac id is d isso lved . J . J . Berzel ius 
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observed t h a t the phosphate is soluble in a soln. of ammonium carbonate, al though 
6 . C. Wit ts tein said t h a t t h e phosphate does not dissolve in aq. soln. of ammonium 
salts. Observations -were also made by E . A. Schneider. B . Laehowicz's experi­
ments were made under similar conditions to those jus t indicated, and gave t h e 
following results : 

H aO H8O Bat.COa NaHCO, Na2CO8 (NH4),CO, Ca(HC03)2 Na acetate 
Grams . — — 4 5-046 2-284 1-132 6*476 p e r l i t r e 
P a O s d i s so lved 6-6 6-2 24-1 297-1 22-2 6-9 14« 1 m g r m s . p e r l i t r e 
F e 4 O 3 d i s so lved 2-6 3-6 4-4 1-6 2-6 3-5 1-6 

Here the salts are hydrolyzed, and the amount of phosphoric acid extracted from 
the ferric phosphate is much greater t han is t he case "with water or neutra l salt 
soln. This is also illustrated by the case of sodium hydrophosphate ; t he effect is 
no t t h a t anticipated by the addition of a salt with a common ion, bu t ra ther t h a t 
produced by a salt which hydrolyzes to form a base. This is in agreement "with 
H. Rose's observation t h a t ferric phosphate is immediately coloured reddish-brown 
by a soln. of potassium hydroxide, and the greater pa r t of the phosphoric acid is 
extracted, bu t no ferric oxide is dissolved. Aq. ammonia behaves similarly 
provided no sodium phosphate forms a reddish-brown soln. wi th the phosphate . 
The ammoniacal soln. of ferric phosphate remains clear when mixed with potassium 
ferrocyanide, bu t the mixture yields prussian-blue when t reated with an acid. 
According to J . W. Dobereiner, the salt can be separated from the ammoniacal soln. 
only when treated with an acid. J . B . Hester studied the base-exchange by ferric 
phosphate in soln. of different sa l t s ; and S. Osugi and K. Saegi the effect of 
silicic acid on the solubility of ferric phosphate . 

J . I . Pierre observed t h a t 1 pa r t of ferric phosphate dissolves in 12,50O par t s of 
water sat. with carbon dioxide. B . JLachowicz observed t h a t no appreciable effect 
on the solubility of ferric phosphate is produced by saturat ing the water with 
carbon dioxide, and this observation was confirmed by M. Gerlach who observed, 
further, t h a t when calcium carbonate is mixed with either iron or aluminium 
phosphate in water, carbon dioxide causes an increased amount of calcium salt t o 
pass into soln., without producing any perceptible effect on the amount of dissolved 
phosphoric acid. Observations were also made by M. von Wrangell and E . Koch. 
Calcium carbonate, and especially the hydrocarbonate, increases the solubility of 
ferric phosphate, and W. F . Sutherst added t h a t while calcium carbonate has 
little or no influence, calcium hydroxide increases the solubility of iron and 
aluminium phosphates. H . J . Pat terson also observed t h a t the solubility of ferric 
phosphate is increased by lime. F . K. Cameron and J . M. Bell found t h a t when 
5 grms. of ferric phosphate are shaken for 5 days with 100 c.c. of: 

H2O H2O Bat. CO2 H2O sat. CaSO4 H2O sat. Ca(OH)2 

!dissolved P O 4 . , . 7 4 171 118 O m g r m s . 

F . Ephra im and A. Scharer found t h a t with gaseous hydrogen chloride, a t room 
temp. , a deliquescent addition product is formed ; and a t 400°, anhydrous ferric 
phosphate forms a yellow powder containing about 5 mols. of HCl—it deliquesces 
in moist air, and is not changed by heating it to 300°. Hydra ted ferric phosphate 
is easily soluble in dilute mineral acids, excepting phosphoric acid. R . F . Weinland 
and F . Ensgraber observed t h a t , as with strengite, hydra ted ferric phosphate is bu t 
slowly dissolved by nitric acid, b u t i t is readily soluble in hydrochloric ac id ; and 
G. Ar th obtained a form which was said to be insoluble in nitric acid, bu t soluble in 
hot , cone, hydrochloric acid. A. Drevermann found t h a t when ferric phosphate is 
heated -with a soln. of alkali sulphide under press., iron sulphide and alkali phosphate 
are formed. P . Berthier showed t h a t the freshly-precipitated salt is easily soluble 
in sulphuric acid, or in a soln. of ammonium sulphite, and a t t h e same t ime the 
ferric is reduced t o ferrous oxide ; and W. Wardlaw and co-workers showed t h a t 
sulphur dioxide does no t reduce ferric phosphate in cone. soln. of phosphoric acid. 

H . Quantin observed t h a t when ferric phosphate is heated in a current of carbon 
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t e t r a c h l o r i d e , ferr ic ch lo r ide is f o rmed . A. N a u m a n n obse rved t h a t ferric p h o s p h a t e 
is i n so lub le i n a c e t o n e . G. C. W i t t s t e i n sa id t h a t ferric p h o s p h a t e is inso lub le i n 
co ld a c e t i c a c i d ; F . Ses t in i f o u n d t h a t 1OO c.c. of 10 p e r cen t , ace t i c ac id d issolves 
0*007 g r m . of t h e p h o s p h a t e i n t h e cold. T h e solubi l i ty of ferr ic p h o s p h a t e 
i n ace t i c ac id w a s a l so d i scussed b y G. Luff, a n d M. Ger lach . M. v o n W r a n g e l l 
a n d E . !Koch f o u n d t h a t a l i t r e of 0-02JV-acetic ac id dissolves 16*1 m g r m s . 
B . L a c h o w i c z ' s o b s e r v a t i o n s o n t h e so lven t a c t i o n of s o d i u m a c e t a t e a r e i n d i c a t e d 
a b o v e . T . S. G l a d d i n g , P . C a z e n e u v e a n d A. Nicol le , W . F . S u t h e r s t , a n d 
E . H e y d e n r e i c h f o u n d t h a t t h e p h o s p h a t e is easi ly soluble in t a r t a r i c a n d c i t r ic 
ac ids , a n d in t h e a m m o n i u m s a l t s of t h e s e ac ids , a n d t h a t i t is a lso so luble i n s o d i u m 
c i t r a t e . J . Spi l ler a lso n o t e d t h a t t h e p r e s e n c e of s o d i u m c i t r a t e p r e v e n t e d t h e 
p r e c i p i t a t i o n of ferr ic p h o s p h a t e . E . E r l e n m e y e r o b s e r v e d t h a t a soln. of 
a m m o n i u m h y d r o c i t r a t e of s p . gr . 1*09 dissolves 4*8 p e r c e n t . O f P 2 O 5 f rom h y d r a t e d 
ferr ic p h o s p h a t e i n 35 mine. ; a soln. of a m m o n i u m c i t r a t e d isso lves 5*8 p e r c e n t . 
P 2 O 6 , a n d w i t h a n excess of a m m o n i a , 21*2 p e r cen t , is d i sso lved ; wh i l s t a 0*25 
p e r c e n t . soln. of c i t r ic ac id d isso lves 17*5 p e r c e n t . P 2 O 5 . M. G e r l a c h o b s e r v e d 
t h a t oxa l ic ac id is a m o r e effective so lven t t h a n ace t i c ac id ; in t h e p resence of a n 
excess of ferric h y d r o x i d e t h e s o l v e n t a c t i o n of oxa l ic ac id w a s n o t affected, t h a t of 
c i t r ic ac id w a s lowered , a n d ace t i c ac id d id n o t d issolve a pe rcep t ib l e a m o u n t of 
p h o s p h o r i c ac id . 

H . J . P a t t e r s o n o b s e r v e d t h a t t h e p r e sence of o rgan ic m a t t e r f avou r s t h e 
h y d r o l y t i c a c t i o n of w a t e r on ferr ic p h o s p h a t e . B . Liachowicz sa id t h a t t h e p re sence 
of h u m i c ac id inc reases t h e so lub i l i ty of i ron p h o s p h a t e . T h i s is b a s e d on t h e f ac t 
t h a t a so ln . c o n t a i n i n g s o d i u m h y d r o c a r b o n a t e o r a m m o n i u m c a r b o n a t e a n d h u m i c 
ac id will d i sso lve m o r e p h o s p h o r i c ac id a n d ferric ox ide t h a n a soln. c o n t a i n i n g 
c a r b o n a t e a lone . T h e effect obse rved , h o w e v e r , m a y h a v e b e e n d u e t o t h e p r e sence 
of free base s r e s u l t i n g f rom t h e hyd ro ly s i s of t h e h u m a t e s . 

F e r r i c p h o s p h a t e is so luble in a n excess of soln . of ferric sa l t s , i nc lud ing ferric 
a c e t a t e , b u t i t is n o t so luble in a so ln . of fer rous a c e t a t e . E . A . Schne ide r e x a m i n e d 
t h e soln. of ferr ic p h o s p h a t e i n o n e of ferric s u l p h a t e . F e r r i c p h o s p h a t e is a l so 
d i s so lved t o a cons ide rab l e e x t e n t b y a soln. of a m m o n i u m h u m a t e . W . M u t h m a n n 
a n d H . H e r a m h o f s t u d i e d t h e u se of ferr ic p h o s p h a t e a s a n u n d e r g l a z e co lour for 
p o t t e r y . 

A s j u s t i n d i c a t e d , owing t o t h e r e a d y h y d r o l y s i s of n o r m a l ferric p h o s p h a t e i t 
m i g h t b e a n t i c i p a t e d t h a t a n u m b e r of bas ic s a l t s w o u l d h a v e found t h e i r w a y i n t o 
t h e l i t e r a t u r e of c h e m i s t r y a s a l egacy f rom t h e d a y s w h e n n o m e t h o d w a s k n o w n 
for d i s t i ngu i sh ing t h e false f rom t h e t r u e . A . F . d e F o u r c r o y a n d L . N . V a u q u e l i n , 2 

for e x a m p l e , s a id t h a t a po lybas i c sa l t is f o r m e d w h e n t h e n o r m a l p h o s p h a t e is 
boi led w i t h p o t a s h - l y e . T h e r e d d i s h - b r o w n p o w d e r is sa id t o b e fusible. 
C F . R a m m e l s b e r g o b t a i n e d a s imi la r p r o d u c t ; a n d G. C. W i t t s t e i n f o u n d t h a t i t 
i s f o r m e d w h e n a soln. of t h e n o r m a l p h o s p h a t e i n h y d r o c h l o r i c ac id i s t r e a t e d w i t h 
a n excess of a m m o n i a , a n d t h e p r o d u c t is w a s h e d a n d d r i ed . I t is sa id 
t o be so luble i n a soln. of a m m o n i u m t a r t r a t e , b u t inso lub le in one of 
a m m o n i u m c i t r a t e , a n d , a c c o r d i n g t o A . Mil lot , i n a m m o n i u m o x a l a t e . 
G. C. W i t t s t e i n r e p r e s e n t e d i t a s ferric o x y p h o s p h a t e , 2 F e 2 0 3 . P 2 0 5 . n H 2 0 . 
C. F . R a m m e l s b e r g a s 3 F e 2 0 3 . 2 P 2 0 5 . n H 2 0 ; a n d A. Mil lot a l so r e g a r d e d i t a s 
3 F e 2 O s . 2 P 2 0 5 . 8 H 2 0 . T h e e q u i l i b r i u m s t u d i e s of S. R . C a r t e r a n d N . H . H a r t s h o m e , 
F i g s . 691 a n d 692 , d o n o t s h o w t h e ex i s t ence of a n y s u c h c o m p o u n d . N a t u r e 
furn ishes a few m i n e r a l s w h i c h a r e bas i c sa l t s , b u t t h a t does n o t p r o v e t h e i r ex i s t ence 
a s c h e m i c a l i n d i v i d u a l s . 

J . L . J o r d a n 8 re fe r red t o a v a r i e t y of S t a h l s t e i n , a n d J . C. U l l m a n n t o a 
Grune i sens t e in , w h i c h w e r e ca l led b y A . B r o g n i a r t , dufrenite—after P . A . D u f r e n o y . 
A . B r e i t h a u p t n a m e d a v a r i e t y kraurite—from KpaOpos, h a r s h , or d r y . T h e m i n e r a l 
h a s b e e n f o u n d a t A n g l a r , H a u t e V i e n n e ; a t H i r s c h b e r g , W e s t p h a l i a ; a t R o c h e -
fo r t e n T e r r e , F r a n c e ; a t S t . B e n i g n a , B o h e m i a ; a t W h e a l Phoenix , C o r n w a l l ; 
a t Al lentown, N e w J e r s e y ; a t R o c k b r i d g e Co. , Virginia ; e t c . A n a l y s e s w e r e 
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r e p o r t e d b y C. J . B . K a r s t e n , C. F . R a m m e l s b e r g , C. D i e s t e r w e g , F . K u r l b a u m , 
E . Bo r i cky , F . K o v a r a n d F . S lav ik , H . L a u b m a n n , E . K i n c h , E . K i n c h a n d 
F . H . B u t l e r , F . A . Massie , J . L.. Campbe l l , A. S t r eng , F . W . C la rke , F . P i s a n i , 
L . N . Vauque l in , a n d A. H . Church . T h e resu l t s a r e s o m e w h a t v a g u e . 
C. F . R a m m e l s b e r g cons ide red t h a t spec imens free f rom fer rous s a l t a r e b e s t 
r ep re sen t ed a s ferric tr ihydroxyphosphate , 2 F e 2 O 3 - P 2 O 5 ^ H 2 O , o r F e 2 ( P O 4 ) ( O H ) 8 . 
Th i s c a n be t a k e n a s t h e b e s t r e p r e s e n t a t i v e fo rmula , a n d i t is i n a g r e e m e n t -with 
F . K o v a r a n d F . S l a v i k ' s r e su l t s ; A. S t r e n g g a v e F e 5 ( P O 4 J 3 ( O H ) 6 ; a n d F . A . Mass ie 
g a v e 4 F e 2 ' / ' ( O H ) 8 P 0 4 . 3 F e 2 " P 2 0 7 , a n d E . K i n c h , F e O . 3 F e 2 O 3 . 2 P 2 O 5 . 6 H 2 O . 

T h e m i n e r a l is u sua l ly dul l leek-green, ol ive-green, or g reen ish-b lack , a n d on 
e x p o s u r e i t a l t e r s t o yel low or b rown . T h e s t r e a k is s i sk in-green. T h e m i n e r a l 
u s u a l l y occurs mass ive o r in nodu les , w i t h a r a d i a t i n g fibrous s t r u c t u r e , a n d d r u s y 
surface. T h e c rys t a l s a r e r a r e , a n d t h e y a r e u s u a l l y smal l a n d i nd i s t i nc t -with t h e 
(OOl)-face r o u n d e d , a n d t h e (10O)- a n d (OlO)-faces ve r t i ca l ly s t r i a t e d . Acco rd ing 
t o A. S t reng , t h e r h o m b i c c rys ta l s h a v e t h e ax i a l r a t i o s a : b : c = 0 - 8 7 3 4 : 1 : 0-4262. 
T h e (IOO)- a n d (010)-cleavages a r e i nd i s t i nc t . T h e c r y s t a l s a r e p leochro ic . T h e 
sp . gr . is 3-2 t o 3 -4—P. A. D u f r e n o y g a v e 3-227. T h e h a r d n e s s is 3-5 t o 4*0. 
E . S. La r sen g a v e for t h e indices of re f rac t ion : a.—1-830, ) 3 = l - 8 4 0 , - a n d y—1-885 ; 
a n d t h e op t ic ax ia l angles : 2 F ==36° for Na- l igh t , a n d 28° for r ed- l igh t . D u f r e n i t e 
is easily soluble in hydroch lo r i c a n d su lphu r i c ac ids . 

A dark brown mineral found a t Vise, Belgium, was named delvauscerte—after 
J . C. P . Delvaux—by A. H . Dumont , and delvauxite, by W. Haidinger. The analyses by 
A. H . Dumont , and J . C. P . Delvaux correspond with 2Fe2O3 .P8O5 .24H2O. I t was also 
examined by A. H . Church, V. Vesely, F . Ulrich, O. Cesaro, and A. Jorissen ; and a similar 
mineral was found a t Pisek, Bohemia, by C. Vrba. O. Cesaro found pseudomorphs after 
gypsum. The colour is dark brown, and the sp . gr. 1-85. F . Ulrich gave 1-716 for the 
index of refraction with Na-light. F . Cornu, and E . Dit t ler have shown tha t the mineral 
is colloidal. 

T h e minera l beraunite o b t a i n e d b y A. B r e i t h a u p t 4 f rom t h e v i c in i t y of B e r a u n , 
Bohemia , h a s b e e n also found in t h e "Wheal J a n e m i n e n e a r T r u r o , Cornwal l ; a n d 
also a t Sche ibenberg , S a x o n y . I t occurs in d r u s e s a n d in r a d i a t e d , fo l ia ted agg re ­
ga tes , a n d as i n c r u s t a t i o n s ; i t a lso occurs in monocl in ic c ry s t a l s . T h e a n a l y s e s 
r e p o r t e d b y C. F . R a m m e l s b e r g , G. T s c h e r m a k , H . L a u b m a n n , E . T . W h e r r y , 
E . Bor icky , A. Frenze l , a n d G. A. K o n i g co r r e spond a p p r o x i m a t e l y w i t h 
3 F e 2 O s . 2 P 2 0 5 . 8 H 2 0 , which P . G r o t h r e d u c e d t o F e 3 ( H 0 ) 3 ( P 0 4 ) 2 . 2 £ H 2 0 , o r ferric 
tr ihydroxydiphosphate—possibly F e 2 P O 4 ( O H ) 3 . G. T s c h e r m a k cons ide red t h a t 
b e r a u n i t e is a p r o d u c t of t h e w e a t h e r i n g of v i v i a n i t e ; a n d E . B o r i c k y s h o w e d t h a t 
i t c a n also be p r o d u c e d f rom duf ren i t e . T h e m i n e r a l eleonorite, o b t a i n e d b y A. Nies 
f rom t h e E leonore mine , n e a r Giessen, w a s s h o w n b y A. S t r e n g , a n d E . B e r t r a n d 
t o be iden t ica l w i t h b e r a u n i t e . T h e colour of b e r a u n i t e is r e d d i s h - b r o w n t o d a r k 
h y a c i n t h red, a n d t h e s t r e a k is b r o w n . T h e m i n e r a l is s t r o n g l y p leochro ic . 
A . S t r e n g g a v e for t h e ax ia l r a t i o s of t h e monoc l in ic c ry s t a l s a : b : c 
= 2-7538 : 1 : 4 O l 6 5 , a n d £ = 4 8 ° 3 3 ' . T h e h a b i t of t h e sma l l c ry s t a l s is t a b u l a r 
para l le l w i t h (10O), a n d t h e (lOO)-faces a r e s t r i a t e d para l le l t o t h e (100)/(001)-edge. 
T w i n n i n g occurs a b o u t t h e (lOO)-plane, a n d t h e r e a re also p e n e t r a t i o n t w i n s . T h e 
(100)-cleavage is d i s t i nc t . G. T s c h e r m a k g a v e 2-95 for t h e sp . gr . ; E . B o r i c k y , 
2-995 ; A . F r e n z e l , 2-983 ; a n d G. K o n i g , 2-940. T h e h a r d n e s s is b e t w e e n 3 a n d 
4 . E . S. L a r s e n g a v e for e leonor i te , a = l - 7 7 5 , / 3=1-786 , a n d y — 1 - 8 1 5 . T h e 
m i n e r a l is soluble in hyd roch lo r i c ac id . 

J". Steinman described a mineral from the vicinity of St . Benigna, Bohemia, and it has 
been found in a few other places ; i t was called kakoscen, which has been altered to 
eaooxenlte. Analyses were reported by T. Thomson, C. von Hauer , A. Streng, A. H . Church, 
F . von Kobell, P . A. von Holger, C. C. von Leonhard, and E . Wit t ich and B . Neumann. 
Some analyses correspond -with 2Fe 9 0 8 .P t O f t .12H 1 0 ; A. M. Church regarded it as a mixture 
of 2FeP04.3BTaO, and Fea03.23ElaO with 7H aO, and O. Mann also believed i t to be a mixture . 
The mineral occurs in yellow or brownish-yellow, radiated tufts believed to be hexagonal. 
The sp. gr. given b y A. Streng is 2-89, and E . Witt ich and B . Neumann gave 2-816. The 
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hardness is 3 to 4. I t becomes brown on exposure ; and i t is soluble in hydrochloric acid. 
HE. L a u b m a n n and HE. Steinmetz observed t h a t cacoxenite occurs in Bavaria , and another 
basic ferric phosphate which they called xanthoxenite occurs near Hiibnerkobel, Bavar ia . 

A. RTies described a mineral which occurs amorphous, and in th in coatings in small 
stalacti t ic or spherical forms coloured dark brown. I t was called picite, from its relation­
ship to the picites resinacesis of A. Bre i thaupt . I t occurs in a mine near Waldgirmes, 
Giessen. Analyses reported by A. Strong correspond with 8FePO4 .6Fe(OH)3 .27H2O. 
A. Nies gave 2-83 for the sp. gr., and E . Boricky, 2-397. The hardness is between 3 and 4. 
F . SIavik said t h a t picite is the same mineral as fouchorite—vide infra. 

A n u m b e r of ac id ic ferr ic p h o s p h a t e s h a s b e e n r e p o r t e d . S o m e a re fo rmed b y 
t h e a c t i o n of cone , p h o s p h o r i c ac id on ferr ic p h o s p h a t e . T h u s , P . Hau te feu i l l e 
a n d J . M a r g o t t e t 6 sa id t h a t w h e n a soln. of ferr ic ox ide i n glacia l p h o s p h o r i c ac id 
is k e p t o v e r 200° for s o m e t i m e , smal l c r y s t a l s of f e r r i c t r iortbophosphate , 
F e 2 O 3 - S P 2 O 5 , a r e p r o d u c e d . T h e d a r k r e d d i s h - b r o w n c r y s t a l s f o rmed a t 200° t o 
250° a p p e a r i n s h o r t , channe l l ed , r h o m b i c p r i s m s ; f rom 250° t o inc ip i en t r ednes s , 
fusiform, t r ic l in ic c r y s t a l s ; a n d a t a r e d - h e a t , long , monoc l in ic p r i s m s . I f t h e 
t e m p , of f o r m a t i o n be 150° t o 200° , t h e tetrahydrate, F e 2 0 3 . 3 P 2 0 5 . 4 H 2 0 , is f o r m e d 
i n p i n k i s h , n a c r e o u s , r e c t a n g u l a r lamellae w h i c h a r e n o t r e a d i l y a t t a c k e d b y w a t e r 
o r a lcohol . I f t h e t e m p , of f o r m a t i o n be 100°, p ink i sh , r h o m b i c p l a t e s of t h e 
Jiexahydrate, Fe 2 O 3 -SP 2 O 5 -OH 2 O, a r e fo rmed—v ide infra, t h e d i h y d r o p h o s p h a t e ; 
a n d t h e m e t a p h o s p h a t e . T h e h e x a h y d r a t e w a s a lso p r e p a r e d b y E . E r l e n m e y e r 
i n de l i quescen t c r y s t a l s d e c o m p o s e d b y w a t e r i n t o t h e n o r m a l p h o s p h a t e ; a n d 
t h e w o r k of S. R . C a r t e r a n d N . H . H a r t s h o r n e , F i g . 692, show s t h e cond i t i ons of 
s t a b i l i t y of t h i s sa l t . 

F . I J . W i n c k l e r r e p o r t e d t h a t c r y s t a l s of f e r r i c diorthophosph\ate, 
F e 2 0 3 . 2 P 2 0 5 . 8 H 2 0 , o r F e H 3 ( P 0 4 ) 2 . 2 £ H 2 0 , w e r e p r o d u c e d w h e n a soln. of ferric 
p h o s p h a t e w a s k e p t i n c o n t a c t w i t h p h o s p h o r i c ac id for a y e a r in a c losed vessel . 
T h e excess of p h o s p h o r i c ac id c a n be r e m o v e d b y w a s h i n g w i t h w a t e r . T h e cub ic , 
p a l e rose-co loured c r y s t a l s w e r e f o u n d t o be inso lub le in w a t e r , b u t fu rn i shed a r ed 
soln. w i t h a q . a m m o n i a , a n d a l i gh t b rown soln. w i t h h y d r o c h l o r i c ac id . A . Mil lot 
f o u n d t h a t t h e sa l t is inso lub le in ace t i c ac id ; b u t so luble i n soln. of a m m o n i u m 
c i t r a t e , a n d a lka l i h y d r o x i d e s o r c a r b o n a t e s . E . E r l e n m e y e r , L . D e d e , R . F . W e i n -
l a n d a n d F . E n s g r a b e r , a n d A. Mil lot o b t a i n e d t h e s a m e octohydrate. A. Millot 
s a id t h a t t h e a n h y d r o u s sa l t is p r e p a r e d b y fus ing ferric ox ide w i t h a n excess of 
p h o s p h o r i c ac id , a n d r e m o v i n g t h e excess b y w a s h i n g . I f a h i g h t e m p , is e m p l o y e d , 
p a r t of t h e p r o d u c t b e c o m e s inso lub le in ac ids , b u t i t s c o m p o s i t i o n is t h e s a m e — 
vide infra, t h e d i h y d r o p h o s p h a t e . S. R . C a r t e r a n d N . H . H a r t s h o r n e obse rved t h e 
c o n d i t i o n s of e q u i l i b r i u m of t h e o c t o h y d r a t e , a n d a lso of t h e decahydrate, 
F e 2 O 3 . 2 P 2 O 5 . 1 0 H 2 O . 

K. Erlenmeyer added t h a t if a mol of hydra ted ferric oxide be dissolved in 14 mols of 
H 3 P O 4 as 48 per cent, phosphoric acid, and the product be t rea ted with 21 t imes i ts vol. of cold 
water , a greyish-yellow precipi tate is formed of the composition : 6Fo8O3 .7P8O6 .3H2O, and 
when this is t rea ted -with boiling water, 8Fe 2O 3 .9P 8O 6 .3H 8O is formed, whilst the filtrate, 
when boiled, furnishes 4Fe 2O 8 .5P 2O 5 .3H 2O. If alcohol be used instead of water, the white 
precipi tate has the composit ion: 8Fe 8 O 3 .HP 8 O 6 . 9H 8 O. C. F . Rammelsberg obtained the 
salt , 2Fe 8O 3 .3P 8O 6 .8H 2O, in cubic crystals from a sa t . soln. of the normal salt in phosphoric 
aicd ; and A. Millot, by adding water to the filtrate from Fe 3O 3 .2P 2O 5 .8H 2O, or by heating 
a soln. of ferric sulphate and ammonium dihydrophosphate . E . Erlenmeyer boiled iron 
wi th an excess of phosphoric acid, and obtained a pink powder of the composit ion: 
4Fe 3O 3 .7P 8O 6 .9H 8O ; and he also prepared 2Fe8O3 .5P2O5 .17H8O, and added t h a t a large 
number of compounds appear to exist between the di- and tr ior thophosphates . If it 
•would serve a n y useful purpose, the formulae can be arranged to make these products 
appear as mixed hydrophosphates . S. R . Carter and N". H . Har t shorne observed only 
three acidic ferric phosphates in their s tudy of t he system F e 8 O 3 - P 8 O 6 - H 2 O . 

I i . D e d e f o u n d t h a t t h e a d d i t i o n of p h o s p h o r i c ac id soln. t o a ferric ch lor ide 
so ln . r e s u l t s i n a cons ide rab l e i nc rease i n t h e s p . c o n d u c t i v i t y of t h e soln. ; t h e 
l a t t e r a l so inc reases r a p i d l y w i t h t h e f u r t h e r a d d i t i o n of t h e ac id soln. a n d r e a c h e s 
a c o n s t a n t v a l u e w h e n e q u i v a l e n t a m o u n t s of s a l t a n d ac id a r e m i x e d . T h i s i s 
a s s u m e d t o b e d u e t o t h e f o r m a t i o n of t h e c o m p l e x tr ichlorophosphatoferric ac id , 
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[Cl3Fe(PO4)]H3 . This complex acid could not be isolated ; t he same remark applies 
t o its salts. A further addition of the phosphoric acid soln., whilst having no 
appreciable effect on the conductivity, resulted in the replacement of t he three 
chlorine atoms of t h e complex by another phosphato-group, i.e. diphosphatoferric 
acid ; this was isolated and analyzed ; it corresponds with [Fe(PO4) 2]H3-f- 2^H 2O. 
The complex is very stable. 

According t o E . Erlenmeyer,6 when ferric oxide is dissolved in phosphoric acid 
unti l a precipitate begins to appear, and the soln. is then evaporated t o dryness, 
and the excess of phosphoric acid washed out with ether, the pink, crystalline 
powder is ferric dinydrophosphate, Fe(H 2 P0 4 ) 3 . When t reated with an excess 
of cold water it yields a yellow powder of the composition : 8 F e 2 0 3 . 9 F e 2 0 6 . 3 H 2 0 ; 
and with boiling water i t yields normal ferric phosphate . The acidic salt : 
Fe 2 O s . 3P 2 0 6 . 6H 2 0 , is equivalent to this salt ; whilst F e 2 0 3 . 2 P 2 0 6 . 8 H 2 0 , is equi­
valent t o 2Fe(OH)(H2PO4) .5H2O. Observations were made by R. F . Weinland 
and F . Ensgraber, and S. R. Carter and N. H . Hartshorne—vide Fig. 692 ; 
P . Hautefeuille and J . Margottet also prepared t h e salt in pale rose-coloured, 
rhombic plates. The dihydrate, Fe (H 2 P0 4 ) 3 . 2H 2 0 , was obtained by S. R. Carter 
and N. H. Hartshorne. 

J . W. Dobereiner 7 observed t h a t ferric phosphate forms a brown soln. with 
aq. ammonia ; and, according to L. J . Cohen, when a large excess of ammonium 
hydrophosphate is added to a strongly acidic soln. of ferric chloride, a white preci­
pi ta te of ammonium ferric phosphate, NH 4 H 2 PO 4 -FePO 4 , is produced. When 
the salt is repeatedly washed with water, i t is partially hydrolyzed, and a brownish-
yellow basic residue is formed. If alcohol be added to an ammoniacal soln. of the 
double salt, a brown gelatinous precipitate, 2(NH 4 ) 2 HP0 4 .3FeP0 4 .3Fe(OH) 3 , is 
produced. R. F . Weinland and F . Ensgraber prepared ferric amminopnosphate, 
[Fe(P0 4 ) 2 H 3 ] 3 NH 3 .7H 2 0, in pink, microscopic hexagonal plates, from a mixture of 
35 grms. of 85 per cent, phosphoric acid, 56 grms. of a soln. of ferric chloride (10 per 
pent . Fe), with a soln. of 53*5 grms. of ammonium chloride in 210 grms. of water, 
but allowing it t o s tand 6 months a t ordinary t emp. They also prepared the 
pyridine salt, Fe(P0 4 ) 2 H 3 .C 6 H 5 N. B y heating on a water-bath for a prolonged 
period, a soln. of hydra ted ferric oxide in phosphoric acid and sodium hydroxide, 
pale pink crystals of sodium ferric diorthophosphate, N a H 2 F e ( P 0 4 ) 2 . H 2 0 , are 
formed. This monohydrate gradually passes to t h e trihydrate in moist air. If a 
mixture of sodium chloride or phosphate and a soln. of hydra ted ferric oxide in 
phosphoric acid is heated on a water-bath for some t ime, a pale pink, crystalline 
powder of sodium ferric triorthophosphate, NaH 2 [Fe (P0 4 ) 3 ] .H 2 0 , is produced. 
I t is sparingly soluble in water. Tu. Ouvrard obtained by fusion the phosphate . 
3Na 2 0 .2Fe 2 0 3 . 3P 2 0 5 , which is decomposed by water ; and similarly the potassium 
ferric phosphate, 3K 20.2Fe 2O 3 .3P 2O 5 , which is not a t tacked by boiling water, 
and K 2 O.Fe 2 0 3 . 2P 2 0 5 , which is insoluble in water, and b u t slightly a t tacked by 
acids. 

A bright green mineral was observed by J . C. TJllmann 8 on the dufrenite a t 
Sayn, Westphalia, and he called it Ohalkosiderit, i.e. chalcosiderite. The same 
mineral was found on the andrewsite of the West Phoenix mine, Cornwall. The 
analysis corresponds with copper ferric oxyphosphate, C u 0 . 3 F e 2 0 3 . 2 P 2 0 5 . 8 H 2 0 . 
The colour is siskin-green, and the streak pale green. The individual crystals are 
small, with prismatic faces, and in sheaf-like aggregates. The triclinic crystals 
have the axial ratios a : b : c=0-7910 : 1 : 0-6051, and a = 9 2 ° 58% £ = 9 3 ° 29 f , and 
y = 1 0 7 ° 41 ' . The (Oll)-cleavage is easy ; the sp. gr. is 3-108 ; and the hardness, 
4-5. E . S. Larsen gave for the indices of refraction, c t= l -733 t o 1*775, £ = 1 - 8 4 0 , 
and y=1*844 to 1*845. Another Cornish mineral is closely related with chal­
cosiderite ; i t was called andrewsite by N. S. Maskelyne ; t h e composition approxi­
mates 5 F e 2 0 3 . P 2 0 6 . 5 H 2 0 , and i t has 10 to 11 per cent, of copper oxide. The 
bluish-green, globular masses have a radiated structure, a blackish-green s t r eak ; 
a sp. gr. of 3*475 ; and a hardness of 4. 
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A mineral from Leoben, Styria, was called by C. von Hauer ° delvauxene ; a 
specimen from Nenacovic, Bohemia, was described by E . Boricky, and called 
borickite by J . D. Dana. Analyses by C. von Hauer, and E . Boricky correspond 
witb calcium ferric oxyphosphate ; J . VaIa and R. Helmhacker gave the formula: 
2CaCSFe 2 O 8 ^P 2 O 6 - I eH 2 O. C. von Hauer found t h a t the freshly-obtained mineral, 
on exposure to a damp atmosphere, for : 

3 4 5 8 12 days 
Gain in w e i g h t . - 10-06 0-36 0 1 2 0-23 O-Ol per cent . 

When the mineral is dried over calcium chloride, it loses 8-14 per cent, in 2 days, 
and 8*88 per cent, in 3 days. Borickite is a reddish-brown mineral gel. I t occurs 
compact, or in reniform masses without cleavage ; the sp. gr. is 2-696 to 2*707 ; and 
the hardness between 3 and 4. E . S. Larsen gave 1*57 to 1*67 for the mean 
refractive index. Borickite is soluble in hydrochloric acid. 

J . R . B l u m 1 0 described a mineral occurring in nodules in the c lays of Bat tenberg , R h e n i s h 
Bavar ia . T h e mineral w a s called calcioferrite. T h e analys is corresponds -with a ca lc ium 
ferric o x y p h o s p h a t e , Ca 3 Fe 8 (PO 4 J 4 -Fe(OH) 8 -SH 8 O. T h e nodules or fol iated masses are 
sulphur-yel low, greenish-yel low, s iskin-yel low, or ye l lowish-white . T h e streak is sulphur-
ye l low. The crystal s y s t e m is t h o u g h t t o be monocl in ic . T h e c leavage is perfect or 
fol iated in one direct ion. T h e s p . gr. is 2-523 t o 2-529 ; and the hardness 2-5. 
A . Bre i thaupt 1X described a mineral from Schneeberg, S a x o n y , and Hirschberg, "West­
phal ia , a n d he cal led i t globosite. T h e analys is shows t h a t i t is a m a g n e s i u m calcium, ferric 
o x y p h o s p h a t e . I t occurs in •wasp-yellow or yel lowish-grey, globular concentrat ions . T h e 
8P- gr* i s 2-826 t o 2-827 ; and the hardness , 5-0 t o 5-5. I t is s lowly soluble in hydrochloric 
ac id . D . Guimaraes described a mineral of the wagneri te family , corresponding w i t h 
4R 8 'PO 4 . 9R 3 "(PO 4 )g , wh ich he cal led arrojadite. I t i s dark green, a n d monocl inic , w i th 
colourless t o l ight green p leoehroism. I t is b iaxia l ly negat ive , a n d h a s the refractive 
i n d e x y—1-70 , a n d y— a, —0-007- T h e hardness is greater t h a n 5. 

V . R . v o n Zepharovich i a obta ined a mineral from Cerhovic, B o h e m i a , a n d he called i t 
barrandite. Ana lyses reported b y V . R . v o n Zepharovich, E . V. Shannon , a n d A . Lacroix 
correspond w i t h aluminium ferric oxyphosphate, ( F e , A l ) 2 O s . P 2 O 6 . 4 H 2 O , or (A 1,Fe)PO 4 .2H 8 O, 
or, according to E . V. Shannon, H 8 F e ( P O 6 ) . H 8 O . Barrandite occurs in spheroidal con­
cretions w h i c h are indist inct ly radiated a n d fibrous ; t h e surface m a y bo angular, and the 
structure concentric . T h e colour is pa le bluish-, reddish-, greenish-, or yel lowish-grey ; 
a n d t h e streak greenish- to bluish -white . T h e s p . gr. is 2-576 ; the hardness , 4 -5— 
E . V . Shannon said 2. T h e m e a n i n d e x of refraction, g i v e n b y V. R . v o n Zepharovich, is 1-57 
t o 1-58—E. V. Shannon g a v e 1-650, a n d for the birefringence, 0-020 ; E . S. ! .arsen g a v e 0 0 2 
for t h e birefringence a n d 1-640 for t h e m e a n refractive index . I t is s lowly soluble in boil ing 
hydrochloric acid. F . B r a n d t described harborlte, 6 ( A l , F e ) a O a . 4 P 8 0 6 . 1 7 H 2 0 , as a mineral 
occurring near Maranhao, Brazil . T h e octahedral crystals have a sp . gr. of 2-781 to 2*798 ; 
hardness of 5-O t o 5-5 ; a n d index of refraction, be tween 1 • 602 and 1-618. H . L a u b m a n u and 
H . S te inmetz , 1 3 and F . Sellner described a ferric a lumin ium phosphate a t Jtreuzberg, a n d 
Klonigswart, a n d i t w a s n a m e d kreuzbergite, ( A l , F e ) 2 O s . P 2 0 5 . w H a O . According t o 
H . L a u b m a n n a n d H . S te inmetz , kreuzbergite occurs in rhombic crysta ls -with a : b : c 
=-= O-3938 : 1 : 0 -5261—F. Sellner g a v e 0-42234 : 1 : 0-56194—its refractive i n d e x is 1-62 ; 
i t s birefringence 0-02 t o 0-025 ; i t s s p . gr. 2-135. There is also alumochalcosiderite, 
C u A l 8 F e 4 ( P 0 4 ) 4 ( O H ) 8 . 5 H 8 0 , from Shenckenstein, described by A. Jahn and E. Gruner. 

A brownish-red, amorphous mineral from Fouchere , Franco, w a s described b y 
A . Lacro ix 14 a n d called fOUCherlte vide p ic i te . I t s hardness is a b o u t 3*5 ; a n d it is easi ly 
so luble in hydrochloric ac id . T h e analys is corresponds wi th a calcium aluminium ferric 
oxyphosphate, C a 3 ( F e , A l ) 4 ( P 0 4 ) a . 8 ( F e , A l ) ( 0 H ) 3 . 2 2 H 8 0 . 

H . B e r m a n a n d F . A . Gonyer " described a mineral Uindettite, 3Fo 8 O 3 . 20MnO.8P 8 O 8 . 
2 7 H 8 O , vide manganese phosphates , 12. 64 , 26 . E . S. S impson described a white , hydrated 
potas s ium aluminium ferric phosphate , K 8 ( F e , A l ) 7 ( O H ) 1 1 ( P 0 4 ) 4 . 6 H 8 0 , which he called 
leUCOphOSphate. I t is birefringent, a n d h a s a s p . gr. 2-30 to 2-65 ; i t is insoluble in water , 
b u t soluble in cone , hydrochloric ac id . 

F o r t h e rnanganous ferric phosphates, vide manganese phosphate , 12. 64, 26. 

W. T. Schaller i« reported a hydrated manganous ferric phosphate, 
2MnO.Fe 2 0 3 .4P 2 0 6 .14H 2 0, to occur as a buff-coloured mineral a t PaIa, California. 
He called i t salmonsite—after F . A. Salmon. I t occurs in cleavable, fibrous masses 
of sp. gr. 2*85, and refractive indices a = l * 6 5 5 , £=1*660, a n d y = l * 6 6 5 ' The optical 
axial angle 2 V is very large. The pleoehroism is a.=colourless, /3 yellow, y orange-
yellow. B . S. Larsen gave the refractive indices a = 1*655, / J = 1*66, and y=1*670. 
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W . T . Scha l le r found , a t P a I a California, m a s s e s of a d a r k b r o w n m i n e r a l -which h e 
ca l led s ickler i te—after t h e Sickler f ami ly of P a I a . I t s c o m p o s i t i o n c o r r e s p o n d s 
with a lithium manganous ferric phosphate, 6Mn0.3(Li,H)2O.Fe203.4P205.H20. 
T h e m i n e r a l w a s t a k e n t o b e r h o m b i c ; t h e sp . gr . is 3*0 ; t h e ind ices of r e f rac t ion 
a . = l - 7 1 5 , / 3 = l - 7 3 5 , a n d y — 1 - 7 4 5 . T h e op t i ca l c h a r a c t e r is n e g a t i v e , a n d t h e 
p l eochro i sm r a n g e s f r o m ye l low t o o range- red . E . S. L a r s e n g a v e for t h e ind ices 
of a v a r i e t y f rom U t a h , co—1*743 a n d e = l * 8 3 0 . 

S. Lu Penf ie ld desc r ibed a mine ra l f rom Graf ton , N e w H a m p s h i r e , a n d h e ca l led 
i t graftoni te . I t s compos i t i on a p p r o x i m a t e s (Fe ,Mn ,Ca) 3 (P04) 2 . I t fu rn ishes 
i n d i s t i n c t monoc l in i c c rys t a l s w i t h l ame l l a r i n t e r g r o w t h s of d a r k e r - c o l o u r e d 
t r i p h y l i t e . T h e co lour is pa le s a l m o n - p i n k w h e n fresh, b u t t h i s b e c o m e s d a r k e r on 
e x p o s u r e t o a i r . Gra f ton i t e is r e l a t ed t o he te ros i t e—v ide 1 2 . 64, 27 . W . T . Scha l l e r 
p r o p o s e d t o rese rve t h e t e r m he t e ros i t e for ferr ic p h o s p h a t e a n d r e t a i n p u r p u r i t e 
for m a n g a n i c p h o s p h a t e ; b u t t h i s sugges t ion h a s n o t b e e n a d o p t e d . T h e ax i a l 
r a t i o s a : b : c = 0 - 8 8 6 : 1 : 0-582, a n d £ = 6 6 ° . T h e s p . gr . is 3-672, a n d t h e h a r d n e s s , 
5 . H . B e r m a n g a v e for t h e ind ices of re f rac t ion a . = 1 -704, / 3 = 1 - 7 0 6 , a n d y = 1-725. 
T h e op t ica l c h a r a c t e r is pos i t ive , t h e op t i c ax i a l ang l e 2 1 ^ = 5 0 ° ; a n d t h e d i spe r s ion 
is fair ly s t rong . T h e m i n e r a l r ead i ly dissolves in h y d r o c h l o r i c ac id . 

G. Cesaro a n d G. D e s p r e z 1 7 desc r ibed a m i n e r a l f rom Riche l l e , B e l g i u m , w h i c h 
t h e y called r ichel l i te . T h e ana ly s i s c o r r e s p o n d s w i t h c a l c i u m ferric fluophosphate, 
a l t h o u g h G. Cesaro g a v e 8 F e ( P 0 4 ) . F e 2 0 F 2 . ( 0 H ) 2 . 3 6 H 2 0 for t h e fo rmula . T h e r e 
waB also p r e sen t 5*76 t o 7-19 p e r c e n t , of ca l c ium ox ide . I t is ye l low, a n d m a s s i v e , 
c o m p a c t , or fol ia ted. T h e s p . gr . is 2*0, a n d t h e h a r d n e s s 2 t o 3 . I t is r e a d i l y 
soluble in ac ids . 

A. B r e i t h a u p t 1 8 desc r ibed a ye l low or ye l lowi sh -b rown m i n e r a l f rom t h e a l u m 
shales of Gra fen tha l , a n d Saafe ld , T h u r i n g i a , w h i c h w a s ca l led d iadochi te—from 
StctSo^os", a successor , a l lud ing t o t h e h y p o t h e s i s t h a t i t is a n i r on s in t e r w h e r e 
p h o s p h o r u s h a s r e p l a c e d t h e a r sen ic . A r e l a t e d m i n e r a l f rom A r g e n t e a u , B e l g i u m , 
w a s cal led b y H . F o r i r a n d A. Jo r i s s en , destinezite—after M. D e s t i n e z . T h e 
ana lyses r e p o r t e d b y C. F . R a m m e l s b e r g , a n d A. C a r n o t , c o r r e s p o n d w i t h ferric 
su lphatophosphate , 7 F e 2 0 3 . 6 S 0 3 . 3 P 2 0 5 . 1 2 H 2 0 ; a n d G. Cesaro g a v e for des t inez i t e , 
2 F e 2 O 3 . 2 S O 3 . P 2 O 5 . 1 2 H 2 O . T h e m i n e r a l occur s i n r en i fo rm o r s t a l a c t i t i c masse s 
w i t h a cu rved , l ame l l a r s t r u c t u r e ; or else i n microscopic , s ix-s ided p l a t e s be long ing 
t o t h e monocl in ic s y s t e m . T h e co lour is ye l low or ye l lowish-brown. T h e sp . gr . is 
2-035 t o 2-22O ; a n d t h e h a r d n e s s , 3 . I t is so luble in h y d r o c h l o r i c ac id . F . Ul r ich 
g a v e 1-815 t o 1-999 for t h e s p . gr . , 2-5 for t h e h a r d n e s s , a n d 1-706 for t h e i n d e x of 
re f rac t ion for Na- l igh t . 

There is a mineral cal led corkite b y M. A d a m , 1 9 s ince i t c a m e from t h e Glenoore m i n e , 
Cork, in Ireland ; dernbachite, s ince i t c a m e from Dernbach in N a s s a u ; a n d t h e n a m e 
bexidantite, was applied b y A . L e v y t o t h e mineral from Horhausen . T h e ana lyses of 
F\ Sandborger, C. "F. Rammelsberg , and J . P e r c y correspond a p p r o x i m a t e l y w i t h t h e 
doubtful formula : P b S O 4 . F e P O 4 . 2 F e ( O H ) 3 . T h e colour is dark ol ive-green, ye l lowish-
green, black, or brown. T h e crystals are usual ly o p a q u e , s e l d o m transparent ; t h e y are 
usual ly acute rhornbohedra, somet imes square rhombohedra . T h e crysta ls be long t o t h e 
rhombohedral s y s t e m , and , according to H . Dauber , h a v e t h e ax ia l rat io a : c = l : 1-1842. 
T h e (0OO1)-cleavage is easy ; t h e sp . gr. 4-0 t o 4-3 ; a n d t h e hardness 3-5 t o 4-5. 
K. S. Lareen g a v e for the m e a n refractive index 1-930. T h e opt ical character is negat ive . 

A. S c h w a r z e n b e r g 20 o b t a i n e d ferric pyrophosphate , F e 4 ( P 2 0 7 ) 8 , b y t r e a t i n g a 
soln . of ferr ic ch lo r ide w i t h o r d i n a r y s o d i u m p h o s p h a t e , if s o d i u m p y r o p h o s p h a t e 
is e m p l o y e d , n o r m a l ferric p h o s p h a t e is p r o d u c e d , a l t h o u g h W . E . R i d e n o u r r e p o r t e d 
t h a t ferric p y r o p h o s p h a t e c a n be so p r e p a r e d . Acco rd ing t o A . S c h w a r z e n b e r g , 
ferric p y r o p h o s p h a t e is a so luble p o w d e r w i t h a ye l low t i n g e w h i c h d e e p e n s a t 100°, 
b u t b e c o m e s p a l e r a g a i n on cool ing. JL. A. WeIo f o u n d t h e m a g n e t i c suscep t ib i l i t y 
t o be 2 0 7 X 10~ 6 m a s s u n i t . A c c o r d i n g t o A. S c h w a r z e n b e r g , ferr ic p y r o p h o s p h a t e 
is soluble in ac ids , i n a soln . of s o d i u m p h o s p h a t e , of ferr ic ch lor ide , of 
a m m o n i u m c a r b o n a t e , of a m m o n i u m c i t r a t e , a n d in a q . a m m o n i a ; b u t i t i s 
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inso lub le in cold h y d r o c h l o r i c ac id , ace t ic acid , s u l p h u r o u s ac id , a n d in soln. 
of a m m o n i u m ch lo r ide . I f t h e s a l t b e d issolved in h o t h y d r o c h l o r i c ac id , 
a n d t h e soln . t r e a t e d -with a m m o n i a , a p r e c i p i t a t e of a soluble fo rm of t h e p y r o ­
p h o s p h a t e is o b t a i n e d w h i c h is so luble in ac ids . J . H . G l a d s t o n e also p r e p a r e d 
t h e inso lub le f o r m of t h e p y r o p h o s p h a t e ; a n d H . T i m p e , a col loidal soln . w i t h 
a lka l i c a r b o n a t e a s p e p t i z i n g a g e n t . H . N . H o l m e s a n d R . E . R ind fusz also o b t a i n e d 
a r e d col loidal so ln . w i t h a m m o n i u m a s p e p t i z i n g a g e n t . E . Ol ive r i -Manda la f o u n d 
t h a t ferr ic p y r o p h o s p h a t e a t 3 0 ° — a n h y d r o u s a n d e n n e a h y d r a t e d — d i s s o l v e s in 
N a 4 P 2 O 7 i n t h e fixed r a t i o , N a 4 P 2 O 7 : F e 4 ( P 2 0 7 ) 3 = 3 : 1. E x p r e s s i n g c o n c e n t r a ­
t i o n s in mols p e r l i t re , a t 30*4° : 

N a 4 P 2 O 7 . . . . 0 1 4 0-20 0-26 C-32 0-38 
1?« /T> r» \i A n h y d r o u s 0 0 4 7 0-068 0 0 8 8 0 1 0 8 0 1 2 4 
^e4^x , U 7 ; J E n n e a h y d r a t e . 0-050 0-072 O 0 9 4 O l 14 0-134 

P . P a s c a l f o u n d for t h e so lub i l i ty of ferr ic p y r o p h o s p h a t e in a q . a m m o n i a a t 0° , 
w h e n t h e c o n c e n t r a t i o n s a re expres sed p e r 100 g r m s . of s a t . soln. : 

N H 8 . . 0-884 1-59 3-71 4-72 5-92 8-26 10-55 1 5 9 6 18-83 
F e 4 ( P a 0 7 ) 3 . 5-606 9-75 14-85 15-94 14-71 13-89 7-4O 2-52 0-445 
E . C. F r a n k l i n a n d C. A . K r a u s f o u n d t h a t t h e p y r o p h o s p h a t e is inso luble in l iquid 
a m m o n i a ; a n d W . H . K r u g a n d K . P . M c E l r o y , t h a t i t is inso lub le i n a c e t o n e . 
E . O l ive r i -Manda l a f o u n d t h a t t h e so lub i l i ty of ferr ic p y r o p h o s p h a t e in a q . soln. 
of s o d i u m c i t r a t e , a t 28° , w h e n t h e c o n c e n t r a t i o n s a r e exp re s sed in mols p e r l i t re , 
is a s follows : 

N a citrate . . . O-20O4 0-3951 0-4760 0-5289 0-6355 
Jb1e4(Pa07)3 . . . O-1712 0-3160 0-3704 0-4037 0-4572 

T . F l e i t m a n n a n d W . H e n n e b e r g , C. N . P a h l , P . P a s c a l , J . Pe r soz , and H . R o s e 
n o t e d t h a t t h e fresh p r e c i p i t a t e is so luble i n a n excess of t h e p r e c i p i t a n t , owing t o 
t h e f o r m a t i o n of a s o d i u m ferric sa l t . E . O l ive r i -Manda la sa id t h a t a t 30*3°, t h e 
so lub i l i t y of ferr ic p y r o p h o s p h a t e , £ mol s p e r l i t r e of t h e s a t . soln. , in a soln. of 
s o d i u m p y r o p h o s p h a t e , is a s follows : 

N a 4 P 8 O 7 . . 0-1895 0-2106 0-2835 0-3938 inol por litre 
S . . . . 0-0676 0 0 7 4 1 0 0 9 9 0 0 1 3 6 5 

H . A . S p o e h r a n d J . H . C. S m i t h , a n d E . F . D e g e r i n g a n d co -worke r s s t u d i e d t h e 
c a t a l y t i c o x i d a t i o n of c a r b o h y d r a t e s a n d r e l a t e d c o m p o u n d s , a n d E . J . T h e r i a u l t 
a n d co -worke r s , t h a t of g lucose , b y ferr ic p y r o p h o s p h a t e . I f ferric p y r o p h o s p h a t e 
be h e a t e d w i t h t w o - t h i r d s i t s w e i g h t of s y r u p y p h o s p h o r i c ac id a n d a c e t o n e for 
12 h r s . a t 50° , P . P a s c a l , a n d R . F . W e i n l a n d a n d F . E n s g r a b e r o b s e r v e d t h a t 
f e r r i c hydropyrophosphate , H 6 [ F e 2 ( P 2 0 7 ) 3 ] . 7 H 2 0 , is f o r m e d . P . H a u t e f e u i l l e a n d 
J . M a r g o t t e t sa id t h a t t h e hydrate, F e 2 ( H 2 P 2 0 7 ) 3 . H 2 0 , or F e 2 0 3 . 3 P 2 0 5 . 4 H 2 0 , is 
f o r m e d b y r a p i d l y h e a t i n g t o 150° t o 200° a soln . of p h o s p h o r i c ac id s a t u r a t e d w i t h 
ferr ic h y d r o x i d e — a b o u t 15 p e r c e n t . F e ( O H ) 3 is r e q u i r e d . T h e p a l e rose-red 
c r y s t a l s a r e r e c t a n g u l a r , l u s t r o u s , d o u b l y - r e f r a c t i n g p l a t e s w h i c h c a n be freed 
f rom a d h e r e n t p h o s p h o r i c ac id b y w a s h i n g . 

A c c o r d i n g t o P . P a s c a l , t h e so lub i l i ty of ferr ic p y r o p h o s p h a t e in a soln. of 
s o d i u m p y r o p h o s p h a t e is d u e t o t h e f o r m a t i o n of a c o m p l e x sa l t , s o d i u m f e r r i c 
pyrophosphate , 3 N a 4 P 2 0 7 . F e 4 ( P 2 0 7 ) 3 . 9 H 2 0 , o r N a 6 F e 2 ( P 2 0 7 ) 3 . 9 H 2 0 , a n d h e 
s u g g e s t e d t h a t t h e s a l t s s h o u l d b e ca l l ed ferripyrophosphates, a n a l o g o u s t o t h e ferri-
c y a n i d e s . T h e enneahydrate, N a 6 F e 2 ( P 2 0 7 ) 3 . 9 H 2 0 , is s lowly d e p o s i t e d f rom a 
15 p e r c e n t . so ln . of s o d i u m p y r o p h o s p h a t e s a t . w i t h ferric p y r o p h o s p h a t e a t 30° . 
T h e s a l t a p p e a r s a s a p a l e v io le t , m i c r o c r y s t a l l i n e p o w d e r . 

S. F r e e d a n d C. K a s p e r d i scussed t h e c o m p l e x ion [ F e 2 ( P 2 O 7 ) S ] " ' ' " , A. R o s e n h e i m 
a n d T . T r i a n t a p h y l l i d e s o b t a i n e d P . P a s c a l ' s sa l t , N a 6 F e 2 ( P 2 0 7 ) 3 . 9 H 2 0 , a s well a s a 
p a l e g r e y sa l t , N a 8 F e 4 ( P 2 O 7 ) 5 . 2 8 H 2 0 , c o r r e s p o n d i n g w i t h t h e sa l t desc r ibed be low. 
C. N . P a h l a lso p r e p a r e d t h e l a s t - n a m e d sa l t , a s well a s 5 N a 4 P 2 0 7 . F e 4 ( P 2 0 7 ) 3 . 7 H 2 0 . 
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A. Rosenheim obtained Na 8 [Fe (OH) 2 P 2 O 7 ] ^H 2 O; E. Oliveri-Mandala showed 
t h a t C. N . PahTs formula for t he last-named salt is w r o n g ; i t should be 
3Na 4 P 2 0 7 .Fe 4 (P 2 0 7 ) s . 14H 2 0 . I t is best prepared by saturat ing a soln. of sodium 
pyrophosphate with moist ferric pyrophosphate, by mechanical agitation ; the 
dissolution of the calculated amount of sodium pyrophosphate in a soln. of ferric 
chloride of sp. gr. 1-280 to 1-282, followed by the precipitation of the double salt 
by alcohol gives a product contaminated with sodium chloride, and in the 
presence of sodium chloride the solubility determinations are too low. Ferric 
pyrophosphate dissolves in soln. of sodium pyrophosphate always in the proportion 
Fe 4 (P 2 0 7 ) 3 . 3Na 4 P 2 0 7 , independently of the concentration of the soln. Thus, 
expressing concentrations in mols per litre, aq. soln. of sodium citrate containing 
0-3456, 0-4760, and 0-5374 mols of sodium citrate per litre, a t 26-5°, dissolve respec­
tively 0-0186, 0-0249, and 0-0269 mols of 3Na 4 P 2 0 7 .Fe 4 (P 2 0 7 ) 3 per litre ; and with 
soln. of sodium chloride : 

NaCl . . . . OO O-01 O-02 O-03 0 0 4 0-05 0-06 
Tvr v /i» r* \ J ;K>° • • O-OIOO 0-0077 0-0053 O-0037 O-0028 0-0023 0 0 0 2 0 
i \a , a t<e 4 ( i 2 iJ7>6 | rj0.5> # . O-062 0-039 0-023 0-015 O-Oll 0-009 0-009 

According to S. M. Jorgensen, when a mixture of microcosmic salt and ferric 
oxide is melted in a pla t inum dish over a Bunsen flame, and- the resulting brown 
glass is treated with dil. hydrochloric acid to wash out the sodium phosphate, a 
bluish, x>early, crystalline mass of sodium ferric pyrophosphate, NaFeP 2 O 7 , is 
formed in rhombic plates, and in prisms terminated by acute pyramids. The salt 
is decomposed by fusion with sodium carbonate ; by boiling, cone, sulphuric acid ; 
whilst cone, hydrochloric or nitric acids have scarcely any action on the salt. 

T. Fleitmann and W. Henneberg prepared sodium ferric pyrophosphate by 
boiling ferric pyrophosphate in excess -with a soln. of sodium pyrophosphate, 
and precipitation with alcohol. W. H. Milck used an analogous process. 
Analyses of the salt were made by T. Flei tmann and W. Henneberg, 
J . H. Gladstone, J . Persoz, and W. H. Milck. The best representative value is : 
2Na4P2O7 .Fe4(P2O7)3 .14H20. The salt obtained by precipitation is colourless and 
easily soluble. The soln. can be evaporated to a syrupy consistency without 
becoming turbid, bu t it is thereby partially decomposed. A. Naumann observed 
tha t the complex salt is insoluble in acetone. According t o W. H. Milck, no 
turbidity or discoloration appears if the aq. soln. be left to evaporate spontaneously 
for a month. When t reated with hydrogen sulphide, the soln. becomes brown, 
and deposits sulphur ; with ammonium sulphide, a green colour develops. Sodium 
chloride precipitates the salt from its soln. ; ferric chloride precipitates ferric 
pyrophosphate ; acids precipitate white ferric phosphate ; potassium thiocyanate 
gives a white jelly soluble in excess. M. Rieckher said t h a t the soln. is not precipi­
ta ted by ammonium carbonate, alkali hydrocarbonates, potassium thiocyanate, 
sodium phosphate, or alkali acetates or succinates ; freshly-precipitated barium 
carbonate does not precipitate ferric oxide. The soln. is not reduced by metallic 
iron, bu t it is by stannous chloride -which also produces a white precipitate. 
W. H . Milck added t h a t with ammonia, the soln. acquires a reddish colour, and if 
the boiling soln. be then evaporated, a red precipitate appears, which is soluble in 
ammonia, and on adding alcohol to the soln., a triple salt is deposited.. 

S. Frommer and W. Handler prepared sodium ferric hydroxypyrophosphate, 
Na[Fe(OH)(P 2 0 7 ) ] .nH 2 0, as a pentahydrate, and hentitrihydrate; also sodium 
ferric dihydroxypyrophosphate, Na 3 [Fe(0H) 2 (P 2 0 7 ) ] .4H 2 0, bu t no t the potassium 
and ammonium salts. They also prepared sodium ferric pyrophosphate, 
N a 2 [ F e ( P 2 O 7 ) I ^ H 2 O , and ammonium ferric pyrophosphate, (NH4)Fe(P2O7) . 
2H 2 O. P . Pascal emphasized the masking of the iron in sodium ferric pyrophos­
phate so t h a t the soln. is simply coloured reddish-yellow when ammonia is added. 
When ammonia, of sp. gr. 0-880, is added to a soln. obtained by mixing 15 per cent, 
soln. of ferric chloride and sodium pyrophosphate, the liquid is coloured red, and 
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there are produced (i) a crystalline precipitate equal to one-third of the sodium 
pyrophosphate used ; (ii) a layer of red clots surmounted by one of yellow clots 
a t the junction where the two liquids initially separate ; and (iii) long, silky, felted 
needles in the upper pa r t of the liquid. All three products are sodium ferric 
amminopyrophosphates in which the iron is masked in the presence of the 
usual reagents for the detection of ferric salts. The ammines are not 
well-defined. P . Pascal observed t h a t when the soln. of the sodium salt, 
Na6Fe2(PaO?) 3-9H2O, is t reated with a soln. of a copper salt, greenish-blue copper 
ferric pyrophosphate, Cu3Fe2(P2O7)S. 12H2O, a n d with a soln. of a silver salt, 
greenish-yellow silver ferric pyrophosphate, Ag 6 Fe 2 (P 2 0 7 ) 3 .4H 2 0, are formed. 

The acidic salt, F e 2 0 8 . 3 P 2 0 6 , prepared by P . Hautefeuille and J . Margottet, 
can be regarded not only as the dihydrophosphate, bu t also as ferric trimeta-
phosphate, Fe(PO s ) 8 ; the other two hydrates become respectively the trihy-
drate, Fe (P0 8 ) 3 . 3H 2 0 , and the dihydrate, Fe (P0 3 ) 3 . 2H 2 0 . R. Maddrell 21 first 
prepared the salt by adding ferric chloride t o an excess of a dil. soln. of 
metaphosphoric acid, concentrating the liquid, and heating the residue to 
315°. P . Hautefeuille and J . Margottet obtained it from a sat. soln. of 
ferric oxide or phosphate in metaphosphoric ac id ; and K. R. Johnson, 
from a soln. of anhydrous ferric sulphate in t h a t acid when the mixture is 
heated until crystallization sets in. The salt has a sp. gr. 3-02. I t is insoluble 
in water, and dil. acids, but soluble in cone, sulphuric acid. P . Pascal found t ha t 
sodium ferric metaphosphate, Na3Fe(PO3)6 , can be prepared from a soln. of sodium 
and ferric metaphosphates. P . Hautefeuille and J . Margottet obtained silver ferric 
metaphosphate, 2Ag20.2Fe2O3 .5P2O5 , in high refractive, rose-coloured prisms, 
from a fused mixture of silver phosphate and ferric metaphosphate. S. Freed and 
C Kasper discussed the complex ion, [Fe(POg)6] '". 

A. Glatzel obtained ferric tetrametaphosphate by melting a ferrous or a ferric 
salt with a small excess of phosphoric acid, and slowly cooling the product. The 
violet crystals are insoluble in water, and hydrochloric or nitric acid ; they are 
par t ly decomposed by sulphuric acid. H. Liiidert reported t h a t ferric hexameta-
phosphate is not produced when sodium hexametaphosphate is t reated with ferric 
chloride. 

M. Stange 2 2 was unable to prepare sodium ferric triphosphate, analogous with 
the corresponding ferrous salt, Na 3 FeP 3 O 1 0 . H ^ H 2 O . 
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CHAPTER LXVI l 

COBALT 

§ 1. The History of Cobalt 

T H E terms kobalt, kobold, Jcobald, kobelt, kobolt, cobel, cobelt, cobalt, etc., appear in 
the mining and mineralogical l i terature of the sixteenth century. CT. Agricola,1 

in 1530, first used the te rm kobelt for a mineral, although, according to V. Ducange, 
the te rm was employed in 1335, in some chronicles of Leoben, for the gnomes living 
in the mines. Kobold is the German word for gnomes and goblins, and i t is applied 
by the miners to the ore par t ly on account of the worthlessness of the ore, and 
part ly on account of its mischievous effects on their own health owing to the arsenic 
also present in the ore. The suffering was a t t r ibuted to the work of malevolent 
gnomes. Later, the t e rm was extended to include the disagreeable ore. Thus, 
C. Encelius, in 1551, said t h a t the name was used for a pyrit ic ore, and also for a 
metal . Similarly with G. Dorneus, M. Ruland, J . K. G. Jacobsen, D . I . Walchin, 
and W. Johnson. J . Mathesius, in 1562, in a series of mining sermons, wrote : 

Sometimes, however, from dry, hard, veins a certain black, greenish, grey or ash-coloured 
earth is dug out often containing good ore, and this mineral being burnt gives strong fumes 
and is extracted like " tutty." I t is called cadmia fossilis. You miners call it cobelt. 
Germans call it the Black Devil and the old Devil's furies, old and black cobel, -who injure 
people and their cattle -with their -witchcrafts. Now the Devil is a wicked, malicious 
spirit, who shoots his poisoned darts into the hearts of men, as sorcerers and witches shoot 
at the limbs of cattle and men, and work much evil and mischief with cobalt or hipomane 
or horses' poison. After quicksilver and rotgUltigen ore, are cobalt and iviemuth fumes ; 
these are the most poisonous of the metals, and with them one can kill flies, mice, cattle, 
birds, and men. So, fresh cobalt and kisswaeser [vitriol] devour the hands and feet of 
miners, and the dust and fumes of cobalt kill many mining people and workpeople who do 
much work among the fumes of the smelters. Whether or not the Devil and his hellish 
crew gave their name to cobelt, or kobelt, nevertheless, cobelt is a poisonous and injurious 
metal even if it contains silver. 1 find in 1 Kings 9, the word Cabul. When Solomon 
presented twenty towns in Galilee to the King of Tyre, Hiram visited them first, and would 
not have them, and said the land was well named Cabul as Joshua had christened it. It is 
certain from Joshua that these twenty towns lay in the Kingdom of Aser, not far from our 
Sarepta, and that there had been iron and copper mines there, as Moses says in another 
place. Inasmuch, then, as these twenty places were mining towns, and cobelt is a metal, 
it appears quite likely that the mineral took its name from the land of Cabul. History 
and circumstances bear out the theory that Hiram was an excellent and experienced miner, 
who obtained much gold from Ophir, with which he honoured Solomon. Therefore, the 
Great King wished to show his gratitude to his good neighbour by bestowing on him a 
number of mining towns. But because the King of Tyre was skilled in mines, he first 
inspected the new mines, and saw that they only produced poor metal and much wild 
cobelt ore, therefore he preferred to find his gold by digging the gold and silver in India, 
rather than by getting it by the cobelt veins and ore. !For truly, cobelt ores are injurious, 
and are usually so embedded in other ores that they rob them in the fire and consume 
(madtet und friet) much lead before the silver is extracted, and when this happens it is 
especially epeyeig. Therefore Hiram made a good reckoning as to the mines and would 
not undertake all the expense of working and smelting, and so returned Solomon the twenty 
towns. 

I n 1783, J . C. Adelung said t h a t the metallurgists applied the term cobalt to ores 
—called false ores—which gave no metal when smelted ; and in 1773, J . G. Kruni tz 
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added t h a t the miners applied the te rm kobalt or hoholt to all ear ths they did not 
know, and t h a t later, the term was applied to earths which coloured glass blue. 

The term cobalt or Jcobold is said to be derived from the Greek KojSaXvs, a mine. 
M. Berthelot suggested t h a t the word is of Grecian or Egypt ian origin ; and 
E . Merck derived i t from the Slavonic kowalti, metallic. W. W. Skeat, and 
J . Berenedes, thought t ha t the word might have come from the Greek KofZaXos, a 
parasite, because the cobalt is usually associated with nickel ; bu t this cannot be 
right, since nickel was not discovered until three centuries after the word cobalt 
had been in use. I t is more probable tha t the word is of Germanic origin, and has 
nothing to do with Lat in or Greek. The te rm kobold, a t first employed locally by 
the miners in the Harz or Erzgebirge, became common German, and then passed 
into all the European languages—vide nickel. 

According to L. Franchet, cobaltiferous ear th was used by the Egypt ians for 
colouring certain statuettes blue. The inscriptions of these figures show t h a t they 
belonged to the 22nd Dynasty-—about 300O years ago. According to H . V. HiI-
precht, and E. Darmstaedter, cobalt was also used for decorating pot te ry by the 
early Persians, Babylonians, Assyrians, Arabians, and the Chinese. According to 
B. Neumann, the ancient glasses and the glazes and bodies of m a n y of t he early 
Egyptian figures are coloured with copper—6. 40, 25—but, according to L. Franchet , 
a bluish-black cobalt colour was also employed. B . Neumann said t h a t the 
glazes on the Alexandrian, Roman, and Byzantine ware which he examined owe 
their blue colour to copper, and not cobalt. 

J . F . Gmelin, H . D. Richmond and H. OfE, and M. H. Klaproth could not detect 
the presence of cobalt in antique glasses, bu t H . Davy, J . J . Ferber, J . B . J . Fourier, 
and X. Landerer found samples of cobaltiferous blue glass in the ruins of Pompeii, 
etc. ; and B. Neumann observed cobalt in some ancient Venetian glasses. 

The early alchemists prepared the cobalt pigment by roasting the na tura l 
mineral so as to eliminate sulphur and arsenic, and they called the product safre. 
This is not to be confounded with azur, which Pliny, in his Historia naturalis (33. 
517), tells us was a blue enamel obtained by fusing cupriferous minerals with a flux. 
Later the te rm azur was also applied to a blue derived from cobalt as well as from 
copper, for P . J . Macquer said in 1789 : 

T h e v i t r e o u s g lass o b t a i n e d b y fus ing a cobal t o r e w i t h a flux is cal led smaUh w h e n i t 
is en masse, a n d in c o m m e r c e i t t a k e s t h e n a m e azur w h e n i t h a s b e e n r e d u c e d en yyotidre. 

C. Piccolpassi used roasted cobalt ore for decorating pot te ry about 1548, and he 
said t ha t the safre which comes from "Venice, gives a brownish-violet colour. 
C. Piccolpassi also applied the te rm bleu azur generally to cobalt blues. I n the 
hrs t half of the sixteenth century, some special ear ths were employed for colouring 
glass blue. They were prepared by mixing roasted cobalt ea r th with sand, and 
different names—sapphire, zaphara, zaphera, zapher, zaffre, saffra, saffior, and 
saffran—were applied to the preparations by H . Cardanus, A. Csesalpinus, 
J . B . Por ta , and A. Libavius. Clear directions were given by J . von !Kunckel, in 
1679, for the preparation of zaffre by heating the roasted mineral mixed with sand, 
and of smalt, by fusing the mineral with sand. The history of the subject "was 
discussed by J . C. Scaliger, C. Melzer, A. Neri, C. Merret, J . von Kunckel, W. Bruch-
muller, H . Kopp, F . Kapff, and B . Neumann. 

I n 154O, V. Biringucci mentioned the use of zaffera as a mineral which does no t 
melt alone, bu t which, when mixed with vitrefiable substances, melts to form a n 
azure-blue pigment for staining glass, or pot tery glazes, blue. He did not connect 
zaffera with the ores then called cobalt. G. Agricola referred to cobalt-blue, b u t 
he also missed the relation between cobalt ore and zaffre, for he considered t h a t t he 
zaffre came from the bismuth ore. This belief was based on the fact t h a t the cobalt 
ore of !Erzgebirge occurs in in t imate association with bismuth ore. G. Agricola 
also said t h a t ** the slag of bismuth, mixed with metalliferous substances, which 
when melted make a kind of glass, which t in t glass and earthenware glazes b l u e / ' 
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G. Agricola, a n d others indicated above , indeed, were m u c h confused as t o the 
zinc, cobalt , and arsenic minerals, so t h a t cadmia and cobalt were considered t o be 
similar things . 

I n t h e s ix teenth or s eventeenth century , Basi l Valent ine 2 included cobalt in 
a l ist of metal l ic ores ; and in the s ix teenth century , Paracelsus s tated t h a t a meta l 
is produced from cobalt " which i s fluid l ike zinc, w i th a peculiar black colour, 
beyond t h a t of lead a n d iron, a n d possessing n o brightness or metall ic lustre. 
I t i s capable of being wrought , a n d is malleable , but n o t t o such an e x t e n t as t o fit 
i t for practical use ." There is , however , noth ing here t o show tha t Paracelsus 
referred t o the meta l n o w understood b y cobalt . 

I n 1742, G. B r a n d t 3 showed t h a t t h e blue colour of smal t is due to the presence 
of cobalt , which he regarded as a demi-metal . H e obta ined a regulus of cobalt , 
which he called cobalt rex, b y reducing the ore, and observed t h a t i t has a grey 
colour w i t h a rosy t inge , and t h a t i t m a y be lamellar, granular, or fibrous according 
t o the t e m p , employed in reducing the metal . !Like iron, too , t h e meta l is magnet ic . 
G. Brandt showed t h a t the metal cobalt is free from bismuth , and t h a t in the absence 
of cobalt , b i smuth does n o t colour glass blue. A soln. of b i s m u t h in nitric acid 
g ives a whi te precipitate w h e n treated wi th water, b u t n o t so w i th a similar soln. 
of cobalt . G. Brandt also showed t h a t the blue colour of smal t is n o t produced 
b y iron or b y arsenic, but is solely due t o t h e presence of cobalt . I n spite of this , 
b o t h J. G. L e h m a n n , and J . F . Hencke l a t tr ibuted the blue coloration t o the 
presence of iron, or of iron and arsenic. The e lemental character of cobalt was 
subsequent ly establ ished b y the work of T. B e r g m a n , 4 B . M. Tassaert , C. F . Bucholz , 
R. Kirwan, F . Kapff, J . B . Richter, L . J . Thenard, and J . L. Proust . The his tory 
of cobalt was discussed b y D . F . H e h n e m a n n , and M. E . Weeks . 

I n 1653, P . Borel 5 suggested t h a t invisible writ ing could be made b y using a soln. 
of lead acetate in place of ordinary ink ; the writ ing t o be afterwards made vis ible 
b y a soln. of a sulphide. T h e t erm atramentum sympatheticum w a s appl ied b y 
J . Ie Mort t o the invisible ink, whi ls t N . L e m e r y used the t erm Vencre sympathetique 
for t h e sympathetic ink. Salt soln. of other meta l s were recommended as s y m ­
pathet ic inks b y G. Homberg in 1698 ; and in 1705, D . J. Walchin recommended a 
soln. of bismuthiferous cobalt . The invisible writ ing became grass-green w h e n 
heated. According t o J. H . P o t t , the cobalt sympathet i c ink was made b y a 
German lady a t t h e beginning of the e ighteenth century, and b y H . F . Teichmeyer, 
about 1731 . J . H e l l o t also relates t h a t a German artist of Stollberg showed a 
cobalt sympathet i c ink t o h im. A similar ink w a s suggested b y F . Hoffmann in 
1732 ; and J. Hel lot , in 1737, first publ ished recipes for preparing th is sympathet i c 
ink. J . H . P o t t at tr ibuted the p h e n o m e n o n t o t h e presence of a b i smuth salt , 
but J. A. Gesner showed t h a t t h e effect is n o t due t o the b i smuth , b u t rather t o 
the cobalt . The subject was discussed by G. Homberg . 

H . X>. R i c h m o n d a n d H . OfE * t h o u g h t t h a t t h e y h a d d i scovered a n e w e l e m e n t in the 
a l u m of E g y p t , a n d t h e y cal led i t masrvum, f rom JMasr, t h e Arabic n a m e for E g y p t . 
N o t h i n g further d e v e l o p e d from t h e a l leged d i scovery . J . B . R i c h t e r reported a n e w 
e l e m e n t t o be present i n cobal t ores , a n d i t w a s cal led niccolatium, b u t i t w a s afterwards 
s h o w n t o b e a m i x t u r e of niokel , cobal t , arsenic , a n d iron. W . A . L a m p a d i u s also reported 
a TiG-W e l e m e n t i n t h e s e ores, a n d h e ca l led i t tvodatzium after t h e mineral wodankiee—now 
gersdorfnte—in w h i c h i t w a s found . F . S tromeyer , h o w e v e r , s h o w e d t h a t t h e a l leged 
n e w e l e m e n t w a s a m i x t u r e of n ickel , arsenic , e t c . T h e e l e m e n t gnomium, r eputed b y 
O. Kxi iss a n d F . W . S c h m i d t t o b e present i n ordinary cobal t a n d nickel , w a s d i sproved 
b y C. Winkler . 

R B F E E E N O B S . 
1 J . C. Adelung, Mineralogische Beluetigungen zum JBehufe der Chemie und Nalurgeschichte 

dee Mineralreicke* Leipzig, 1783 ; Q. Agricola, Bermannus sur de re metallica diallogus, Basilese, 
459, 1530 ; De naturafossilium, Basilese, 347, 1546 ; JDe re metallica, Basilece, 1556 ; J . Berenedes, 
Chem. Ztg.y 28. 103, 1899 ; M. Berthelot, Ann. Chim. Phys., (6), 12. 143, 1887 ; Introduction, d 
Vitude de la chimie des anciens et du moyen dge, Paris, 1889 ; V. Biringucci, Delia pirotechnia, 
Venezia, 1540 ; W. Bruchmuller, Der Kobalibergbau und die Blaufarbeniverke in Sachsen bis 
zum Jahre, 1653, Leipzig, 1897 ; A. Cosalpinus, De metaUicis, Bomse, 1596 ; H. Cardan us, 



422 INORGANIC AND THEORETICAL CHEMISTRY 

JDe subtilitate, Basileee, 1553 ; De gemmis et coloribus, Basileae, 1583 ; E . Darmstaedter, Arch. 
Oeschichte Math. Naturw. Techn., 10. 72, 1928 ; H . D a v y , Phil. Trans., 105. 97, 1815 ; G. Dorneus , 
Dictiona.rium Theophrasti Parcelsi, F rancofur t i , 58 , 1584 ; V. Xhioange, Glossarium medial et 
infim.cn Latinitatis, Paris, 2 . 407, 1842 ; C. Encelius, De re metallica, Francofurti, 33 , 1551 ; 
J . J . Ferber , Briefe aus Wahlschland uber naturliche Merktoundigkeite dieses Landes, P r a g , 114, 
1773 ; J. B. J. Fourier, Ann. Chim. Phys., (1), 79. 378, 1881 ; L. Franchet, Rev. Scient., (5), 9. 
752, 1908 ; Ceramdque primitive, Paris, 96, 1911 ; J . F . Gmelin, Comment Oott., 2 . 4 1 , 1779 ; 
H . V. Hi lprecht , Zeit. Assyriologie, 8. 186, 1893 ; J . K . G. J a c o b s e n , Technologisches Worterbuch, 
Berlin, 1783 ; W. Johnson, Lexicon chymicum, Londoni, 117, 1652 ; F . Kapft, Beytrage zur 
Oeschichte des Kobalts, Kobaltbergbaues und der Blaufarbenwerke, Bres lau , 1792 ; M. H . K l a p r o t h , 
Nicholson's Journ., 8. 225, 1804 ; Mem. Berlin Acad., 3 , 1798 ; H . K o p p , Oeschichte der Chemie, 
Braunschweig, 4. 150, 1847 ; J. G-. Krunitz, Oekonomische Encylopddie, Berlin, 1773 ; J . von 
K.unckel, Ars vitravia experimentalise Francofur t i , 1679 ; Vollstandige Olassmacherkunst, F r a n k ­
fur t , 1679 ; X . Landerer, Repert. Pharm., 73. 381, 1841 ; A. labavius , Commentariorum alchemia;, 
Francofurti, 1606 ; P. J. Macquer, Dictionnaire de chymie, Neufchatel , 1789 ; J . Mathesius, 
Sarepta : darinn von allerley Bergurerck und Metallen, teas ir Eygenschafft und Natur und toie sie 
zu NuIz und gut Gemacht guter Bericht gegeben, N u r n b e r g , 1562 ; C. Melzer, Bergklaufftige Beschrei-
bung der Churfilrstlich-Sdchssischen freyden und im Meissnischen Ober-Ertz-Gebyrge l6blichen 
Bergkstadt Schncebergk, Schneeberg, 1684 ; E . Merck, Index, Darmstadt , 75, 1902 ; C. Merret, 
De arte vitraria notce, Amsteleedami, 1686 ; A. Neri, L'arte vitraria, Firenze, 1612 ; B. Neumann, 
Zeit. angeur. Chem., 38. 776, 1925 ; Die Metalle, Halle, 346, 1904 ; C. Piccolpassi's old manuscript 
was published posthumously about three hundred years after his death : I tre libri delVarte del 
vasjo, Roma, 1857 ; Paris, 64, 1880 ; J . B . Porta, Magi a naturalis, Neapolio, 1558 ; H . D . Rich­
mond a n d H . Off, Journ. Chem. Soc, 6 1 . 4 9 1 , 1892 ; M. R u l a n d , Lexicon alchemise sive dictionarium 
alchemisticum, F rancofur t i , 271 , 1612 ; «T. C. Scaliger, Exotericarum exercitationum liber quintus 
decimus de subtilitate ad H. Cardanum, Lutetiso, 1557 ; W . "W. Skea t , A Concise Etymological 
Dictionary of the English Language, Oxford, 86, 1882 ; I>. I . Walch in , Schlilssel zu dem Cabinet 
der geheimen Schatz-Cammer der Nature, Leipzig, 1706 ; A. W e i d e m a n n , Das alte JEgypten, 
Heidelberg, 347, J 920. 

2 Basil Valentino, Letztes Testament, Strassburg, 1651 ; London, 95, 1671 ; Paracelsus, 
Hermetic and Alchemical Writings, London , 1. 254, 1894. 

3 G. Brandt, Acta Soc. Uppsala, 4 . 1, 1739 ; 5. 33, 1742 ; CrelVs Arch., 2 . 301, 1784 ; De 
semi-metallis, Uppsa la , 1739 ; J . G. L e h m a n n , Cadmiologie oder Oeschichte des Farben-Kobolds, 
Konigsberg , 70, 1761 ; J . F . Henckel , Kleine Mineralogische und chymische Schriften, Dresden , 
1744. 

4 T . Be rgman , De cobalto, niccolo, platina, magnesia eorunique per proscipitationes investigata 
indole, Stockholm, 1780 ; B. M. Tassaort, Ann. Chim. Phys., (1), 28. 92 , 1798 ; Scherer's Journ., 
3. 555, 562, 1799 ; C. F . Bucholz, ib., 10. 10, 1803 ; Ann. Chim. Phys., (1), 55 . 137, 1805 ; 
Nicholson's Journ., 13. 26, 1806 ; Phil. Mag., 18. 97, 1804 ; 23 . 193, 1805 ; J . B . Richter, ib., 
19. 5 1 , 1804 ; Nicholson's Journ., 12. 75, 2 6 1 , 1805 ; Gehlen's Journ. Chem., 2 . 6 1 , 1804 ; Ann. 
Chim. Phys., (1), 53 . 107, 1806 ; L. J. Thenard, ib., (1), 42 . 210, 1802 ; Journ. Mines, 12 . 215, 
1802 ; J . L. Proust, Journ. Phys., 63. 364, 421, 1806 ; Nicholson's Journ., 17. 46, 1807 ; Ann. 
Chim. Phys., (1), 60. 260, 1806; Phil. Mag., 30. 337, 1 8 0 8 ; D . F . Hehnemann, Zeit. deut. 
Untericht, 14. 4 , 1900 ; Kupfernickel, Nickel und Kobalt, F r a n k f u r t a. M., 1900 ; R . K i r w a n , 
Physisch-Chemische Schriften, Berl in, 2 . 372, 1786 ; F . Kapff, Beytrage zur Oeschichte des 
Kobalts, Koboltbergbaues und der Blaufarbenwerke, Breslau, 1792 ; M. E . W e e k s , Journ. Chem. 
Educ, 9. 23, 1932. 

8 P . Borel, Historiarum ft observationum medicophysicarum, centuria prima et secunda, 
Castres, 1653 ; J. Ie Mort, Collectanea chymica Leydensia, Lugduni Batavorum, 1684 ; 
N . Lemery , Cours de chymia, Pa r i s , 1681 ; G. H o m b e r g , Mem. Regice Scient. Acad. Hist. 
Paris, 301, 1698 ; J. Hellot, ib., 101, 228, 1737 ; D . J. Walchin (D . J . W.) , Schlilssel zu dem 
Cabinet der geheimen Schatzkammer der Nature, Leipzig, 1705 ; F . Hoffmann, Dissertatio de acido 
vitrioli vinoso, HaIfB, 1732 ; J . H . P o t t , Collectio observationum chymicarum, Berol ini , 1739 ; 
J . A. Gesner, Hist or ia cadmias fossilio metallica? sive cobalti, Berol ini , 1744 ; H . F . Te ichmeyer , 
Commercium Litterarium, Norimbergensc, 91 , 1737. 

• H. D . Richmond and H. Off, Journ. Chem.. Soc., 6 1 . 491, 1892 ; J . B . Riohter, Gilbert's 
Ann., 19. 377, 1805 ; W. A. Lampadius, ib., 60 . 99, 1818 ; Ann. Chim. Phys., (2), 11 . 201, 1819 ; 
Hermbstddt's Museum, 15. 36O, 1818 ; F . S t romeyer , Gilbert's Ann., 64 . 338, 182O ; Schweigger's 
Journ., 28. 47, 1 8 2 0 ; Ann. Phil., 16. 214, 182O ; G. Kriiss and F . W. Schmidt, Ber., 22. 11, 
2026, 1889 ; Zeit. anorg. Chem., 2 . 235, 1902 ; C. Winkler, ib., 4. 10, 1893. 

§ 2 . The Occurrence of Cobalt 
As emphasized by K. Kraut,1 cobalt is widely diffused in nature, but not 

abundantly. I t occurs combined usually as sulphide or arsenide, or in oxidized 
derivatives of these compounds. According to F. W. Clarke and H. S. Washington, 
the relative abundance of cobalt in the igneous rocks of the earth's crust is 0 0 0 1 , 
when that of nickel is 0 0 2 0 , and that of iron is 5-01 per cent. J. H. L. Vogt 

infim.cn
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gave 0-OOn ; and W . Vernadsky, O-OOl. A. E . Fersmann calculated 0-00029 for 
the percentage number of a t o m s i n the earth's crust. W . and J . N o d d a c k and 
O. Berg g a v e 3 X 10~ 6 for the absolute abundance of cobalt in t h e earth ; 3 X 10~ 5 

for n i c k e l ; and 10~ 2 for iron. The general subject w a s also discussed b y A. v o n 
Antropoff, E . Ditt ler , G. T a m m a n n , J . Zi. H o w e , W . D . Harkins, V. M. Goldschmidt , 
E . Herlinger, G. Berg, O. H a h n , W . !Lindgren, P . Niggl i , R. A. Sonder, H . S. W a s h ­
ington , and J . JoIy—vide t h e occurrence of iron. 

Cobalt a l loyed w i t h iron a n d nickel is of extra-terrestrial origin. E . Behrend 
and G. Berg,2 E . Cohen, J . M. Dav i son , A. F . Foote , V . M. Goldschmidt, H . Hau s -
hofer, W . E . Hidden , J . Zi. H o w e , J . F . J o h n , M. H . Klaproth , H . v o n Kli iber, 
S. M. Xiosanitsch, A . Madelung, G. P . Merrill, P . Niggl i , J . and W . Noddack , 
W . R a m s a y and ZJ. H . Borgstrom, H . N . Russel l , A. Ben-Saude , F . Stromeyer, 
W. Tassin, W . J . Taylor, G. Trottarelli , J . H . Zi. Vogt , M. E . Wadsworth , E . Wein-
schenk, and J. E . Whitfield h a v e reported the occurrence of cobal t in meteori tes . 
E . Cohen agrees w i th J . Zi. Smi th t h a t cobalt is present in all the meteor i tes t h a t 
he examined . The a m o u n t varies from about 0-5 t o 2-5 per cent .—according t o 
G. Berg, and E . Herlinger, o n the average, 0-07 per cent , in s t o n e y meteorites , 
and 0-58 per cent , in iron meteorites . G. P . Merrill e s t imated t h a t the ana lyses 
published up t o 1916 showed t h a t meteori tes contained 0*07 per cent , of metal l ic 
cobalt and 0*06 per cent , cobal t oxide . J . and W . Noddack ' s es t imates for t h e 
percentage distribution, and t h e relative a tomic distribution w i t h o x y g e n un i ty , 
are : 

Earth's crust Igneous rocks Meteoric iron Troilite Atomic distribution 
1 - 8 X 1 0 - 6 1 - 8 X l O - * 5 - 4 7 X 1 0 - 3 2 0 8 X l O - * 2-7 X 10~ a 

I n some of the earlier analyses cobalt was n o t special ly sought for, and i ts presence 
m a y therefore h a v e been overlooked. Only in a few cases has cobalt been sought 
and n o t found. V . de Luynes , J. J . Berzelius, E . Geinitz, P . G. Melikoff and 
Zi. Pissarjewsky, I. D o m e y k o , W . P . Blake, and H . A. Prout discussed the subject . 

The spectral l ines of the sun were found b y G. Kirchhoff,3 H . M. Vernon, 
F . McClean, H . A. Rowland, C. Y o u n g , C. G. Abbot , W. W . Morgan and G. Farns-
worth, F . J. M. Stratton, H . v o n Kliiber, H . N . Russel l , J . and W . Noddack , 
S. A. Mitchell, C. E . St . John , J . N . Lockyer ; J . N . Lockyer and F . E . Baxendahl , 
A . de Gramont, W . F . Meggers, W . S. Adams , and A. Cornu to agree w i t h t h e 
assumpt ion t h a t cobalt is present in the sun. The occurrence of cobalt in stellar 
atmospheres has been discussed b y H . v o n Kliiber, C. H . P a y n e and C. P . Chase, 
T. D u n h a m , G. E . H a l e and co-workers, C. D . Shane, and V. M. Goldschmidt. 
J . N . Lockyer and F . E . Baxendah l observed no signs of cobal t in stellar spectra. 

F . Beyschlag 4 and co-workers es t imate t h a t the avai lable analyses of terrestrial 
materials and of meteorites show t h a t the cobalt and nickel occur in relative pro­
portions between 1 : 8 and 1 : 20. 

Cobalt ores occur in ve ins along w i t h other minerals—e.g. , silver, b i smuth, etc . 
-—so t h a t the cobalt is on ly of secondary importance ; t h e y also occur in surface 
concentrat ions of decomposi t ion products of t h e weathering of basic igneous rocks— 
e.g., serpentinized dunites or peridotites . T h e v e i n occurrences occur in different 
kinds of rock—e.g.,, crystall ine l imestone, c lay-slates , conglomerates, quartzite, 
schists , e tc . The characters of the enclosing rocks are so varied that t h e y furnish 
no clue t o the origin of the cobalt . I t is general ly supposed tha t the ve in deposits 
are of thermal origin having been transported by , a n d deposited from, magmat ic 
waters of considerable depth . This is confirmed b y the fact t h a t the cobaltiferous 
ve ins are nearly a lways in t h e immedia te v ic in i ty of intrusive igneous rocks—e.g., 
t h e deposi ts of Ontario, Canada. I n some cases the ve ins h a v e a dual origin, having 
been deposi ted from magmat ic , and meteoric waters . Surface agencies m a y h a v e 
altered t h e pr imary ore t o form secondary minerals like erythrite. The subject 
h a s been discussed b y A. E . Barlow, A . P . Coleman, A. C. Dickson, R . Beck , 
C. W . Knight , W . G. Miller, C. E . El lsworth, W . Campbell and C. W . Knight , 
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C. Palmer and E . S. Bastin, M. E . Wilson, F . Beyschlag and co-workers, V. M. UoId-
schmidt, G. Berg, F . Weinert, J . H . Ja. Vogt, P . Niggli, H . Schneiderhohn, A. Beutell, 
A. Bergeat, E . Commanducci, A. M. Finlayson, J . Roth , F . Sandberger, e tc . 
Colloidal precipitations were studied by G. Berg, N . G. Chatterji and N . R . Dhar , 
P . B. Sarkar and N. R. Dhar, P . Krusch, G. A. Thiel, J . H . L. Vogt, W. Vernadsky, 
F . Behrend, S. Imori, A. Cissarz, and F . Beyschlag. 

Metallic cobalt, in traces, occurs associated with other metals . For instance, 
the presence of cobalt has been noted in the iron of Ovifak, Greenland, by 
F . W6hler,6 A. E . Nordenskjold, E . Cohen, F . W. Clarke, K. J . V. Steenstrup, 
C. Benedicks, W. Eitel, J . L. Smith, A. Daubree, R. Naukhofi, and G. Tschermak ; 
in the plat inum metals, by P . Krusch, and L. Duparc and M. Tikanowitch ; 
and in the silver of cobalt, Ontario, by T. Li. Walker. 

The more important cobalt minerals are : cobaltite, linnseite, skut terudi te , 
smaltite, cobaltiferous pyrites, glaucodote, asbolan, and erythr i te . The cobalt 
minerals include : 

Alloclasito, (Ke,Co)(As,Bi)S , w i t h p a r t of t h e c o b a l t r e p l a c e d b y i r o n . Annabergite, 
(Co ,Ni )„ (AsO 4 J 2 . 8H 8 O. Asbolan—see a s b o l i t e . Asbolite, a s b o l a n , e a r t h y c o b a l t , o r w a d , 
a n i m p u r e m i x t u r e of m a n g a n e s e a n d o t h e r o x i d e s c o n t a i n i n g v a r i a b l e p r o p o r t i o n s , 4-05 
t o 34-37 p e r c e n t . , CoO ; t h a t f r o m D j e b e l D e b a r a p p r o x i m a t e s C o O . 2 M n O x . 4 H 8 O . 
Badenite, (Co ,Ni ,Fe) 8 (As ,Bi ) 4 , o r ( C o , N i , F e ) a ( A s , B i ) 8 . Bieberlte, C o S O 4 . 7 H 8 O . B ismuto-
smaltlte, C o ( A s , B i ) 8 — a s k u t t e r u d i t e c o n t a i n i n g b i s m u t h . Bismuth skutterudite, 
(Fe ,Co) (As ,B i ,Sb ) s . Cabrerite, (Ni ,Mg,Co) , ( AsO 4 ) 8 . 8 H 8 0 . Carrollite, C u C o 8 S 4 , o r 
CuS-Co 8 S 8 . Cobalt bloom—see e r y t h r i t e . Cobalt g lance—see c o b a l t i t e . Cobalt ochre 
— s e e e r y t h r i t e . Cobalt pyrites, ( C o , F e ) S 2 — s e e l innse i te . Cobalt spar, C o C O 8 — s e e sphaero-
c o b a l t i t e . Cobaltite, o r c o b a l t g l a n c e , C o A s S , o r C o S 8 . C o A s 8 . Cobaltomenite, C o S e O a . 2 H 8 0 . 
Danalte is a coba l t i f e rous a n d n icke l i fe rous m i s p i c k e l . Earthy cobalt—see a s b o l i t e . 
Ery thr i te , c o b a l t b l o o m , r e d c o b a l t , o r c o b a l t o c h r e , C o 8 A s 8 O 8 . 8 H 8 O . Ferrocobaltlte, 
VGABS.nCoAaS. Forbesite, H 8 ( N i , C o ) 8 ( A s 0 4 ) 8 . 8 H 8 0 . Gersdorffite, ( N i , F e , C o ) A s S . Glau­
codote, ( C o , F e ) A s S . Grey cobalt ore—see s m a l t i t e . Hauchecornite, (Ni ,Co) 7 (S ,Sb ,Bi ) 8 . 
Hengleinlte, ( C o , N i , F e ) S 2 . Heterogenite, a h y d r a t e d o x i d e of c o b a l t , n i c k e l , c o p p e r i r o n , 
or m a n g a n e s e . Heubachlte, 2 C o 8 O 3 - H 8 O + C o a O s . 2 H 8 0 , o r 3 ( C o , N i , F e ) 8 0 8 . 4 H 8 0 — a 
h y d r a t e d ox ide of c o b a l t , n i cke l , c o p p e r , i r o n , and. m a n g a n e s e . Jalpurite, C o S . Jullenite, 
a t h i o c y a n a t e , N a 8 C o ( S C N ) 4 . Kerzinite, a p e a t c o n t a i n i n g n i c k e l s i l i c a t e . Keweenawite, 
(Cu ,Co ,Ni ) 2 As. Koeltlglte, (Cu,Co,Ni) a ( AsO 4 ) 8 . 8 H 8 0 . Lavendulane, a n a r s e n a t e of 
c o b a l t a n d c o p p e r . Leudouxlte, (Cu ,Co ,Ni ) 4 As. LJnnseite, s i e g e n i t e , o r c o b a l t p y r i t e s , 
Co 3 S 4 o r CoS.Co 2 S 3 , w h e r e t h e c o b a l t is r e p l a c e d b y m o r e o r less n i c k e l — s i e g e n i t e — a n d t o 
s o m e e x t e n t b y i r o n a n d c o p p e r . Lubeckite, 4 C u O . £ C o 8 0 3 . M n 8 0 8 . 4 H 8 0 . Lusaklte, a 
c o b a l t b e a r i n g s i l i ca te , 8 I R O - A l 8 S i O 8 ] . Maucherite, (Ni 1 Co) 8 As 8 . o r (Ni ,Co) 4 .As 8 . Mohawk-
lte, (Cu,Co,Ni) 8 As. Nickel skutterudite, (NiCo)As 3 . Pateralte, a n i m p u r e m i n e r a l s u p ­
p o s e d t o b e a c o b a l t m o l y b d a t e . Penroselte, 2 P b S e 8 , 3 C u S e . 5 ( N i , C o ) S e 8 , o r P b S e . C u 2 S e . 
3 (Ni ,Cu)Se 3 . Petzlte, (Ag a Al 2 , Fe ,Co) (Te ,As ) . Polydymite, ( C o , N i , F e ) 4 S 5 , o r (Co ,N i ,Fe ) 8 S 4 . 
Rammelsberglte, (Ni ,Co)As 8 , o r (N i ,Co ,Fe )As 8 . Red cobalt—see e r y t h r i t e . Remingtonlte, a 
h y d r a t e d c o b a l t c a r b o n a t e . Rhodalose—see b i e b e r i t e . Rosellte, ( C u , C o , M g ) 8 A s 8 0 8 . 2 H 8 0 . 
Safflorlte, (Fe ,Co)As 8 . Schulzenlte, 2 C o O . C o 8 0 8 . C u 0 . 4 H 8 0 . Siegenite — see l innse i te . 
Saynl te—a p o l y d y m i t e . Skutterudite, CoAs 3 . Smaltite, o r g r e y c o b a l t o r e , o r spe i s s c o b a l t , 
C o A s 3 . Sphesrocobaltite, o r c o b a l t s p a r , CoCO 3 . Speiss cobalt, C o A s 8 — s e e s m a l t i t e . 
Stalnerlte, ( C o , A l , F e ) 2 0 8 . H 8 0 . Syehnodymlte, (Co,Cu)4S5 . Tllkerodlte, a l e a d s e l en ide . 
Transvaallte, C o 8 0 3 . n H 2 0 — a n o x i d a t i o n p r o d u c t of c o b a l t a r s e n i d e . Vlllamanlnite, 
(Cu ,Ni ,Co ,Fe ) (S ,Se ) 8 . Violarite, (N i ,Fe ,Co) 8 S 4 . Wad—see a s b o H t e . WIllyamite, C o S 8 - N i S 8 . 
C o S b 8 - N i S b 8 , o r (Co ,Ni )S 8 . (Co ,Ni )Sb 8 , o r (Co ,Ni )SbS . Winklerlte, 2 C o 8 0 8 . N i 8 0 8 . 2 H 8 0 — 
see h e t e r o g e n i t e . 

The ores of cobalt are not abundant ly distributed.6 The only deposits suitable 
for working under present economic conditions are those of Ontario, Missouri, 
New Caledonia, Belgian Congo, and Schneeberg. There are other deposits in 
Australia, Austria, Norway, and Sweden which have been worked. Those a t 
Schneeberg, and Annaberg have been worked for 3OO years, though the ou tpu t is 
now very small. New Caledonia was the main source of the world's supply for 
some years preceding the opening up of the Ontario deposits, bu t the production 
there is now comparatively small. The map, Fig. 1, summarizes the geographical 
distr ibution of t he principal deposits of cobalt. 

Europe. I n t h e British Isles,7 a n u m b e r of s m a l l a n d u n i m p o r t a n t d e p o s i t s of coba l t 
m i n e r a l s h a s b e e n r e p o r t e d — M o e l H i r a d d u g in F l i n t s h i r e ; A l d e r l e y E d g e a n d Mot tram 
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S t . A n d r e w s i n C h e s h i r e ; W h e a l T r a g o , "Wheal S p a r n o n , W h e a l H u c k w o r t h y , W h e a l A n n , 
S t . A u s t e l l , F o w e y Conso l s , a n d E a s t P o o l i n Cornwa l l a n d D e v o n ; H i l d e r s t o n e m i n e i n 
Linl i thgowshire ; C o i l l e - C h r a g h a d m i n e i n I n v e r a r y ; T y n d r u m m i n e , A r g y l l s h i r e ; A l v a 
m i n e s of C l a c k m a n n a n s h i r e ; a n d a t C o r r y e h a r m a i g , P e r t h s h i r e . I n France,8 s o m e c o b a l t 
o c c u r s i n t h e s i l ve r - coba l t -n i cke l v e i n s a t C h a l a n c h e s , D a u p h i n e ; a t J n z e t , H a u t e - G a r o n n e ; 
a n d S a i n t e M a r i e a u x M i n e s , A l s a c e . I n Germany,9 t h e r e a r e l odes a t S c h n e e b e r g , a n d 
A n n a b e r g , S a x o n y ; a n d a t M a r i e n b e r g , E r z g e b i r g e , W i t t i c h e n a u , W o l f b a e h , S c h w e i n a , 
Q u e r b a c h , G i e h r e n , F i c h t e g e b i r g e , a n d S iegen . I n Austria,1 0 a n d G e r m a n y t h e r e a r e 
d e p o s i t s b e t w e e n S a l z b u r g a n d S t e i e r m a r k ; i n t h e T y r o l s , e t c . I n Jugoslavia,1 1 t h e r e 
a r e d e p o s i t s a t AI jon . D o b , a n d J a s i k o w a . I n Norway,1 2 t h e r e a r e coba l t i f e rous f a h l b a n d s 
a b o u t S k u t t e r u d a n d S n a r u m w h i c h w e r e o n c e t h e m a i n p r o d u c e r s of t h e -world's c o b a l t , 
b u t t h e y a r e n o t r i c h e n o u g h for p r e s e n t - d a y r e q u i r e m e n t s . Coba l t i f e rous ore a lso o c c u r s 
a b o u t M o d u m . I n Sweden, 1 8 c o b a l t i f e r o u s o r e o c c u r s a t G l a d h a m m e r i n K a l m a r L a n ; 
a t V e n a n e a r V e t t e r n ; a t L o s i n H e l s i n g l a n d ; a t T u n a b e r g i n S o d e r m a n n l a n d ; a n d a t 
H a k a n b o l in O e r e b r o L a n . I n Czechoslovakia,1 4 t h e r e a r e d e p o s i t s a t J o a c h i m s t h a l , 
B o h e m i a ; a n d a t D o b s i n a , f o r m e r l y ' i n !Hunga ry . I n I taly, 1 8 c o b a l t a n d n i c k e l o c c u r w i t h 
t h e c o p p e r o r e s of Switzerland,16 a r e c o b a l t i f e r o u s a n d o c c u r a t V a l a i s , R y r , a n d K a I t e n b e r g . 
I n Spain,1 7 t h e r e a r e c o b a l t i f e r o u s o res i n t h e v a l l e y of G i s t a i n , H u e s c a ; a n d a t G u a d a l ­
c a n a l , A n d a l u s i a . I n Portugal,1 8 c o b a l t o c c u r s i n t h e S i e r r a d e C a b r e i r e . I n Greece,19 

F r o . 1. T h e G e o g r a p h i c a l D i s t r i b u t i o n of t h e W o r l d ' s C o b a l t D e p o s i t s . 

o n l y t r a c e s of c o b a l t h a v e b e e n f o u n d in t h e L a u r i o n . I n Asiatic Russia,2 0 t h e r e a r e 
a b a n d o n e d w o r k i n g s a t D a c h k e s s a n , G o v e r n m e n t of F l i z a b e t h p o l , T r a n s c a u c a s i a . I n 
Poland,8 1 t h e r e a r e d e p o s i t s a t M i e d z i a n k a . 

Asia. I n Persia,582 c o b a l t o c c u r s n e a r T a b r i s , I m a m - r a d s h - D a v i d , a n d A n a r a k . I n 
India,2 8 a m i x t u r e of c o b a l t i t e a n d d a n a i t e , k n o w n a s aehta, o c c u r s a t K h e t r i a n d o t h e r 
p a r t s of R a j p u t a n a . S m a l l p r o p o r t i o n s of c o b a l t o c c u r n e a r A r u m a n a l l a r , M a d r a s ; a n d 
O l a t u r a , KLalahandi S t a t e . A s b o l i t e o c c u r s a t H e n z a i ; e r y t h r i t e i n t h e B a w d w i n m i n e s , 
B u r m a ; a n d L i n n t e i t e , a t S i k k i m . I n New Caledonia,24 t h e r e a r e d e p o s i t s w h i c h s u p p l i e d 
t h e m a j o r p o r t i o n of t h e -world's o u t p u t be fo re t h e d i s c o v e r y of t h e C a n a d i a n o re . I n 
China,2 5 t h e r e a r e d e p o s i t s n e a r T s a n g s c h e n g . 

Africa. I n Algeria,2 6 c o b a l t o r e s o c c u r n e a r D j e b e l T o n i l a . I n East Africa,27 a t K e n y a . 
I n Belgian Congo,2 2 t h e r e a r e c o b a l t i f e r o u s c o p p e r o r e s a t K a t a n g a . I n t h e Union of South 
Africa,2 2 s e v e r a l d e p o s i t s h a v e b e e n l o c a t e d i n Transvaal—at B a l m o r a l , B u s h v e l d , 
H a r t e b e e s t f o n t e i n , a n d W i f o n t e i n . 

North America. I n Canada,80 t h e r e a r e t h e w e l l - k n o w n s i lve r - coba l t o r e s a b o u t t h e 
c o b a l t d i s t r i c t s , O n t a r i o — e . g . , G o w g a n d a , Casey , O t t e r , S u d b u r y , S i lve r I s l e t ; a n d a l so 
n e a r L a k e W e n d i g o , B a y L a k e , G o w l a n d L a k e , a n d L a k e S u p e r i o r . T h e r e a r e coba l t i ­
f e rous m i n e r a l s e a s t of B i g I s l a n d L a k e , M a n i t o b a . I n t h e United States,3 1 t h e r e a r e n o 
l a r g e d e p o s i t s , b u t t h e r e a r e s o m e c o b a l t i f e r o u s o res n e a r F r e d e r i c k t o w n , Missour i ; 
M a r i o n , K e n t u c k y ; G r a n t Co . , P r a i r i e C i t y , a n d J a c k s o n Co . , O r e g o n ; H i l l Mine , M a r y ­
l a n d ; R o c k - R u n , A l a b a m a ; T a n a n a R i v e r , A l a s k a ;" n e a r Lowel l , M a s s a c h u s e t t s ; A n t o n y ' s 
N o s e , P e n n s y l v a n i a ; S a l i n a C o . , A r k a n s a s ,• F o r t A p a c h e , A r i z o n a ; B l a c k b i r d , I d a h o ; 
G o t h i c , C o l o r a d o ; L o s A n g e l e s , Ca l i fo rn ia ; a n d in t h e G o o d s p r i n g s d i s t r i c t of N e v a d a . 
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197-2 
273-2 

3 4 O 
6-O 
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40OO 
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I n Mexico,*2 t h e r e a r e cobal t i fercms m i n e r a l s n e a r F i l h u a n o , J a l i s c o ; I t u r b i d e , i n 
C h i h u a h u a ; G u a n a c e v i a n d T a m a z u l a , i n D u r a n g o ; Cosa la , i n S i n a l v a ; a n d E l B o l e s , 
i n L o w e r Cal i fornia . M _T „ „ _ _ 

SOQth America . I n Argent ina , 3 8 coba l t i f e rous o re o c c u r s a t V a l l e H e r m o s a , p r o v i n c e of L a 
R i o j a ; a n d in t h e p r o v i n c e of C a t a m a r c a . I n Chile,8* t h e r e a r e d e p o s i t s i n t h e p r o v i n c e 
of A t a c a m a , C o q u i m b o , a n d A c o n c a g u a . I n Pe ru , 8 6 c o b a l t o c c u r s i n t h e d e p o s i t s of R a p i 
i n A y a c u c h o ; a n d a t V i l c a b a m b a i n Cuzco . S m a l l o c c u r r e n c e s h a v e b e e n r e p o r t e d i n 
Bolivia. 3 6 T h e r e a r e a lso d e p o s i t s i n N u e v a P r o v i d e n c i a , Venezuela . 8 7 

Austra las ia . I n New South Wale s , 8 8 'workab le d e p o s i t s o c c u r a t C a r c o a r , P o r t 
M a c q u a r i e , a n d B u n g o m a . T h e r e a r e s m a l l e r d e p o s i t s i n s e v e r a l o t h e r p l a c e s . I n Queens ­
l and , 8 9 coba l t i f e rous ore occurs n e a r S e l w y n ; i n South Aus t ra l i a , 4 0 a t B i m b o w r i e n e a r 
O l a r y ; a n d in Western Aus t ra l i a , 4 1 a t P a r k e r v i l l e . 

Reliable statistics for the world's o u t p u t of cobalt are n o t avai lable . 
C. W . Drury 4 2 said that unti l 1913, the world's annual o u t p u t of cobal t ox ide 
amounted to about 250 tons, and it t h e n increased, a t ta in ing about 400 tons in 1916. 
Very little, if any, cobalt metal w a s extracted in 1913 , but in 1916, 165 tons of cobal t 
metal were produced. The approx imate o u t p u t s of Canada and N e w Caledonia 
in tons were : 

1893 1903 1913 1923 
N e w Ca ledon i a H O 414 25O 
C a n a d a . . 82 387 396 

and according to the Annual Report of the mineral product ion of Canada for 1928, 
the outputs , in tons, were : 

1924 1928 1930 
C a n a d a . . . . . 423-6 43OO 
Q u e e n s l a n d 
K a t a n g a 
Chile 
G o r m a n y 

According to F . Ul lmann, the o u t p u t s for cobal t ox ide , w i t h 70 per cent , cobal t , 
cobalt metal , etc . , were, in tons : 

1918 1923 1926 
C o b a l t ox ide . . . 52-5 2O-3 10-0 
Coba l t m e t a l . . . 21-2 10-2 17-7 
M i x e d ox ides . . . 12*3 
Coba l t c o m p o u n d s . . 35-4 

The highest price per lb. for the meta l in 1914 w a s Ss. 4:d., and t h e lowest , 
5s. 2\d. ; in 1917, the highest price w a s 8s. 4d., and the lowest , 6s. 3d. ; and in 
192O, the highest price was 25«., and the lowest 12s. 6d. I n 1917, the h ighes t 
price for the oxide was 6s. 3d., and the lowest 4s . 2d. ; and in 1920, t h e h ighes t 
price was 17s. Id., and the lowest , 8s . 2d. 

Cobalt a lmost invariably accompanies nickel, so t h a t analyses of nickel general ly 
show the presence of some cobalt , and vice versa—e.g., the analyses of "W. R. Bar­
c l a y , 4 3 and R . J . McKay . Traces of cobalt h a v e also been observed in numerous 
nickel ores—e.g., H . Laspeyres found cobalt in beyrichite ; F . A. Genth, in millerite ; 
C. W . Dickson , in pentlandite ; W . F . Hil lebrand, and G. KaIb and E . Meyer, 
in bravoite ; F . A . Genth, W . F . Hil lebrand, and A. Diesseldorf, in melonite ; 
C. A. 'Winkler, in colloidal nickel silicate ; T. Li. Walker, F . Griinling, C. Palmer, 
and A. Rosat i , in maucherite ; K. Schlossmacher, in niccolite ; E . Mattirolo, in brei-
thauptite ; D . !Lovisato, in asite ; F . von Sandberger, in wolfachite ; H . Laspeyres , 
in ballitile ; and A. Brand, in aniimonial nickel. The analyses of t h e copper-
nickel coinage of Bectria, 146 t o 246 B.C., b y W . Fl ight , show the presence of 0-544 
per cent , of cobalt . W . F l ight also observed cobalt in s o m e old R o m a n bronzes ; 
a n d J . Sebel ien, in ancient Egyptian and JMesopotamian bronzes. A . Cossa in alum 
from Vulcano is land ; H . D . R i c h m o n d and H. Off, in E g y p t i a n a lum ; E . D . Camp­
bell observed coba l t in American pig-irons ; J . Pat t inson , C. O. Braun, H . Rossler, 
H . Weiske , F . Wrightson , A . Terreil, G. ldppert , M. Rubach , and O. !L. E r d m a n n , 
i n different k inds of iron and steel, a n d iron ores ; H . Rossler, in copper ores and in 
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copper ; and F . N . Guild, and C. A. Mtinster, in silver ores—e.g., H . Wurtz , in 
huntilite ; D . Forbes , in arsenical silver ; I . D o m e y k o , and A. JLi. Parsons and 
E . Thomson, in proustite ; H . Wurtz , A. Li. Parsons and E . Thomson, and 
T. Li. Walker, in antimonial silver, and discracite ; and I. D o m e y k o , in naumannite. 
B . K o s m a n n reported 0-04 per cent , of -cobalt in the brown iron ore of Silesia ; 
F . J . Pope , 0*04 to O'lO per cent , in the magnetite of Ontario ; C. F . Rammelsberg , 
G. Lianghaus, S. P . de Rubies and J , Dorronsoro, Li. L*. Fermor, and Li. G. Eakins , 
in various samples of psilomelane ; L . L . Fermor, J. Li. Jarman, S. P . de Rubies and 
J . Dorronsoro, D . T. D a y , W . Gregory, A. Volcker, and H . Rossler, up to 0*7 per 
cent , in pyrolusite ; S. P . de Rub ie s and J . Dorronsoro, A. Volker, and W . Gregory, 
in other manganese ores ; J . Murray and A. F . Renard, and J . Y . Buchanan, in 
deep-sea manganese nodules ; G. N a t t a and M. Strada, in spinel ; H . But tgenbach , 
in gummite ; A . Schope, in renardite, and in cornetite ; W . Campbell and 
C. W . Knight , C. W . Dickson, R. Beck, A. Stelzner, K. Sauer, C. F. Plattner , 
H . Schneiderhohn, C. B o d e wig, C. Doelter, H . Laspeyres, F . Kuh lmann , and 
H . Rossler, in various forms of pyrites ; A. Carnot, and A. Beutel l , in arsenical 
pyrites ; F . v o n Sandberger, in iron glance ; K. Schulz, and T. Petersen, in lollingite ,* 
C F . Rammelsberg , P . Pi l ipenko, H . Peltzer, F . v o n Sandberger, H . A. Hillger, 
and T. Petersen, in fahlerz ; C. Zincken and C. F . Rammelsberg, in bournonite ; 
A. Carnot, in bismuth glance ; C. F . Rammelsberg , in kobellite, and in lillianite ; 
F . A. Genth, and T. L . Walker, in cosalite ; R . Schneider, in wittchenite ; W . Skey , 
in hbttigite F . Zambonini , in vesbine / S. P . de Rubies , in chromite, and in nat ive 
platinum ; F . A. Genth, and G. Frebold, in zinc blende ; J . J . Berzelius, F . Stromeyer, 
H . Rose , and G. Frebold, in clausihalite ; F . Heusler and H. Klinger, and F . Pisani , in 
zorgite ; C. A. Winkler, in roselite, and in rhagite ; J . J . Berzelius, in cerite ; A. Sachs, 
in red zinc ore ; and W . P . Headden , in a Cornish tin furnace ; C. A. de Gouvenain, 
up t o 2 per cent . Co 2 O 3 in the china-clay of Allier ; L. Azema, in clays from Bordes , 
in France, and Branchvil le , in Connecticut ; C. Bischof, in the clays of Lower 
Silesia. G. Bertrand and M. Mokragnatz, W . O. Robinson, J . S. MacHargue, and 
G. Tissandier discussed the occurrence of cobalt in soils. G. Bertrand and 
M. Mokragnatz found in t w o samples of arable soils, respect ively 0*00028 per cent , 
of cobalt and 0-00136 per cent , of nickel, and 0-00037 per cent , of cobal t and 
0-00174 per cent , of nickel. A. Brongniart observed cobalt in t h e soils near Paris ; 
J . Crocq, in t h e sands of Woluwe St . Lambert , near Brussels ; F . Kuh lmann , and 
W . E . Howarth , in coals ; K. Kraut , in the ashes of various peats and lignites, and 
in t h e Abrawm salts of the potash works a t E ime , Hannover ; A. Stelzner, in the 
gneiss of Himmelsf i irst ; H . Rossler, in the porphyry of I m s b a c h ; T. Wherry, in 
amethyst ; and F . v o n Sandberger, in hornblende. 

G. Torchhammer, 4 4 and W . D i t t m a r observed the presence of traces of cobalt 
in sea-water ; and S. S. Miholic, in mineral waters . O. Henry , N*. P . Hamburg , 
and M. Mazade detec ted cobalt in the mineral waters of Nerac , and of R o n n e b y ; 
Li. de Launay , in the water of Lamalou , Herul t ; F . J a q u o t and E . Wil lm, in the 
water of Anjou ; R. Nasini and co-workers, in the mineral waters of Roncegno ; 
C F . Eichleitner, in those of Orsola ; M. B . Hardin , in t h e water of Rockbridge 
A l u m Spring, Virginia ; F . W . Clarke, in t h e water of the Mountain View Mine, 
Montana ; W . Liindgren, in the water of Cresson Spring, Pennsylvania , and of the 
Al leghany Springs, Montgomery Co. ; and G. F . Becker, in sinter from the waters 
of the s team-boat Springs, N e v a d a . 

Cobalt has been n o t e d t o occur in traces in some l iving organisms. G. Forch-
h a m m e r 4 5 observed cobal t t o occur i n marine algae, and in the ashes of the oak ; 
T . Wherry, and J . S. McHargue, in K e n t u c k y blue g lass—Poa pratensis—and in 
t h e soja-bean ; J . R o t h , in the ash of the Zostera marine ; W . Verna'dsky, in 
different p lants ; F . B . F l inn and I . M. Inouye , in a number of plants and sea 
animals ; and G. Bertrand a n d M. Mokragnatz discussed the general occurrence 
of cobal t in var ious cryptogams and phanerogams. T h e y found minute traces of 
coba l t in onions , po ta toes , spinach, let tuce, cress, tomato , apricots, beans , lenti ls , 
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buckwheat, wheat , maize, rice, and mushrooms. The amounts vary from below 
0-005 mgrm. to 0-30 mgrm. per kgrm. of the fresh substance. T h e y found both 
nickel and cobalt in all plants examined, but in very small proportions. The relative 
proportions of nickel and cobalt present are roughly parallel, organs relatively 
rich in cobalt being correspondingly rich in nickel. The proportions are highest 
in the leaves, dried leaves of the following plants named containing the weight 
indicated (mgrm. per kgrm.) of nickel and cobalt (parenthetical figures) : le t tuce , 
1-51 (0054) ; carrot, 1-83 (0-314) ; spinach, 2-37 (0-74) ; l ime, 2-50(0-20) ; apricot, 
3-0 (0-4O) ; beech, 3-0 (0-35) ; cabbage 3-3 (0-07). Seeds or berries, after the 
leaves, arc richest in nickel and cobalt, containing (per kgrm. of dried matter) 
from 0-14 to 2-25 mgrm. of cobalt in buckwheat and 0-35 mgrm. in lentils , the 
amount in oats being too small to be determined. The integuments of the berries 
are richer in nickel and cobalt than the kernels, oat bran containing 0-44 mgrm. 
of nickel and (M)Il mgrm. of cobalt, and wheat bran 0-39 mgrm. of nickel and 
0-011 mgrm. of cobalt. The kernel of decorticated and polished rice is extremely 
poor in nickel and cobalt, containing only 0*02 and 0-006 mgrm., respectively, this 
being parallel -with the poverty in manganese, zinc, and t i tan ium already noted. 
Nickel and cobalt are more abundant in the bark than in the wood, beech -wood 
containing 0-12 mgrm. of nickel and 0-01 mgrm. of cobalt and the bark 0-40 and 
1-10 mgrm. respectively: The lignified shells protecting certain seeds are poor in 
both metals. Edible organs or parenchymatous tissues of fruits, roots, bulbs, 
or tubercles when dry contain moderate amounts of nickel and cobalt , the highest 
amount found being 3-5 mgrms. of nickel and 2*13 mgrms. of cobalt per kgrm. of 
dried cantharellus cibarius. Nickel and cobalt m a y act as catalysts in vegetable 
cells. J . S. McHargue also observed the presence of traces of nickel and cobalt 
in soils, animals, and plants. 

H. M. Fox and H. Ramage observed the presence of cobalt in some animal 
tissues. The liver of the Archidoris tuberculoid contained 0-003 per cent, of cobalt , 
but no nickel. Usually, the cobalt is accompanied b y a high proportion of nickel. 
According to G. Bertrand and M. Machebceuf, cobalt occurs in all the t issues 
examined, excepting in certain muscles, adipose tissue, and egg-white, in all classes 
of animals. The organs in general contain rather more cobalt than nickel. The 
pancreas of all species of animals examined contain relatively large amounts of 
nickel and cobalt compared with the other organs. P . Duto i t and C. Zbinden 
also found that cobalt, nickel, and lead accumulates in the pancreas. 
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§ 3 . The Extraction of Cobalt 
The mining of cobalt necessarily varies with the nature of the deposit, and the 

character of the surrounding rocks. Vein deposits are mined by sinking shafts 
on or near the veins, and driving from the shafts along the veins. The asbolite 
ore of New Caledonia is a surface deposit, so t h a t the ore is picked down after the 
overburden has been removed. The concentration of the ore is part ly done by 
hand-sorting, and par t ly by wet-gravity, or notat ion methods. Neither of these 
processes is available for the New Caledonia ore, bu t the hand-picked ore can be 
concentrated t o a ma t t e in a blast-furnace—this was discussed by J . S. Godard,1 

and C. S. Parsons and co-workers. 
The metallurgical t rea tment of the complex cobalt ores involves the recovery 

of the contained silver, nickel, arsenic, and possibly copper. The primary con­
sideration may be the silver, whilst the other elements are subordinate. Prior 
t o the opening up of the Canadian deposits about 1902, nearly all the world's cobalt 
was produced in Eu rope ; whilst in Europe the ores were treated for cobalt alone, 
in Canada, the silver, etc., are recovered. The arsenic, sulphur, copper, iron, and 
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nickel are associated wi th t h e ores of Europe and Canada, b u t those of N e w 
Caledonia contain very little sulphur and arsenic, and relat ively a large proportion 
of manganese. The metal cobalt is no t separated from the accompanying meta l s 
b y dry methods , and w e t methods are employed when a separation i s needed. 

A.—Furnace Processes 

I . Arsenical ores.—In the extract ion of cobalt oxide by smelt ing a mixture of 
the powdered arsenical ore wi th l imestone and quartz in small blast-furnaces, there 
are produced (i) a cobalt , nickel, iron, and copper speiss (a regulus of arsenides) 
or a m a t t e (a regulus of sulphides) containing much silver ; (ii) crude silver bul l ion 
w i t h about three-fourths of the silver contained in the ore—the remaining silver 
is contained in the speiss or mat t e and slag ; (iii) a silicate slag which is rejected 
unless i t contains over 10 ozs. of silver per ton ; and (iv) a flue-dust of crude 
arsenious oxide which is re-sublimed and sold. The process of the extract ion of 
the cobalt was described by R. W. Bridges. 2 

The speiss is crushed and ground wi th 20 per cent , of sodium chloride, and the 
mixture is roasted in a reverberatory furnace. The chloridized roast is leached wi th 
water to remove the excess of sodium chloride as well as soluble compounds of 
copper, nickel, and cobalt. The copper is precipitated wi th scrap-iron ; and the 
cobalt and nickel are precipitated as hydrated oxides b y means of sodium hydroxide. 
The precipitate is washed, dried, calcined, and ground. I t contains about 40 per 
cent , cobalt , 3 per cent, nickel, and about 15 ozs. of silver per ton . The residue 
from the extract ion of the chloridized speiss is further extracted wi th a soln. of 
sodium thiosulphate to remove silver chloride. The residue is dried, ground, and 
smelted with quartz t o remove mos t of the iron as slag. The slag still contains 
silver and cobalt and i t is re-worked in the blast-furnace wi th more ore. The new 
speiss is treated as before. The final residue is dried, heated wi th 20 per cent , 
of sodium nitrite and 10 per cent , of sodium carbonate in a reverberatory furnace. 
The arsenic is converted into sodium arsenate, which is extracted wi th hot water. 
The dried residue has cobalt 30*7 per cent . ; nickel, 28*5 per cent . ; arsenic, 1-1 
per cent. ; and silver, 34*6 ozs. per ton ; and i t is sold t o the cobalt and nickel 
refiners. Modifications of the general method employed b y other companies, etc . , 
were described b y C. "VV. Drury, A. A. Cole, J . de Coppet, T. H. Gant, Gr. M. D y s o n , 
E . Roger, A. J . W a d h a m s and R. C. Stanley, C. P. Linville, S. B . Wright, 
F . P . Dewey , C. G. Fink, H . W . H i x o n , W . Phi l ipps, J . Savelsberg, R. Sevin, 
W. Borchers and F . Warlimont, D . L.evat, W. Stahl, C. W. B. Natusch , 
O. Dyckerhoff, P . Manhes, J . Garnier, J. H . Reid, D . Lance, M. XJchino, 
C. Schreiber, W. Langguth, P . Louyet , O. Barth, C. Guillemain, V. Tafel, 
F . J. G. Beltzer, H . B . H. Hallowell , W. A. D ixon , and H . Herrenschmidt and 
M. Constable. 

A t Deloro, Canada, t h e crushed ore is m i x e d w i t h t h e necessary fluxes i n a pug-mi l l 
a n d s m e l t e d i n a blast-furnace for s lag, speiss , a n d crude si lver b o t t o m s . T h e crushed 
speiss is calcined w i t h a chloridizing roast . T h e roasted product is ex trac ted w i t h a so ln . 
of sod ium cyanide , a n d t h e s i lver precipi tated b y a lumin ium d u s t . T h e crude s i lver 
b o t t o m s from t h e blast-furnace are hea ted in an oxidiz ing a t m . , w h e r e b y t h e impurit ies 
are ox id i sed a n d largely e l iminated . T h e si lver is further refined b y m i x i n g i t w i t h t h e 
precipi tated si lver from t h e cyanide so ln . , and i t i s fused w i t h ni tre a n d borax , a n d cast 
in to bars. T h e arsenic is recovered a s arsenic tr ioxide in the flues a n d b a g houses con­
nec ted wi th the blast-furnace, a n d -when a h igh degree of pur i ty i s desired, i t i s re-sublimed. 

I n F . Wohler's old process for t h e extract ion of cobalt from arsenical ores like 
smalt i te , skutterudite, and cobaltite, 1 part of the powdered ore is fused -with 3 parts 
of potass ium carbonate, and 3 parts of sulphur. The cold mass is extracted w i t h 
water t o remove potass ium sulphoarsenate ; impure cobalt sulphide remains. The 
treatment w i th alkali carbonate and sulphur is repeated t o remove the arsenic, 
and there remains cobalt sulphide m i x e d with the sulphides of nickel, iron, lead, 
copper, and bismuth. These sulphides are converted into sulphates b y treatment 
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w i t h nitric acid, or b y roasting. The acidulated soln. is t h e n treated "with hydrogen 
sulphide t o precipitate t h e sulphides of lead, copper, and b i smuth , and t h e boil ing 
ni trate is treated "with nitric acid and calc ium carbonate t o precipitate a basic salt 
of iron. The cobal t and nickel sulphates remain in soln. C. G. Richardson 
roasted the ore w i t h sod ium sulphide, or sulphate, or other sulphates—e.g. , 
N . H . M. Dekker used magnes ium sulphate , 4 C o A s 2 + 5 ( M g S 0 4 . 4 H 2 S 0 4 ) = 4 A s 2 O s 
4 - 4 C o S O 4 + 5 M g S O 4 + 2 0 H 2 O + 16SO 2 . Modifications were described b y J. v o n 
Xiiebig, A. Duflos, L . Thompson , L . A. Pe la tan , J . W. Neil l , H . Herrenschmidt 
and M. Constable, W . de W i t t , N . V . H y b i n e t t e , W . Wright , S. F . Hermbstadt , 
P . Papencordt , O. Dyckerhoff, and H . A . Lewis and F . G. Price. The arsenical ore 
can also be treated w i t h chlorine fractionally t o subl ime different chlorides as in the 
processes of A. L . D . d'Adrian, W . H . D y s o n and "L. Aitchison, H . T. Ka lmus , 
W . Mc. A. Johnson, and the Metallurgical D e v e l o p m e n t Corporation ; W. A. D ixon , 
and H . A . Megraw heated the arsenical ore t o redness in hydrogen chloride t o 
volati l ize the arsenic (and zinc) as chlorides, and extract ing the mass w i t h water 
or other solvent . P . M. McKenna tried heat ing t h e speiss w i t h boric oxide . 
J. H . Re id heated the speiss in a v a c u u m arc-furnace to volat i l ize fractionally first 
the sulphur, then the arsenic, t h e n the si lver chloride, and finally, a t 3000°, the 
nickel and cobalt . C. G. F ink heated t h e speiss wi th calc ium carbonate and carbide 
in an electric v a c u u m furnace and observed the reaction symbol ized : 2CaO 
+ C a C 2 + C o A s 2 = 2 C O + C a 3 A s 2 + C o . 

I I . Sulphide ores.—The ore is desulphurized b y smelt ing in a shaft-kiln, and 
then heat ing b y a blast in a converter, and treat ing the product as an oxidized 
ore—vide infra. The ore can be heated wi th silica or si l icates, as described b y 
W . Wanjukoff ; smel ted -with polysulphides , or sulphates , carbon and silica, as 
indicated b y R. W . E . Mclvor , and J . E . Harding ; bessemerized wi th l imestone, 
as discussed b y P . Manhes, N . V. Hybine t t e , V. Tafel, A. Bremshorst , P . C. GiId-
christ and S. G. Thomas , A. Vogt , and J . Savelsberg ; or smel ted wi th barium 
sulphate and silica, as indicated b y C. Kiinzel . P . Manhes used boracite, and 
B . Bogi t sch , sodium sulphate, t o facil itate the formation of a slag. There are 
also processes involv ing sulphate-roasting, in which sulphates or basic sulphates 
are found and subsequent ly leached out w i t h water or dil. acid. T h e y were 
discussed b y W . Borchers and co-workers, O. Barth , R. W. E . Mclvor , F . O. Kich-
line, M. B . Pecourt , Meyer Mineral Separation Co., A. E . Smaill , and W . N . Hart­
ley and W . E . B . Blenkinsop. J . A. MoLarty oxidized the sulphide ores by 
heat ing t h e m in s t e a m under press. E . E . Naef heated the ore mixed wi th 
alkali chloride, sulphate , or sulphide, and calc ium carbonate, w i t h or wi thout 
the addition of carbon, in hydrogen and obta ined the meta l . The Compagnie 
Electrometal lurgique heated the sulphide ore in a resistance furnace be tween 
iron electrodes t o form iron sulphide and cobalt . P . Manhes heated the sulphide 
ore w i th calc ium oxide, and chloride or bleaching powder . A . Bremshorst 
heated t h e sulphide ore w i t h a mixture of carbon and sod ium sulphate , and a t 
1300° the sulphides of t h e foreign meta l s form a mobi le l iquid which can be poured 
off the cobalt sulphide. The latter can then be reduced t o meta l b y heat ing i t with 
carbon. J . Swinburne and E . A. Ashcroft h e a t e d the sulphide ore in a converter, 
treated the product "with a mol ten chloride a n d chlorine or sulphur monochloride, 
and t h e n again heated i t in a converter, and removed the iron manganese chlorides 
b y volat i l izat ion in chlorine. W . McA. Johnson employed a modification of the 
process. 

I I I . Oxidized and silicate ores.—Processes h a v e been devised for treating 
roasted ores, and oxides , and si l icate ores. W . Stahl, and W . Wanjukoff mel ted 
t h e ore 'with suitable addit ions t o cause the iron t o pass into the slag as a sil icate 
or f errite, and t o leave the cobalt a n d nickel compounds behind. Cobalt is extracted 
from t h e copper ores of K a t a n g a b y heat ing t h e m wi th a l itt le carbon so t h a t o n l y 
a partial reduction occurs. Most of t h e copper i s reduced to metal , and t h e cobal t 
remains w i t h the slag. The slag is t h e n m i x e d wi th lime and carbon, and hea ted 
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e lec t r i ca l ly . T h i s p r o d u c e s a n a l l oy of coba l t , copper , i ron , a n d si l icon i n t h e 
r e s p e c t i v e p e r c e n t a g e p r o p o r t i o n s 3 0 , 26 , 40 , a n d 0-7. W h e n a l a y e r r i c h i n c o b a l t 
is t r e a t e d w i t h di l . s u l p h u r i c ac id , t h e i r o n a n d c o b a l t p a s s i n t o s o l n . — m o s t of t h e 
c o p p e r remains und i s so lved . D e t a i l s w e r e d iscussed b y L . D e t r e z , a n d F . Kxoll . 
J . W . Moffat h e a t e d t h e ore w i t h c a r b o n m o n o x i d e w i t h o u t fusion, a n d a f t e r w a r d s 
m e l t e d t h e m e t a l i n a n e lec t r ic fu rnace . B . B o g i t s c h h e a t e d t h e o r e w i t h c a r b o n 
a n d l ime . O. B a r t h m e l t e d t h e o re w i t h c a r b o n , a n d c a l c i u m s u l p h a t e . Modifi­
c a t i o n s w e r e de sc r i bed b y H . H e r r e n s c h m i d t a n d E . Capel le , O. Massenez , 
W . M a t h e s i u s , J . H . R e i d , J . Save l sbe rg , a n d P . S c h w a l b . O. B a r t h h e a t e d t h e 
ox id i zed o re i n a c u r r e n t of s u l p h u r d iox ide a n d a i r t o c o n v e r t t h e c o b a l t i n t o 
s u l p h a t e a n d e n a b l e i t t o be l eached o u t w i t h w a t e r . Modif ica t ions of t h e p rocess 
w e r e m a d e b y J . G. 'and C. J . G. A a r t s , F . A . E u s t i s , a n d W . Save l sbe rg . 
C. W . B . N a t u s c h , W . Schoneis , a n d W . S t a h l s u b j e c t e d t h e ox id ized o re t o a 
chlor id iz ing r o a s t a n d e x t r a c t e d t h e c o b a l t ch lor ide w i t h w a t e r . 

B .—Leaching Processes 

S. F . H e r m b s t a d t , a n d P . B e r t h i e r o p e n e d t h e o re b y fusion w i t h p o t a s s i u m 
n i t r a t e ; T . B a r t o n a n d T . B . McGhie , b y fusion w i t h s o d i u m c a r b o n a t e ; 
P . M. M c K e n n a , b y fusion of t h e speiss w i t h bor ic ac id w h e n t h e h e a v i e r n icke l 
speiss s e p a r a t e s f rom t h e l igh te r c o b a l t b o r a t e s lag ; a n d A. P a t e r a fused a m i x t u r e 
of t h e r o a s t e d o re "with ca lc ium, s o d i u m , a n d p o t a s s i u m n i t r a t e s . S o m e of t h e 
c o b a l t m ine ra l s c a n b e o p e n e d u p b y d iges t ion i n n i t r i c ac id , o r i n di l . s u l p h u r i c o r 
hyd roch lo r i c ac id m i x e d w i t h n i t r i c ac id . T h e n i t r i c ac id is n o t n e e d e d for e a r t h y 
coba l t . T h e r o a s t e d ore is m o r e difficult t o d issolve t h a n t h e r a w ore . P . L o u y e t , 
G. A . Quesnevi l le , A. P a t e r a , B . M. T a s s a e r t , F . C laude t , W . d e W i t t , a n d A. L a u g i e r , 
for e x a m p l e , d i sso lved t h e r o a s t e d ore i n n i t r i c ac id ; "W. McA. J o h n s o n , O. B a r t h , 
A. J . W a d h a m s a n d R . C. S t a n l e y , F . J . G. Be l tze r , A. D r o u i n , J . d e C o p p e t , 
H . L u n d b e r g , a n d A. Ca rno t , in cone , h y d r o c h l o r i c ac id ; H . R o s a l t , h y d r o c h l o r i c 
ac id a n d ozonized ai r ; L . J . G. de Bur l e t , V . N . H y b i n e t t e , F . Bo rche r s , O. B a r t h , 
C. v o n H a u e r , J . de Coppe t , W . Borche r s , D . L a n c e , H . A. F r a s c h , E . Schu lze , 
M. J . U d y a n d A. C. R a l s t o n , A. J . W a d h a m s a n d R . C. S t a n l e y , a n d W . Ph i l l ip s , 
s u l p h u r i c ac id ; J . B . R e a d m a n , s o d i u m s u l p h a t e a n d su lphu r i c ac id ; J . v o n L ie big, 
a n d W . Borche r s , p o t a s s i u m or s o d i u m h y d r o s u l p h a t e ; F . J . C. Be l tze r , s o d i u m 
h y d r o s u l p h a t e a n d s u l p h u r i c ac id ; F . G a u t i e r , h y d r o c h l o r i c a n d s u l p h u r i c ac ids ; 
M. D i x o n a n d M. R a t t e , s u l p h u r o u s ac id ; R . W . E . McIvo r , a soln . of m a g n e s i u m 
chlor ide u n d e r press . ; C. Gabrie l l i , a soln. of a ferric sa l t i n a i r ; C. W . D r u r y , a 
soln . of ferric ch lor ide o r s u l p h a t e ; a n d H . N . W a r r e n , a h y d r o c h l o r i c ac id soln . 
of c o p p e r n i t r a t e . T h e soln. o b t a i n e d b y e x t r a c t i n g t h e o re w i t h ac ids c a n b e 
t r e a t e d w i t h a n excess of a m m o n i a . W h e n t h e a m m o n i a c a l soln . is h e a t e d , ox ide s 
a r e p r e c i p i t a t e d a p p r o x i m a t e l y in t h e o r d e r : z inc , c a d m i u m , coba l t , n ickel , coppe r , 
a n d si lver . P rocesses b a s e d o n t h e s e r e a c t i o n s were d e s c r i b e d b y H . C a r o n , 
C. Gabr ie l l i , D . L a n c e , M. Malzac , L . Sch lech t a n d co-workers , a n d V. Var lez . 

Speiss , a n d r egu lus c a n be d isso lved b y m a k i n g t h e m t h e a n o d e i n a n e l ec t ro ly t i c 
cell. I n C. C. C i to ' s m e t h o d for e x t r a c t i n g c o b a l t a n d n icke l , t h e o re is t r e a t e d 
w i t h c o p p e r a n d f luxes i n a r e v e r b e r a t o r y fu rnace . A n a l loy of coppe r , s i lver , 
n icke l , coba l t , a n d a r sen ic is f o rmed a long w i t h a s lag . T h e a l loy is c a s t i n a n o d e 
m o u l d s , a n d u s e d a s a n o d e s i n a b a t h of coppe r s u l p h a t e w i t h s h e e t - c o p p e r c a t h o d e s . 
T h e c o p p e r is d e p o s i t e d o n t h e c a t h o d e s , t h e s i lver is p r e c i p i t a t e d a s s l ime, t h e c o b a l t 
a n d n i cke l r e m a i n i n soln. , a n d t h e a r sen ic occur s p a r t l y i n t h e a n o d e s l ime, a n d 
p a r t l y i n soln . G. V o r t m a n n b a s e d a p rocess o n t h e a s s u m p t i o n t h a t if a c u r r e n t 
b e p a s s e d t h r o u g h a soln . of n i cke l a n d c o b a l t c o n t a i n i n g n o a lka l i s u l p h a t e s o r 
o t h e r n e u t r a l a lka l i s a l t s , c o b a l t o u s a n d n icke lous h y d r o x i d e s o r bas ic s a l t s a r e 
d e p o s i t e d o n t h e c a t h o d e d u r i n g e lec t ro lys is . If t h e c u r r e n t is r eve r sed , t h e 
n icke lous h y d r o x i d e o r bas i c s a l t d isso lves , wh i l s t c o b a l t o u s h y d r o x i d e is ox id ized 
t o h y d r a t e d c o b a l t i c o x i d e . O n r e p e a t i n g t h e o p e r a t i o n a number of t i m e s , a l l t h e 
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cobal t c a n be obta ined as hydrated cobalt ic oxide, whi lst t h e nickel remains in 
soln. If a small proportion of a chloride be present in the l iquid, the cobaltous 
hydroxide is conver ted t o cobalt ic hydroxide wi thout changing the direction of 
t h e current. The separation of cobalt is faci l i tated b y warming. "When the 
precipitat ion is comple te , t h e current is s topped, and the liquor heated t o 60° or 
70° whereby a smal l q u a n t i t y of nickelous hydroxide remaining w i t h the cobalt ic 
ox ide is dissolved. The nickel in soln. is free from cobalt . H . S. Guiterman 
extrac ted cobalt b y t h e electrolysis of a soln. of nickel and cobalt chlorides. The 
chlorine l iberated a t t h e anode reacts wi th the electrolyte to form hydrated cobalt ic 
ox ide and free acid. T o prevent the e lectrolyte becoming too acidic, and then 
dissolving some cobalt ic hydroxide , some sod ium carbonate is added. Electrolyt ic 
processes were also dev ised b y I*. J . G. de Burlet , H . H . A. and W . W . Wiggin and 
A. S. Johnstone , E . E . Armstrong, Gr. A . Ie R o y , A. Coehn and E . Salomon, 
E . Giinther, C. L . Mayer, W. Kaiser, IL. Miinzing, H . A. Frasch, and N . H. M. Dekker . 

I n H . Herrenschmidt and M. Constable's process, the powdered w a d is made 
into a th in pas te w i t h a soln. of ferrous sulphate, and boiled. Cobalt, nickel, and 
manganese sulphates pass in to soln. , whi l s t iron oxide, silica, and alumina remain 
as a residue : 2FeSO 4 H-MnO 2 CoO=Fe 2 O 3 - I -MnSO 4 ^-CoSO 4 ; and 2 F e S O 4 
+ C o 2 O 3 = F e 2 O 3 + 2 C o S O 4 . Sod ium sulphide is added t o the filtered soln. t o 
precipitate t h e cobalt , nickel , and manganese as sulphides. A soln. of ferric 
chloride is n o w added, a n d this oxidizes the manganese sulphide t o sulphate , which 
passes into soln. ; t h e cobalt and nickel sulphides are washed, converted into soluble 
sulphates b y roasting, and extrac ted wi th water. The sulphates are converted 
in to chlorides b y calc ium chloride. A fraction of the chloride soln. is treated wi th 
milk of l ime, and the insoluble cobaltous and nickelous hydroxides which are 
precipitated are ox id ized b y chlorine. The washed precipitate is introduced into 
the remainder of t h e chlorine soln. , stirred, and heated . Black hydrated nickel 
ox ide passes into soln. whi ls t t h e cobalt in soln. is precipitated. The result is a 
soln. of nickel chloride w i t h a suspension of hydrated cobaltic oxide . The latter is 
separated b y filtration, washed, and ignited. 

The soln. of cobal t salt associated -with salts of other meta ls has to be treated 
t o isolate the cobalt salt . The process e m p l o y e d depends on the nature of the 
associated metals , and t h e so lvent . O. Bar th said t h a t w i th sulphuric acid as sol­
vent , lead will be whol ly precipitated as sulphate , and t h a t ant imony will be 
precipitated a lmost complete ly , and three-fourths of the arsenic as a basic iron salt . 
Hydrochloric acid soln. will deposit much of the lead as lead chloride, a n t i m o n y as 
basic chloride, and a n t i m o n y and arsenic as basic iron salts . 

E . Sack added lead dioxide t o a soln. of cobalt , manganese , iron, lead, and 
a luminium salts and found t h a t all b u t the cobalt were precipitated. P . Louye t 
found t h a t iron can be precipitated from a soln. of cobal t and nickel salts , b y 
addit ions of cobalt hydroxide . T. M. Careis treated a hydrochloric acid soln. of 
the meta l s w i t h sod ium hydroxide , a n d disso lved t h e precipitate in sulphuric acid. 
The soln. was neutral ized -with alkali to precipitate copper, iron, and other metals . 
The cobal t a n d nickel remaining in soln. were treated wi th hot a m m o n i u m or 
potass ium sulphide t o precipitate t h e nickel . The coba l t was precipitated b y 
zinc as recommended b y H . Grosse-Bohle. T. W a t a n a b e described the recovery 
of 0-05 t o 1*0 per cent , of cobalt from cupriferous pyrites . 

Processes for separating salts of foreign, metals from the soln. of cobalt salts were sug­
gested by O. H. Aaron, E . F . Anthon, C. F. Bucholz, J. M. Carew, H. Caron, R. S. Carreras, 
W. A. Dixon, M. Dixon and M. Ratte, Jf. B . du Faur, H. A. Frasch, J. T. Carrick and 
B. St. Pattison, O. von Girsewald and co-workers, H. Grothe, J. O. Handy, S. S. Hanes, 
H. Herrenschmidt, H . Herrenschmidt and E . Capelle, H. Hirtz. C. Hoepfner, 
W. MeA. Johnson, J. P. A. Larson and G. K. L. Helme, A. Laugier, D. M. Liddell 
W. Malzao, Metallurgical Development Corporation, Metals Extraction Corporation, 
Orkla Qrube Aktiebolaget, M. B . Fecourt, H. Pederson, G. Perry, the Rhodesia Broken 
Hill Development Co., H . Rosalt, E . Sack, C. F. Schantz, Q. Schreiber, La Societe Anonyme 
des Etablissements Maletra, S. P. L. Sorenson, E . A. Sperry, W. Stahl, A. Taraud and 
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c o - w o r k e r s , J . H . T h w a i t e s , J . H . T h w a i t e s a n d S. J . R a l p h , M . J . U d y a n d O . C. R a l s t o n , 
A . J . W a d b a m s a n d R . C. S t a n l e y , H . N . W a r r e n , A . W e i s s e n b o r n , H . H . A . a n d 
W . W . W i g g i n a n d A . S . J o h n s t o n e , C. W i n k e l b l e c h , a n d G. C. W i t t s t e i n . 
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§ 4 . The Separation of Cobalt and Nickel 
Many processes have been proposed for the separation of cobalt and nickel 

for analytical purposes, and for preparing nickel and cobalt of a high degree of 
purity. Only a few are suited to give good, clean separations. Some are rough 
separations where extreme purification is not usually so important. The subject 
was discussed by R. Fischer,1 F. Gauhe, and C. Krauss. 

(i) A. Laugier digested the mixed precipitate of cobalt, nickel and iron 
hydroxides with an excess of a soln. of oxalic acid, and removed the soluble iron 
oxalate by filtration and washing. The insoluble oxalates were dissolved in 
ammonia, and on exposing the filtered soln. to air for several days ammonium 
nickel oxalate and manganese oxalate -were deposited, whilst cobalt oxalate above 
remained in soln. F. Stromeyer, P. Louyet, E. F. Anthon, W. de Witt, C. Winkel­
blech, O. Kiinzel, and G. A. Quesneville used modifications of this process. A. Oarnot 
said that when a soln. containing alkali or ammonium oxalate, is treated with 
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ammonium sulphide, nickel remains in soln. as a sulpho-salt, bu t the cobalt is 
precipitated as sulphide. 

(ii) According to R. Phillips, and Gf-. C. Wittstein, if a soln. of the two oxides 
in an excess of acid is supersaturated with ammonia, diluted with air-free water, 
and t reated with potassium hydroxide, nickel oxide is first precipitated, and the 
cobalt remains in the filtrate. J . J . Berzelius added tha t , if air-free water is not 
employed or if the liquor after t rea tment with potash-lye is exposed to air, cobaltic 
oxide is precipitated along with the nickel oxide. 

(iii) J . Persoz separated the two oxides by dissolving them in hydrochloric 
or nitric acid, saturat ing the soln. with phosphoric acid, adding ammonia until 
t he precipitate first produced is re-dissolved, and exposing the soln. t o air. The 
phosphate precipitation process in the presence of acetic acid was examined by 
M. S. Cheney and E . S. Richards, J . Hope, J . Persoz, T. H . Henry, G. Schreiber, 
G. Perry, S. P . L. Sorensen, P . Dirvell, and H. Baubigny. 

(iv) T. Bar ton and T. B . McGhie proposed separating the two chlorides by the 
fractional crystallization of the slightly acidified chloride soln. ; R. S. Carreras, 
by the fractional crystallization of the sulphates ; and J . H . Reid, by the fractional 
precipitation of the orthophosphate. 

(v) J . B. Richter separated the two salts by crystallization from a soln. con­
taining a large quant i ty of ammonium sulphate. 

(vi) C. F . Bucholz, and D . Lance proposed separating cobalt and nickel oxides 
by fractional precipitation with ammonia, or by dissolving the oxides in ammonia 
after precipitation. F . Pisani also described a modification of the process. 

(vii) J . LJ. Proust t reated a soln. of the two oxides in sulphuric acid with 
potassium hydroxide, and found t h a t the less soluble potassium nickel sulphate 
separates out first, bu t several repetitions of the process are necessary. 

(viii) J . von Liebig found t h a t potassium nickel cyanide is decomposed by acids 
under conditions where*the corresponding cobalt salt is not decomposed. Hence, 
potassium cyanide is added to an acidulated soln. of the two metals unti l the 
precipitate re-dissolves. The soln. is gently heated, and after cooling, i t is t rea ted 
with dil. sulphuric acid and filtered. The filtrate is t reated with nitre, evaporated, 
and ignited for cobaltic oxide. The precipitate is decomposed by potassium 
hydroxide or carbonate into soluble potassium cobalt cyanide, and insoluble nickel 
hydroxide or carbonate. J . von Liebig, and T. H . Henry found t h a t this process 
is not quite satisfactory because the nickel always contains some cobalt. 

J". v o n Lie big o b t a i n e d sat i s fac tory resul ts b y modi fy ing t h e process . T h e m i x e d 
ox id e s are t rea ted first with, hydrocyan ic ac id , a n d t h e n w i t h potash- lye , a n d t h e l iquid is 
w a r m e d ti l l all is d i s so lved . T h e so ln . i s bo i led t o e x p e l hydrocyan ic acid , a n d t h e p o t a s s i u m 
coba l tous cyan ide i s conver ted i n t o p o t a s s i u m cobalt ic c y a n i d e b y chlorine or bromine, 
-whilst t h e nickel remains in so ln . a s a c o m p l e x c y a n i d e . F i n e l y -powdered mercuric ox ide 
i s a d d e d t o t h e w a r m so ln . t o prec ip i ta te t h e n icke l p a r t l y a s o x i d e a n d par t ly a s cyan ide . 
T h e igni t ion of t h e w a s h e d prec ip i tate furnishes n icke l free from cobal t . T h e filtrate is 
supersa tura ted w i t h acet ic ac id , a n d t h e boi l ing so ln . i s t rea ted w i t h cupric su lphate , 
w h e r e b y copper coba l t cyan ide i s prec ip i tated . T h e precipi tate b e c o m e s granular if t h e 
m i x t u r e i s boi led for s o m e t i m e . I t i s t h e n fi ltered, w a s h e d , a n d disso lved i n hydrochloric 
ac id . T h e so ln . i s t rea ted w i t h a l i t t l e ni tr ic ac id , t h e n -with hydrogen sulphide. T h e 
filtrate i s boi led for a m o m e n t t o e x p e l t h e h y d r o g e n su lphide , t rea ted w i t h boil ing po tas ­
s i u m h y d r o x i d e , a n d t h e prec ip i ta ted coba l t h y d r o x i d e is -well washed , dried, a n d ign i ted 
for cobal t ic ox ide free from nicke l . 

The process was discussed by A. Carnot, B . Fleischer, O. W. Gibbs, F . Wohler, 
F . Gauhe, A. Guyard and H . Tamm, J . F . Hambly, A. Jorissen, H . Kammerer, 
A. Klaye and A. Deus, L.. L. de Koninck, C. H . John, W. E . Pawlow, J . S. C. Wells 
and H . T. Vulte, and C. Zimmermann. H . Fleck, and A. Guyard observed t h a t 
when t h e ammonium sulphide precipitate is t reated with a soln. of potassium 
cyanide, only the nickel passes into soln. J . A. Sanchez found t h a t the cobalt is 
precipitated from a cyanide soln. b y silver ni t rate , the nickel remains in soln. 

(ix) H . Rose t rea ted a hydrochloric acid soln. of the mixed oxides with chlorine 
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to form cobaltic chloride. The soln. is then t rea ted with an excess of barium 
carbonate and allowed to s tand in the cold for about 18 hrs. with frequent agitation. 
The precipitated cobaltic oxide mixed with the excess of bar ium carbonate is 
dissolved in ho t hydrochloric acid. The barium is removed as sulphate, and the 
cobalt precipitated by potassium hydroxide. The ni t ra te containing nickel and 
bar ium chlorides is similarly t reated to remove the barium as sulphate, and then 
the nickel as hydroxide. The process was examined by J . D. Smith, T. H . Henry, 
T. Flei tmann, E . Donath , T. Moore, and R. L.. Taylor. 

(x) F . Claudet added ammonium chloride to a nitric acid soln. of the mixed 
oxides, sa turated the liquor with ammonia, and agitated it with air or oxygen 
and boiled with an excess of hydrochloric acid, whereby cobalt purpureochloride, 
[CoCl(NH3)5]Cl2, is precipitated. The method was recommended by S. P . I J . Soren-
sen, and H. Copaux as a useful process for preparing pure cobalt ; and 
T. W. Richards and G. P . Baxter employed the process for purifying cobalt for 
their at . wt. determinations. Modifications were described by R. Phillips, W. de 
Wit t , H. A. Frasch, G. T. Morgan and J . D. M. Smith, G. Schuster, H . Grothe, 
and H. Rose. S. P . L. Sorensen's directions are : 

T h e (iarbonato—nay 2O g r m s . — i s d i sso lved i n t h e smal l e s t q u a n t i t y of hydrochloric 
acid (1 : 1) ; a n d t o t h e filtered a n d coo led so ln . i s a d d e d a m i x t u r e of 250 c .c . of cone , 
aq . a m m o n i a , a n d 5O grms . of a m m o n i u m carbonate d i s so lved in 25O c.c. of water . A 
current of air is pas sed through t h e l iquid for 3 hrs . T h e soln . i s n o w m i x e d w i t h 150 grms . 
of a m m o n i u m chloride, a n d e v a p o r a t e d o n a w a t e r - b a t h for a couple of hours , w h e n a m u s h 
is produced . Th i s is stirred u p w i t h di l . hydrochlor ic ac id . If a n y carbon d iox ide is 
deve loped , the l iquid is s l ight ly over-saturated w i t h a m m o n i a b y add ing 10 c.c . of t h e 
cone . aq . soln. T h e 400 to 500 c.c . of l iquid are h e a t e d for a n hour o n t h e w a t e r - b a t h ; 
3OO c.c. of cone, hydrochloric ac id are a d d e d , a n d all is -wanned o n a water -bath for half 
t o three-quarters of a n hour. T h e a m m i n e sa l t i s t h e n filtered from t h e cold l iquid ; 
washed wi th hydrochloric ac id ( 1 : 1 ) unt i l freed from a m m o n i u m chloride ; a n d t h e n 
washed wi th alcohol unt i l freed from acid . T h e y i e l d is 3-45 grms . T h e sa l t c a n be 
re-crystall ized b y d isso lut ion in a b o u t 40O c.c. of 2 per cent . aq . a m m o n i a , filtered, a n d 
t h e n m i x e d w i t h 300 c.c . of cone , hydrochloric ac id , e t c . , as before. T h e y ie ld i s n o w 
33 grms . T h e sa l t c a n be reduced t o coba l t b y h e a t i n g i t i n a s t r e a m of h y d r o g e n ; i t 
can be conver ted into ox ide b y fus ion w i t h s o d i u m carbonate , or b y h e a t i n g i t w i t h nitric 
acid, evaporat ing t h e so ln . t o dryness , a n d h e a t i n g t h e product unti l n i trogen ox ides are 
110 longer evo lved . 

(xi) A process has been devised which is based on the reaction discovered by 
N. W. Fischer, t h a t -when potassium nitr i te is added to an acetic acid soln. of a 
cobalt salt, potassium nitri tocobaltate is precipitated, whilst nickel does not yield 
an insoluble salt under these conditions. Observations on this subject were made 
by A. Stromeyer, W. de Wit t , V. Dreyer and A. Richter, H . Piitzer, H . Nitze, 
O. W. Gibba and F . A. Genth, A. Duflos and N. W. Fischer, O. Brunck, E . Murmann, 
O. Kott ig, B. Brauner, H . Rose, O. Li. Brdmann, F . Gauhe, A. Streng, H . Baubigny, 
J . B . Mackintosh, T. Fleitmann, S. R. Benedict, H . Botticher, and H . Copaux. 
T. W. Richards and G. P . Baxter employed the process in purifying cobalt for their 
a t . wt . determinations. 

(xii) According to M. Ilinsky and G. von Knorre, if a soln. of nitroso-y3-naphthol 
be added to a mixed soln. of cobalt and nickel salts, a bulky precipitate of the 
cobalt salt is produced, whereas nickel gives no such precipitate. The process is 
used for separating small amounts of cobalt from large amounts of nickel ; i t was 
examined by R. Fischer, H . Copaux, C. Krauss, Li. Li. de Koninck, R. Burgess, 
A. Eder , P . Slawik, K. Wagenmann, L.. A. Congdon and T. H . Chen, F . G. Germuth, 
W. H . Chapin, and C. Meineke. 

(xiii) O. Brunck observed t h a t if an excess of a-dimethylglyoxime be added to 
a strongly ammoniacal soln. of cobalt and nickel salts, the nickel salt alone gave 
a precipitate of the complex salt . The process is useful for separating a small 
proportion of nickel from a large proportion of cobalt ; i t was examined by 
L. Tschugaeff, K. Krau t , A. Ivanicky, H . Wdowiszewsky, F . Feigl and 
H. J . Kapulitzas, F . G. Germuth, V. Cuvelier, A. R . Middleton and H. L,. Miller, 
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P . Bogoluboff, L . V. W . Spr ing , F . I b b o t s o n , H . Pederson , a n d S. W . P a r r a n d 
J . M. L i n d g r e n . 

(xiv) H . G r o s s m a n n a n d co-workers found t h a t d i cyanod iamid ine s u l p h a t e 
like-wise p r e c i p i t a t e s r e l a t ive ly smal l p r o p o r t i o n s of nickel f rom large p r o p o r t i o n s 
of coba l t . 

(xv) R . F i sche r , a n d A. C a r n o t o b t a i n e d a n imper fec t s e p a r a t i o n of coba l t i c 
ox ide b y a d d i n g h y d r o g e n d i o x i d e t o t h e cold soln. of nickel a n d coba l t sa l t s e i ther 
before o r a f te r s a t u r a t i o n w i t h a m m o n i a . T h e s epa ra t i on is n o t c o m p l e t e . 
A . C a r n o t f o u n d t h a t if h y d r o g e n d ioxide , a m m o n i u m chlor ide , a n d a m m o n i a is 
a d d e d t o a m i x e d soln. of c o b a l t a n d n ickel sa l t s , a n d t h e soln. is t r e a t e d w i t h 
a m m o n i u m m o l y b d a t e a n d a n excess of ace t ic acid , a b u l k y , rose-coloured p r ec ip i t a t e 
of c o b a l t m o l y b d a t e is fo rmed, which , w h e n h e a t e d t o redness , h a s t h e compos i t ion * 
2 C o 0 . 7 M o 0 3 . 

(xvi) E . Sack , J . D . S m i t h , a n d W . J . H a r s h a w t r e a t e d t h e soln. of s u l p h a t e 
w i t h t h e ca lcu la t ed q u a n t i t y of l ead d ioxide w h e n h y d r a t e d coba l t ox ide is 
p r ec ip i t a t ed , a n d nickel s u l p h a t e r e m a i n s in soln. 

(xvii) A. Coehn a n d E . S a l o m o n found t h a t h y d r a t e d coba l t ox ide is p r e c i p i t a t e d 
b y t h e a d d i t i o n of a p e r s u l p h a t e , s a y a m m o n i u m p e r s u l p h a t e , t o t h e soln. , a n d 
nickel sa l t r e m a i n s in soln. 

(xviii) Accord ing t o P . L o u y e t , a n d A. P a t e r a , if b leaching p o w d e r is a d d e d t o 
a m i x e d soln. of t h e sa l t s , m a n g a n e s e p e r o x i d e is first p r e c i p i t a t e d , t h e n coba l t i c 
ox ide , a n d l a s t ly n ickel . T h e process , us ing a s oxidiz ing a g e n t s , s o d i u m or 
ca l c ium hypoch lo r i t e , s o d i u m h y p o b r o m i t e , p o t a s s i u m h y d r o x i d e a n d b r o m i n e , 
or s o d i u m hy poch lo r i t e a n d a m m o n i a , w a s app l i ed b y T . F l e i t m a n n , E . JDonath, 
A . C a r n o t , J . B e r n a r d , T. H . G a n t , C. v o n H a u e r , G. Schre iber , A. v o n K r i p p , 
W . McA. J o h n s o n , G. Selve, O. B a r t h , F . H . R h o d e s a n d H . J . H o s k i n g , M. J . U d y 
a n d O. C. R a l s t o n , E . J . Mills a n d J . J . S m i t h , O. W . Gibbs , G. D e l v a u x , R . L . Tay lo r , 
H . Rose , O. P o p p , T . H . H e n r y , O. C. R a l s t o n , C. W . D r u r y , I I . N . W a r r e n , 
K. S. G u i t e r m a n , P . Be r th i e r , G. V o r t m a n n , A. Terre i l , C. K r a u s s , a n d A. Jo r i s sen . 
Modif icat ions i n which , say , chlor ine is pas sed i n t o a lkal i - lye in t h e presence of t h e 
m i x e d h y d r a t e d oxides , were descr ibed b y W . A. D i x o n , H . H e r r e n s c h m i d t , a n d 
-La Societe A n o n y m e des lS tab l i ssements Male t r a . 

I n a p p l y i n g t h e p r o c e s s , t h e m i x e d o x i d e i s d i s s o l v e d in. h y d r o c h l o r i c ; a c i d . P o w d e r e d 
c a l c i u m , c a r b o n a t e i s a d d e d t o t h e w a r m l i q u o r g r a d u a l l y , w i t h s t i r r i n g , u n t i l n o f u r t h e r 
p r e c i p i t a t e i s o b t a i n e d . T h e p r e c i p i t a t e of i r o n , a r s e n i c , a n d s i l i c a i s r e m o v e d b y f i l t r a t i o n , 
a n d t h e s o l n . i s t r e a t e d w i t h b l e a c h i n g p o w d e r a d d e d s l o w l y , w i t h s t i r r i n g , u n t i l n e a r l y a l l 
t h e c o b a l t i s p r e c i p i t a t e d a s b l a c k o x i d e . V e r y l i t t l e n i c k e l i s x > r e c i p i t a t o d . T h e - w a s h e d 
a n d d r i e d p r e c i p i t a t e i s c a l c i n e d f o r c o b a l t o x i d e . T h e o x i d e i s b o i l e d w i t h a s o l n . o f s o d i u m 
c a r b o n a t e t o c o n v e r t c a l c i u m s u l p h a t e t o c a r b o n a t e . T h e p r e c i p i t a t e i s w a s h e d w i t h d i l . 
h y d r o c h l o r i c a c i d , t h e n w i t h - w a t e r , a n d f i n a l l y d r i e d a n d c a l c i n e d . A c c o r d i n g t o 
H . T . K a i m u s , t h e i n i t i a l a n d f i n a l p r o d u c t s of t h i s t r e a t m e n t h a d t h e c o m p o s i t i o n ; 

Co Ni F e S Aa SiO2 Ca 
C r u d e o x i d e . . 7 0 - 3 6 1 1 2 0 - 8 2 0 - 4 5 O-IO 0 - 2 0 0 - 5 0 
P u r i f i e d o x i d e . . 7 1 - 9 9 0 0 4 1 0 - 1 1 0 0 2 n o n e n o n e 0 0 2 

(xix) A . R o s e n h e i m a n d E . H u l d s c h i n s k y t r e a t e d t h e soln. of mixed sa l t s w i t h 
a n excess of a m m o n i u m t h i o c y a n a t e , a n d e x t r a c t e d t h e coba l t sa l t b y a m i x t u r e 
of a m y l a lcohol a n d e t h e r (1 : 25) . T h e n ickel sa l t r e m a i n s in t h e aq . layer . T h e 
p rocess w a s d iscussed b y W . Skey , C. H . Wolf, H . W . Vogel, M. P r i t ze , A. D . Powel l , 
a n d H . G r o s s m a n n . 

(xx) E . P i n e r u a , J . R e n n e r , a n d F . S. H a v e n s found t h a t whi l s t coba l t chloride 
is r e a d i l y soluble i n e t h e r s a t u r a t e d w i t h h y d r o g e n chloride, n ickel chlor ide w h e n 
s imi la r ly t r e a t e d g ives a ye l low p r e c i p i t a t e . 

(xxi) Li. M o n d b a s e d a p rocess for t h e s e p a r a t i o n of nickel on t h e fac t t h a t nickel 
r ead i ly combines w i t h c a r b o n m o n o x i d e a t 50° t o 80° t o fo rm a volat i le ca rbony l 
w h i c h decomposes a t a h igher t e m p . , wh i l s t c o b a l t u n d e r s imilar condi t ions does n o t 
fo rm a c a r b o n y l . T h e process w a s discussed b y W . Singleton, a n d W . C. R o b e r t s -
A u s t e n . 
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(xxii) H. DeIfEs found that if insufficient sodium acetate for complete decom­
position be added to a soln. of cobalt and nickel nitrates, and the liquid treated 
with hydrogen sulphide, cobalt is precipitated free from nickel, or nickel free from 
cobalt, according to the proportion of sodium acetate employed. 

(xxiii) J. H. Vivian thought that it would be possible to separate cobalt and 
nickel by taking advantage of the different affinities of the two elements for arsenic. 

(xxiv) T. L.. Phipson, L*. Compin, W. Singleton, E. Cattelain, A. Whitby and 
J. P. Beardwood, and E. D. Campbell found that potassium xanthate precipitates 
both cobalt and nickel xanthates ; when a few drops of ammonia are added, the 
nickel passes into soln. whilst the cobalt xanthate can be collected on filter-paper. 

(xxv) W. R. Omdorff and M. L.. Nichols found that cobalt in neutral soln. is 
precipitated by dinitrosoresorcin, and that it can be thus separated from a small 
proportion of nickel. 

(xxvi) A. Carnot proposed separating small proportions of nickel from cobalt 
by adding ammonium molybdate to a soln. containing an excess of ammonium 
chloride, ammonia, and hydrogen dioxide. Cobalt molybdate is precipitated. 
Li. A. Congdon and T. H. Chen did not obtain good results, owing to the difficulty 
of adding the exact amount of ammonium molybdate required for the purpose. 

(xxvii) The fractional precipitation of cobalt as ammonium cobalt phosphate 
and weighing as cobalt pyrophosphate has been discussed by J. Clark, L. A. Congdon 
and T. H. Chen, H. D. Dakin, J. Dick, P. Dirvell, J. Hope, R. Strebinger and 
J. Pollak, C. S. Tatlock, and H. H. Willard and D. Hall. 

(xxviii) P. Gucci evaporated a soln. of the two metals to dryness, heated the 
residue in molten potassium nitrate, extracted the mass with hot water, and 
extracted the nickel from the residue by dil. nitric acid. C. Krauss said that the 
separation is incomplete. 

(xxix) E. A. Demarcay observed that when an ammoniacal soln. is treated 
with zinc, the nickel is precipitated before the cobalt. 

(xxx) L. Thompson treated with ammonium carbonate a soln. containing 
ammonium chloride and found that the nickel remains in soln. and the cobalt 
is precipitated. C. Winkler said that the separation is qualitative and not 
quantitative. 

(xxxi) K. Flick based a process on the fractional decomposition of the sulphates 
by heat. 

J. V. Dubsky and V. Dostal studied the purification of cobalt salts from nickel 
through the formation of complex ammines. Methods for the separation of cobalt 
and nickel electrolytically in analytical work, etc., have been proposed by E. Basse 
and G. Selve,2 W. J. Harshaw, R. Li. Suhl and co-workers, W. D. Bancroft, 
C. A. KoIm and J. Woodgate, J. E. Root, G. Vortmann, A. Coehn and 
E. Salomon, A. Coehn and M. Glaser, A. Classen, D. Balachowsky, E. F. Smith, 
S. A. Pleteneff and W. W. Kusnezowa, and H. H. Alvarez. In the opinion of 
B. Neumann, F. M. Perkin, E. F. Smith, O. P. Watts, and P. Bruylants, the proposed 
methods are not satisfactory. P. Rontgen and R. Buchkremer discussed the effect 
of cobalt in zinc electrolytes in reducing the yield. 

There are some monographs and textbooks dealing with the metallurgy of cobalt. 
For instance : 

L. Ouvrard, Industries du Chrom, du manganese, du nickel, et du cobalt, Paris, 1910 ; 
E. Frost, Cours de mitaUurgie dee mitausc autre* que lefer, Paris, 1012 ; C. Schnabel, Hand-
buch der MetalUiHttenkunde, Berlin, 1904 ; London, 2. 753, 1907 ; C. W. Drury, Cobalt-— 
its Occurrence, Metallurgy, Uses and Alloys, Toronto, 1919; H. Herrenscnmidt and 
E. Capelle, Le cobalt et Ie nickel, Rouen, 1885 ; M. Fourxnent and Lt. Quillet, Metallurgies 
du plornb du nickel et du cobalt et alliages de ces metausc, Paris, 1926 ; EE. Copaux, Recherches 
expSritnentales sur Ie cobalt et Ie nickel, Paris, 1905 ; J*. Meunier, Cobalt et nickel, Paris, 1889 ; 
A. M. Villon, 4b., Paris, 1891 ; V. Tafel, Lehrbuch du MetaUhuttenkunde, Leipzig, 2. 623, 
1929 ; A. Weissenborn, MetaUfo&rse, 17. 1716, 1826, 1927 ; T>. M. Liddell, Handbuch of 
Non-ferrous Metallurgy, New York, 2. 1279, 1926. 
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446 INORGANIC A N D THEORETICAL, CHEMISTRY 

A. R . Middleton a n d H . L . Miller, Journ. Amer. Chem. Soc., 38 . 1705, 1916 ; E . J . Mills a n d 
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Stahl Etsen, 28 . 960, 1908 ; 29. 358, 1909 ; J . S. C. WeUs a n d H . T . Vu l t e , Analyst, 14. 188, 
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Ann., 70 . 256, 1849 ; Pogg. Ann., 6. 227, 1826 ; C. H . Wolf, Zeit. anal. Chem., 18 . 38 , 1879 ; 
C Z i m m e r m a n n , Liebig"s Ann., 199. 1, 1879. 

a IX Balachowsky, Compt. Rend., 132. 1492, 1901 ; B . N e u m a n n , Theorie und Praxis drr 
analytischen Electrolyse der Metalle, Ha l le a S., 1897 ; L o n d o n , 215, 1898 ; E . Basse a n d G. Selve, 
German Pat., D.R.P. 6425, 1891 ; G . V o r t m a n n , ib., 78236, 1894 ; A . Coehn, ib., 110615, 1899 ; 
Brit. Pat. No. 9153, 1899 ; A. Coehn a n d E . Salomon, ib., 9153, 1898 ; German Pat., D.R.P. 
102370, 1898 ; A. Coehn a n d M. Glaser, Zeit. anorg. Chem., 3 3 . 18, 1902 ; S. A. Pleteneff a n d 
W . W . Kusnezowa , Zeit. Elektrochem., 39 . 201 , 1933 ; P . R o n t g e n a n d R . Buchkremer , Metall-
wirtschaft, 10 . 963 , 1931 ; F . M. Pe rk in , Practical Methods of Electrochemistry, L o n d o n , 1905 ; 
A. Classen, Quantitative chemische Analyse durch Elektroylse, Berl in, 1908 ; L o n d o n , 1903 ; 
H . H . Alvarez , Ann. CMm. Anal. Appl., 15. 169, 1907 ; P . B r u y l a n t s , Bull. Soc. CMm. BeIg., 
24 . 267, 191O ; O. P . W a t t s , Trans. Amer. Electrochem. Soc, 2 3 . 99, 1913 ; W . D . Bancrof t , 
ib., 6 . 27, 1904 ; W . J . H a r s h a w , U.S. Pat. No. 1596253, 1928 ; Canadian Pat. No. 279454, 
1928 ; R . L . Suhl , J. W . Sands a n d O. B . J . F razer , ib., 264172, 1926 ; J. E . R o o t , Journ. Phys. 
Chem., 7 . 428 , 1903 ; 9. 1, 1 9 0 5 ; E . F . S m i t h , Electroanalysis, Ph i lade lphia , 122, 1907 ; 
C. A. K o h n a n d J . W o o d g a t e , Journ. Soc. Chem. Ind., 8. 261 , 1889. 

§ 5. The Preparation of Metallic Cobalt 
Cobalt is fairly readily reduced from its compounds. According to E. D . Clarke,1 

cobalt oxide is reduced to the metal in the oxyhydrogen name. F. O. C. Grren, 
W. A. Lampadius, W. Hankel, B. M. Tassaert, P. Berthier, Gr. Selve and F. Lotter, 
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H . T . K a l m u s , a n d H . Moissan found t h a t t h e ox ide is r e d u c e d b y h e a t i n g i t i n a c a r b o n 
c ruc ib le , o r b y h e a t i n g i t w h e n a d m i x e d w i t h c a r b o n or s t a r c h . C. W i n k l e r h e a t e d 
a m i x t u r e of c o b a l t o u s ox ide a n d 10 t o 12 p e r cen t , of s t a r c h or w h e a t m e a l , cove red 
w i t h p ieces of cha rcoa l , i n a po rce l a in crucible a t a w h i t e - h e a t for a n h o u r . T h e r e 
is f o r m e d a s p o n g y m e t a l w h i c h c a n easi ly b e c r u s h e d t o p o w d e r ; if t h e h e a t b e 
t o o in t ense , t h e m e t a l a p p e a r s i n t h i c k p l a t e s . T o r e m o v e c a r b o n f rom t h e m e t a l , 
t h e p r o d u c t c a n b e m i x e d w i t h 25 t o 30 p e r cen t , of c o b a l t ox ide , a n d m e l t e d . 
L . T h o m p s o n r e d u c e d t h e ox ide b y p o t a s s i u m t a r t r a t e i n a c a r b o n crucible , a n d t h e 
p r o d u c t c o n t a i n i n g a b o u t 4 p e r c en t , of c a r b o n w a s t h e n m e l t e d w i t h coba l t ox ide 
a n d b o r a x in a c ruc ib le l ined w i t h a l u m i n a . H . Moissan, a n d D . M. L idde l l r e d u c e d 
t h e m e t a l in a n e lec t r ic fu rnace . H . T . K a l m u s sa id t h a t t h e r e d u c t i o n of coba l t 
ox ide b y a n t h r a c i t e r e q u i r e d 1 h o u r a t 1200° for c o m p l e t e r e d u c t i o n u n d e r con­
d i t i ons w h e r e w i t h cha rcoa l , o r l a m p b l a c k , t h e r e d u c t i o n is c o m p l e t e d in 1 h o u r 
a t 900° , a n d i n 10 m i n u t e s a t 1000° t o 1100°. A b o u t 2 0 - 3 0 p e r c en t , m o r e c a r b o n 
w a s e m p l o y e d t h a n co r r e sponds w i t h t h e e q u a t i o n : 2 C o 3 0 4 + 4 C = 6 C o + 4 C 0 2 . 
T h e a p p l i c a t i o n t o i n d u s t r i a l p rocesses w a s d iscussed b y A. Li. D . d ' A d r i a n , 
Li. P . Bas se t , a n d S. B . W r i g h t . B . B o g i t c h i n v e s t i g a t e d t h e r e d u c t i o n of c o b a l t 
ox ide b y c a r b o n m o n o x i d e , wood-cha rcoa l , a n d coal . If t h e t e m p , is h igh e n o u g h 
for t h e s lag t o s e p a r a t e , t h e degree of r e d u c t i o n is i n d e p e n d e n t of t h e p r o p o r t i o n 
of r e d u c i n g a g e n t p r e s e n t . T h e r a p i d fusion of t h e ox ide ore p r e v e n t s a s t a t e of 
e q u i l i b r i u m b e t w e e n t h e ore a n d t h e r e d u c i n g a g e n t be ing e s t ab l i shed . C G . F i n k 
u s e d c a l c i u m c a r b i d e a s r e d u c i n g a g e n t . J . J . Berze l ius , J . W . Dobe re inc r , 
H . S t . C. Devi l le , a n d R . Schne ide r r e d u c e d c o b a l t o x a l a t e t o m e t a l b y h e a t i n g i t 
t o r edness ; a n d , acco rd ing t o H . Moissan, c o b a l t ox ide begins t o b e r e d u c e d b y 
c a r b o n m o n o x i d e a t a b o u t 300° ; a n d H . T . K a l m u s found t h a t b e t w e e n 500° 
a n d 750° , ove r 90° p e r cen t , of coba l tos ic ox ide is r e d u c e d b y c a r b o n m o n o x i d e in a 
few m i n u t e s , b u t t h e r e m a i n d e r is r e d u c e d v e r y s lowly a t t h a t t e m p . ; b e t w e e n 
750° a n d 900°, t h e p a r t t h a t is n o t r e d u c e d i n t h e first few m i n u t e s is smal le r t h e 
h ighe r is t h e t e m p . A t 900°, a b o u t 98-8 p e r cen t , is r e d u c e d in t h e first few 
m i n u t e s . A t low t e m p . , s a y b e t w e e n 350° a n d 450° , t h e f inely-divided m e t a l a c t s on 
t h e c a r b o n m o n o x i d e w i t h t h e s e p a r a t i o n of c a r b o n . T h e sub j ec t w a s s t u d i e d b y 
B . Bog i t ch , Ti. M o n d a n d co-workers , t h e F a r b e n i n d u s t r i e A k t i e n Gesellschaft , 
a n d t h e B a d i s c h e Anil in- u n d Sodafabr ik . J . J a h n , a n d V. Tafel observed 
t h a t , un l ike n icke l ox ide , c o b a l t ox ide is r e d u c e d b y w a t e r - g a s a t 250° t o 350°. 
H . T . K a l m u s sa id t h a t p r o d u c e r g a s is t h e c h e a p e s t r e d u c i n g a g e n t t o e m p l o y for 
i n d u s t r i a l p u r p o s e s , a n d t h a t t h e me ta l l i c p r o d u c t shou ld be cooled in a r educ ing 
a t m o s p h e r e . P . E . M a r t i n , a n d D . MendeleefE r e d u c e d t h e ox ide b y h e a t i n g i t in a 
c u r r e n t of h y d r o c a r b o n s . 

C. B r u n n e r r e d u c e d a m m o n i u m c o b a l t o x a l a t e t o m e t a l b y h e a t i n g i t in a closed 
cruc ib le . H . C o p a u x o b s e r v e d t h a t t h e p r o d u c t of t h e a c t i o n of h e a t on coba l t 
o x a l a t e is a m i x t u r e of coba l t , a n d c o b a l t ox ide , a n d t h a t t h e r e d u c t i o n shou ld be 
c o m p l e t e d b y h e a t i n g t h e p r o d u c t i n h y d r o g e n . W . B i l t z sa id t h a t a v e r y r eac t ive 
f o r m of c o b a l t is o b t a i n e d r a p i d l y b y h e a t i n g t o r edness in h y d r o g e n , a t 120°, 
t h e p o w d e r e d a n d d r i e d o x a l a t e . T h e p r o d u c t is p o w d e r e d a n d aga in h e a t e d in 
h y d r o g e n . A . B r o c h e t o b s e r v e d t h a t t h e c o b a l t o b t a i n e d f rom t h e oxa l a t e is n o t 
p y r o p h o r i c . W . O. Snel l ing o b t a i n e d t h e m e t a l b y h e a t i n g t h e fo rma te a t a low 
t e m p , i n v a c u o , o r i n h y d r o g e n . T h e m e t a l is v e r y r eac t ive , b u t , accord ing t o 
A . B r o c h e t , i t is n o t p y r o p h o r i c . J . R i b a n o b s e r v e d t h a t s o m e m e t a l , a s well a s 
ox ide , is f o r m e d -when a soln. of c o b a l t f o r m a t e is h e a t e d a t 175° i n a sealed a n d 
e v a c u a t e d vessel . 

W . Muller , C. H . WoIfE, A . S i eve r t s , G. M a g n u s , C. Z i m m e r m a n n , J . J a h n , a n d 
W . OhI o b s e r v e d t h a t t h e o x i d e or o x a l a t e is r e d u c e d b y h e a t i n g i t i n a c u r r e n t of 
h y d r o g e n . W . Muller , F . Glaser , a n d G. Gallo t h o u g h t t h a t a subox ide is f o r m e d — 
vide infra. W . Mul le r sa id t h a t t h e r e d u c t i o n of c o b a l t oxide b y h y d r o g e n begins a t 
320° ; H . Moissan , 190° t o 200° , a n d t h a t p y r o p h o r i c m e t a l c a n be fo rmed a t 250° ; 
a n d F . Glaser o b s e r v e d t h a t t h e r e d u c t i o n of t h e ox ide occurs a t 228°, a n d t h a t t h e 
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weights obtained a t 260°, 306°, and 298° are constant, owing to the intermediate 
formation of hydrides. T. W. Richards and G. P . Baxter observed t h a t cobalt 
oxide is only slowly reduced by hydrogen a t the temp, available in a hard glass 
tube . G. Gallo said t h a t the reduction begins a t 118°, and is completed in 4 hrs . 
a t 400°, in 15 minutes a t 700°. G. F . Hiitt ig and R. Kassler observed the yield 
obtained by heating hydra ted cobaltic oxide in hydrogen for 5 hrs. a t : 

250° 300° 350° 400° 600° 

Cobalt. . . 77-52 84-25 91-82 99-34 99-86 per cent. 
H . T. Kalmus obtained a 90 per cent, reduction in a few minutes between 500° 
and 700°, bu t the subsequent progress of the reaction was slow ; and as the t emp, 
rises from 700° to 1100°, the proportion reduced in the first few minutes wi th rise 
of temp, rapidly increases to 1OO per cent. Thus : 

609° 824° 1073° 

T i m e . . 7 15 30 60 2-5 30 150 1 5 30 60 m i n s . 
R e d u c t i o n . 62-2 81-8 83-0 9 3 O 98-5 99-O 99-2 90-O 99-4 99-8 100 per cent . 

when the product is cooled in hydrogen. The reduction of the oxide for industrial 
purposes was described by T. A. Edison, and H. C. Hubbell ; and for the prepara­
tion of a cobalt catalyst, by the Farbenindustrie Aktien Gesellschaft, I . L. Fohlin, 
C. Ellis ; and H . S. Taylor and R. M. Burns, E . Peligot, and W. Spring obtained 
crystals of cobalt by reducing the cobalt chloride in hydrogen ; and C. Winkler, 
and W. Spring obtained mirrors of cobalt by reducing the vapour of the chloride 
with hydrogen. 

H . Rose obtained cobalt by heating a mixture of cobalt oxide and ammonium 
chloride. T. W. Richards and G. P . Baxter said t h a t a spongy metal is produced 
when the oxide is reduced by heating it in a current of ammonia ; C. Winkler said 
t h a t the metal appears as a black powder which glows in air. C. Winkler, and 
B. Kerl reduced cobalt chloride by heating i t in ammonia. E . Peligot, E . H . von 
Baumhauer, R. Schneider, W. Sharwood, W. Casselmann, S. P . Xi. Sorensen, and 
F . Claudet obtained cobalt by heating the chloride or the amminochloride in 
hydrogen. 

J . J ahn , and H . T. Kalmus reduced the oxide by aluminium in the thermite 
process. The thermal value of the reaction is : 3Co3O4+8Al=4Al2O3-J-QCo 
-f-9*>902 CaIs. L. Weiss and O. Aichel used mischmetal instead of aluminium. 
TI. Moissan obtained cobalt by the distillation of the amalgam. 

H . St. C. DeviUe melted cobalt in a lime crucible s tanding inside a graphite 
crucible ; A. A. "Valenciennes employed a magnesia crucible arranged in a similar 
way. C. Winkler melted the cobalt along with about 25 per cent, of cobalt oxide 
in a porcelain crucible. The Berndorfer Metallwaarenfabrik reduced the oxide to 
metal , moistened the metal with a 4 per cent. soln. of potassium permanganate , and 
melted the product in a suitable furnace. H . Copaux said t h a t cobalt takes up silica 
from the so-called magnesia or alumina crucibles, and he recommended crucibles 
made of aluminium silicate bonded -with calcium aluminate. 

A. C. and E . Becquerel obtained a bright deposit of cobalt by the electrolysis 
of a soln. of cobalt chloride which had been neutralized with ammonia or potassium 
hydroxide. A. Gaiffe, H . T. Kalmus, L. Schlucht, H . Fresenius and F . Bergmann, 
and F . Mylius and O. F r o m m used a similar process. C. Winkler recommended 
100 c.c. of a soln. of cobalt sulphate having 11*62 grms. of cobalt per litre, 30 grms. 
of aq. ammonia of sp. gr. 0*905, and 500 c.c. of water. The electrodes consisted 
of two plat inum plates, 9*4 cms. X 5*9 cms . ; and the current employed was 0-7 amp . 
a t 3 volts. 

A. C. Becquerel observed t h a t copper immersed in a soln. of sodium cobalt 
chloride, acquires a coating of cobalt . According to Z. Roussin, D . Vitali, A. Sie­
mens, and A. Commaille, magnesium deposits cobalt from slightly acid soln. of 
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cobaltous salts. S. Kern obtained an incomplete precipitation as hydrated oxide ; 
and K. Seubert and A. Schmidt obtained a complete precipitation as cobaltous 
hydroxide. T. M. Careis, H . Grosse-Bohle, The Farbenindustrie Aktien Gessell-
schaft, A. E . Demarcay, Z. Roussin, and J . L . Davies reduced cobalt from soln. of 
cobalt salts b y means of zinc, N . W. Fischer obtained no precipitation with soln. 
of cobalt n i t ra te . According to Li. de Boisbaudran, cobalt is no t precipitated from 
neutral soln. by zinc except in the presence of a metal easily reducible by zinc— 
e.g., lead or copper, b u t not cadmium ; if a copper salt be present, copper alone is 
deposited if the liquid is acidic. F . Stolba, and C. Mene obtained analogous results 
with zinc, and !L. de Boisbaudran, with cadmium. R. Kremann and co-workers 
observed t h a t with a soln. of cobalt sulphate a t ordinary temp. , zinc or cadmium 
precipitates cobalt largely in a form of cobaltous hydroxide ; bu t less hydroxide is 
formed a t 100°. The reaction is no t only dependent on the temp, bu t also on the 
ra t io , Co : Zn, or Co : Cd, and on the cone, of the soln. The cobalt forms a solid 
film or an alloy a t the surface of t he precipitant. M. Centnerszwer and J . Drucker 
studied the effect of the cone, of the soln. on the reaction. R. Muller and F . R . Thois 
observed an incomplete precipitation b y zinc or cadmium with a soln. of cobaltous 
chloride in ethyl alcohol. A. Damour obtained cobalt amalgam by the action of 
zinc amalgam on a soln. of a cobalt salt. C. Forment i and M. !Levi observed t h a t 
aluminium precipitates cobalt as a black powder from soln. of the nitrate, acetate, 
or chloride. "W. C. Reid found t h a t thallium deposits a basic salt from a soln. of 
cobalt n i t ra te . O. Prelinger found manganese precipitates cobalt from soln. of 
cobalt salts ; and M. Perry, t h a t iron precipitates cobalt first from a mixed soln. of 
salts of cobalt, iron, nickel, and manganese. L. KLritschewsky observed t h a t 
hydrogenized palladium does not reduce a soln. of a cobalt salt to m e t a l ; and B . Neu­
mann, t h a t hydrogen in the presence of palladium does not precipitate cobalt from 
a soln. of i ts simple or complex salts. W. Ipateeff and B . Zragin found t ha t under a 
press, of 100 a tm. hydrogen precipitates a mixture of cobalt and cobalt sulphate from 
22V-CoSO4

 aI*<l 0-2JV-CoSO4, bu t with 4 days ' heating, the reaction is not completed ; 
a t 100°, soln. of the ni t ra te give no m e t a l ; b u t with chloride soln., there is a 
small yield of metal . J . H . Weibel said t h a t the separation of cobalt and cobalt oxide 
by hydrogen or carbon monoxide begins a t 250° ; bu t a t 300°, only cobalt is formed. 
The subject was further examined by the Farbenindustrie Aktien Gesellschaft, and 
W. D . Richardson. T. W. Richards and G. P . B a x t e r 2 found t h a t an ammoniacal 
n i t ra te soln. furnishes an oxy-salt which makes the electrolysis impossible ; bu t 
an ammoniacal soln. of the sulphate furnishes a good deposit with a current density 
of 0-7 amp. per sq. dm. E . Vogel obtained spongy deposits with 0-5.ZV-CoSO4 and 
0-12NT-CoSO4 and 8-5 amps, per sq. dm. According to H . G. Denham and S. W. Penny-
cuick, reproducible cobalt electrodes are formed by deposition on pla t inum from a 
soln. of cobalt chloride containing 2 c.c. of a 5 per cent. soln. of phosphoric acid, 
2O c.c. of a 10 per cent. soln. of sodium dihydrophosphate, and 2 c.c. of a sat . soln. 
of sodium dihydrophosphite and a current density of 0-008 amp . per sq. dm. during 
24 hrs . 

B . Neumann observed t h a t the deposits obtained from a soln. of cobalt chloride 
or sulphate and boric acid are hard , bright, and white, b u t readily peel off if too 
thick. G. B . Bomino and M. Bot t ini obtained cobaltized cobalt—analogous to 
platinized plat inum—on pla t inum from a soln. of cobalt and ammonium sulphates, 
using 4*5 volts for half an hour, and then 5O to 6O volts for 1 minute. E . Muller 
and P . Spitzer obtained a deposit of spongy cobalt on plat inum with a very high 
current density, and an acidified soln. of cobalt sulphate. A. Estelle produced 
cobalt as a fine powder by the electrolysis of a neutral soln. of a cobalt salt mixed 
with an organic hydroxy 1-compound like sugar or glycerol. According to V. Kohl-
schiitter and F . Jakober , the contraction developed by the deposition of a film of 
cobalt on p la t inum depends on t h e current density, temp. , and composition of t h e 
electrolyte. 

F . Mylius a n d O. Fro m m found t h a t with a cobalt cathode on the bo t tom of 
vol*, x i v . 2 0 
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a sat . Boln. of cobalt sulphate, and a pla t inum wire anode, flecks of cobalt appear 
on the surface of the soln. 

R . Schildbach observed t h a t t he occluded hydrogen is greater a t low temp. , and 
is very small a t higher temp. , and this hydrogen causes a fall of potential after 
the current is broken. Wi th a neutra l soln. of cobalt sulphate a t 0°, 20°, 50°, and 
92°, the fall of potent ial was, respectively, 45, 18, 9, and 4 millivolts. Observations 
were made by F . Forster , H . T. Kalmus, M. M. Raessler, O. P . Wa t t s , C. Winkler, 
and R. Schildbach discussed the presence of oxide in electro-deposited cobalt. 
A. C. and E . Becquerel, and M. M, Raessler noted the contamination of the deposit 
with iron. 

According t o G. Coffetti and F . Forster, some hydrogen is evolved in the 
electrolysis of soln. of cobalt sulphate, and R. Schildbach observed t h a t from neutra l 
soln. in an a tm. of hydrogen, cobalt is deposited with quant i ta t ive current efficiency. 
The difference of potential between the electrode and the electrolyte is, however, 
much larger t han the equilibrium value. The difference increases with the current 
density, and diminishes as the temperature rises, almost vanishing a t 90° ; i t is 
very much increased by the addition of small quanti t ies of acid to the solutions, 
and this effect is especially marked a t low t emp. M. J . U d y observed t h a t in t he 
electrolysis of soln. of cobalt sulphate, containing 0-3 to l-O per cent, of free sulphuric 
acid, the current efficiency is 80 to 95 per cent. ; and with 5 per cent, of acid, about 
8 per cent. The voltage required for soln. with up to 1 per cent, of free acid is 
0*5 to 2-O volts lower t h a n i t is wi th neutral soln. having the same current efficiency 
—there is a strong tendency for oxides to be formed on the anode. J . H . Paterson 
showed t h a t with dil. soln., and low current densities there is a cathodic separation 
of hydroxide and hydrogen. M. M. Raessler's observations on the influence of 
composition, acidity, temp. , and current density, D9 amp . per sq. dm., a t t he 
cathode, on the deposition of cobalt are summarized in Table I . 

T A B L E I .—Tax: E F F E C T O F V A R I A B L E S O N T H E D E P O S I T I O N O F C O B A L T . 

JV-CoSO4 

N o r m a l i t y 
of 

Acid 

O O l 
O-1 
0 - 3 

1 8 ° 

Vol tage 

l-252> 

1-30 
0 - 8 5 
0-8O 

2-50Z> 

1-95 
1-8O 
1-5O 

Percentage 
Efficieney 

1 25Z> 

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

2-50Z) 

9 9 - 0 7 
6 0 - 3 6 
3 2 - 0 8 

7 5 ° 

Voltage 

1-25Z* 

O-83 
O-65 
O-6O 

2-502> 

1-20 
O-95 
0-9O 

Percentage 
Efficiency 

1-25X* 

9 8 - 4 9 
5 8 - 9 1 
3 9 - 6 9 

I 2-50X) 

9 9 - 9 1 
7 0 0 0 
5 2 - 5 7 

-ZV-CoSO44 0 I JV-H 8 SO 4 

r> 

O- 6 2 5 
1 - 2 5 0 
2 - 5 0 0 

1 8 ° 

Voltage 

1 1 0 
1 -60 
2-6O 

Percen tage 
!Efficiency 

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

5 5 ° 

Voltage 

0 - 6 5 
0 - 9 5 
1-55 

Percen tage 
Efficiency 

5 7 - 5 5 
6 9 - 5 7 
8 0 - 5 5 

7 5 ° 

Vol tage 

0 - 5 5 
0 - 8 5 
1-32 

Percen tage 
Efficiency 

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

The preparat ion of cobalt by electrolysis has no t developed very far industrially. 
The subject was discussed by H . T. S. Bri t ton, J . L. G. de Burlet , E . B . Cutten, 
N . H . M. Dekker, V. Engelhardt , C. Hoepfner, V. N . Hybinet te , G. H . Montillon 
and N. S. Cassel, C. J . Reed, a n d M. J . Udy. C. J . Reed obtained an amalgam b y 
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electrolysis "with, a mercury cathode, and removed the mercury b y disti l lation. 
EC. Moissan also obta ined cobal t b y distilling mercury from the amalgam. 
J . W . B e c k m a n n electrolyzed a fused mixture of cobalt ox ide and l ime ; and 
H . Skappel e lectrolyzed fused sulphide, or a mixture of sulphide and oxide . 

H . Roehler e lectrolyzed so In. of cobalt chloride in formamide, b u t did n o t obta in 
.depos i t s of the m e t a l ; b u t H . A . Page l and O. C. Ames , and Li. F . Y n t e m a and 
Xi. F . Audrie th obta ined a deposit -with a soln. of cobalt acetate in formamide a t 
100° ; a n d -with a soln. of cobal t chloride in acetamide a t 100°, b u t not wi th soln. 
of cobal t chloropentamminochloride or of potass ium cobalt icyanide in acetamide 
a t 100°. H . S. B o o t h and M. Merlub-Sobel s tudied the deposit ion of cobalt from 
soln. of th iocyanate in l iquid ammonia . 

T h e deposit ion of cobalt for electrochemical analysis has been invest igated b y 
m a n y . A . Classen recommended using a soln. of 0-3 grm. of cobalt sulphate, 4 to 5 
grms. of a m m o n i u m oxalate m a d e up t o 12O c . c , and employ ing a current dens i ty 
of 1 ampere per sq. dcm. for 2*5 t o 3-5 hrs. a t 60° t o 70°, and 3-1 to 3-8 vo l t s . 
According to F . M. Perkin, the deposit is contaminated wi th a l itt le carbon. 
U . Fresenius a n d F . Bergmann recommended as an electrolyte : 0-5 grm. of cobal t 
su lphate , 5 t o 6 grms. of a m m o n i u m sulphate, and 40 c.c. aq. ammonia of sp . gr. 
0 9 6 made up t o 150 t o 170 c . c , using 0-7 a m p . a t 20° to 25° ; B . N e u m a n n recom­
mended : 1 grm. of c o b a l t chloride, 5 grms. of a m m o n i u m chloride, and 3O c.c. aq. 
ammonia made up t o 150 c . c , using 1*5 a m p . for 5 t o 6 hrs. ; E . F . Smith added 0*1 
grm. more potass ium cyanide to a soln. of a cobalt salt than is needed for precipita­
t ion and re-solution, a long wi th 2 grms. of a m m o n i u m carbonate made up to 150 c . c , 
a n d using 1*5 a m p . a t 60° and 6*0 to 6*5 vo l t s for 3*5 hrs. B . N e u m a n n added t h a t 
if the potass ium cyanide is in excess , the separation of cobalt is incomplete . 
F . M. Perkin and co-workers recommended adding t o a soln. of the cobalt salt, 2 c . c 
of a 5 per cent . soln. of phosphoric acid, and 2O t o 25 c . c of a 10 per cent . soln. of 
s o d i u m dihydrophosphate . The subject was s tudied b y J . M. Albahary, 
D . Ba lachowsky , A. Brand, O. Brunck, E . D . Campbell and W . H . Andrews, 
M. S. Cheney a n d E . H . S. Richards, A. Classen and M. A. v o n Reis , O. Ducru, 
N . V. Emel ianova , M. Engels , A . Fischer and co-workers, F . Forster, H . Fresenius 
and F . Bergmann, O. W . Gibbs, R . v o n Foregger-Greiffenturn, V. Kohlschutter 
a n d F . Jakober, C. A . K o h n and J . Woodgate , C. Lucknow, Mansfeldsche Berg-
und Hi i t tendirekt ion in Eis leben, E . Murmann, B . N e u m a n n , H . Nissenson and 
H . Danneel , F . Oettel , W. OhI, H . A . J. Pieters , O. Pi loty , N . A . Puschin and 
R. M. Trechzinsky, A. Rosenhe im and E . Huldschinsky , A. Riche , J. E . Root , 
G. A. Ie R o y , F . Riidorff, L,. Schlucht , G. P . Schweder, M. Schlatter, H . Thomalen, 
G. Vortmann, A. Waller, H . S. Warwick, a n d F . Wrightson. E . F . Smi th and 
co-workers obtained good results w i th soln. containing formic acid, lactic acid, 
or a lactate . P . Bruylants , F . F . Exner , BC. Fresenius and F . Bergmann, 
E . F . Smi th and co-workers, B . Tougarinoff, a n d K. W a g e m a n n used a rotating 
anode, w i th or wi thout a mercury cathode, for the rapid precipitat ion of cobalt 
from soln. of the chloride or sulphate . 

I n 1842, R . Bot tger 3 showed t h a t meta l could be coated wi th cobalt electro-
lyt ical ly . The similarities be tween cobalt a n d nickel are so great tha t much of the 
work which has been done on t h e e lectroplat ing of nickel can be applied t o the 
electroplating of cobalt . This is the conclusion from the various writers—G. Lang-
bein, A . Hol lard and L.. Bert iaux , A . Brochet , W . Pfanhauser, W . G. McMillan 
and W . R. Cooper, A. W a t t , S. P . Thompson , E . Bri iant, W . Maigne and O. Mathey, 
a n d W . R . Barclay and C. H . Hainsworth . Several of the earlier soln. which were 
proposed, were based o n t h a t of A . C. a n d E . Becquerel indicated above. Thus, 
G. W . Beardslee used a soln. of 30 t o 45 grms. of cobalt chloride per litre of water 
m a d e fa int ly alkal ine w i th ammonia ; I . A d a m s , 22*5 grms. of cobalt chloride and 
15 grms. of a m m o n i u m or magnes ium chloride. E . D . Nagel employed a soln. of 
40O parts of cobalt sulphate , and 200 parts of a m m o n i u m sulphate, dissolved in 
6000 parts of dist i l led water m i x e d w i t h 120 parts aq. ammonia of sp. gr. 0*909. 
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T h e soln . Was e m p l o y e d a t 38° . I . A d a m s a lso e m p l o y e d so ln . of c o b a l t s u l p h a t e 
w i t h a m m o n i u m o r m a g n e s i u m Bulphate . A . B r o c h e t a l so u s e d a so ln . of 
a m m o n i u m c o b a l t s u l p h a t e ; a n d S. P . T h o m p s o n , e i the r a so ln . of 6O g r m s . of 
c o b a l t s u l p h a t e , 3 0 g r m s . of m a g n e s i u m s u l p h a t e , a n d 60 g r m s . o r less of a m m o n i u m 
s u l p h a t e ; o r a so ln . of 100 g r m s . of a m m o n i u m c o b a l t s u l p h a t e , 5 0 g r m s . of 
m a g n e s i u m s u l p h a t e , 6*2 g r m s . of c i t r ic ac id , a n d 12-5 g r m s . of a m m o n i u m c a r b o n a t e . 
W . M a i g n e a n d O. M a t h e y u s e d a soln . of 28-6 g r m s . coba l t ch lor ide , 14*3 g r m s . of 
p o t a s s i u m c y a n i d e , a n d 143 g r m s . of s o d i u m t h i o s u l p h a t e ; o r else a soln . of 2 0 g r m s . 
of c o b a l t ch lor ide a n d 10 g r m s . of p o t a s s i u m t h i o c y a n a t e . " G. !Langbein, a n d 
B . N e u m a n n u s e d a soln . of 40 g r m s . of a m m o n i u m coba l t s u l p h a t e a n d 20 g r m s . of 
bo r i c ac id . J . V a n d e r m e r s c h u s e d a soln . of c o b a l t a l ong w i t h one of s eve ra l a c i d s — 
benzo ic , sal icylic , bor ic , gall ic, pyroga l l i c , s u l p h u r o u s , pe rch lo r i c , fo rmic , l ac t i c , 
o r ace t i c ac id . M. K u g e l r e c o m m e n d e d t h e a d d i t i o n of 1 t o 10 g r m s . p e r l i t r e of 
pe rch lo r i c , p e r b r o m i c or s u l p h u r i c ac id a t 30° . A . Classen u s e d a h o t so ln . of 5O 
g r m s . c o b a l t s u l p h a t e , 80 g r m s . of a m m o n i u m o x a l a t e , 2 0 g r m s . of p o t a s s i u m 
o x a l a t e , a n d a l i t re of w a t e r . E . P l a c e t a n d J . B o n n e t specified t h e u se of " b i su l -
p h a t e , Diphospha tes , a n d b i a c e t a t e s . " H . T . !Kalmus a n d co -worke r s r e c o m m e n d e d 
20O g r m s . of a m m o n i u m c o b a l t s u l p h a t e p e r l i t r e for c u r r e n t dens i t i e s u p t o 4 a m p s , 
p e r sq . d c m . ; a n d 312 g r m s . c o b a l t s u l p h a t e , a n d 19*6 g r m s . s o d i u m ch lo r ide p e r 
l i t re , a n d n e a r l y s a t u r a t i n g t h e soln. w i t h bor ic ac id for c u r r e n t dens i t i e s b e t w e e n 
3*5 a n d 26-4 a m p s , p e r sq . d c m . G. F u s e y a a n d co-workers s t u d i e d t h e effect of 
v a r i o u s a d d i t i o n s t o t h e b a t h . 

A . W a t t t r i e d soln . of v a r i o u s k i n d s , a n d H . T . K a l m u s a n d co -worke r s s t u d i e d 
t h e sub jec t . I t w a s conc luded t h a t b y t h e m e t h o d s j u s t i n d i c a t e d , c o b a l t c a n b e 
d e p o s i t e d on t o b r a s s , i ron , s teel , copper , t i n , l ead , B r i t a n n i a m e t a l , a n d G e r m a n 
si lver , so a s t o g ive a f i rm a d h e r e n t , h a r d , u n i f o r m sur face w h i c h c a n be buffed a n d 
finished t o g ive a w h i t e m e t a l w i t h a b lu i sh ca s t , a n d possess ing g o o d l u s t r e . T h e 
depos i t of c o b a l t is h a r d e r t h a n t h a t of n ickel , a n d i t c a n b e h a m m e r e d , b e n t , o r 
b u r n i s h e d as i n t h e t e s t s app l i ed t o n icke l depos i t s . T h e e lec t r ica l c o n d u c t i v i t y of 
t h e c o b a l t soln . is g r e a t e r t h a n is t h e case w i t h o r d i n a r y n icke l soln. , a n d t h e y c a n 
the re fo re b e -worked a t a lower v o l t a g e for a g iven speed of p l a t i n g . 

Electroplat ing w i t h cobal t -was d i scussed b y W . S. Barrows , A . C. a n d E . Becquere l , 
C. H . B u c h a n a n a n d T . H a d d o m , B . Carr, Earbenindustr ie AJctien Gesel lschaft , M. Fiedler , 
C. F o r m e n t i a n d M. Lev i , A . GaiflEe, T . H . G a n t , B . J i ro tka , P . R . Jou'rdain a n d 
A . R . Bernard, W . G. K n o x , D . J . M c N a u g h t o n a n d A . W . Hothersa l l , P . Marino, 
Q. Marino, C. P . Madsen, G. H . Mont i l lon a n d N . S. Cassel , E . D . N a g e l , A . Nefgen , 
A . Rosenberg , G. A . R o u s h , M. Schlat ter , L . Sehul te , O. Sprenger, E . T . Tay lor , 
H . JST. Warron, and E . Weintraub . 

W . Guer t l e r a n d G. T a m m a n n 4 ob se rved t h a t t h e c o b a l t of c o m m e r c e c o n t a i n e d 
2-22 p e r cen t , n ickel , O 0 8 p e r cen t , copper , 0*23 p e r c en t , i ron , a n d 0-04 t o 0-06 p e r 
c e n t , of m a t t e r insoluble in ac id , wh i l s t t h e cobaltum, purissimum of c o m m e r c e h a d 
1-62 p e r cen t , n ickel , 0*10 p e r cen t , i ron , a n d t r a c e s of c o p p e r . H . C o p a u x sa id 
t h a t t h e c o b a l t of c o m m e r c e c o n t a i n s su lphu r , p h o s p h o r u s , coppe r , a l u m i n i u m , 
c a l c i u m , i r o n , a n d n icke l ; a n d i n add i t i on , S. P . L . S d r e n s e n f o u n d lead , a r sen ic , 
z inc , m a n g a n e s e , a lka l i ne e a r t h s , a n d silica. H . T . K a l m u s f o u n d t h a t c o b a l t 
r educed f rom c o m m e r c i a l ox ide c o n t a i n e d 96-8 t o 99*63 p e r c en t , of c o b a l t ; O t o 
0 6 5 p e r cen t , of n icke l ; 0 5 6 t o 2*36 p e r cen t , of i r on ; 0 0 2 1 t o 0*47 p e r c e n t , 
of s u l p h u r ; 0*062 t o 0-24 p e r c en t , of c a r b o n ; O t o 0-06 p e r c e n t , of c a l c i u m ; 
0 t o 0*14 p e r cen t , of silica ; a n d a b o u t 0*06 p e r c en t , of m a n g a n e s e , 0*11 p e r c e n t , 
of a r sen ic ; a n d 0*017 p e r c e n t , of p h o s p h o r u s . H . Moissan ' s c o b a l t p r e p a r e d i n 
t h e e lec t r ic f u r n a c e c o n t a i n e d 0*733 p e r c en t , of i m p u r i t y . T h e s u b j e c t w a s 
d i scussed b y P . Georg i a n d G. Schn iede r , C. W i n k l e r , a n d W . H e s s e n b r u c h . 
A . S i eve r t s a n d W . Krumbhaar r e m o v e d occ luded gases b y h e a t i n g t h e m e t a l 
t o 1400° . B . Egeberg r e m o v e d z inc b y vo la t i l i z a t i on f rom t h e m o l t e n m e t a l ; 
C. W i n k l e r , c a r b o n , b y h e a t i n g t h e meta l w i t h c o b a l t ox ide • B . Bogi tch , sulphur, 
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by heating the metal with wood-charcoal; and P . Manhes, iron and sulphur, by-
fusion with alkali fluxes. 

The melting and casting of cobalt were discussed by H. Copaux,5 W. JJankel, 
C. Winkler, a n d S. B . Wright , for containing vessels—vide supra. The mechanical 
working of the meta l was discussed by Berndorfer Metallwaarenfabrik, C. Brunner 
W. B . Clarke, H . Copaux, P . G. Ehrhard t , T. Flei tmann, P . Georgi and G. Schnieder, 
H . T. Kalmus, P . McCorkle, E . Maurer, P . F . Monnot, G. Selve and F . Trotter, 
A. Valenciennes, and C. Winkler. T. Fle i tmann prepared malleable cobalt by 
adding magnesium t o the molten metal as described for nickel (q.v.). S. Kaya 
obtained single1 crystals of cobalt several c.c. in vol. from 99*8 per cent, electrolytic 
cobalt , b y cooling molten cobalt extremely slowly when the metal is in the 
vicinity of i ts t ransit ion t emp. Many processes of reduction of cobalt salts in 
aq. soln., the reduction of the oxide by hydrogen, and distillation of the amalgam, 
and the thermal decomposition of the carbonyl, furnish pulverulent cobalt. 
A. Estelle also obtained a fine powder by the electrolysis of a neutral salt of cobalt 
mixed with a hydroxylic organic compound—sugar or glycerol. G. Magnus pre­
pared pyrophorie cobalt by reducing the oaades in a current of hydrogen. 
H . Moissan added t h a t the best t emp, for reduction is about 250° ; if the metal is 
reduced a t 700°, or obtained by distilling the amalgam, i t is not pyrophorie. 
N. Nikitin also found t h a t the oxalate reduced between 275° and 350° is not pyro­
phorie, bu t if the oxalate is previously t r i tu ra ted alone or mixed with less t han 50 per 
cent, of manganous oxalate and heated t o 330° to 350°, i t furnishes pyrophorie 
cobalt. C. Winkler, and B . Kerl said t h a t when cobalt oxide is reduced with 
ammonia so t h a t i t contains 14 to 16 per cent, of oxygen, i t glows when exposed 
to air. Pyrophorie cobalt is a black powder "which burns brilliantly when exposed 
to air in consequence of rapid oxidation. 

• A. Kund t , H . Bracchett i , JLi. R. Ingersoll, J . Strong and C. H . Cartwright, 
W. Iiobach, A. Skinner and A. G. Tool, E . Breuning and O. Schneider, R. M. Bozorth, 
E . Hirsch, V. Kohlschiitter and F . Jakober , and E . P . T. Tyndall and W. W. Wertz-
baucher discussed the preparat ion of cobalt mirrors electrolytically—vide iron 
mirrors ; A. Skinner and A. G. Tool, E . O. Hulbur t , and J . D . Hanawal t and 
Xi. R. Ingersoll, b y cathodic spluttering ; A. Knocke, J . C. Steinberg, and 
A. J . Sorensen, by the evaporation of cobalt, which begins in vacuo a t about 640° ; 
W. Spring, by the reduction of the vapour of cobalt chloride with hydrogen ; and 
F . Kl. Bichtmyer and F . W. Warbur ton , by reducing the oxide, composed to a 
th in layer, with hydrogen. T. A. Edison, and H . C. Hubbell prepared films of oxida­
t ion and reduction, and t reated them with dil. acids to remove iron, and arsenic; 
the resulting surfaces were said to be very active chemically. G. F . Taylor 
obtained cobalt filaments by drawing the molten metal enclosed in a suitable 
quartz-glass tube , and afterwards removing the glass with hydrofluoric acid. 

F . Ehrenhaft ,6 and O. Scarpa prepared colloidal cobalt by electrical spluttering 
under water by G. Bredig's me thod—3. 23, 10—and T. Svedberg added t h a t the 
product was probably a colloidal hydroxide or oxide. T. Svedberg prepared the 
colloid b y an oscillating discharge—3. 23, 10. C. Benedicks, D. ZavriefF, 
A. H . Erdenbrecher, and J . Billitzer also prepared the colloid by electrical splutter­
ing. The Chemische Fabr ik von Heyden obtained the colloid by electrical 
spluttering in the presence of a reducing agent, and a protective colloid, and found 
t h a t wi th 0*03 per cent, of cobalt, the sol is very dark brown, almost black in 
reflected light, and dark brown in t ransmi t ted light. A. Pieroni and E . Girardi 
reduced pyridine soln. of cobalt salts by a soln. of pyrogallol, pyridine, and diluted 
the mixture wi th water—if cobalt acetate is used, the dilution with water is not 
necessary. C. Paal , a n d C. Paa l a n d H . Boeters obtained the hydrosol by 
reducing a hydrosol of cobalt hydroxide in the presence of a hydrosol of palladium 
—with sodium prota lbate or lysalbate as protective colloid. H . H. Franke used 
gum arabic, gelatin, gum tragacanth, saponin, and sodium lysalbate as protective 
colloid, and hydrazine, or a salt of hydrazine, in the presence of alkali, as reducing 
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agent. The hydrosol or bydrogel is reversible. Ii . Hugounenq and J . Loiseleur 
used glycogen as protective colloid. A. J o b and R. Reich obtained a colloid by 
the action of ethylmagnesium bromide on cobalt iodide in benzene. H . Nordenson 
said t h a t colloidal cobalt is no t formed by the action of ultra-violet light, or X-rays, 
or radium rays on cobalt in contact with water or other dispersion media. The 
oxidizable metals yield hydra ted oxides, and the action of these radiations is t o 
accelerate changes which occur in their absence. T. Svedberg prepared aloosols by 
oscillatory sparking under isobutyl or ethyl alcohol as dispersive medium. A. Lesure 
obtained a colloidal suspension in oil for intramuscular injections. 
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§ 6. The Physical Properties of Cobalt 
The cobalt obtained by the reduction of the oxide in hydrogen, is a grey or black 

powder. A. A. Valenciennes * said t h a t the metal en masse, after it has been fused, 
has the colour of polished i ron ; whilst H . T. Kalmus and co-workers said t h a t its 
colour is like t h a t of nickel, although, when plated and polished, i t is silver-white 
with a slight bluish tinge. C. Brunner, W. A. Lampadius, P . Georgi and 
G. Schmeider, H . Nagaoka and K. Honda, and H. Copaux also said t h a t the metal 
is silver-white, and C. "Winkler, t h a t i t is bluish-white or greyish-white like zinc. 
Sometimes cobalt appears as a black mat te . According to A. W. Wright, a thin 
film of cobalt in t ransmit ted light appears grey or brownish-grey ; and G. T. Beilby 
said blue. P . Berthier said t h a t the metal has a fracture like t h a t of cast-iron. 
E . van Aubel discussed the colour and transparency of thin films of cobalt. 

H . T. Kalmus and co-workers,2 R. Vogel, R. Ruer and K. Kaneko, and K. Fried-
rich observed t h a t deep etching shows massive cobalt to contain polyhedral 
crystals. R. Ruer and K. Kaneko observed twinning in the crystals of cast cobalt, 
and R. Vogel added t h a t twinning is an effect of cold-work, and vanishes when 
re-crystallization occurs during annealing. R. Vogel observed Neumann's lines ; 
G. Tammann and Q. A. Mansuri, the re-crystallization of coba l t ; F . Sauerwald, 
t he grain-growth during sintering ; G. Quincke, the formation of what he called 
foam-cells during the solidification of the molten m e t a l ; and R. M. Bozorth, and 
R. Vogel, the orientation of the crystals. Cobalt is dimorphous in tha t i t forms a 
var iety with hexagonal crystals stable a t ordinary temp., and a variety with cubic 
crystals stable above 400°, although both forms may be present in ordinary cobalt. 
S. B . Hendricks and co-workers said t ha t cobalt has a hexagonal lattice above 
1015° and below 400°, and in between, a cubic lattice. H . Perlitz studied the 
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distance apar t of the atoms. G. T. Beilby observed t h a t the polished metal has 
a t ransparent , glass-like film which may pass into minute scales or granules. 
H . ELersten, R. M. Bozorth, F . Bit ter , and V. Kohlschiitter and F . Jakober studied 
the structure of the electro-deposited metal. 

A. W. Hull observed t h a t the X-radiograms of electro-deposited cobalt corre­
spond with a close-packed, hexagonal lattice—Fig. 2—with t he side of t he 

_ elementary, triangular prism c—2-514 A., and the distance 
rrrr_?^»0(r--^-J^» between the nearest atoms, «=2*514: A., or a : c = l : 1*633 ; 
VT-Sif 1T"*! I S * S e k i t o S a v e «=2*498 A., c=4-052 A., and a : c = l : 622 ; 

A. Osawa gave a = 2-492 A., c—4*056 A., and a : c = l : 1*63 ; 
and F. Wever and TJ. Haschimoto, a=2*514 A., c=4*17 A., 
and a : c = l : 1*66. A. W. Hull observed that filings of the 
metal, after being heated in hydrogen to 600° for 6 hrs., 
possessed a mixture of cubic and hexagonal lattices in about 
equal proportions. It was not possible by annealing to com-

1 acked iHoxLaoztel P^e*e * n e transformation from the hexagonal to the cubic 
Lattice'of Cobalt. form, but by reducing the oxide in hydrogen at 600°, the 

metal had a face-centred, cubic lattice of side a=3-554 A., and a 
distance of 2-514 A. between the nearest atoms. S. Sekito found for the cubic lattice 
«=3-558 A. ; F. Wever and TJ. Haschimoto, a=3*554 A. ; A. Osawa, «=3*525 A. ; 
and IJ. Vegard and H. Dale, «=3*533 A. H. Kahler, E. A. Owen and E. L. Yates, 
A. Karlsson, H. Shoji, S. B. Hendricks and co-workers, H. Masumoto, 
R. W. G. Wyckoff, and E. C. Bain discussed this subject. L. R. Ingersoll and 
J. D. Hanawalt found that a cobalt film spluttered in nitrogen is metallic and non­
magnetic ; it has a face-centred, cubic lattice, with «=4*297 A., and this reduces 
to the normal, face-centred, cubic lattice "with « ==3-554 A., when it is degassed 
and crystallized at 400° ; and H. Kahler observed that a film obtained by cathodic 
spluttering had a regular orientation of crystallites of both cubic and hexagonal 
forms. G. Sachs studied the effect of mechanical work on the lattice ; and 
"W. H. Rothery, the relations amongst the lattice constants of cobalt and other 
metals. •* 

From a study of the gold-cobalt alloys, W. Wahl 3 inferred that above 1400°, 
cobalt forms cubic crystals, and below that temp., hexagonal crystals. H. Pechaux 
also considered that two breaks in the thermoelectric curve of cobalt at 280° and 
550° represent allotropic transformations. K. Konda and S. Shimizu observed 
discontinuities in the effect of temp., on the magnetization of cobalt, and inferred 
that there is a transition temp., or change of phase at 464°. It is now known that 
cobalt exists at ordinary temp, in a form, ex-cobalt, with a stable, close-packed, 
hexagonal lattice, and that at the transition temperature, about 400°, it furnishes 
/?-CObalt, the stable form above 400°, and possessing a face-centred, cubic lattice. 
Both forms may exist side by side at ordinary temp., but a-cobalt is the stable 
form, )8-cobalt the unstable form. U. Dehlinger and co-workers discussed the 
mechanism of the transformation and inferred that a single crystal suffering an 
allotropic transformation does so by a simple shearing movement of the atoms on 
that atom plane of the proper family of planes which will produce the smallest 
increase in the surface area of the crystal. 

A. Schulze observed that the temp, coeff. of the electrical resistance of cobalt 
of a high degree of purity remains nearly constant between 444° and 467° ; and 
that the reverse transformation is completed at about 350° ; with cobalt contain­
ing 0*47 per cent, of iron, the transformation temp, is between 403° and 446°, and 
the reverse transformation is completed at 150°. Measurements of the thermal 
expansion indicate a transformation between 451° and 452°, and the reverse trans­
formation ends at about 100°. Measurements of the thermoelectric force against 
platinum indicate a transformation between 456° and 470°. A. Schulze gave 444° 
for the transition temp. ; S. B. Hendricks and -co-workers gave 400° ; Gr. Wasser-
mann, 450° ; S. XJmino, 460° ; and P. H. Emmett and J. F. Schultz between 
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340° a n d 360°-—but t h i s l a s t r e s u l t is t o o low. H . M a s u m o t o o b s e r v e d t h a t t h e 
effect of impurit ies o n t h e t r a n s f o r m a t i o n t e m p , is i r regula r w h e n d e t e r m i n e d by-
o b s e r v a t i o n s o n t h e t h e r m a l e x p a n s i o n , t h e r m a l effects, e lectr ical res i s tance , o r 
m a g n e t i z a t i o n . B o t h fo rms a r e f e r romagne t i c , a n d t h e t r a n s f o r m a t i o n e x h i b i t s a n 
hys te res i s be ing m u c h lower o n a fal l ing t e m p , t h a n i t is o n a r is ing t e m p . W i t h 
c o b a l t of t h e h i g h e s t degree of p u r i t y , a n d w i t h t h e following p e r c e n t a g e p r o ­
p o r t i o n s of i r o n — o t h e r i m p u r i t i e s i n b r a c k e t s — t h e obse rved t r a n s f o r m a t i o n t e m p , 
•were : 

Impur i t i e s . . . O 0-04 (0*189) 0-10 (0-162) 0-33 (0-086) per cent . 
r n ^ ^ X ^ J H e a t i n g . . 477° 447° 442° 427° 
• L r a n S l t l o n l Cooling . . 403° 400° 400° 360° 

S. B . H e n d r i c k s a n d co-workers o b s e r v e d t h a t )3-cobalt a p p e a r s w h e n coba l tos ic 
o x i d e is r e d u c e d i n h y d r o g e n a b o v e 400°, a n d a f t e r s t a n d i n g 7 m o n t h s , i t shows 
n o s ign of t h e p r e sence of a - c o b a l t ; b u t t h e c a s t m e t a l , a n d c o b a l t r e d u c e d f rom 
coba l tos ic ox ide b y h y d r o g e n a b o v e 1015° h a s t h e c lose-packed h e x a g o n a l l a t t i c e 
of a - c o b a l t . T h e cub ic fo rm is the re fo re s t ab l e b e t w e e n 400° a n d 1015°. A c c o r d i n g 
t o A . W . H u l l , a s a m p l e of 99*7 p e r cen t , c o b a l t g a v e a n X - r a d i o g r a m cons i s t ing 
o n l y of a , -coba l t ; a n d a f te r h e a t i n g for a b o u t 6 h r s . a t 600° i n h y d r o g e n , i t c o n t a i n e d 
a b o u t e q u a l p r o p o r t i o n s of a- a n d ^ - c o b a l t ; i t w a s n o t possible t o o b t a i n a c o m p l e t e 
t r a n s f o r m a t i o n i n t o j8-cobalt a t t h i s t e m p . C o b a l t o b t a i n e d f rom t h e oxide r e d u c e d 
b y h y d r o g e n a t 600° cons is t s of y3-cobalt, a n d o n l y t r a c e s of a - coba l t . T h e 
e lec t ro ly t i c m e t a l c o n t a i n s a b o u t e q u a l p a r t s of t h e t w o forms , w h e r e a s S. Sek i to 
f o u n d t h a t t h e e l ec t ro ly t i c m e t a l of ten c o n t a i n s o n l y a - coba l t . S. K a y a found 
t h a t a s lowly-cooled s a m p l e , w i t h 0-116 p e r c en t , of i ron , a n d 0-0924 p e r cen t , of 
o t h e r i m p u r i t i e s , cons i s t ed e n t i r e l y of a - c o b a l t ; a n d A. B . C a r d well obse rved 
c o m m e r c i a l s a m p l e s of 99-9 p e r cen t , coba l t s o m e t i m e s c o n t a i n e d yS-cobalt, a n d 
o t h e r s a m p l e s n o t so. M. R . A n d r e w s obse rved t h a t a l loys w i t h 100 t o 5 p e r cen t , 
of i ron h a d t h e cub ic l a t t i ce ; a l loys w i t h 2 p e r cen t , of i ron h a d t h e cub ic l a t t i ce 
a n d f a in t s igns of t h e h e x a g o n a l l a t t i ce , a n d c o b a l t a lone h a d t h e h e x a g o n a l l a t t i ce . 
A . R o g e r s found t h a t e lec t ro ly t ic c o b a l t p r ev ious ly h e a t e d t o 500° , h a d a t r a n s i t i o n 
t e m p , of 420° a n d w h e n m e l t e d i n v a c u o , a n d h e a t e d t o 1100°, t h e t r a n s i t i o n t e m p . 
w a s 445° . F . W e v e r a n d XJ. H a s c h i m o t o a t t r i b u t e d t h e v a r i a t i o n s in t h e de te r ­
m i n a t i o n s of t h e t r a n s i t i o n t e m p , a s d u e t o s t r o n g hys te res i s , a n d t o t h e p resence 
of different p r o p o r t i o n s of t h e t w o a l lo t ropes in t h e m e t a l p r e p a r e d in different w a y s . 
C. Li. U t t e r b a c k obse rved a n i r r egu la r i t y i n t h e t o t a l r e a c t i o n of coba l t b e t w e e n 
1047° a n d 1107° co r r e spond ing w i t h t h e Curie p o i n t . 

T h e t r a n s f o r m a t i o n w a s s h o w n b y H . M a s u m o t o , W . C. El l is , a n d S. B . H e n d r i c k s 
a n d co-workers t o b e inf luenced b y s t r o n g m a g n e t i c fields. Acco rd ing t o A . B . Card-
well , i n t h e i n t e r m e d i a t e s t ages of t h e t r a n s f o r m a t i o n t h e pho toe lec t r i c a n d 
t h e r m i o n i c sensibi l i t ies a r e a u g m e n t e d ; a n d h e bel ieves t h a t t h e purif ied m e t a l , 
t h o r o u g h l y free f rom occ luded gases , will h a v e a h ighe r t r a n s i t i o n t e m p , t h a n t h a t 
u s u a l l y accep t ed . F o r t h e e n e r g y changes d u r i n g t h e t r a n s f o r m a t i o n , vide infra. 

B o t h a- a n d )3-cobalt a r e f e r romagne t i c , a n d H . M a s u m o t o found t h a t coba l t 
becomes p a r a m a g n e t i c a t 1100°. Th i s , t h e Cur ie t e m p e r a t u r e , cor responds w i t h 
t h e A 2 - a r r e s t of i r o n a t 790°, a n d w i t h n ickel , a t 380° . S. U m i n o g a v e 1150° for 
t h e Cur ie t e m p . , a n d A. Schulze , 1128°—vide infra. T h e r e is a d o u b t w h e t h e r t h e 
t e m p , of m a g n e t i c t r a n s f o r m a t i o n is c o n n e c t e d w i t h a c h a n g e of p h a s e . G. Wasse r -
m a n n o b s e r v e d n o a l lo t rop ic t r a n s f o r m a t i o n p o i n t a t 10° t o 15°. W . Guer t l e r a n d 
G. T a m m a n n , a n d R . R u e r a n d K . Kaneko cons idered t h a t t h e r e is also a po ly­
m o r p h o u s c h a n g e a t t h e Curie t e m p . H . M a s u m o t o , however , s a id t h a t t h e r e is n o 
c h a n g e of p h a s e , o r of a t o m i c a r r a n g e m e n t s . S. N . H e n d r i c k s a n d co-workers also 
s a id t h a t t h e r e is n o c h a n g e i n t h e l a t t i c e c o n s t a n t a t t h e Curie t e m p . , 1103°, a l t h o u g h 
t h e r e is a t r a n s f o r m a t i o n t e m p , a t 1015°—vide supra. A. Schulze sa id t h a t t h e 
c u r v e s of e lec t r ica l res i s tance , a n d t he rmoe lec t r i c force aga ins t p l a t i n u m c h a n g e 
t h e i r d i r ec t ion a t 1128°, b u t t h e r e is n o a b r u p t change as usua l ly occurs w i t h 
changes of phase. 
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T. Bergman * gave 7-7 for t h e specific gravity, bu t his metal was impure, and 
the d a t u m was too l ow; J . J . Berzelius gave 8-5131 ; C. Brunner, 8*485 ; 
B . M. Tassaert, 8-5385 ; S. Bot tone, 8-5 a t 15-5° ; R. J . Hauy , 8-5384 ; 
W. A. Lampadius , 8-7 ; T. H . Henry , 8-558 ; and L. Playfair and J . P . Joule , 
7-718 to 8-260 ; C. F . Rammelsberg gave for the reduced metal , 8-132 to 9-495— 
mean, 8-57. These observations, and those by F . A. C. Gren, were made before 
chemists had learned to purify the metal adequately. For the metal which had 
been fused, W . A. Tilden gave 8-718 a t 21°/4° ; G. Neumann and F . Streintz, 
and R. von Dalwitz-Wegner, 8-6 ; O. Block, 8-920 ; H . Copaux, 8-8 a t 15°/4° ; 
A. Schulze, 8-79 a t 20° ; and C. Winkler, for electrolytic cobalt foil, 7-9678 a t 20°. 
T. M. Lowry and R . G. Parker gave 8-7706 for the metal in bulk, and 8-7453 for 
the cold-worked metal (filings). H . T. Kalmus and C. H . Harper found for 99-9 
per cent, metal, cast from jus t above i ts m.p., about 1500°, 8-7562 a t 15° ; for the 
meal cast and swaged down to a th in cylindrical bar, 8-9227, a t 19° ; and for the 
cast metal, annealed a t 700°, 8-8105 a t 19°. A. W. Hull calculated for both the 
hexagonal forms a sp. gr. of 8-66, when the best representative value for ordinary 
cobalt is 8*8 ; S. Sekito similarly calculated 8-89 for ct-cobalt and 8-64 for /?-cobalt. 
J . A. Groshans discussed some relations of the density of cobalt. Fo r cobalt reduced 
from the oxalate by hydrogen, W . Biltz and W. Holverscheit observed 8-83 a t 
25°/4°, and for the atomic vo lume, 6-68. I . I . Saslawsky, and E . Moles studied 
the a t . vol. ; and W. Biltz and K. Meisel calculated 6-58 for the a t . vol. a t absolute 
zero. The subject was studied by I . I . Saslawsky, and A. Heydweiller. E . Dona th 
and J . Mayrhofer, I . Traube, and P . Niggli made observations on some relations 
of the a t . vol. T. Ba r th and G. Lunde calculated from the lattice dimensions of the 
cubic form of cobalt the a t . vol. 6-84, a value which lies between t h a t of the cubic, 
face-centred forms of iron (7-11) and of nickel (6-53). F . Ephra im's relation between 
the dissociation temp. , T° a t 50O mm., and the at.vol. v, namely T*r»=14-0, furnishes 
6-8. A. W. Hull, W. P . Davey, and J . K. Morse gave 1-257 A. for the a tomic 
radius ; W. F . de Jong and H . W. F . Willems, 1-27 A. to 1-29 A. ; and V. M. GoId-
schmidt, 1-26 A. W. L. Bragg gave 1-37 A. for the ionic rad ius . A. M. Berkenheim, 
M. Li. Huggins, H . Grimm, E . Piwowarksy, P . Rontgen and W. Koch, 
E . Herlinger, E . J . Cuy, V. M. Goldschmidt, L . Pauling, P . Walden, R . G. Lunnon, 
A. Ferrar i and F . Giorgi, E . H . Westling, J . C. Slater, and E . T. Wherry made 
observations on this subject from which i t follows t h a t for tervalent cobalt, the 
effective a t . radius is 0-29 to 0-47 A. ; for bivalent cobalt, 0-72 to 0-82 A. ; and for 
neutral cobalt atoms, 1-26 to 1-39 A. G. N a t t a and I J . Passerini found t h a t if the 
radius of oxygen is 1-32 A., t h a t of cobalt is 0-80 A. ; and G. N a t t a and A. Reina 
gave 2-92 A. for the diameter of the Co"'-ion. The subject was also discussed b y 
V. M. Goldschmidt, G. Berg, A. F . Scott, H . Grimm, and O. E . Frivold. M. Toepler 
found t h a t on melting, a gram of cobalt expands 0-0064 c.c. or 5-2 per cent. 
K. Honda and co-workers gave 2-03 per cent, for the expansion during the solidifi­
cation of cobalt with 2-2 per cent, of carbon. A. Kapust insky discussed t h e effect 
of solvation on the ionic radius. 

J . B . Dumas observed t h a t cobalt is scratched by glass of hardness 5-6 on Mohs' 
scale. S. Bot tone gave for the hardness of cobalt O-145, when t h a t of nickel is 
0-141, t h a t of silver, 0-099, and t h a t of the diamond, 0-300. S. F . Schemtschuschny 
and S. W. Belynsky gave 4, and H . Copaux gave 5-5 on Mohs' scale. T. Turner, 
and E . van Aubel said t h a t cobalt is harder t h a n iron. T. Turner found t h a t the 
hardness of cobalt is 1450 when t h a t of nickel is 141O; t h a t oi iron, 1375 ; and 
t h a t of the diamond is 3010. M. Waehlert gave 136 for BrinelTs hardness ; and 
C. A. Edwards , 86-0. R . Ruer and K. Kaneko est imated t h a t BrinelFs hardness 
of cobalt is 132 ; and H . T. Ka lmus and C. H . Harper found t h a t the hardness of 
99-9 per cent, cobalt, cast from ju s t above its m.p. with a load 3400 lbs., is 124 ; the 
values for cast and sheet nickel a re 83-1 and 85-1 respectively. Hence the hardness 
of cobalt cast from jus t above i ts m .p . is higher than t h a t of iron or nickel cast under 
similar conditions. If commercial cobalt has 0*060 to 0-37 per cent, of carbon, t he 
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increased hardness is no t sufficient to affect variations due to heat- t reatment . 
D . J . McNaughton, and D. J . McNaughton and A. W. Hothersall found t h a t the 
BrinelFs hardness of electro-deposited cobalt varies from 270 to 311 ; and Xi. Gruillet 
and J . Cournot found t h a t by immersion in liquid air, the hardness rose from 174 
to 222 on BrinelFs scale. E . Maurer said t h a t by cold-working, involving a 3 per 
cent, extension, the hardness of cobalt with 4-15 per cent, of nickel rose from 18O 
to 280. M. Guichard and co-workers said t h a t the hardness is independent of the 
hydrogen content. 

The early observers—e.g., P . Berthier, E . S. Clarke, and C. Brunner—noted t h a t 
cobalt is malleable under the hammer. H . T. Kalmus and C. H . Harper observed 
t h a t purified cobalt can be readily machined in a lathe, al though i t is somewhat 
brit t le, and yields a short clip. The addition of a small proportion of carbon 
renders the meta l less brit t le, for i t then yields a longer curling clip when turned. 
Purified cobalt cast in iron or sand moulds, slowly or rapidly cooled, cannot be 
directly swaged down to fine wire without special hea t - t r ea tment ; bu t commercial 
cobalt, containing small percentages of carbon, can be readily swaged down from 
cast bars to wires of any desired diameter. 

Observations on the tensile strength of cobalt were reported by H . St. C. Deville. 
The value for purified cobalt, cast and unannealed, is nearly 34,400 lbs. per sq. in. 
T. H . Gant gave 15*35 tons per sq. in. If the meta l be annealed, the tensile strength 
is only slightly increased, the average value is 36,980 lbs. per sq. in. H . Copaux 
found the tensile strengths of iron, nickel, and cobalt to be respectively 23,000, 
18,000, and 60,000 lbs. per sq. in. R. Ruer and K. Kaneko gave 25 kgrms. per 
sq. mm. for t he tensile s trength of cobalt P . W. Bridgman gave 39-7 kgrms. per 
sq. m m . for the breaking stress of a "wire of 0-0762 mm. diameter and annealed a t a 
red-heat. H . T. Kalmus and co-workers observed t h a t the percentage reduction 
in area, and the elongation are small for purified cast cobalt. The tensile yield-
point is generally very close to the tensile breaking load. The tensile s trength of 
cobalt increases rapidly as the metal is rolled, and i t may a t ta in 100,000 lbs. per 
sq. in. by being swaged down to wire. The effect of carbon is to raise the tensile 
s t rength from 34,400 lbs. per sq. in. for cast and unannealed metal to 61,000 lbs. 
per sq. in. for cobalt wi th 0-060 to 0-30 per cent, of carbon. The average value for 
0-062 per cent, of carbon is 59,70O lbs. per sq. in., and for 0-25 per cent, of carbon, 
61,900 lbs. per sq." in. The effect of carbon and other impurities in commercial 
cobalt is greatly to increase the percentage elongation and reduction of area, which 
rise in most cases well over 12 per cent. 

H . T. Kalmus and C. H . Harper found t h a t the compressive strength of purified 
cobalt, cast and unannealed, is about 122,000 lbs. per sq. in. The effect of annealing 
is no t very marked, being near 117,200 lbs. per sq. in., so t h a t annealing has a 
tendency to lower the compressive strength. The compressive yield-point of annealed 
and purified cobalt is 56,10O lbs. per sq. in. compared with 42,200 lbs. per sq. in. 
for unannealed cobalt, so t h a t the yield-point is slightly raised by annealing. The 
compressive strength of purified cobalt cast jus t above i ts m.p. , cooled in an iron 
mould, and machined in a lathe to test-bar size, is much greater than the corre­
sponding values for iron and nickel. The effect of the presence of carbon, as in 
commercial cobalt, is to increase the compressive strength above 175,0OO lbs. per 
sq. in. for the addit ion of 0-060 to 0-3O per cent, of carbon. The yield-point is not 
greatly affected, b u t i t is lowered from 5 to IO per cent, for 0-060 to 0-30 per cent, 
of carbon for both annealed and unannealed metal . The effect of annealing com­
mercial cobalt is to lower i ts compressive strength—e.g., unannealed specimens 
gave 183,00O lbs. per sq. in., and annealed samples 140,000 lbs. per sq. in. The 
compressive yield-point of commercial cobalt is similar to t ha t of the purified metal, 
being 39,000 lbs. per sq. in. for unannealed samples, and 53,000 lbs. per sq. in. for 
annealed samples. 

K. Honda gave j0=2-O38xlOi2 for Young's elastic modulus of 97-12 
per cent, coba l t ; and H . Tomlinson gave i£=2-005 XIO1 2 for unannealed 
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cobalt, and ^ = 1 - 8 1 7 x l0 l s » for the annealed metal . E . Widder gave 
E=Ezo{l~-0-0006803(0—20)}. H . Walker obtained, a t different t e m p . : 

11-2° 85° 78° 100° ISO0 

2? X l O 1 * . 1-479 1-476 1-476 1-473 1-471 

K. Honda and co-workers studied the effect of magnetization, and observed t h a t 
with a wire 64 cm. long, and 1 cm. diameter, in a magnetic field of H gauss : 

Load —1005 grins. X.oad = 2830 gnns, 
, » , * » 

H . . 100 250 500 100 250 5OO 
dEIW . . 0-0025 0-0053 0-0077 0-0088 0-0028 0-0043 

K. Honda observed for 97-12 per cent, cobalt the torsion modulus or rigidity 
n = 7 - 6 3 x l O H to 7 - 7 1 x 1 0 " ; E . Drago, 9 - 0 0 x 1 0 " ; and W. Sutherland gave 
18,200 kgrms. per sq. mm. The effect of cooling near —110° was studied by 
Ii. Guillet and J . Cournot. K. Honda and co-workers observed for the effect of a 
magnetic field of H gauss : 

H . . . 1OO 2OO 4 0 O 6 0 O 8OO 
dn/n . . 0-0005 0 0 0 1 2 0-0021 0 0 0 2 8 0 0 0 3 1 
P . W. Bridgman found the compressibility of purified cobalt a t 30° to be 

v/v0= — (5-39-21 X 10~5p)p X 10-7, and a t 75°, v/v0= —(5-47—2-1 X \0r*p)p X 10~7. 
T. "W*. Richards found the mean change in vol. T>y 0-987 a tm. press, is 0-27. 
P . W. Bridgman estimated the coeff. of compressibility to be )S—00650 ; and 
L. H . Adams gave /3=0-0655, and for p/p, - 0 - O n 4 . T. W. Richards gave 510 kilo-
megabars, and R. F . Mehl, 510 kilomegabars for the internal pressure ; and for 
the maximum disruptive internal press., 1870 kgrms. per sq. mm. T. W. Richards 
gave 329,00O megabars for the internal press. G. A. Tomlinson discussed the 
nature of the cohesive press. R. von Dallwitz-Wegner gave 338,67O a tm. for 
the cohesion press, a t 0°, and 305,728 a tm. a t 100°. E . Drago studied the internal 
friction of cobalt wires. J . F . Chit tum studied the surface energy. 

W. F . Barre t t 5 found t h a t the velocity of sound in cobalt is 14-2 (air unity) ; 
and A. Masson gave 4724-4 metres per second. 

H . Fizeau 6 found the coeff. of thermal expansion of compressed cobalt, reduced 
by hydrogen, to be 0-O41236 a t 40°, and 0-O41244 a t 50°. A. Quadrio-Curzio gave 
0-04181 between 25° and 300° ; and H . Masumoto and S. Nara, 0-O41279 between 
30° and 100°. E . P . Harrison gave for the value of a, between 0° and 300°, 
<x=(128O+O-750+O-OO3502) X10 '» . A. E . H . Tut ton gave <x=0-041208+0-07128 
between 6° and 121°. Observations were also made by E . van Aubel. R. von 
Dallwitz-Wegner gave for the coeff. of cubic expansion, 0-04362 a t 0°, and 0-04401 
a t 100°. W. F . Barre t t observed t h a t an abrup t expansion occurs a t a stage in t he 
cooling of an incandescent wire. A. Schulze observed t h a t the coeff. of thermal 
expansion of technically pure cobalt between 0° and 20°, 100°, 300°, and 400° are 
respectively 0-041255, 0-041357, 0-O41437, and 0-041511. There is a sudden expansion 
between 451° and 452° due to a transition point, and on cooling, t he transit ion is 
delayed to temp, as low as 100°. H . Masumoto found t h a t the thermal expansion 
of one sample of cobalt has an abrupt change a t 442°, and a t 427° and 477° in other 
samples ; and on cooling there is an abrupt contraction a t 360° to 403°—Fig. 3 . 
These changes correspond with an allotropic change in the meta l which occurs a t 
447° on the heating curve, and a t 403° on the cooling curve. The presence of iron 
or other impurities lowers the transit ion temp. F . I J . Uffelmann's values of the 
coeff. of thermal expansion on heating and cooling curves are indicated in Fig. 4. 
G. A. Tomlinson discussed some interatomic relations of the thermal expansion ; 
T. W. Richards, the relation between the inner press, and the coeff. of thermal 
expansion ; and A. Denizot, the relation between the sp. h t . and compressibility 
and the coeff. of thermal expansion. T. M. Iiowry and R. Gr. Parker observed a 
slight permanent contraction after annealing cobalt filings a t 100°. 

W. F . Barre t t found t h a t the thermal conductivity of cobalt is 0-172 when t h a t 
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of silver is uni ty . According to K. Honda, the thermal conductivity of cobalt is 
0*1653 cal. per degree per cm. per sec. a t 30° ; and H . Masumoto gave 0*1299 cal. 
per degree per cm. per sec, a t 30°. 

P . Lr. Dulong and A. T. Pe t i t 7 gave 0-1067 for the specific heat of cobalt. 
H . V. Regnaul t gave 0-10674 for the sp. h t . of cobalt between 14° and 97° ; and for 

/2 

/0 

8 

2 

O W 
„ * 
*y <? 

^ 

PC 

&\ 7* 

9° 

- < t f 
*r 

<r 
f 
J/ 

4C 

1 

7 s 

?o° 

S * 

,4 
* 

J<' 

7* 

* 

S 

600° 

S 

500° 60On 700° 

F i a s . 3 a n d 4 . — T h e Thermal E x p a n s i o n of Cobalt . 

Other samples, 0-10094 to 0-10727. W. F . Barre t t gave 0-1070 between 15° and 
100° ; A. de la Rive and F . Marcet, 0*1172 between 5° and 15° ; and W. A. Tilden 
found for temp, between 15° : 

S p . l i t . 
— 182° 
0 0 8 2 2 

— 78° 
0 0 9 3 9 

loo° 
0 103O 

185° 
0-1047 

350° 
0 1 0 8 7 

435° 
0 1 1 4 7 

550° 
0 1 2 0 9 

630° 
0 1 2 3 4 

and S. Umino gave for the mean and t rue sp. hts . of cobalt, the following results : 
100° 20O* 300° 400° 450° 500° 600° 800° 900° 1000° 

M e a n . 0 1 0 8 9 O H 0 7 O 1124 O 1145 OHGO O H 8 5 0-1214 0-1298 0-1337 0 1 3 7 8 
True . 0-110 0-114 0-118 0 1 2 8 0-135 0-135 0-140 0-160 0 1 7 0 0-181 

1100° 1150° 1200° 1250° 1300° 1350° 1400° 1520° 1550° 1570° 
M e a n . 0-1420 0-1455 0-1480 0-1503 0-1527 0-1562 0-1579 0-2067 0-2079 0-2083 
True . 0-199 0-213 0-203 O-208 0-213 0-219 0-225 0-265 0-265 0-265 

The results are plot ted in Fig. ' 5 . There is a transformation point a t 470°, and the 
ferromagnetic transformation at a higher temp. , so t h a t the curve has two maxima. 
I n the paramagnetic range, the sp. h t . curve is almost 
linear up to the m.p. The t rue sp. h t . of the molten 
meta l does no t va ry with t emp. H . E . Schmitz gave 
0-0840 for the sp. h t . of cobalt between the b .p . of 
oxygen and 0°, and 0-10795 between 0° and 100° ; 
H . Schimpff, 0 1 0 3 0 between 17° and 100° ; 00942 
between 17° and 79°, and 0-0818 between 17° and 
—190°; T. W. Richards and F . G. Jackson, 0-828 
between 19-6° and —185-9° ; H . Copaux, 0 1 0 4 be­
tween 20° and 100° ; and J . Pionchon gave O-145063 
a t 500° ; 0-184556 a t 800° ; and 0-204 a t 1000° ; and 
for t he t rue sp. ht . , c, a t 0° between 0° and 890°, 
c = 0-10584 -h O-O44573340 -}- O-O765828103 ; and be­
tween 890° and 1150°, c=O124-M>OOOO80. P . Schubel gave 01042 between 
18° a n d 100°, and 0-1220 between 18° and 600° ; H . T. Kalmus and C. I I . Harper, 
0-1053 between 15° and 100° ; A. Gobi, 0 0 9 3 3 between 0° and - 7 9 ° ; 0-1041 
between 0° and 100° ; 0-1279 between 0° and 800° ; and 01455 between 0° 
a n d 1187°; T. W. Richards and F . G. Jackson, 0-0828 between 20° a n d 
—188° ; and J . Dewar, 00207 between —196° and —253°. The atomic heat 
t hus ranges from 1-22 in the vicinity of —253° to 8-58 in the vicinity of 1187°. 
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F i o . 5 . — T h e Specific S e a t 
of Cobalt . 
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H . E . Schmitz gave 4-96 a t -^85°, and 6*37 a t 60°. I . Maydell gave for the a t . h t . 
^5=8-720—938-9(^H-352) -1. E . D . Eas tman and co-workers calculated O2,—C9 
=0*13 cal. per degree per mol. G. Tammann and A. Rohmann found for the hea t 
capacity, —O 1 0 0 cals. per gram-atom between : 

- 2 0 0 P t O - I O O 0 — 1 0 0 & t o 0 ° 0° t o 100° 100° to 2O0° 200° to 300° 300° to 400° 400° t o 600° 
C 1 0 0 . 451-71 5 3 6 0 4 612-4O 641-59 656-93 681-10 705-87 

Observations were made by P . Oberhoffer and W. Grosse, F . Simon and M. Ruhe-
mann, F . Wiist and co-workers, and J . F . Shadgen. J . R . Ashworth studied the 
relations between the thermal and magnetic constants of coba l t ; A. H . Stuar t , the 
relations between the elastic constants and the sp. h t . ; G. A. Tomlinson, some 
interatomic relations of the sp. h t . ; J . Perry, relations with the a t . wts. ; 
W. M. !Latimer, and E . D . Eas tman and co-workers, the thermal energy and the 
electrons ; and J . Dorfmann and R. Jaanus , the change in the sp. h t . a t the Curie 
point. 

According to R. Pictet ,8 cobalt has a melting-point of 1500° ; T. Carnelley, and 
P . H . van der Weyde, 1800° ; W. Guertler and G. Tammann, 1505° to 1528° ; 
H . Copaux, 1530° ; E . M. Terry, 1485° ; G. K. Burgess, 1464° for 99-95 per cent, 
coba l t ; G. K. Burgess and R. G. Waltenburg, 1477° to 1478° ; A. L. D a y and 
R. B . Sosman, 1489-8° ; W. R. Mott , 1489-8° ; U. R a y d t and G. Tammann, 1480° ; 
K. Hiege, 1525° ; J . J ahn , 1565° ; H . T. Kalmus and C. H . Harper, 1478° ; 
V. A. Nemiloff, 1480° ; R. Ruer and K. Kaneko, 1491° • K. Friedrich, 1494° ; 
R . Sahmen, and W. A. Wahl, 1493° ; S. Umino, 1489° ; and A. G. C. Gwyer, 1491°. 
W. Guertler and M. Pirani gave 1490° for the best representative value ; and 
L. I . Dana and P . D . Foote, 1480°. Other observations were made by F . Wever 
and TJ. Haschimoto, and G. Boeher. W. A. Lampadhis made a determination on a 
very impure specimen. W. Guertler and G. Tammann observed t h a t the presence 
of iron has very little influence on the m.p. of cobalt. R . C. Smith found t h a t cobalt 
filings sintered a t 200°, and precipitated cobalt a t 500°. W. A. "Wahl observed t h a t 
molten cobalt is readily undercooled as much as 216° below its f .p., and solidification 
then occurs suddenly. At first molten cobalt readily a t tacks porcelain, bu t once 
the oxide has been removed, subsequent fusions do no t cause any a t tacks . 
T. Carnelley discussed the relation between the m.p . and the coeff. of thermal 
expansion ; W. Crossley, the relation between the m.p . and the a t . vol. ; G. A. Tom­
linson, some interatomic relations of the m.p. ; E . Kordes gave 2-65 for the 
change of entropy on melting ; and W. Braunbek, the effect of melting on the 
space-lattice. 

As indicated previously, J . Pionchon observed an allotropic transformation 
a t 300° ; and, according to I . I . Sehukoff, there is a magnetic transformation or 
transition point a t 985° whereby the magnetic metal becomes non-magnetic ; 
W. Guertler and G. Tammann said t h a t the transformation occurs a t 1150°. For 
Lord Kelvin's (W. Thomson's) observation on t h e relation of the phenomenon to 
the law of transformation of energy, vide iron. 

According to H . Moissan, cobalt is less volatile t h a n nickel, so t h a t under similar 
conditions in the electric-arc furnace, only 20 grms. of cobalt were distilled during 
the distillation of 50 grms. of nickel. O. Ruff and F . Keilig gave 2415° for the 
boiling-point of cobalt, or 2375° a t 30 mm. press. W . R . Mot t calculated 2900°. 
O. Ruff and co-workers found t h a t the metal sa tura ted with carbon begins to boil a t 
2500° and about 40 mm. press. R. W. Millar gave 1885° a t 1 m m . press., 2635° a t 
100 mm., 3050° a t 500, and 3185° a t 760 m m . ; a n d for the vapour pressure of the 
liquid, log p=—1-865 log T—18610T-*-hi 4*881. F . Wiist and co-workers » found 
the la tent beat of fusion of cobalt to be 58*2 cals. per gram., or 3-44 Cals. per gram-
atom a t 1478°. J . W . Richards calculated 68 cals. per gram. S. Umino obtained 
67*00 cals. per g ram for the la tent hea t of fusion. E . Rabinowitsch and E . Thilo gave 
0*15 volt for the hea t of fusion; 3*94 volts for the hea t of vapor izat ion; and 4*09 
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volts for the hea t of sublimation when 1 v o l t = 2 3 CaIs. The subject was studied 
by E . Kordes ; and the relation between the heat of fusion and the vibration 
frequency, by 1VST. Herz. 

J . Thomsen *o found the heat Of dissolution in hydrochloric acid to be 
(Co,2HCl,aq.)=15-07 CaIs. ; and in sulphuric acid, (Co,H2S04 ,aq.)=19-71 CaIs. 
According to W . G. Mixter, the heat of oxidation to amorphous cobaltous oxide is 
(Co,£02) = 5 0 5 CaIs., and to the crystalline oxide, 57-5 CaIs. ; whilst (3Co.202) 
=193-4 CaIs. Z. Shibata and I . Mori gave (Co,£02) =57,234 cals. S. Umino 
found t h a t t he heat Of transformation of cobalt from the hexagonal close-packed 
to t h e face-centred cubic lattice amounts to about 1*185 cals. per gram, or t o 
1-16XlO - 2 2 cals. for 1 molecule of cobalt. The magnetic transformation requires 
about 2-195 cals. per gram, or 2-14XlO""22 cals. per molecule. E . D. !Eastman, 
and G. N". !Lewis and co-workers gave 7-2 cals. per degree a t 25° for the entropy of 
cobalt. B . Bruzs, K. K. Kelley, W. Herz, R. D . Kleeman, and W. M. Lat imer 
discussed this subject. R .von Dallwitz-Wegner discussed the free energy. 
Z. Shibata and I . Mori gave —51,612 cals. for the free energy of the reaction a t 
25-1°. H . Masumoto found a marked absorption of heat occurs a t 427° on. a rising 
temp. , as ex-cobalt passes to /?-cobalt, and an evolution of heat a t 360° on a falling 
t emp . S. Umino calculated from the sp. h t . curves of 98-135 per cent, cobalt, t h a t 
the heat of transformation is 1*01 to 1-08 cals. per gram a t 460°. Observations ou 
the subject were made by J . May del ; and XJ. Dehlinger discussed the changes of 
energy during the transformation. 

!For the colour of cobalt, vide supra. H . du Bois and H . Rubens 1:L found the 
index of refraction, /JL9 for electrolytic cobalt for light of wave-length, A, to be : 

X 4 3 1 O 4 8 6 O 5 3 9 3 6 4 4 0 6 7 0 0 
fj, . . . 2 1 0 2 - 3 9 2 - 7 6 3-1O 3 - 2 2 

The absorption coefficient, and the reflecting power, Ry given by R. S. Minor, 
are : 

A . 2313 2573 2749 2981 3467 3950 450O 500O 55OO 5893 
Jc . 1-43 1-81 214 2-33 2-47 2-91 3-42 3-71 3-90 4-04 
fx . 110 1-25 1-41 1-5O 1-54 1-63 1-79 1-93 2-05 2-12 
R . 31-8 39-7 45-7 48-7 51-1 57-7 63-3 65-5 66-6 67-5 

Ti. R . Ingersoll gave : 
A . . 750O 87OO 1-OOfz 125fj. l -50 /« 1-75/x 2 0 0 / n 2-25/* 
Jc . . 4 - 8 5 5 - 3 7 5 - 7 3 6-3O 6 - 7 3 6 - 8 1 6 -95 7 1 8 
fj. . . 2 - 7 1 3 1 8 3 - 6 3 4-5O 5 - 2 2 5 - 5 3 5 - 6 3 5 - 6 5 
JR . 7 1 0 7 2 - 5 7 3 - 3 7 4 - 3 7 5 1 7 5 - 1 7 5 - 7 7 6 - 5 

Observations were also made by A. Q. Tool, C. Zakrzewsky, I . C Gardner, A. Kund t , 
A. Pfliiger, G. Quincke, W. Voigt, and D. Shea. C. A. Skinner and A. Q. Tool 
discussed the optical properties of th in films of cobalt ; and H . Behrens, the double 
refraction of films obtained by spluttering. W. W. Coblentz gave for the reflecting 
power : 

A . 1.-06/* 1-71/* 3-06/* 3-96/x 5-24/* 6-75/u. 8 0 2 / x 9-38,z 10-49 ,* 12-03 ,* 
JR . 6 7 - 5 7 1 - 5 7 6 - 7 8 0 - 7 8 6 - 2 9 2 - 7 9 5 - 8 9 6 - 4 9 6 - 8 9 6 - 6 

and observations were also made b y W. W. Coblentz and R. Stair, K. O. Hulber t , 
A. Q. Tool, R . S. Minor, P . Drude, L.. R. Ingersoll, A. Hunke, A. Heydweiller, 
A. Bromer, and K. Fajans and H . Kohner. U . Geisler studied the anomalous 
dispersion ; and A. KLundt, t h e absorption of light by thin films. 

H . Knoblauch found the polarization angle for ultra-red heat rays to be 
79-00 ; and 72-50 for yellow-light. B . Hirsch studied the circular polarization. 
J . H . Gladstone gave 10-4 for the refraction equivalent, and O-177 for the sp. 
refractive power. W. J . Pope gave 13-18 for the refraction equivalent of cobalt ; 
a n d t h e scattering of light by cobalt-blue was studied by G. I. Pokrowsky. 

vol*, x iv . 2 H 
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C. Li. Ut terback 1 2 measured the total radiation energy, E9 of cobalt a t T° K. , 
and found t ha t E=C1T*** for temp, between 672° K, and 1320° K ; and JE=C2T***2, 
between 1380° K. and 1590° K.. There is a rapid change in the emission near the 
transformation point, 1348° K., a t which temp, there are changes in the susceptibility, 
permeability, resistance, sp. ht . , and thermal expansion. G. K. Burgess and 
R. G. Waltenburg found t ha t with light of wave-length 065ft, the emissive power, 
E9 for cobalt near its m.p. is 0*36 for the solid, and 0-37 for the liquid. G. R. Green-
slade determined the effect of temp, on the emission of energy. 

The Kerr effect was studied by E . van Aubel,1 3 H . Behrens, H. du Bois, 
W. Dziewulsky, P . D . Foote, E . H . Hall, L. R. Ingersoll, A. Kundt , J . G. Leathern, 
P . Martin, C. A. Skinner and A. Q. Tool, C. Snow, and W. Voigt ; and the rotat ion 
of the plane of polarization by passage through thin layers of cobalt in a magnetic 
field, the so-called F a r a d a y effect, by H . Behrens, H . du Bois, C. J . Gorter, 
E . Hirsch, A. Kundt , "W. Lobach, E . Miescher, C. A. Skinner and A. Q. Tool, and 
W. Voigt. 

Cobalt gives no distinctive coloration to the colourless flame ; bu t the flame 
spec t rum of cobalt has been examined by A. Gouy,1 4 J . N . Lockyer, E . Diacon, 
L. de Boisbaudran, W. N. Hart ley, W. N. Har t ley and H . Ramage, C. de Wat te -
ville, A. Hagenbach and H . Konen, J . M. Eder and E . Valenta, G. D . Liveing and 
J . Dewar, J . Meunier, H . Auerbach, A. Harnack, and E . N. da C. Andrade. 
A. K. Russanoif studied the acetylene flame spectrum of nickel. The spark 
Spectrum shows a number of lines and, according to J . Formanek, the more im­
por tan t of which are 5641 in the yellowish-green ; 5483—e9 Fig. 6—5353 and 5340 
—a, Fig. 6—5280, 5267—£, Fig. 6—5212—S, Fig. 6—and 5154 in the g reen ; 
4868—y, Fig. 6—4840—£, Fig. 6—4815 and 4793 in the blue ; 4533 in the indigo : 

6500 6000 5500 5000 4500 4000 
F i a . 6.—The Spark Spectrum of Cobalt. 

and 4119 in the violet. The green double lines, <x and yS, are characteristic, and so 
also are the blue lines, y and Z19 and the green line, c. The spark spectrum was 
examined by W. E . Adeney, Li. and E . Bloch, L. de Boisbaudran, R. Capron, 
G. C. Ciamician, E . Demarcay, J . M. Eder, J . M. Eder and E . Valenta, F . Exner 
and E . Hastchek, J . H . Findlay, H . Finger, A. Hagenbach and H . Konen, 
W. N . Hart ley, W. Huggins, E . O. Hulbur t , G. Kirchhoff, W. Kraemer, G. D . Live­
ing and J . Dewar, J . N . Lockyer, O. Lohse, F . McClean, W. A. Miller, J . Pa r ry and 
A. E . Tucker, J . H . Pollok, J . H . Pollok and A. G. G. Leonard, T. R. Robinson, 
S. P . de Rubies, T. Takamine and S. Nit ta , and R. Thalen. W. F . Meggers, 
W. F . Meggers and F . M. Walters, and E . O. Hulbur t studied the spark spectrum 
under water. 

The a r c spectrum was studied by Lord Blythswood and W. A. Scoble, K. Burns, 
A. Cornu, F . Dhein, F . Exner and E . Hatschek, J . H . Findlay, C. E . Greider, 
S. Hamm, B. Hasselberg, C. Horner, J . Janssen, A. Krebs, G. D . Liveing and 
J . Dewar, J . N. Lockyer, J . C. McLennan and co-workers, H . M. Randal l and 
E . F . Barker, H . A. Rowland, S. P . de Rubies, H . Slevogl, L . Stilting, T. Takamine 
and S. Ni t ta , W. Vahle, and F . M. Walters. The spectrum in the discharge tube 
with a glowing cathode resembles the arc spectrum ; a n d i t was examined by 
M. Kimura and G. Nakamura, J . H . Pollok, C. Wali-Mohammad, and L. Janicki . 

The absorption spect rum of the vapour of cobalt was examined by J . N . Lockyer 
and W. C. Roberts-Austen, and W. F . Meggers and co-workers ; the spectrum of 
gaseous explosions, by G. D. Liveing and J . Dewar ; and the spectrum of cobalt in 
the electric furnace, by F . DhCm4 G. A, Hemsalech, and A. S. King. The ultra-
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Violet s p e c t r u m w a s e x a m i n e d b y V. S c h u m a n n , J . M. E d e r , F . E x n e r a n d 
E . H a t s c h e k , R . J . L a n g , J . H . F i n d l a y , E . B a y l e a n d L . A m y , R . Vo l t e r r a , L . a n d 
E . B l o c h , T . T a k a m i n e a n d S. N i t t a , J . C. M c L e n n a n a n d co-workers , R . G. zu D o h n a , 
a n d H . B e c q u e r e l ; a n d t h e u l tra-red s p e c t r u m , b y W . F . Meggars a n d C C . Kiess , 
L o r d B l y t h s w o o d a n d W . A. Scoble , L . S tUt ing , a n d H . M. R a n d a l l a n d E . F . B a r k e r . 
T h e effect of pressure o n t h e s p e c t r a l l ines of i r on w a s s t u d i e d b y W . J . H u m p h r e y s , 
C. D . L i v e i n g a n d J . D e w a r , W . B . A n d e r s o n , H . F inge r , a n d H . K o n e n a n d 
H . F i n g e r ; t h e effect of temperature, b y H . A u e r b a c h , a n d W . N . H a r t l e y ; t h e 
intensity of t h e l ines b y W . C la rkson , P . W . Merr i l l , G. N a k a m u r a , L . S. Or s t e in 
a n d co -worke r s , a n d L . S. O r s t e i n a n d T . B o u m a ; t h e exp los ion s p e c t r u m , b y 
H . N a g o a k a a n d co -worke r s ; t h e effect of t h e oscillating discharge, b y G. A . H e m -
s a l e c h ; t h e effect of t h e self-induction, b y G. A . H e m s a l e c h , a n d P . B . H u b e r ; 
t h e anomalous dispersion, b y H . Geisler ; t h e enhanced lines, b y M. K i m u r a a n d 
G. N a k a m u r a , a n d J . N . L o c k y e r ; t h e effect of t h e medium, b y H . F i n g e r , 
P . B . H u b e r , W . B . A n d e r s o n , T . R . R o b i n s o n , G. A . H e m s a l e c h , A . S c h u s t e r a n d 
G. A . H e m s a l e c h , a n d H . K o n e n a n d H . F i n g e r ; t h e effect of a magnetic field—the 
Z e e m a n e f f ec t—by J . M. G r a f t d y k , S. R y b a r , G. J . E l i a s , C. W a l i - M o h a m m a d , 
P . A . v a n d e r H a r s t , J . K u n z , F . M. W a l t e r s , J . H . F i n d l a y , a n d J . H . v a n Vleck a n d 
A . F r a n k ; current strength, e t c . , b y M. K i m u r a a n d G. N a k a m u r a ; reversed spectra, 
W . F . Meggars , a n d A . C o r n u ; t h e energy of a r c a n d s p a r k s p e c t r a , b y A. P n i i g e r ; 
a n d t h e effect of a n electric field-—the S t a r k e f fec t—by J . A. A n d e r s o n , M. K i m u r a 
a n d G. N a k a m u r a , T . T a k a m i n e , a n d H . N a g a o k a a n d Y . S u g i u r a . T h e ultimate 
rays w e r e d i scussed b y A . d e G r a m o n t , L . S. O r s t e i n a n d T . B o u m a , W . R . M o t t , 
J . B a r d e t , F . L o w e , L . d e B o i s b a u d r a n , H . N . Russe l l , E . B a y l e a n d L . A m y , 
T . Negresco , M. C a t a l a n a n d K . B e c h e r t , W . F . Meggers a n d C. C. Kiess , a n d 
W . N . H a r t l e y a n d H . W . Moss . T h e q u a l i t a t i v e ana lys i s of m i x t u r e s w i t h c o b a l t 
w a s d i scussed b y J . P a r r y a n d A. E . T u c k e r , A . Schle icher , a n d W . Ger l ach a n d 
K . R u t h a r d t ; a n d t h e q u a n t i t a t i v e ana lys i s , b y F . T w y m a n a n d C. S. H i t c h i n . 
T h e structure and regularities of the line spectrum of c o b a l t w a s s t u d i e d b y E . v o n 
A n g e r e r a n d G . J o o s , K . B e c h e r t , C. G. B e d r e a g , M. C. W . Buf fam a n d H . J . C. I r e t o n , 
B . C a b r e r a , W . M. C a d y , M. A. C a t a l a n , M. A. C a t a l a n a n d K . B e c h e r t , G. Ciamic ian , 
C. R . D a v i d s o n a n d F . J . M. S t r a t t o n , J . H . F i n d l a y , R . C. G i b b s a n d H . E . W h i t e , 
S. G o u d s m i t , A . d e G r a m o n t , W . N . H a r t l e y , F . H u n d , L . J a n i c k i , C. C. K ie s s a n d 
O. L a p o r t e , M. K i m u r a a n d G. N a k a m u r a , O. L a p o r t e , O. L a p o r t e a n d 
W . F . Meggers , O. L a p o r t e a n d A. Sommer fe ld , W . F . Meggers , W . F . Meggers a n d 
C. C. K ies s , W . F . Meggers a n d F . M. W a l t e r s , R . A . Merril l , K . R . More , 
F . P . Mulde r , A . A . N o y e s a n d A . O. B e c k m a n , P . G. N u t t i n g , L . S. Ors t e in a n d 
T . B o u m a , E . P a u l s o n , R . R u d y , S. R y b a r , H . N . Russe l l , M. N . S a h a a n d 
B . B . R a y , M. S a w a d a , A . W . S m i t h a n d M. M u s k a t , C. P . S n o w a n d F . I . G. R a w l i n s , 
L . A . S o m m e r , N . K . Su r , N . K . S u r a n d K . M a j u m d e r , I . T a m m , C. Wal i -
M o h a m m a d , a n d F . M. W a l t e r s . N o s e r i e s s p e c t r a h a v e b e e n d e t e c t e d . 
A . T . W i l l i a m s d i scussed t h e r e l a t i o n b e t w e e n v a l e n c y a n d m u l t i p l e s p e c t r a . 

R e d , a q . so ln . of c o b a l t ch lo r ide b e c o m e v i o l e t a t 100°. T h e p h e n o m e n o n w a s 
s t u d i e d b y J . B e r s c h , 1 5 a n d J . KaIUr. W i t h c o n e , h y d r o c h l o r i c o r su lphur i c ac id , 
t h e co lour of t h e soln . b e c o m e s b l u e , a n d t h i s t h e m o r e read i ly , t h e h igher is t h e t e m p . 
T h e r e d c r y s t a l s of t h e h e x a h y d r a t e , CoCl 2 . 6H 2 O, w h e n h e a t e d , lose wa te r , fo rming 
a lower h y d r a t e , a n d t h e co lou r c h a n g e s t o v io le t - red , o r b lu ish-viole t . T h e 
a n h y d r o u s s a l t is p a l e b lue . A q . soln . of c o b a l t ch lor ide c a n be red , v io le t , or b l u e . 
T h e co lour d e p e n d s o n t h e t e m p , a n d cone . R e d , a q . soln . become b lue w h e n 
m i x e d w i t h t h e m e t a l ch lo r ides . T h e ch lor ides of ca l c ium a n d m a g n e s i u m a r e 
spec ia l ly a c t i v e , so t h a t , e v e n a t o r d i n a r y t e m p . , t h e y c h a n g e t h e colour t o v io le t 
o r b l u e . H y d r o c h l o r i c a c i d a n d s o d i u m chlor ide a r e n o t so ac t i ve , b u t t h e y enab le 
t h e b l u e co lour t o a p p e a r a t a lower t e m p , t h a n is t h e case w i t h soln. of c o b a l t 
ch lo r ide a lone . T h e ch lo r ides of z inc , m e r c u r y , a n t i m o n y , t i n , e t c . , a c t i n t h e 
conve r se w a y a n d f a v o u r t h e c h a n g e of co lour f rom b lue o r v io le t b a c k t o t h e 
o r ig ina l r e d . C o n e . so ln . in m e t h y l o r e t h y l alcohol a r e b lue . 
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According to J . Formanek, t h e absorption spectrum of aq. rose-coloured soln. 
of cobalt chloride or n i t ra te , sui tably diluted, has a strong, green band a t 6160— 
Fig. 7 ; and two very weak bands a t 4795 and 4610, which are no t visible in dil. 

CoCIg in water 

CoCIz in alconol (conc.t 

CoCl3 inalconol (dil.) 

CoCl2 jnhydrocfilaric<3dafCGO/rcj\ 

S\—/^. *•* --». 
CoClzin/fydrvc/flar/cacidfc/il) 

Cobalt-glass 
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! F I G . 7 . — T h e A b s o r p t i o n S p e c t r a o f C o b a l t S a l t S o l u t i o n s . 
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soln. Defining the mol. extinction coeff., A9 by the equation J = J 0 I O ~-*<**, 
where I0 denotes the original intensity of the light, and I the final intensity after 
passing through d cm. of soln. containing O mols. of salt per litre, R. S. Houstoun 
and co-workers found t h a t the mol. extinction coeff., A9 is a function of the wave­

length, A, as indicated for soln. of 
different cobalt salts, in Fig. 8. 
The value of t h e coeff., A, varies 
with the concentration, C9 of the 
soln. ; and also with the t e m p . 
The results with the chloride for 
cold, dil. soln., cold, cone. soln. 
and hot , cone. soln. are i l lustrated 
b y Fig. 9. W . J . Russell observed 
a great similarity in t he absorp­
tion spectra of fused mixtures of 
cobalt and chloride and alkali 
chlorides, of blue soln. of cobalt 
chloride in hydrochloric acid, of 
cone. soln. of cobalt chloride in 
methyl , ethyl, and amyl alcohols, 
glycerol, and various esters. The 
results were in all cases ascribed 
to the presence of free, anhydrous 
cobaltous chloride. The spectra 
of aq. soln. varied with the con­
centration ; sa tura ted soln. gave 
a spectrum with bands a t A=610 
and 625 characteristic of t he 
anhydrous chloride, whilst dil. 
soln. gave a band between A==550 
and 485, and this was ascribed t o 
the hydra ted chloride. W. N . Har t ­
ley found t h a t t he increase in ab­

sorption a t t h e red-end of the spectrum with a rise of t emp, is clearly shown by 
sat . soln. of cobalt chloride either alone or admixed with calcium chloride. The 
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general results show tha t soln. of cobaltous chloride in hydrochloric acid and in 
sat . soln. of calcium chloride contain something which is also produced in cone. aq. 
soln. w i t h a rise of t emp. The question arises : -what is this something ? 

Several attempts have been made to explain the colour phenomena of the cobalt salts. 
The simple hydration theory -was discussed by A. F/tard, R. A. Houstoun and co-workers, 
A. Benrath, C. H. L. von Babo, H. Schiff, J. H. Glad­
stone, C. R. C. Tichborne, W. J. Russell, W. J. Russell 
and W. J". Orsman, A. Potilitzin, G. N. WyroubofE, 
G. Charpy, M. S. Wrewsky, and W. N. Hartley ; the 
molecular compound theory, by R. Engel, G. N. Wy-
rouboff, H. Ie Chatelier, A. Chassevant, and F. Schlegel; 
the alio tropic theory, by J". Bersch; the ionization 
theory, by W. Ostwald, W. C. D . Whetham, R. SaI-
vadori, and N. Tarugi and G. Bombardini ; the com­
plex ion theory, by F. G. Donnan and H. Bassett, 
H. Basse tt and H. H. Croucher, G. Rudorff, and 
H. G. Denham ; and the hydrated ion theory, by 
P. Vaillant, G. N. Lewis, C. Mazzetti, H. C. Jones and 
co-workers, and A. Kotschubei. This subject is dis­
cussed in connection -with the colour of cobaltous chlo­
ride. J". Piccard and E . Thomas studied the colour of 
cobalt ions ; H. J. Witteveen and E . F. Farnau, the 
colours produced by the cobalt oxides. 
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Fio. 9.—The Effect of Tem­
perature and Concentration on 
the Absorption Spectrum of 
Cobalt Chloride Solutions. 

H . C. Jones and co-workers also examined the absorption spectra of cobalt salts , 
and tried t o show tha t the gradual shift of an absorption band, as one salt is trans­
formed into another b y replacement of the acid radical, indicates that intermediate 
compounds are formed ; but T. R. Merton showed that the alleged shift is only 
apparent, and is a consequence of the method of measurement employed in the 
work. T. B a y l e y discussed the relations of the absorption spectra salts of the iron 
family of e lements . The absorption spectra of soln. were also observed b y 
J . Angerstein, D . Brewster, W . Boehlendorff, J . Conroy, J. M. Hiebendaal , 
T. Dreisch, C. Kubierschky, G. B . Rizzo, C P . Smyth , J. Landauer, M. Kahanowicz 
and P . Orecchioni, W . R. Brode, R. Samuel and co-workers, S. Hakomori , 
R. J . Macwalter and S. Barratt, B . E . Moore, W. N . Hartley, C. H . WoIfF, S. Kato , 
A. lStard, A. Rosenheim and V. J . Meyer, T. Bayley , J. Moir, W. J. Russell , 
etc. The use of the absorption spectra for the qualitative analysis of members of 
the iron family of e lements was discussed b y H . W . Vogel, and J . Formanek ; and 
the effect of press., b y F . Gr. Wick. 

According t o J . Formanek, the soln. of cobalt chloride in absolute alcohol is 
sky-blue, and wi th cone, soln., the spectra have a broad absorption band extending 
into the red and yel low, and there are feeble bands at 5265 and 515O. B y diluting 
the soln. w i th absolute alcohol, the feeble bands at 5265 and 5150 disappear, and 
the strong band in the red breaks up into small, feeble bands, 6245, 6063, 5906, 5720, 
and a strong band at 6648—vide Fig . 10. W i t h very dil. soln., there are only the 

400\ 

Fio . 10.—The Absorption Spectra of 
Alcoholic Solutions of Cobalt Salts. 

0-7JJL 

Fio. 11«—The Absorption Spectra of 
Acetone Solutions of Cobalt Salts. 

s trong b a n d 6648, and t h e weak bands 6245 and 6063. The alcoholic soln. of cobalt 
nitrate is reddish-violet, and like the aq. soln. of cobalt nitrate, it has a strong, broad 
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0-4 05 0-6 07 0 8fx 
F i o . 12 .—The Effect of Water 

on Alcoholic Solut ions of 
Cobalt Chloride. 

band about 5240, and in cone. soln. only, feeble bands a t 4830 and 4620. 
R. A. Houstoun and co-workers' results for soln. of cobalt salts in alcohol and in 
acetone are summarized in Figs . 10 and 11 . The absorption is greater in these 
soln., and the results are more characteristic of the molecule t h a n is the case wi th 

aq. soln. The absorption in alcohol and acetone 
varies very greatly from one salt to another, and 
t h e y said that " it seems t o depend more on the 
bonds connecting the base t o the acid radical." 
There is evidence of a chemical change between 
acetone and cobalt bromide. W h e n water is gradu­
ally added to an alcoholic soln. of cobalt chloride, 
the colour gradually changes unti l i t reaches the 
colour of an ordinary aq. soln. I n pure alcoholic 
soln. there is a very pronounced m a x i m u m at 675/n/u.: 
as water is added t o the extent of one-twentieth of 
its value in the purely alcoholic soln. where there were 
present C 1

1 = 1 - 0 2 8 mols of cobalt chloride per litre, 
and no water C 2 3

1 = 0 . For the successive solns. C 1
2 

= 0 - 9 7 6 6 and C 2
2 = 3 - 3 ; C 1 3=0-9252 and C 2 3=5*75 ; C!*=0-8738 and C 2 * = 9 * 3 5 ; 

and C 1
5 = 0 - 8 2 2 4 and C 2

5 = 1 2 - 2 2 ; etc. The results, Fig. 12, show that the 
m a x i m u m height of the band decreases approximately in the same ratio, and there 
is a slight displacement towards the red. For C1

7==0«514 and C 2
7 = 2 9 - 5 1 there is 

no trace of this band, and the results are the same as with dil. aq. soln. 
The cobalt chloride thus exists in two phases : one characterized b y a band in 

t h e red (blue phase), and as water is added this passes into a phase characterized 
b y a band in the green at 510/j.fj. (red phase). Since the m a x i m u m with the green 
band in aq. soln. not approaching saturation is about 6, and the m a x i m u m with 
the red band is about 232, the band in the green is observed b y the side of the 
other band if more than one-tenth of the salt is in the blue phase. After applying 
the law of mass action to the results, i t was concluded that in the red phase each 
cobalt chloride molecule is associated with approximately 15 mols. of water t o form 
a polyhydrate. The absorption bands of cobalt chloride thus correspond wi th the 
anhydrous molecule (680/tx/x), the hexahydrate (550/u./z and 490/u/x), and the poly­
hydrate . W. Hardt also studied the spectra of alcoholic soln. 

J. Formanek found that cobalt chloride forms a blue soln. wi th hydrochloric 
acid, and this gives a characteristic absorption spectrum, Fig . 13. A cone. soln. 

has bands a t 5495, 5294, 5041, 4885, 4510, 
and 4418, besides a strong, broad band in 
the red, and one in the violet . The bands 
a t 5041 and 4885 are scarcely vis ible; and 
those a t 4510 and 4418 are inclined t o 
merge into one another. Wi th dil. soln., 
the narrow bands, observed with the 
cone, soln., disappear, and the broad band 
in the red breaks up into bands a t 6933, 
6600, 6415 (weak), 6236, and 6090. A 

very small proportion of cobalt chloride in cone, hydrochloric acid shows the 
absorption bands very clearly. W . R. Brode, and W. R. Brode and R. A. Morton 
showed that the principal absorption band of soln. of cobalt chloride in cone, 
hydrochloric acid consists of s ix superimposed component bands. The frequencies 
of the max imum of these bands and also of the bands in the blue and green regions 
are integral multiples of 12-28. A soln. of cobalt bromide in hydrobromic acid 
shows similar bands, but -with fundamental frequencies of 11*70. A soln. of 
cobalt iodide in hydriodic acid also shows absorption bands, the frequencies of 
max imum absorption being integral multiples of a fundamental frequency of 10*79. 

When a neutral soln. of cobalt chloride is mixed with tincture of alkanna, a 

7000 

F i o . 13.-

6000 5500 5000 

-Absorpt ion Spectra of Cobalt 
Sal ts . 
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vio le t soln . is p r o d u c e d , a n d bes ides t h e a b s o r p t i o n s p e c t r u m of a l k a n n a , i t shows 
a feeble b a n d a t 6320 . If a m m o n i a b e a d d e d , a n e w a b s o r p t i o n s p e c t r u m a p p e a r s 
w i t h t h r e e b a n d s : 6370, 5845 , a n d 5405 , F i g . 13 . A smal l excess of a m m o n i a may-
g ive a b l u e p r e c i p i t a t e . W i t h a soln . of c o b a l t n i t r a t e , a n d t i n c t u r e of a l k a n n a , 
t h e r e is a w e a k b a n d a t 6290 ; a n d a f t e r t h e a d d i t i o n of a m m o n i a , t h e b a n d is d is ­
p l a c e d m o r e t o t h e r i g h t t h a n is t h e case w i t h c o b a l t chlor ide , a n d t h e r e a r e b a n d s 
a t 6354, 5832 , a n d 5 3 9 5 . 

A . N . N iko lopu los , a n d R . L u t h e r a n d A. N . Niko lopu los showed t h a t t h e 
a b s o r p t i o n s p e c t r u m of t h e c o b a l t a m m i n e s is d e p e n d e n t o n l y o n t h e compos i t i on 
of t h e c o m p l e x . T h e r e p l a c e m e n t of N H 3 b y N O 3 , H 2 O , Cl, a n d B r in t h e c o m p l e x 
causes a d i s p l a c e m e n t of t h e a b s o r p t i o n t o w a r d s t h e r e d e n d of t h e s p e c t r u m ; a n d 
t h e r e p l a c e m e n t of N H 3 b y N O 2 p r o d u c e s a d i s p l a c e m e n t t o w a r d s t h e v io le t e n d . 
I n a c c o r d w i t h t h e e lec t ron ic t h e o r y , t h e s t a b i l i t y of a n a l o g o u s c o m p o u n d s is 
g r e a t e r t h e f u r t h e r t h e a b s o r p t i o n b a n d s e x t e n d t o w a r d s t h e v io le t , a n d t h e p h o t o ­
chemica l sens i t iveness is g r ea t e r , t h e s t e e p e r is t h e a b s o r p t i o n c u r v e . Y . S h i b a t a 
a n d G. U r b a i n a lso f o u n d t h a t , w i t h t h e e x c e p t i o n of t h e N 0 2 - g r o u p , t h e n e g a t i v e 
r ad ica l s p r o v o k e a d i s p l a c e m e n t of t h e less re f rangib le b a n d s t o w a r d s t h e r e d . 
T h e a b s o r p t i o n s p e c t r a of t h e c o b a l t a m m i n e s h a v e t w o b a n d s w i t h m i n i m a n e a r 
2000 a n d 3000, a n d t h e s e a r e c h a r a c t e r i s t i c of t h e t e r v a l e n t c o b a l t a t o m a c t i n g 
a s a c h r o m o p h o r e . O b s e r v a t i o n s were also m a d e b y C. Schleicher , R . S a m u e l a n d 
co-workers , E . Val la , K . M a t s u n o , A . TJspensky a n d co-workers , F . W . B e y e r , 
J . Li fschi tz a n d E . R o s e n b o h m , J . K r a n i g , A . G o r d i e n k o , a n d J . Ange r s t e in . 

W h e n a soln . of a c o b a l t s a l t is t r e a t e d -with a m m o n i u m t h i o c y a n a t e , t h e l i qu id 
b e c o m e s d a r k r e d ; a n d if a m y l a lcohol is a d d e d , t h e c o b a l t t h i o c y a n a t e co lours 
t h e a lcohol ic l a y e r g reen i sh -b lue . T h e a b s o r p t i o n s p e c t r u m of t h e cone , a m y l 
a lcohol ic soln. h a s a n i n t ense , o range-ye l low b a n d ; a n d o n d i l u t i o n t h e b a n d b r e a k s 
u p i n t o four o t h e r s a t 6258, 6044, 5807 , a n d 5 6 3 6 — F i g . 13 . If t h e soln. be s t i l l 
f u r t h e r d i l u t ed , t h e b a n d s a t 5807 a n d 5635 d i s a p p e a r . T h e p resence of n icke l , 
c h r o m i u m , m a n g a n e s e , a n d z inc d o n o t in te r fe re w i t h t h e s e r e a c t i o n s a s a qua l i ­
t a t i v e t e s t for c o b a l t . T h e a c e t o n e soln . a r e s imi la r ly used a s a q u a l i t a t i v e t e s t for 
coba l t . 

Acco rd ing t o J . Conroy , J . F o r m a n e k , a n d J . Moir , b lue coba l t -g lass , n o t t o o 
d a r k , furn ishes a n a b s o r p t i o n s p e c t r u m , F i g . 13 , w i t h a b r o a d , i n t e n s e b a n d e x t e n d ­
ing i n t o t h e r e d a n d yel low, a n d t h e r e is a b r o a d , w e a k b a n d a t 5348 , a n d o n e 
w h i c h is j u s t p e r c e p t i b l e a t 4934 . If a p a l e r coba l t -g lass b e used , i n p l ace of t h e 
b r o a d b a n d i n t h e r e d a n d ye l low, t h e r e a r e t w o b a n d s , 6560 a n d 5900, whi l s t t h e 
b a n d a t 5348 b e c o m e s weake r , a n d t h a t a t 4934 is n o longer v is ib le . T h i s a b s o r p t i o n 
s p e c t r u m is c h a r a c t e r i s t i c of coba l t -g lass , a n d enab l e s i t t o b e d i s t i n g u i s h e d f rom 
b lue copper -g lass ; a n d i t a l so e n a b l e s art i f icial c o b a l t - b l u e s a p p h i r e s t o be dis­
t i n g u i s h e d f rom n a t u r a l s a p p h i r e s . W . A b n e y a n d E . R . F e s t i n g o b s e r v e d a b a n d 
a t 1-32/z i n t h e u l t r a - r e d s p e c t r u m of coba l t -g l a s s . O b s e r v a t i o n s were a lso m a d e 
b y M. Lucke i sh , D . S t a r k i e a n d W . E . S. T u r n e r , S. Sugie , T . Dre i sch , W . R . B r o d e , 
a n d J . W . Mellor. 

H . K u l e n k a m p f , 1 6 a n d W . D u a n e a n d T . S h i m i z u s t u d i e d t h e c o n t i n u o u s X - r a y 
s p e c t r u m . T h e K-ser ies of t h e X - r a y s p e c t r u m inc ludes t h e l ines a,<x=1*785287 ; 
cx 2 a . / =l-789187 ; a3ct4==l-7774 ; £ , £ = 1 -617436 ; £ 2 y = l - 6 0 5 6 2 ; a n d 0 ' = 1-62011. 
O b s e r v a t i o n s w e r e r e p o r t e d b y S. !K. All ison, A . H . B a r n e s , H . B e u t h e , F . d e Boe r , 
B . K . B e r k e y , D . M. Bose , D . Cos te r a n d M. F . D r u y v e s t e y n , G. B . D e o d h a r , 
V . Dole jsek , V . Dole j sek a n d H . F i l c a k o v a , W . D u a n e a n d co-workers , S. E r i k s o n , 
P . G t i n t h e r a n d co -worker s , E . H j a l m a r , S. Ide i , S. K a w a t a , B . K i e v i t a n d 
G. A . L i n d s a y , H . G. J . Moseley, B . C. M u k h e r j e e a n d B . B . R a y , G. Or tne r , 
S. Pas to re l l o , M. P r i v a u l t , B . B . R a y , O. W . R i c h a r d s o n a n d co-workers , 
M. N . S a h a a n d B . B . R a y , N . Seljakoff a n d co-workers , N . S i e g b a h n a n d 
co -worke r s , N . S t e n s s o n , R . T h o r a e u s , J . Va lasek , B . W a l t e r , J . H . W i l l i a m s , 
G. W e n t z e l , a n d S. Y o s h i d a . T h e K - a b s o r p t i o n l imi t s obse rved b y F . d e B o e r 
a r e for t h e m e t a l , 1-6042 A. , for b i v a l e n t c o m p o u n d s , 1-6029 A. , a n d for t e r -
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valent compounds, 1*6022 A. Observations were also made by S. Bjorck, N . Bohr 
and D . Coster, R. Brdica, V. Dolejsek and K. Pestrecoff, W. Duane and 
K. F . Hu, B . Kievit and G. A. Lindsay, B. C. Mukherjee and B . B . Ray , 
M. Siegbahn, E . C. Stoner, R. Thoraeus, and B . Walter. The structure of the 
K-lines was examined by H . Lang, F . de Boer, B . Kievit and G. A. Lindsay, 
B . C. Mukherjee and B . B . Ray, B . B . Ray, and B . B . R a y and P . C. Mahant i . 
The L-series of X-ray spectrum included <x,a,-a2<x'=15-94: ; /3,/3=15*62 ; e=18-20 ; 
and 7777=17-77. They were studied by S. Bjorck, N . Bohr and D. Coster, V. Dolejsek 
and K. Pestrecoff, H . Hirata, C. E . Howe, G. Kellstrom, H . Lang, B . C. Mukherjee 
and B . B . Ray, F . P . Mulder, M. Siegbahn and R. Thoraeus, E . C. Stoner, 
C. H . Thomas, R. B . Witmer and J . M. Cook, S. Bjorck, W. Stenstrom, R. Thoraeus, 
J . H . van der Tuuk, and B'; Walter. The M-series were investigated by U. Andrewes 
and co-workers, S. Bjorck, N. Bohr and D. Coster, K. T. Compton and C. H . Thomas, 
M. Levi, B. C. Mukherjee and B . B . Ray, O. W. Richardson and co-workers, 
B . B . R a y and R. C. Mazumdar, E . C. Stoner, C. H . Thomas, and B . W a l t e r ; 
and the N-series by F . P . Mulder, and B . Walter . M. A. Valouch, and J . Palacios 
and M. Velasco studied the structure of the X-ray spectrum. 

C. G. Barkla and C. A. Sadler 1 7 studied the penetrat ing power or hardness of 
the X-rays, and in general i t is greater, the greater is the degree of exhaustion of 
the tube, bu t for a given tube, i t depends solely on the potential difference of 
the electrodes. The penetrability is generally proportional to the 5 th power of the 
at . wt . of the radiator. If I0 be the intensity of a parallel beam of homogeneous 
X-rays, incident normallv on a plate of absorbing material, then, the intensi ty 2" 
a t a depth ac is /—Joe""-**. The values of the coeff. A divided by the density, 
JD, for different absorbers, when radiator is cobalt, are, for K-radiations : 

C Mg Al Fe Xi Cu Zn Ag Sn P t A u 
A/Z> . 7 - 9 6 6 3 - 5 7 1 - 6 6 7 - 2 6 7 - 2 7 5 - 3 9 1 - 5 3 1 4 3 9 2 2 8 1 3 0 6 

Observations on the absorption of X-rays were also made b y O. W. Richardson and 
F . S. Robertson, F . K. Richtmyer and F . W. Warbur ton, J . Veldkamp, C. G. Barkla, 
C. G. Barkla and V. Collier, H . T. Meyer, H . Richardson , E . Rupp , C. A. Sadler 
and A. J . Steven, !L. H . Martin and K. C. Lang, O. Stelling, K. Grosskurth, and 
M. Siegbahn. The absorption coeff. A, for K-radiation in gases under normal 
conditions, were measured by C. G. Barkla and V. Collier, and B . A. Owen: 

Air H 8 S SO8 O2H6Br 
A . . . 0 0 1 6 5 0 1 8 1 0 - 2 0 0 - 4 0 7 

Observations were also made by L. M. Alexander, T. E . Auren, G. B . Bandopadhyaya, 
Li. Benoist, W. Li. Bragg and H . Li. Porter, W. Li. Bragg and J . West, H . Kulenkampff, 
A. Heber t and G. Reynaud, M. Ishino and S. Kawata , R. Ledoux-Liebard and 
A. Dauvillier, E . A. Owen, J . A. Prins, H . S. Read, F . K. Richtmyer and F . W. War-
burton, M. Siegbahn, and K. A. Wingardh. The scattering of the X-rays was 
studied by R. W. Jones and G. W. Brindley, E . A. Owen, F . K.. Richtmyer and 
F . W. Warburton, and K. A. Wingardh ; the reflection of the X-rays, by J . A. Prins, 
E . Rupp , D. K. Berkey, and H . T. Meyer ; the X-ray fluorescence, by C. G. Barkla, 
Li. H . Martin, and W. Kossel ; the secondary and ter t iary X-rays, b y O. G. Barkla ; 
the production of X-rays, by C. S. Brainin, O. W. Richardson, and O. W. Richardson 
and F . S. Robertson ; t h e production of X-rays by the <x-rays of radium-A, and 
radium-C, by H. Richardson ; long range particles, by G. Kirsch and H . Pe t te rsson; 
and the effect of oxidation on the emission of X-rays by cobalt, by Ii. P . Davies. 

The vibration frequency—-??^ 1. 13, 19—of cobalt has been calculated from 
various formulae. C. Benedicks 1 8 t hus obtained values ranging from 7*7 X10 1 2 

t o 9-1 X l O " ; C. E . Blom, 8-3 X l O " ; A. F . Scott, 8 - 3 X l O " ; H . S. Allen, 
8-87x1012; W. Biltz, 6 - 2 x l O i 2 ; W. Herz, 8 - 1 2 X l O " ; a n d F . Simon and 
M. Ruhemann, 1-26x1012 t o 8-0x1012. Calculations were also made from the 
entropy by S. Pagliani, and W. Herz ; from the at . wt . and mol. vol., by A. Stein ; 
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and from the hardness, cohesion, and thermal expansion, by C. Benedicks. 
K.. F . Slotte studied the velocity of the molecules a t 0°. 

H . B . Wehlin 1 9 observed t h a t "when cobalt is heated to a temp, where vapori­
zation is appreciable, ions with a single charge are emitted, bu t no ions 'with a 
double charge were observed. M. N. Davis, L . P . Davies, and G. B . Welch studied 
the photoelectric effect of cobalt, and G. B . Welch gave 1365 A. for the photo­
electric threshold of coba l t ; J . J . Weigle, T. Pavolini, !L. P . Davies, XJ. Nakaya , 
and W. Frese studied the effect of occluded gases on the photoelectric effect. 
H . S. Allen, and W. Frese noted t h a t oxidizing agents -which make the metal passive 
also reduce the photoelectric sensitiveness. A. B . Cardwell found t h a t as the temp, 
of a cobalt "wire, in vacuo, is gradually raised, the sensitiveness for a photoelectric 
current is greater with undercooled, face-centred cubic cobalt t h a n i t is with ordinary 
close-packed, hexagonal cobalt. A t a higher temp. , the two curves coincide ; 
and with a falling temp. , the curve tends to a maximum which is not a t ta ined on 
the curve for a rising t emp. The maximum thermionic current is about ^ t h a s 

strong as the maximum photoelectric cu r r en t ; and i t is probable t h a t the 
thermionic -work function is less for cubic than i t is for hexagonal cobalt. The 
long-wave limit for the photoelectric emission of cobalt, having a face-centred 
cubic lattice, is between 2967 A. and 3022 A., and for cobalt with a close-packed 
hexagonal lattice, between 2757 A. and 2967 A. J . J . Weigle gave 3450 A. O. Berg 
and P . Ellinger, G. TLt. !Locher, T. Pavolini, and G. B . Welch studied the photoelectric 
emission of electrons from compressed metal . 

A. Giinther-Schulze studied the -work of electron emission ; E . Rupp , and 
F . Butavand, the absorption of electrons ; M. N . Davis, F . Simon, K. Hayakawa, 
L. P . Davis, U. Nakaya, and W. Espe, the emission of electrons ; A. Gehrts, and 
M. N. Davis, the reflection of electrons ; and C. J . Davisson and LJ. H . Germer, 
the diffraction of electrons. W. J . Russell discussed the feeble action of cobalt 
on photographic plates in the dark ; W. Merckens, the formation of hydrogen 
dioxide by silver bromide gelatine ; artificial radioactivity, by E . Fermi and 
co-workers ; and N. Piltschikoff, the emission of the so-called Moser rays capable 
of passing through paper, celluloid, gelatine, and aluminium, and of decomposing 
silver bromide. R. Robl observed no luminescence in ultra-violet l igh t ; and 
R. E . Nyswander and B . E . Cohn studied the effect of cobalt on the thermo-
1 uminescence of glass. 

B . B . R a y and R. C Mazumdar, 2 ° A. A. Noyes and A. O. Beckmann, and 
J . H . Findlay investigated the critical potentials of soft X-rays . H . N". Russell 
gave for the series and ionization potentials for singly-charged atoms, respectively, 
7-81 and 17-2 volts ; for neutral atoms, 8-25, 9-03, 7-32, and 6-92 volts ; and for 
ionized atoms, 16*62, 15*84, and 17*04 volts. For the ionization potential of neutral 
atoms, R. N . Ghosh gave 8*52 volts ; N . K. Sur, 8*51 volts ; L . A. Sommer, 8*4 
volts ; H . N. Russell, Li. Rolla and O. Piccardi, 7-81 volts ; and M. A. Catalan, 
7*8 volts. A. C. Davies and F . Horton, E . H . Hall , C. H . Thomas, and XJ. Andrewes 
and co-workers obtained a series of values for the critical voltages of cobal t ; and 
O. W. Richardson and co-workers found t h a t a sequence of these can be represented 
by F=179-5—2357w~2 volts, where w = 4 , 5, 6, 7, 8, 10, and 12. 

H . E . Watson and G. R. Paranjpe, 2 1 and G. R . Paranjpe found t h a t under 
comparable conditions the cathode fall of potential in neon is 150 volts ; in helium, 
161 volts ; in argon, 184 volts ; and in nitrogen, 259 volts. The results in hydrogen 
were irregular. A. Schaufelberger observed t h a t the normal fall of 'potential in 
air thoroughly dried is 381 volts. A. Giinther-Schulze, K. Meyer and A. Giinther-
Schulze, F . SchrSter, V. Kohlschutter, and H . P . Walmsley studied the cathodic 
spluttering of cobalt—vide supra, colloidal cobalt. C. E . Guye and Ii. Zebrikow, 
H . Nagaoka and Y. Sugiura, and W . G. Cady studied the difference of potential 
in the electric arc between cobalt electrodes. M. Haitinger measured the intensity 
of the ultra-violet ray from the cobalt arc-light. 
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The electrical resistance of cobalt, measured by H . Copaux,22 is 5*5 XIO"""6 ohm 
per cm. cube a t 0°; R. Ruer and K. Kaneko gave 6-4 X 1O -6 ohm per cm. cube a t 
room temp, for purified cobalt previously heated to 1150° and slowly cooled ; 
C. G. Knot t , 11-2XlO-O ohm per cm. cube a t 100°, and 15-9x10-« ohm a t 200° ; 
whilst G. Reichardt found for 99-8 per cent, cobalt a t 20°, 12=9-73x10-8 ohm 
per cm. cube, when heated to 160°, and i?=9-94xl0"~ 6 when not so heated. 
A. Schulze found for the sp. resistance of three samples with 99-2 per cent, of 
cobalt a t 20°, 2£=0-056363, 0-056480, and 0-041352 respectively. H . T. Kalmus 
and C. Harper gave 22=8-964 x 1O -6 ohm a t 18° for 99-9 per cent, cobalt, and 
9-035 X l O - 6 for 98-71 per cent, cobalt previously heated to 800° in an a tm . of 
carbon dioxide. H . Masumoto found 11-83XlO - 6 ohm a t 30° for 99-46 per cent, 
cobalt, cast and annealed a t 800° ; and K. Honda, 8-59 X 1O - 6 ohm a t room temp, 
for 97-12 per cent, cobalt. J . C. McLennan and co-workers gave for purified 
cobalt heated 4 hrs. a t dull redness in vacuo, 6-85 X 1O - 6 ohm a t 20°, and when no t 
so pre-heated, 8-07 X l O - 6 ohm. L. Holborn said t h a t the family iron, cobalt, and 
nickel is not only characterized by its ferromagnetism, bu t the temperature coefficient 
of the resistance is greater t han with the other elements, being 0-003235 between 
— 192° and 0° ; 0-00658 between 0° and 100° ; 000475 between 100° and 200° ; 
0004096 between 200° and 300° ; and 0-003426 between 300° and 400° ; 
P . W. Bridgman found 0 0 0 3 3 between 0° and 100° ; G. Reichardt , 0-00326 between 
0° and 150° ; H . Copaux, 0-0055 between 0° and 22°, and 0-0060 between 0° and 
80° ; and H. T. Kalmus and C. Harper, 0-00357 between 0° and 100°. A. Schulze 
gave for the temp, coeff. 0-00522 between 15° and 25°, and 0-00592 between 0° and 
100° ; and for another sample the respective values 0-00303 and 0-00264 were 
observed. J . T. MacGregor-Morris and R. P . Hun t , E . van Aubel, W. Broniewsky, 
and A. Matthiesen and C. Vogt, made some observations on this subject. H . Schimank 
calculated for cobalt a t absolute zero, Ro=0-8869 ohm, and for the ratio Rr : R0 
a t 273-090K., 194-4° K., 81-8° K., and 20-2° K., the respective values l-OOOO, 
0-7500, 0-4603, and 0-3920. W. Meissner and co-workers measured the resistance 
a t temp, down to —271-8°. If r denotes the rat io of the resistance Rr a t the 
observed temp, to t ha t of R0 a t 0° ; and rred denotes the est imated value for the pure 
metal , then for two different samples of purified cobalt : I , heated a t 500° in vacuo ; 
and I I , melted in vacuo, when JK0 for the former is 1-604 x l O - 2 ohm, and for the 
latter, 1-324x10-* ohm : 

W e d 

J . C. McLennan and co-workers gave for the resistance, R ohms, of aged and unaged 
cobalt : 

20° —190° —252-4° —268-8° —270-5° 
R x 1 0 s ( U n a g e d . 1-8O 0-495 0-313 0-277 

Ol 0° 
1 
1 
1 
J 

— 184-84° 

0-1509 
O-19Ol 
0-1397 

—18608° 
0 1 8 2 9 
0 1 4 6 5 

0-1355 

—194-60° 

O-1158 
0 1 5 8 8 
0-1065 

— 195-22° 
0 1 5 1 6 
O H 3 9 

0-1047 

— 252-59° 

0 - 0 0 3 8 4 
0 - 0 5 8 5 7 
O-OOOO 

— 271-49° 
0 0 4 3 1 
O-OOOO 

— 

— 271-84 

0-0624 
— 

( A g e d . 2-11 0-382 O-143 0 14O O-140 

W. Tuijn and H . K. Onnes found t h a t cobalt did not show superconductivi ty a t 
low temp. W. Meissner studied the subject. 

R. Ruer and K. Kaneko observed no perceptible effect was obtained on the 
electrical resistance of cobalt by heating it to 1150° in an a tm. of nitrogen. Accord­
ing to H . T ; Kalmus and C. Harper , the effect of annealing wires of purified cobalt 
in vacuo at*350° for several hours by passing an electric current through the wire, 
is t o decrease the resistance about 5 per cent*. This is no t so much as for some 
metals, e.g. aluminium, for which H . Gwercke found a decrease of 10 per cent, by 
annealing for 2 hrs. a t 250°. The effect of annealing in a n a t m . of carbon dioxide 
is a t first to increase the resistance, and afterwards, as the t emp, rises to 800°, t h e 
sp. resistance falls. A drop from 10-1 x 10~« to 9-35 XICT-* ohm per cm. cube, 
occurs in the sp. resistance of cobalt wire of a high degree of pur i ty annealed 
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i n a n a t m . o f c a r b o n d i o x i d e a t 6 0 0 ° c o m p a r e d w i t h o n e s i m i l a r l y a n n e a l e d 
a t 5 0 0 ° . T h e d i f f erence i n t h e e f f ec t s of a n n e a l i n g i n v a c u o a n d i n a 
g a s e o u s a t m . s h o w s t h a t t h e s p . r e s i s t a n c e i s l a r g e l y i n f l u e n c e d b y a d s o r b e d o r 
o c c l u d e d g a s e s . !Like c o p p e r , a n d m o s t m e t a l s , t h e s p . r e s i s t a n c e of c o b a l t i s 
g r e a t l y a u g m e n t e d b y t h e p r e s e n c e o f i m p u r i t i e s . L e s s t h a n 0-5 p e r c e n t , o f 
i m p u r i t y m a y t r e b l e t h e e l e c t r i c a l r e s i s t a n c e . T h e e l e c t r i c a l r e s i s t a n c e of c o m ­
m e r c i a l c o b a l t w i r e s , u n a n n e a l e d a f t e r s w a g i n g , v a r i e s b e t w e e n 2 3 - I x I O - 6 a n d 
10*3 X 1 O - 6 o h m p e r c m . c u b e . T h e e f f ec t of a n n e a l i n g b y p a s s i n g a c u r r e n t t h r o u g h 
t h e w i r e i n v a c u o i s t o r e d u c e t h e s p . r e s i s t a n c e . A n n e a l i n g for 5 hrs . a t 3 5 0 ° 
r e d u c e d t h e s p . r e s i s t a n c e 1 4 p e r c e n t . ; a n d b y h e a t i n g i n a n a t m . of c a r b o n 
d i o x i d e t h e r e s i s t a n c e i s d e c r e a s e d . T h e r e i s a s h a r p d e c r e a s e i n t h e r e s i s t a n c e i n 
a s a m p l e a n n e a l e d a t 6 0 0 ° c o m p a r e d w i t h o n e s i m i l a r l y a n n e a l e d a t 5 0 0 ° . W i t h 
9 9 - 6 p e r c e n t , c o b a l t , w i t h a r e s i s t a n c e 2 2 = 8 - 9 6 4 X 1 O - 6 o h m , a t 1 8 ° , t h e v a l u e s of 
R, a f t e r a n n e a l i n g 1 t o 2 h r s . i n a n a t m . of c a r b o n d i o x i d e , w e r e : 

Annea l ing t e m p . 
R X 10« 
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9-74(17-7°) 10-11(21-2°) 9-385(15-4°) 9-333(19-0°) 9-165(16-5°) 
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b e t w e e n 0 ° a n d 1 0 0 ° , < x = 0 0 0 5 9 2 . B e t w e e n — 1 9 2 ° a n d 5 0 0 ° , t h e t e m p , coeff. 
r u n s u p f r o m 0 - 0 0 3 2 3 t o 0 - 0 0 5 9 2 ; f a l l s d o w n t o 0 - 0 0 3 4 2 w i t h a m a x i m u m a t a b o u t 
5 0 ° ; b e t w e e n 4 0 0 ° a n d 5 0 0 ° , t h e r e i s a t r a n s i t i o n , a n d b r e a k s o c c u r i n t h e t e m p , 
r e s i s t a n c e c u r v e a t 4 4 4 ° a n d 4 6 8 ° . o r : 
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F o r t e m p , i n t h e v i c i n i t y of t h e t e m p , of m a g n e t i c t r a n s f o r m a t i o n , A . S c h u l z e g a v e 
t h e r e s u l t s s u m m a r i z e d i n F i g . 1 4 , w h e r e t h e r e s i s t a n c e R0 a t 0 ° i s 0 - 0 5 7 2 2 9 o h m , 
a n d f o r t h e r a t i o of t h e v a l u e R a t 6° a n d t h e v a l u e a t 0 ° , h e g a v e RfR0 u n i t y a t 0 ° , 
a n d : 

Ufa, 

H . M a s u m o t o f o u n d t h a t t h e v a r i a t i o n of t h e e l e c t r i c a l r e s i s t a n c e w i t h t e m p . , 
u s i n g d i f f erent s a m p l e s of c o b a l t , i s i n t e r r u p t e d b y a n a b r u p t c h a n g e a s t h e t e m p , 
r i s e s b e t w e e n 4 4 2 ° a n d 4 7 7 ° , F i g . 1 5 ; a n d d u r i n g c o o l i n g , a r e v e r s e c h a n g e o c c u r s 
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FiOS. 14 a n d 1 5 . — T h e Electr ical Res i s tance of Cobalt . 

a t 3 6 0 ° t o 4 0 3 ° . T h e s e c h a n g e s c o r r e s p o n d w i t h t h e t r a n s i t i o n t e m p . ; a n d t h i s 
t e m p , i s l o w e r e d b y t h e p r e s e n c e of i r o n , e t c . H . B . P e a c o c k m e a s u r e d t h e res i s t ­
a n c e o f t h i n films, a n d f o u n d t h e r e s i s t a n c e of f i lms 11 t o 16 m/x., p r e p a r e d b y t h e 
c o n d e n s a t i o n o f t h e v a p o u r , t o b e a b o u t 2 3 t i m e s i t s n o r m a l v a l u e ; b u t if t h e f i l m s 
b e p r e h e a t e d t o 3 0 0 ° t h e n o r m a l v a l u e i s o b t a i n e d . 

D . F o s t e r c o m p a r e d t h e e l e c t r i c a l a n d t h e r m a l c o n d u c t i v i t i e s . P . W . B r i d g m a n 
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found t h a t the effect of pressure is abnormally low ; and he gave for t he "pressure 
coefficient: 

Pressure Coefficient 
, * — . • . 

!Resistance At O kgrms. At 12,000 kgrms. Average 0 to 12,000 kgrms. 
0° . 1-0000 — OO e941 — 0 0 . 8 0 5 —0*0.873 
50° . 1-1825 — 0 0 . 8 4 5 —0-0 .766 —0-0 .860 
100° . - 1-3651 —0-0 .745 — 0-0 .697 —0-0 .726 

A. Schulze also studied the effect of pressure. E . D . Williamson found the rat io 
of t he resistance a t 1 and 12,000 kgrms. per sq. cm. press, t o be 0-9895. 
P . W . Bridgman observed t h a t the effect of tension of 100 grms. on a cobalt wire 
0-003 in. diam., is linear, with a tension coeff. of 9*94 X IO"-* a t 30°, where the tension 
is measured in kgrms. per sq. cm. H . Tomlinson observed t h a t the resistance of 
unannealed cobalt increases in a magnetic field b y 8JR/JR=0'0562S per un i t 
magnetizing force ; P . McCorkle observed 5JK/22==0-004 for jfiT=1000 gauss. G. F a e 
said t h a t the resistance of a th in plate increases if the plane of the plate is parallel 
t o the lines of magnetic force, and decreases if the plate is vertical to those lines, 
and the subject was studied by D . Goldhammer, and Y. Matsuyama. Ii . Grunmach 
and F . Weidert studied the effect of transverse magnetization on the electrical 
conductivity of cobalt, and found t h a t the percentage decrease produced by a 
field-strength of 10,000 gauss is —0*53. Ii . Bloch, F . Simon, K. Hojendahl, and 
K.. F . Herzfeld discussed the theory of the electrical resistance. E . Branly found 
t h a t a Ag-Mica—Co condenser shows unipolar conductivity only after a long-
continued passage of t he current. 

P . E . Shaw 2 S and co-workers studied the tribo-electricity of cobalt and glass ; 
and W. A. D . Budge, the production of negatively charged dust when cobalt is 
spluttered in air in a brass tube . J . B . Seth and co-workers studied the e.m.f. 
developed by cobalt and steel in contact and in relative motion. 1». Bernoulli, 
V. Freedericksz, and A. Hesehus discussed the position of cobalt in Volta 's con tac t 
series. C. Drucker placed cobalt in the electrochemical series . . . Zn, Fe , Cd, 
Tl, Co, Ni, P b . . . ; and B . Neumann, . . . Zn, Cd, Fe, Co, Ni, P b . . . G. Tarn-
mann gave for the potential series wi th normal chlorides : Mg, Mn, Zn, Fe , Cd, Tl, 
Co, Ni, P b , Sn, Cu, Bi, Ag, Au ; and for the heats of formation of the solid chlorides, 
Mg, Mn, Zn, Cd, Tl, P b , Fe , Sn, Co, Ni, Cu, Bi, Ag, Au. M. M. Har ing and E . G. van 
den Bosche found t h a t cobalt is more electropositive t han nickel. The subject was 
discussed by A. S. Russell and co-workers, H . T. S. Bri t ton, and C. B . Gates. 

I n its electrochemical behaviour, cobalt occupies a position between iron and 
nickel. The normal electrode potential of cobalt was reported by B . Abegg 2 4 

and co-workers to be for Co—>Co*\ —0*29 v o l t ; for Co**—*-Co*", 1-8 v o l t ; a n d for 
Co—>Co**\ 0-4 v o l t ; and A. B . L a m b and A. T. Larson obtained for cobalt in a 
soln. of cobaltous chloride, —0-237 volt for Co—>Co" ; and for Co"—?-Co***, t hey 
obtained 1*775 volts a t 0°, 1*779 volts a t 16°, and 1-817 volts a t 25°, so t h a t the 
t emp, coeff. is 0*00169 volt. H . G. Denham and S. W. Pennycuick gave —0*247 
v o l t ; E . Miiller and J . Jani tzki , —0-292 v o l t ; M. M. Har ing and B . B . Westfall, 
—0-278 v o l t ; and T. Heymann and K. Jellinek, —0*268 volt. Observations were 
also made by N . T. M. Wilsmore, and M. Ie Blanc. G. Grube and O. Feuch t 
obtained —6*52 volt for Co—->Co02** against a soln. of potassium cobaltite in 
8N-EOH ; and A. S. !Russell and co-workers obtained for passive cobalt, 0*8 volt . 
B . Neumann gave for the electrode potential of cobalt in a normal soln. of the 
sulphate, —0*255 v o l t ; chloride, —0*259 v o l t ; n i t ra te , —0*196 v o l t ; and acetate , 
—0*207 volt. H . N . Huntzicker and Ti. Kahlenberg studied the potent ial in soln. 
of salts of copper, silver, and nickel. 

W . Muthmann and F . Fraunberger observed t h a t the potentials of t h e iron 
family of metals are sensitive to the presence of oxygen ; a n d a cobalt ac t iva ted 
cathode has a high potential , a t ta ining —0*034 vol t in JV-CoSO4, a t 20°, a n d this 
is the so-called air potent ial by cobalt. B y polishing a cobalt rod, the potential 
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changes from —0-034 volt t o —0-264 volt, and after lying in air a few seconds, 
—0-074 volt. After t r ea tmen t cathodically in potash lye, the potential is —0*234 
v o l t ; -when t rea ted -with cone, chromic acid,—0-076 volt ; -when t reated as anode 
in a soln. of potassium thiocyanate, —0-104 v o l t ; potassium cyanide, —0-074 v o l t ; 
distilled water, —0-074 v o l t ; and potash lye, 0-746 volt. G. CofEetti and F . Forster 
observed t h a t a freshly-fractured electrolytic cobalt has, after a short t ime, the 
potential —0-25 volt in .ZV-CoSO4 a t 20°, and this value is independent of the cone, 
of the Co*'-ions, so t h a t the value is not dependent on the equilibrium Co^Co"*. 
R. Schildbach observed t h a t the electrode potentials of cobalt powder in an a tm. 
of nitrogen against .ZV-CoCl2 and 0-IiV-CoCl2 are respectively —0-293 and —0-339 
v o l t ; and against .ZV-CoSO4 and 0-IiV-CoSO4, respectively —0-316 and —0-339 
volt compared with a normal hydrogen electrode. The sign refers to the cobalt 
electrode. Wi th massive cobalt, the values are ra ther more positive—e.g., -with 
iV-CoS04, i t is —0-288 volt. Cobalt powder charged with hydrogen gives con­
siderably more negative values a t first, which gradually change unti l the equilibrium 
potential is reached. When unpolarized cobalt is placed in a cold soln. of one of 
i ts salts, i ts potential is more positive than the equilibrium value, —0*121 volt, 
for example, bu t the equilibrium value is reached fairly quickly. Thus : 

T i m e . 2 7 22 42 66 140 240 m i n s . 
E . — O 158 —0-216 —0-247 —0-284 —0-31O —0-319 —0-319 v o l t 

From neutral soln., in an a tm. of hydrogen, cobalt is deposited with quant i ta t ive 
current efficiency. The difference of potential between the electrode and the 
electrolyte is, however, much larger t han the equilibrium value. The difference 
increases with the current density, and diminishes as the t emp, rises, almost 
vanishing a t 90° ; i t is very much increased by the addition of small quanti t ies of 
acid to the soln., and this effect is especially marked a t a low temp. The subject 
was studied by M. M. Haring and E . Gr. V. Bosche. 

E . Newbery found t h a t the electrode potential of cobalt a t 15°, under conditions 
where the effects due to occluded hydrogen are excluded, is 0-22 volt for 0-IiV-CoSO4, 
0-21 volt for 0-liV-Co(NO3)2, and 0-15 volt for 0-IiV-CoCl2. The low values for 
cobaltous chloride were a t t r ibuted to the formation of a complex salt ; and 
R. Abegg and S. !Labendzinsky came to a similar conclusion. E . Newbery observed 
t h a t the potential in the sulphate or n i t ra te soln. a t ta ins a constant value in a 
few hours owing to some surface change. When the soln. are stirred, the potential 
in sulphate soln. rises 0*13 volt , and in chloride soln., 0-07 volt ; and when the 
stirring has ceased, the potential re turns to i ts original value—at first rapidly and 
then slowly. G. B . Bonino and M. Bott ini found t h a t the potential of finely-
divided cobalt electrolytically deposited on plat inum, towards distilled water, rises 
in 16 hrs. from —0-625 volt to the constant value —0-705 volt . W. Muthmann 
and F . Fraunberger gave for the potential in soln. of potassium hydroxide (1 : 3), 
—0*024 v o l t ; 3O per cent, chromic acid, 0-456 volt ; IO per cent, sulphuric acid, 
—0-124 v o l t ; and 34 per cent, nitric acid, 0-226 volt. S. J . French and IJ . Kahlen-
berg measured the potential in iV-KCl, and found t h a t in hydrogen, the potential 
becomes more basic, reaching a maximum and then falling off; in nitrogen, the 
potential becomes more basic, and a t ta ins a m a x i m u m ; and in oxygen, the 
potential becomes less basic, reaching a max imum and then falling off in bubbling 
gas, bu t i t becomes more basic with the gas quiescent. L. Kahlenberg and 
J . V. Steinle observed t h e single potentials of cobalt in a soln. of 0*5iV-Na3AsO4 to 
be 0-127 v o l t ; in 0-SiV-K3AsO4, 0-131 v o l t ; and in iV-KCl sat . with arsenic trioxide, 
0*126 volt . W. Hil tner and W. Grundmann studied the electrometric t i trat ion of 
the sulphate. 

S. Labendzinsky found t h e electromotive force of the combination 
Co : 0-5iV-CoCl2 and iV-KCl against Hg2Cl2 : Hg, 0-592 v o l t ; with 005iV-CoCl2, 
0-625 v o l t ; wi th 0-5iV-CoS04 and .ZV-Na2SO4, 0-622 v o l t ; and with iV-Co(NOs)2 
and JV-K-NO8, 0*588 volt. R . Schildbach studied some combinations with cobalt . 
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2V-O-IiV-CoSO4 o r CoCl2 , a n d a s a t . soln. of potass ium ch lor ide a n d t h e ca lomel 
e lec t rode , a n d of t h e cells Co : CoSO 4 : JV-Na 2SO 4 : CuSO 4 : Cu. A. B . L a m b 
a n d A. T . L a r s o n f o u n d for t h e c o m b i n a t i o n Co : JIf-CoCl2 : 2V-KC1, H g 2 C l 2 : H g , 
a t 25° : 

JM . . 0 0 1 0 0 2 0 0 5 1-0 2 0 
JS . . 0 - 5 8 2 0 - 5 7 0 0 - 5 5 6 0 - 5 3 9 0 - 5 2 5 v o l t 

T h e y also m e a s u r e d c o m b i n a t i o n s w i t h t h e c o b a l t chlor ide m i x e d w i t h a q . a m m o n i a ; 
a n d H . G. D e n h a m a n d S. W . P e n n y c u i c k , c o m b i n a t i o n s w i t h t h e c o b a l t ch lor ide 
a s soc ia ted w i t h p o t a s s i u m , m a g n e s i u m , zinc, a n d a l u m i n i u m chlor ides . V . R e g n a u l d 
s t u d i e d t h e cell Co a n d H N O 3 a n d a c o b a l t s a l t a g a i n s t s u l p h u r i c ac id a n d z inc 
a m a l g a m a n d z inc . F . S t r e in t z s t u d i e d cells w i t h coba l t a n d a n a q . soln . of c o b a l t 
s a l t a g a i n s t a m e t a l sa l t soln. a n d t h e co r re spond ing m e t a l — c o p p e r , si lver, 
m a g n e s i u m , zinc, c a d m i u m , t in , a n d b i s m u t h . B . N e u m a n n o b s e r v e d w i t h c o b a l t 
a n d a iV-cobalt sa l t aga ins t a iV-soln. of a n indifferent e l ec t ro ly t e , iV-KCl a n d 
Hg 2 Cl 2 , a n d m e r c u r y , t h e s u l p h a t e g a v e 0*541 v o l t ; t h e ch lo r ide , 0-545 v o l t ; t h e 
n i t r a t e , 0*480 v o l t ; a n d t h e a c e t a t e , 0*556 v o l t ; W . M u t h m a n n a n d E . F r a u n -
berger s tud i ed cells w i t h 2V-KCl1Hg2Cl2 a n d m e r c u r y a g a i n s t c o b a l t a n d soln . of 
coba l t s u l p h a t e ; p o t a s s i u m chlor ide , h y d r o x i d e , c y a n i d e o r t h i o c y a n a t e ; o r 
su lphur ic , hydroch lo r ic , n i t r i c or ch romic ac id ; G. Coffetti a n d E . F d r s t e r , t h e cell 
Co : 2V-CoSO4 : 012V-KCl ,Hg 2 Cl 2 : H g . A. v o n O e t t i n g e n , a n d S. B . Chr i s ty , t h e 
cell Co : 2V-KCy : 2V-KCl,Hg2Cl2 : H g ; a n d K . Zengelis , 012V-KC1 : 2V-KCl,Hg2Cl2 : 
H g a g a i n s t c o b a l t a n d a soln. of coba l t s u l p h a t e a n d 0*12V-soln. of p o t a s s i u m 
su lph ide , a q . a m m o n i a , p o t a s s i u m n i t r i t e , s o d i u m p h o s p h a t e , p o t a s s i u m a r s e n a t e , 
o r p o t a s s i u m cyan ide . W . H i t t o r f e x a m i n e d cells w i t h p l a t i n u m a n d c h r o m i c 
ac id a g a i n s t coba l t a n d soln. of s o d i u m n i t r a t e , s u l p h a t e , o r a c e t a t e , or p o t a s s i u m 
d i c h r o m a t e . H . W . ToepfFer found for t h e cell Co : CoSO 4 a g a i n s t N i S O 4 : N i , 0*26 
vo l t , a n d aga in s t F e S O 4 : F e , 0*13 v o l t ; for Co : CoSO 4 a n d ( N H 4 J 2 C 2 O 4 a g a i n s t 
N i S 0 4 ( N H 4 ) 2 C 2 0 4 a n d nickel , —0*25 vo l t , a n d w i t h i ron in p l ace of n i c k e l — s a l t 
a n d metal—0*21 vo l t ; a n d for Co : C o S O 4 a n d ( N H 4 J 2 S O 4 a g a i n s t n icke l a n d 
a m m o n i u m s u l p h a t e a n d nickel , —O* 19 vo l t , a n d w i t h i ron i n p lace of n i cke l—sa l t 
a n d meta l—0*18 vol t . O b s e r v a t i o n s were also m a d e b y E . Obere r , K . Georgi , a n d 
N . P . K a z a n k i n . G. B . Bon ino a n d co-workers s t u d i e d cells w i t h c o b a l t a g a i n s t a 
c o b a l t s a l t a n d p ro te in , egg-a lbumin , or b lood- se rum, a g a i n s t p l a t i n u m . H . J . Bl ik-
s lager s t ud i ed cells w i t h coba l t a g a i n s t c o b a l t ch lor ide a n d a n a lka l i ch lor ide a g a i n s t 
m o l t e n a lkal i chlor ide w i t h a different p r o p o r t i o n of coba l t ch lor ide . A . C K r u e g e r 
a n d Li. K a h l e n b e r g s tud ied t h e cells w i t h c o b a l t a n d a soln. of g a s i n a n e l ec t ro ly te 
a g a i n s t t h e n o r m a l calomel e lec t rode a t 22° t o 24°, a n d f o u n d : 

H 2 O8 N9 A He 
JV-KCl . . 0 - 5 9 8 0 - 4 5 7 0 - 5 8 1 0 - 5 6 0 0 - 5 5 3 
N - K O H . 0 - 8 8 5 0 - 8 3 2 0 - 8 6 6 0 - 8 8 8 0 - 8 9 6 
2V-HC1 . . 0 - 4 4 7 0 - 3 8 2 0 - 4 3 9 0 - 4 4 4 0 - 4 3 8 

T h e i on i c mobi l i ty of coba l t for £Co" , w a s found b y A. Heydwe i l l e r t o be 43-O 
a t 18° ; E . B o n a g a v e 47-7 a t 18° ; A . Fei ler , 51-0 a t 18° ; W . R i e d e l g a v e for so ln . 
w i t h a m o l p e r 20-8, 203-5, a n d 432 l i t res t h e respec t ive va lue s 0-6218, 0-6062, a n d 
0*6040 ; W . A l t h a m m e r g a v e 50-6 for t h e chlor ide , 51-4 for t h e b r o m i d e , a n d 50*9 
for t h e iod ide a t 20° re spec t ive ly for chlor ide , b r o m i d e a n d iod ide soln. ; a n d 
C. M a z z e t t i g a v e : 

10° 20° 30° 40° 50° 60° 
I o n i c m o b i l i t y . . 4 6 7 3 1 0 2 1 2 4 1 4 4 1 5 5 

R . C. Can te lo a n d E . C. P a y n e g a v e 0-396 for t h e t r a n s p o r t n u m b e r of t h e Co" - ion 
i n 0-233,ZV-CoSO4, a n d 0 1 4 9 i n 3-9942V-CoSO4. W . C. D . W h e t h a m ca l cu l a t ed t h e 
abso lu t e ve loc i ty of t h e ions for a fall of p o t e n t i a l of 1 v o l t p e r c m . t o be 0-0422 c m . 
pe r sec. for soln. of c o b a l t o u s ch lor ide in a l c o h o l ; a n d 0-0444 c m . p e r sec. for a lcohol ic 
soln. of coba l tous n i t r a t e . E . G a p o n , a n d E . N e w b e r y discussed t h e hydrat ion of 
the ions of cobalt. W. Ostwald calculated the heat of ionization, Co->Co", to be 
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7 3 ki lo jou les o n t h e assumption t h a t t h e h e a t of ion iza t ion H 2 = 2 H * is zero . 
J. D . Bernal a n d R. H . F o w l e r ca l cu l a t ed for t h e i on izat ion energy of t h e Co"- ion , 
594 CaIs. p e r g r am- ion . 

Accord ing t o C. jLuckow, w h e n a n e u t r a l soln. of a coba l t sa l t is e lec t ro lyzed, 
c o b a l t is i n c o m p l e t e l y s e p a r a t e d , b u t if ace t i c ac id be p resen t , or, accord ing t o 
A . R i c h e , if o t h e r ac ids be p r e s e n t , t h e s e p a r a t i o n is comple te . A large excess of 
ac id , however , h i n d e r s t h e e l ec t rodepos i t ion of c o b a l t ; b u t i t is f avoured b y t h e 
p resence of a lka l i a c e t a t e s , c i t r a t e s , t a r t r a t e s , o r o x a l a t e s ; o r of p o t a s s i u m cyan ide , 
o r s o d i u m h y d r o p h o s p h a t e , or p y r o p h o s p h a t e . Th i s sub jec t w a s s t u d i e d b y 
H . K e r s t e n , a n d A. J o b — v i d e supra, t h e e x t r a c t i o n of coba l t . Accord ing t o 
IT. W . Sk i r row, w h e n a hydrof luor ic ac id soln. of a c o b a l t s a l t is e lec t ro lyzed, coba l t ic 
ox ide is fo rmed , b u t t h i s is n o t t h e case in su lphu r i c ac id soln. H e showed t h a t 
t h e oxid iz ing ac t i on a t t h e a n o d i c d e p e n d s on t h e p o t e n t i a l . A. Coehn a n d 
co-workers obse rved t h a t in di l . a lka l ine soln. , anod ic o x i d a t i o n occurs w i t h coba l t 
s u l p h a t e a t 1-21 vo l t s a n d w i t h n ickel s u l p h a t e a t 1-3 vo l t s ; in di l . ac idic soln. , t h e 
o x i d a t i o n occurs w i t h coba l t s u l p h a t e a t 1*52 vo l t s , a n d n o t w i t h n ickel s u l p h a t e 
soln. ; a n d in cone, acidic soln. , t h e anod ic o x i d a t i o n does n o t occur . 

M. Ie B l a n c found t h e depos i t ion potent ia l of coba l t f rom .ZV-CoSO4 t o be 
—0*444 vo l t , a n d G. Coffetti a n d F . F o r s t e r showed t h a t i n o r d e r t o p r e v e n t t h e 
f o r m a t i o n of h y d r o x i d e , a t 20° , t h e soln. m u s t b e acidified. W i t h a vo l t age of 
— 0 5 5 t o — 0 - 6 1 , a n d a c u r r e n t dens i t y , D a m p . X l O - 4 p e r sq . cm. : 

C u r r e n t D e n s i t y 
2V-Ac id . 
C u r r e n t y i e l d . 

1 1 - 3 
0 0 0 2 5 

. 2 9 

2 2 - 7 
0 0 0 5 

6 8 

4 5 - 5 
0 0 0 7 5 

7 0 - 5 

9 3 0 
O-Ol 

7 6 - 5 

1 8 2 0 
0 0 2 

6 6 t o 7 0 p e r c e n t 

R . Sch i l dbach s h o w e d t h a t in t h e s e obse rva t i ons t h e o x y g e n of t h e a i r s h o u l d be 
exc luded , s ince i t a c t s a s a depola r ize r o n t h e c a t h o d i c h y d r o g e n . S. Glass tone 
s t u d i e d t h e effect of t h e c u r r e n t d e n s i t y on t h e c a t h o d e p o t e n t i a l s of c o b a l t in 
JY-CoSO4 a t 15°, a n d found for c u r r e n t dens i t ies of D a m p . X 1 O - 4 p e r sq. c m . : 

D 

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

1 2 0 
4 0 - 0 
8 0 O 

1 6 0 O 

0I iV-H 8 SO 4 

— 0 - 1 9 
— 0 - 2 2 
— 0 -31 
— 0 - 3 6 
— 0 - 4 2 
— 0 - 4 9 
— 0 - 5 6 
— 0 - 5 7 
— 0 - 5 8 

J>H = 2 8 
— 0 1 7 
— 0 - 2 2 
— 0 - 4 2 
— 0 - 4 6 
— 0 - 5 1 
— 0 - 5 6 
— 0 - 5 7 
— 0 - 5 9 
— 0-6O 

J>H = 4-0 
— 0 - 1 9 
— 0 - 3 4 
— 0 - 4 9 
— O-56 
— 0 - 5 7 
— 0 - 5 9 
— 0 -61 
- O - 6 2 
— 0 - 6 3 

2 » H - 5 - 0 
— 0 - 2 2 
— 0 - 3 9 
- O - 5 6 
— 0 - 5 7 
— 0 - 5 9 
— 0 - 6 1 
— 0 - 6 2 
— 0 - 6 3 
— 0 - 6 4 

P H = 6 0 
— 0 - 2 4 
— 0 - 4 4 
— 0 - 5 6 
— 0 - 5 7 
— O-59 
— 0-61 
— O-63 
— 0 - 6 4 
— 0 - 6 5 

R . Sch i ldbach s t u d i e d t h e effect of c u r r e n t d e n s i t y a n d t e m p , o n t h e depos i t ion 
p o t e n t i a l , a n d found , for n e u t r a l , a n d n o r m a l soln. : 

i 
iV-CoCl 

2ST-CoSO 

0 - 4 

0 - 3 6 1 

1-4 
- 0 - 4 1 3 
- 0 - 3 7 0 
- 0 - 3 3 5 

5-7 
- 0 - 4 3 1 
- 0 - 3 8 0 
- 0 - 3 3 8 

— 0 - 4 0 5 — 0 - 4 3 3 
— — 0 - 3 9 O 

- — 0 - 3 2 4 — 0 - 3 4 0 

2 2 - 7 
— 0 - 4 5 5 
— 0 - 3 9 8 
— O-345 

— 0 - 4 6 6 
— 0 - 4 1 0 
— 0 - 3 6 3 
— 0 - 3 0 6 

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

1 8 2 
— 0 - 5 3 3 
— 0 - 4 5 9 
— 0-39O 
— 0 - 3 3 7 
— 0 - 5 6 2 
— 0 - 4 9 8 
— 0 - 4 2 7 
— 0 - 3 5 9 

a n d also t h e effect of ac id i ty a n d t e m p . W i t h JV-CoCl2, t h e depos i t ion p o t e n t i a l s 
were : 

Neutral 
— 0 - 4 7 4 
— 0 - 4 1 5 
— 0 - 3 5 4 
— 0 - 3 1 7 

0-5 per cent. 
H 8 BO 8 

0 1 5 3 
0 - 0 6 1 

— 0 - 0 0 4 
— 0 0 0 7 

2 per cent. 
H 8 BO 3 

0 1 4 1 
O-129 
0 - 0 1 2 

— 0 - 0 0 1 

0'0032^-HCl 
0 - 1 1 9 
O-132 
0 - 0 7 2 
0 0 4 3 

0-03Jy-HCl 
0 1 2 5 
O H O 
0 - 0 7 0 
0 - 0 5 4 
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Similar results were obtained with soln. of cobalt sulphate. The subject was also 
discussed b y G. Devoto and A. Ra t t i , H . Stager, F . Fdrster, E . Vogel, J . Heyrovsky, 
P . K . Frolich and G. L. Clark, S. Sartori , and G. Grube. R. Brdicka found t h a t t he 
deposition potential from soln. of cobaltous chloride becomes more positive as the 
concentration of t he added calcium chloride increases. The ionic valency of cobalt 
in pink soln. is two-thirds, and in blue soln., i t is 2. Cobalt deposits reversibly 
from blue soln., i.e. soln. containing about 1OiV-CaCl2 a t room temp. , or, a t 100°, 
5.ZV-CaCl2. The cathodic deposition potential of cobalt from blue soln. is abou t 
0*3 volt more positive t h a n i t is from pink soln. with the same concentration of 
cobalt. The Co*"-ions are therefore more active in the blue soln. The irreversible 
deposition of cobalt from the pink soln. is a t t r ibuted to the slow dehydration of t h e 
pink hydrated ions ; and the reversible deposition from blue soln. is a t t r ibuted to 
the ease of splitting the blue into dehydrated free Co* "-ions—vide infra, t h e 
deposition potential of nickel. S. Glasstone studied the simultaneous electro-
deposition of zinc and cobalt. He found the electrodeposition potential and over-
voltage in iV-soln. to be respectively —0*56 and 0-25 volt a t 15° ; —0-46 and 0*15 
volt a t 55° ; and —0-36 and 0 0 5 volt a t 95°. 

The cathodic or hydrogen overvoltage, or the minimum voltage for t he first 
visible appearance of hydrogen with a cobalt electrode in .ZV-H2SO4, a t 20°, was 
found by W. D . Harkins to be # = 0 - 2 2 v o l t ; with finely-divided cobalt, 0-52V-H2SO4, 
a t 20° ; M. Centnerszwer and M. Straumanis gave E=0-29 v o l t ; and with cobalt 
deposited on pla t inum in 0-0IiV-H2SO4, A. Thiel and W. Hammerschmidt gave 
# = 0 * 2 9 volt, and on silver, #==0-064 volt. The galvanic polarization of cobalt 
was studied by E . Vogel ; and the separation of hydrogen a t the cobalt cathode 
by I . Slendyk and P . Herasymenko. N . Thon studied the subject. U. C. Tainton 
found t h a t a high current density increases the hydrogen overvoltage with cobalt 
chloride soln. G. Carrara observed t h a t a t 19° to 20°, with smooth electrodes and 
JV-H2SO4 in water, methyl alcohol, and ethyl alcohol, t he respective hydrogen 
overvoltages -were 0-25, 0-20, and 0-27 volt. N . Isgarischeff and H . Ravikovitsch, 
and E . Newbery studied the cathodic polarization, and the la t ter observed t h a t 
the electrode potential of cobalt in .ZV-CoSO4 is 0-22 v o l t ; in 2V-Co(NOs)2, 0-21 
v o l t ; and JV-CoCl2, O-15 volt. The cathodic overvoltage of cobalt with current 
densities D milliamps. per sq. cm. in normal soln. is : 

Current D e n s i t y 
CoSO 4 
C o ( N O , ) 8 -
CoCl9 
H 1 S O 4 
N a O H 

. 2 

. O-50 

. 0-26 

. 0-31 
0-27 
0-25 

6 
0-48 
0-38 
0-30 
0-28 
0-28 

1 0 
0-48 
0-45 
0-31 
0-28 
0-28 

2 0 
0-48 
0-57 
0-32 
0-27 
0-29 

5 0 
0-60 
0-73 
O-35 
0-27 
0-29 

1 0 0 
0-51 
0-72 
0-38 
0-26 
0-29 

2 0 0 
0-51 
0-69 
0-44 
0-26 
0-30 

4 0 0 
0-49 
O-64 
0*53 
0-25 
0-30 

The cathodic overvoltage resembles t h a t of nickel bu t is more constant, being less 
liable to change -with t ime or current density. I n alkaline soln., a t first the over­
voltage is little higher than t h a t of nickel, bu t gradually rises wi th t ime. A t very 
high current densities, sudden rapid rises of overvoltage take place, sometimes directly 
the current d< usity reaches a high value, and a t others, after repeatedly raising 
and lowering the current density between the limits 2 and 2000 milliamperes per 
sq. cm. This rise may be as much as 0-4 volt, and after i t has t aken place the high 
overvoltage persists a t all current densities, t he metal then behaving like a new-
electrode, such as lead or zinc. Cleaning with glass-paper a t once restores t h e 
normal overvoltage ; hence the "effect is purely a surface one and is probably due to 
the formation of a cobalt alloy. 

J . Nickl&s observed t h a t if cobalt be superficially oxidized b y heat , i t assumes 
the passive State in fuming nitric acid ; and St . E d m e found t h a t whilst cobalt 
always dissolves in the cone, acid without becoming passive, t h e cold, dil. acid 
does not a t tack the metal . ES. Ramann a t t r ibuted t h e passivity of cobalt t o t h e 
formation of a protective film on the surface of the metal . W. W. Hollis said t h a t 
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the pass ivat ion of cobal t b y fuming nitric acid depends on the texture of the metal , 
the t i m e of act ion, and the t e m p . The critical t e m p , above which t h e passive s tate 
disappears is about 10°. R. Schi ldbach observed t h a t wi th soln. of cobalt chloride 
or sulphate, n o pass ivat ion of cobalt w a s detected wi th current densities up t o 
182 X l O - 4 a m p . per sq. cm. , a n d a t t e m p , u p t o 92°. E . Newbery found t h a t a t 
15°, and a current dens i ty of 0-4 a m p . per sq . cm. , cobalt does n o t become pass ive 
in 2V-soln. of cobalt chloride, nitrate, or sulphate ; W . Hittorf observed the passi­
va t ion of anodic cobalt in soln. of potass ium dichromate, or sodium acetate ; and 
H . G. Byers , in soln. of potass ium carbonate or dichromate. E . S. Hedges observed 
t h a t the presence of sulphuric acid or sodium sulphate hinders the passivation of 
cobalt in soln. of potass ium dichromate ; and cobalt is pass ivated in 05JV-H 2 SO 4 
with a current dens i ty exceeding 0*16 a m p . per sq. c m . ; in 0-2.ZV-Na2SO4, b y a current 
dens i ty exceeding 0*24 a m p . per sq. cm. , and in a 20 per cent. soln. of potass ium 
cyanide , cobalt is immediate ly pass ivated. H . G. Byers found a current dens i ty of 
0-84 a m p . per sq. cm. is necessary t o develop o x y g e n in N-NaNO3 ; and one of 4 t o 
5 a m p . per sq. cm. in -ZV-NaHCO3 and in -ZV-KMnO4. W. Muthmann and F . Fraun-
berger, and C. Eredenhagen discussed the electrode potent ial of passive iron and 
cobalt , and t h e y concluded t h a t the anodic o x y g e n depresses the speed of the 
reaction wi th the meta l and itself t o such a n e x t e n t tha t the anode is covered 
complete ly w i th a layer of oxygen , or tha t an al loy of meta l and oxygen is formed 
which prevents further action, and so produces t h e passive s tate . H . G. Byers 
added t h a t these negat ive potent ials are due t o the oxygen electrode and increase 
or decrease w i th the cone, of the o x y g e n ; b u t t h e y do not account for the passive 
s tate of iron in potass ium cyanide and other reducing agents . G. Grube and 
O. Eeucht found t h a t passive cobalt is act ivated b y cathodic polarization. E . Miiller 
and E . Spitzer observed tha t in m a n y cases the production of the pass ive s tate is 
accompanied b y the formation of a film of oxide. The subject was s tudied b y 
G. C. Schmidt , XJ. R . Evans , W. J . Miiller, and E . Becker and H . Hilberg. According 
t o E . Newbery , unlike nickel, cobalt cannot be pass ivated in dil. sulphuric acid w i t h 
a n electric current. Pass iv i ty , however, is readily produced in alkaline soln. 
W . Erese s tudied the effect of films on the photo-electric properties and on pass iv i ty ; 
and A. S. Russell , the electronic structure of meta l s in the pass ive s tate . A. Smi t s 
and A. H . W . A t e n observed t h a t the potent ia l of cobalt is raised b y etching w i t h 
hydrochloric, sulphuric, or nitric acids, and hence t h e y attr ibuted pass iv i ty t o the 
existence of a n allotropic modification of the meta l in the surface layers—vide the 
pass iv i ty of iron. H . G. Byers , a n d E . S. Hedges , s tudied the periodic pass iv i ty 
of cobalt ; U . Sborgi and A . Borgia examined the act ion of a magnet ic field on 
pass iv i ty . 

H . G. Byers and C. W . Thing showed t h a t a cobalt anode becomes pass ive if 
the current dens i ty is sufficiently high. The pass ive s ta te i s indicated b y an 
increased drop in the vol tage , a decreased current, the evolut ion of oxygen , and the 
resistance of the meta l t o dissolution. The essential difference be tween cobalt and 
iron or nickel is t h a t cobalt does n o t become pass ive a t the low current densities 
required b y nickel and iron. If cobalt assumes the pass ive s tate , i t remains so 
e v e n w h e n the current dens i ty is reduced ; and cobalt becomes act ive in acidic soln. 
more readily t h a n is the case w i t h nickel. H . G. Byers added t h a t the anodic 
behaviour of cobalt containing some nickel is n o t very different from that of cobalt 
alone. 

J . C. Poggendorff observed t h a t the cell w i th a cobalt anode Co : K O H : H N O 3 : P t 
deve lops o x y g e n "without forming a film ox ide on the cobalt . According to 
C. Tubandt , cobalt is n o t a t tacked b y a h o t or cold soln. of potass ium or sodium 
hydroxide , but w h e n exposed as anode t o a n electric current, i t dissolves in the 
alkali lye . The m o s t favourable condit ions for t h e dissolution are a low current 
dens i ty—0-2 a m p . per sq . d m . — h i g h t emp. , and a highly cone. soln. of lye . The 
cobal t dissolves as a cobaltous salt . The cobaltous soln. i s blue, and in absence 
of air i s s table for months . W h e n electrolyzed between insoluble electrodes, i t 

V O L . xrv . 2 i 
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precipitates pa r t of the cobalt a t tlie cathode as spongy metal , p a r t a t the anode a s 
oxide ; the chief pa r t is oxidized by the oxygen given off a t the anode, and the 
oxidation product remains suspended in the form of brown flecks in the electrolyte. 
F . Forster and A. Piquet observed t h a t with 2JV-KOH, a t 15°, and a current 
density of 0-333 amp. per sq. cm., cobalt is at tacked more strongly than iron, and 
a layer of hydra ted cobaltic oxide may be formed on the metal . E . Newbery said 
t h a t cobalt is passive in iV-NaOH with a current density of 2 to 120O milliamp. per 
sq. c m . ; H . G. Byers, t h a t in iV-KLOH and 5 milliamp., no loss in weight occurs ; 
and F . Forster, t h a t with 1OiV-KOH, and 0-3 milliamp. per sq. cm. a t 60°, or 0-8 
milliamp. per sq. cm. a t 80°, a cobalt anode remains active, bu t with the same 
current densities respectively a t 40° and 60°, passivity sets in as an oxide layer is 
formed. K. Georgi studied the anodic behaviour of cobalt. 

G. Grube and O. Feucht found t h a t with cone. soln. of potassium hydroxide, 
anodic cobalt dissolves a t high current densities as deep-blue potassium cobaltite : 

Co-^Co" ; and Co* - } - 4 0 H ' ; F * C O 0 2 " + 2 H 2 0 , or 
Co" + 3OH' ^ HCoO 2 ' -f- H 2 O. The potential 
measurements show t h a t the blue compound in 
8iV-KOH is potassium cobaltite, K2CoO2 , and 
not colloidal cobaltous hydroxide. The normal 
potential of cobalt against potassium cobaltite 
is —0-52 volt. Fig. 16 shows t h a t there are 
two stages in the potential current density 
curves ; the first stage occurring with potentials 
between —0-3 and —0-6 volt. Here the cobalt 
is active ; no oxygen is evolved a t the anode ; 
and with highly cone, alkali-lye, the blue 
soln. is formed, bu t with more dil. alkali-lye, 
an oxide is formed on the electrode or in the 
electrolyte. In the second stage, the cobalt 
no longer dissolves, and oxygen is developed. 

The anodic oxidation of a soln. of the cobaltite, a t p la t inum occurs in three s tages : 
(i) a t low potentials, cobaltosic oxide is formed ; (ii) a t medium potentials, cobaltic 
oxide is produced ; and a t high potentials, a solid soln. of cobalt dioxide in one 
of the lower oxides is formed and the evolution of oxygen occurs. In the electrolytic 
evolution of oxygen a t cobalt anodes in alkali hydroxide the cobalt first unites 
with the charged atomic oxygen forming cobalt dioxide, and this decomposes into 
cobaltic oxide and molecular oxygen. For G. Grube's observations on the polariza­
tion of cobalt in alkaline soln. of potassium ferrocyanide and ferricyanide, vide iron. 
A. P . Rollet discussed the anodic reactions of cobalt in acidic or alkaline soln. 

U. Sborgi and G. Cappon found t h a t cobalt dissolves in an ethyl alcohol soln. 
of calcium and ammonium nitrates as a bivalent ion a t all current densities from 
O-03 to 3-0 amp. per sq. dm. ; and U. Sborgi and P . Marchetti found t h a t cobalt 
forms bivalent ions in an acetone soln. of li thium chloride, and becomes passive 
in an acetone soln. of silver ni trate. N. Isgarischefi observed t h a t the e.m.f. of 
cobalt in a 0-1772V-soln. of cobalt chloride in ethyl alcohol, increases rapidly until 
the metal becomes passive ; the potential remains unchanged a t 0*03 volt against 
a H-electrode, and the smooth and white surface of the metal becomes ma t t e "with a 
yellow tinge. If the metal be removed and cleaned, i t has i ts original potential 
when again immersed in the liquid, bu t the passive s tate is acquired more quickly 
t han before, and on repeating the process, the ra te a t which t h e metal becomes 
passive continues to increase. If all the oxygen be removed from the soln., and 
observations made in a current of hydrogen, the potential remains constant , 
—0*174 volt, and there are no signs of passivation. The passivation in these organic 
solvents is t hus a t t r ibuted to the presence of a soluble substance of the na ture of a 
peroxide, and the case of passivation of cobalt in alcoholic soln. is a t t r ibuted to the 
formation of an oxide coaling on the metal . N . Kondyreff observed t h a t in a soln. 

Fia. 16.—The Current Density-Po­
tential Curves of Cobalt in Potash-
Lye. 



C O B A L T 483 

of e t h y l bromide, i n d r y e t h e r , c o b a l t does n o t dissolve anod ica l ly a n d n o c o m p l e x 
s a l t i s f o r m e d . I j . F . A u d r i e t h a n d L . F . Y n t e m a s t u d i e d t h e e l ec t rodepos i t ion of 
c o b a l t f r o m so lu t ions of t h e n i t r a t e i n l iqu id a m m o n i a . 

A c c o r d i n g t o W . Hi t to r f , c o b a l t d issolves a n d is ac t i ve w h e n e m p l o y e d a s a n o d e 
i n d i l . soLQ. of s u l p h u r i c ac id , s u l p h a t e s , o r n i t r a t e s ; a n d in soln . of n i t r i c ac id of 
s p . g r . 1-2, H . G. B y e r s f ound a c o b a l t a n o d e is d issolved in iV-soln. of n i t r i c , ace t i c , 
oxa l i c , a n d c i t r ic a c i d a t r o o m t e m p . , a n d c u r r e n t d e n s i t y of Z>=0*5 a m p . p e r s q . 
d m . , a n d t h e d i s so lu t ion of c o b a l t occu r s a t r o o m t e m p , w i t h t h e fol lowing v a l u e s 
of D : AT-NaCl, 0-5 ; AT-CuCl2, I O ; AT-KCl, 0*5 ; AT-KNO3 , 1 0 ; 012V-KNO 3 , 0-5 ; 
s a t . soln . N a N O 2 , 3-6 ; s a t . so ln . N a N O 3 , 8*4 ; 2V-Na2SO4 , 0-5 ; AT-CoSO4, 1 0 ; 
AT-Na2CO3 , 0-5 ; AT-NaHCO3 , 0*5 ; 2V-K 2Cr 2O 7 , 0-8 ; 2V-NaH 2 PO 4 , 0-5 ; 2V-KMnO4 , 
0*4 ; a n d AT-KClO3, 0*5. C o b a l t d issolves a n o d i c a l l y i n f u m i n g n i t r i c ac id a t 0° ; 
a n d , a c c o r d i n g t o E . N e w b e r y , in A --HCl, whi le c o b a l t is n o t pa s s ive i n -ZV-H2SO4 a t 
15° a n d 2 a m p . p e r sq . cm. , a t v e r y h i g h c u r r e n t dens i t ies , i t s p o t e n t i a l a p p r o a c h e s 
t h a t of t h e o x y g e n e lec t rode . E . S. H e d g e s sa id t h a t c o b a l t is n o t p a s s i v e in 0*05 
t o 2O p e r cen t , h y d r o c h l o r i c ac id ; i n 0-5 t o 100 p e r cen t , n i t r i c ac id ; in 1 t o IO 
p e r c e n t , a m m o n i u m s u l p h a t e ; o r in 2 t o IO p e r c en t , s o d i u m s u l p h a t e . W i t h 
s m a l l c u r r e n t dens i t ies , c o b a l t f o rms a r e d soln . w i t h 5O vo l . p e r cen t , s u l p h u r i c 
ac id , a n d a g r een soln. "with h i g h c u r r e n t dens i t i e s . Acco rd ing t o H . G. B y e r s 
a n d C. W . T h i n g , w h e n c o b a l t is a c t i v e a n d n o c u r r e n t is flowing t h r o u g h t h e elec­
t r o d e , i t h a s a n e g a t i v e p o t e n t i a l , b u t w h e n t h e e l ec t rode is a n a n o d e , a n d a c u r r e n t 
is flowing, t h e p o t e n t i a l c h a n g e s i n s ign, a n d inc reases i n v a l u e e v e n if t h e m e t a l 
r e m a i n s a c t i v e . If t h e m e t a l b e c o m e s pass ive , t h e p o t e n t i a l is m u c h inc reased . 
T h u s , a t 0° , a g a i n s t a n o r m a l ca lomel e l ec t rode : 

Potential 
v State of 

without current with current Metal 
— 0-35O 4-0-605 t o 0-671 A c t i v e 
— 0-278 + 1 - 8 8 8 t o 1-849 P a s s i v e 
— 0-411 + 0-27O t o 0-25O A c t i v e 
— 0-411 4-1-811 t o 1-824 P a s s i v e 
— 0-416 H-0-302 t o 0-264 . A c t i v e 
— 0-416 -4-1-870 t o 1-840 P a s s i v e 
— 0-306 H-2-422 t o 2-522 P a s s i v e 

f C o b a l t — 98 
t\ oxT -vr a n I Cobal t—- 98 
0-2JV-Na 2SO 4 ^ C o b a l t _ _ 1 0 0 

[^Cobalt 1OO 
0-2JV-K 8 Cr 2 O 7 Cobal t—1OO 

A c c o r d i n g t o A . C o e h n a n d Y . O s a k a , t h e ox idat ion potent ia l of coba l t is 0-85 
v o l t a g a i n s t a c o n s t a n t h y d r o g e n e lec t rode , a n d o x y g e n is evo lved a t 1-36 v o l t s . 
A . C o e h n a n d M. GUaser f o u n d t h a t i n a s l igh t ly a lka l ine soln. , c o b a l t shows a n 
a n o d i c f o r m a t i o n of ox ide a t 1-21 v o l t s ; i n a s l igh t ly ac id ic soln. , a t 1-52 vo l t s ; 
a n d i n a s t r o n g l y ac id ic soln. , n o o x i d e is f o rmed . T h e ox ide depos i t ed in t h i n 
l aye r s is C o 2 O 3 . 2 H 2 O , a n d i n t h i c k l aye r s , C o 2 O 3 . 3 H 2 O . Coba l t c a n be c o m p l e t e l y 
d e p o s i t e d a s p e r o x i d e o n t h e e lec t rolys is of a di l . soln. w i t h a c u r r e n t of O-1 a m p e r e , 
a n d 2-3 t o 2-4 vo l t s . A long t i m e is r equ i r ed , a n d t h e m e t h o d is n o t a c o n v e n i e n t 
o n e for s e p a r a t i n g c o b a l t a n d n icke l . E . N e w b e r y obse rved t h e o x y g e n or an od ic 
OVervoltage of c o b a l t for c u r r e n t dens i t i es D m i l l i a m p . p e r sq . c m . : 

C u r r e n t D e n s i t y 
N a O H 
C o S O 4 

C o ( N O a ) 2 -
C o C l , . 

. 2 

. 0 - 5 8 

. 0 0 2 
O i l 

. 0 0 3 

6 
0 - 6 0 
O-03 
O i l 
O-02 

IO 
0 - 5 9 
0 - 0 3 
O-09 
O-OO 

2O 
0 - 5 8 
O-04 
0 0 6 

— 0 - 0 2 

5O 
0 - 5 8 
O-05 
O-OO 

— 0 0 3 

1OO 
0 - 5 7 
0 0 6 
0 0 0 

— 0 - 0 2 

4OO 
0 - 5 6 
0 0 6 
0 0 2 

4 O-03 

12OO 
O-54 
O-08 
0 0 2 

+ 0 0 7 

E . N e w b e r y a d d e d t h a t t h e a n o d i c o v e r v o l t a g e is Iovr a n d fair ly c o n s t a n t , a n d h a s 
similar v a l u e s i n ac id ic a n d a lka l ine soln . I t s how s a t e n d e n c y t o fall s l ight ly w i t h 
t i m e . F . F o r s t e r g a v e for t h e a n o d i c p o t e n t i a l of a c o b a l t e l ec t rode in 2V-KOH a s 
t h e c u r r e n t d e n s i t y c h a n g e s f r o m 0 t o 3 X l O - 4 a m p . p e r sq . cm. , B=^0-7 v o l t t o 
a b o u t 0*92 vo l t . E . Mul ler a n d F . Sp i t ze r s a id t h a t a t first t h e anod ic p o t e n t i a l 
r ises g r a d u a l l y , a n d a t t a i n s i t s e n d - v a l u e i n a b o u t a n h o u r w i t h spongy c o b a l t , 
a n d i n a b o u t 3 h r s . w i t h po l i shed coba l t . I n 22V-NaOH, a n d a c u r r e n t d e n s i t y of 
0*03 a m p . p e r s q . c m . , t h e e n d - v a l u e a g a i n s t a ca lomel e lec t rode is 0*580 v o l t for 
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burnished cobalt, 0-476 volt for spongy cobalt, 0-477 volt for cobalt oxide, and 
1*416 volt for plat inum. The agreement between the values for cobalt oxide 
indicates t ha t a layer of oxide is formed on the metal. The measurement of the 
anodic overvoltage was discussed by E. Newbery, A. D. Garrison and J . F . Lilly, 
and M. Knobel ; the use of cobalt as an anode in electrolysis, by E . A. Benjamin, 
R. Saxon, J . H . Levin, and C. G. Fink. E . Miiller and J . Jani tzki observed t h a t 
when the metal is rubbed, and immersed in soln. of acids, bases, or neutral salts, 
the electrode potential is nearly reversible. The use of the tungsten-cobalt couple 
for electrometric t i t rat ions was described by A. C. Krueger and L. Kahlenberg, and 
M. L. Hol t and L. Kahlenberg ; and the use of cobalt electrodes in reducing a soln. 
of bar ium nitrate to nitrite, by P . Wenger and A. Lubomirsky. 

P . Bechtereff measured the anodic potential of cobalt in molten sodium 
hydroxide between 330° and 650°, and from its resemblance to the values for 
nickel, iron, and the noble metals, he concluded t h a t a gas potential is actually 
measured. A. Giinther-Schulze measured the electrolytic valve action of cobalt. 
A. P . Rollet found t ha t in the electrolysis of dil. soln. of alkali lye, or dil. sulphuric 
acid, with an alternating current, the electrodes of cobalt are alternately covered 
with oxide, and powdered metal . 

According to T. de Grotthus, when an electric current is passed through two 
soln. of silver ni t rate communicating with each other by a crack in a glass tube 
containing one of them, and the positive pole is immersed in the external vessel, 
silver is deposited on the outside of the crack, and oxygen is given off inside. 
F . Braun snowed tha t the phenomenon occurs with cobalt, iron, lead, gold, and 
palladium, but not with manganese or nickel salts, and the metal is deposited when 
the intensity of the current has at tained a certain minimum value which depends 
on the cone, of the soln. This phenomenon—electrostenolysis—was studied by 

E. J . Mills, K. Sollner, H. Freundlich and 
K. Sollner, and A. Coehn and co-workers. 

Observations on the thermoelectric 
force of cobalt were made by T. J . See-
beck,2** W. G. Hankel , E . Becquerel, 
A. Battelli, and P . G. Tait . K. Noll found 
the thermoelectric force of the cobalt-
platinum, couple to be —1*52 millivolts a t 
100°, where the negative sign means t h a t 
the current a t the cold junction flows from 
the p la t inum; G. Reichardt obtained 
—1-99 millivolts ; and P . W. Bridgman, 
—1-679 XlO""3 volt. Observations were 
also made by C. G. K n o t t and co-workers. 

A. Schulze found t h a t the thermoelectric force of the cobalt-platinum couple alters 
from 0° when E0=O to 100° when -E 1 0 O=-2-50 millivolts. A minimum of —23-3 
millivolts occurs a t 960°. The temp, gradient, dE/d&, has a minimum a t 350°, and 
a break between 465° and 470°. He observed : 
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E9 
dE 
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0° 
.0 

100° 

— 2 - 5 0 

2 5 0 t: 
200° 

- 5 - 5 4 
- 5 - 5 8 
- 3 0 - 4 
30-8 

350° 
— 1 0 - 6 5 
— 1 0 - 5 9 
— 3 4 - 2 
— 3 3 - 5 

500° 
1 5 - 4 2 -

- 1 5 - 2 5 -
- 2 5 - 7 -
2 7 - 4 -

600° 
[ \ — 1 7 - 9 9 

800° 1000° 1200° 

— 2 1 - 9 9 — 2 3 1 9 — 2 0 - 9 3 

— 1 6 - 5 — 2 0 3 + 1 4 - 6 

The results in the vicinity of the temp, of magnetic transformation are plotted in 
F ig . 17, where E denotes the thermoelectric force in millivolts, and dEJdd, the 
t e m p , coeff. in millivolts per degree : 

1299° 1264° 1203° 1152° 1103° 1062° 1000-2° 904-3° 807-4° 
E . — 1 9 - 1 0 - ^ 1 9 - 7 3 — 2 0 - 6 0 — 2 1 - 2 7 — 2 1 - 9 2 — 2 2 - 4 6 — 2 2 - 7 3 5 — 2 2 - 6 4 — 2 1 - 8 1 
djEjde 18*0 1 4 - 3 1 3 - 1 1 3 - 3 1 0 - 6 5 - 3 — 0 - 9 6 — 8 * 6 
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Observations were also made by W. Rohn, W. M. Latimer, and J . J . Schukoff. 
P . W. Bridgman gave —1*679 X l O - 3 volt for the thermoelectric force of cobalt 
against p la t inum with the cold junction a t 0° and the hot junction a t 100°. 
H . Pechaux found for the cobalt-copper couple : 

0° 100° 200° 300° 400° 500° 600° 700° 800° 900° 
E.m.f. . 0 0 0 —2-32 —5-2 —8-6 —121 —17-8 —19-4 —22-9 —25-9 —28-4 

G. Reichardt represented his results between 50° and 200° by i?=23-240+0-041302 
microvolts ; for a hard-drawn wire between 20° and 60°, £ '=26-3 microvolts, and 
after heating to dull redness, 25*8 microvolts. L . O. Grondahl and S. Karrer ob­
served t h a t "with the cobalt-copper couple, the thermoelectric force decreases as the 
magnetic field increases in strength. P . McCorkle also observed a small increase 
as the value of dEjE in a longitudinal field, which at tained a maximum a t about 
5O gauss, and the subsequent decrease at tained a negative value a t about 300 gauss. 
The effect of a small load was very small with strong magnetic fields. H . Pechaux, 
and C. Dannecker gave for the cobalt-nickel couple :— 

0° 100° 200° 300° 400° 500° 600° 700° 800° 900° 
E.m.f. . . O-OO — 0-3 —1-3 —2-6 —4-6 —6-9 —8-7 —9-8 —10-4 — lO-l 

With the cobalt-lead couple, the current goes from cobalt to lead through the 
hot junction, and G. Wietzel g a v e : 

24-1° 78-4° 108-2° 130-2° 169-9° 179-4° 207-6° 252-6° 257-8° 
E . —1-805 — 1-86O —1-894 —1-888 —1-884 —1-440 —1-204 —1-491 —1-625 

P . W. Bridgman gave for the cobalt-lead couple, e.m.f. = —17-320 —O-39O02 micro­
volts between 0° and 100°. H e also found t ha t the thermal e.m.f., E9 microvolts 
or 10~6 volt, of a couple composed of one branch of uncompressed metal, and 
the other, compressed by a press, p kgrms. per sq. cm. when the junctions are a t 
0° and 0° : 

P 
2,000 
6,00O 

12,000 

R. von Dallwitz-Wegner gave for the cobalt-constantan couple, —0*0009 volt a t 
100°. W. H . Keesom and co-workers measured the thermoelectric force of the 
alloys against an alloy of gold and silver. O. L. Kowalke found for the 
thermocouples of cobalt-nichrome, the values indicated in (3), Pig. 1 8 ; for 
the cobalt-advance alloy (4), Fig. 18 ; for the cobalt-constantan (5), Fig. 18 ; for the 
cobalt-iron (2), Fig. 18 ; and for the cobalt-nickel-iron alloy (1), Fig. 18. J . Thiele 
studied the effect of the ageing of the metal on the thermoelectric force. 

P . W. Bridgman found the Peltier effect, P, or the hea t developed between 
compressed and uncompressed metal in joules per colomb X10° : 

10° 
— 0-29 
— 0-86 
— 1-72 

20° 
— 0-59 
— 1-76 
— 3-52 

40° 
— 1-22 
— 3-69 
— 7-34 

60° 
— 1-91 
— 5-75 

— 11-47 

80° 
— 2-65 
— 7-92 

— 15-90 

100° 
— 3-48 

— 10-21 
— 20-61 

P 
2,000 . 
6,000 . 

12,000 . 

0° 
— 7-6 

— 22-7 
— 45-9 

20° 
— 8-8 

— 26-9 
— 53-6 

40° 
— 10-3 
— 31-3 
— 62-2 

60° 
— 11-6 
— 35-3 
— 7 1 0 

80° 
— 18-8 
— 39-5 
— 80-3 

]00° 
— 16-8 
— 4 4 0 
- 90-5 

and for the cobalt-lead couple, P = (17-32-O-O780)(0 -f- 273) X 10~o volts. 
P . W. Bridgman also found the Thomson effect* cr, or the heat excess in com­
pressed and uncompressed metal in joules per coulomb X10° : 

P 
2,00O . 
6,0OO . 

12,000 . 

. 

. 

. 

. 

0° 
— 2-2 

— 13-9 
— 20-5 

20° 
— 2-9 

— 12-6 
— 2 2 0 

40° 
— 4-4 

— 11-6 
— 23*5 

60° 
— 6-7 

— 11-3 
— 2 5 0 

80° 
— 9-2 

—10-9 
— 26-4 

100° 
— 13-8 
—10-4 
— 2 8 0 

and for the cobalt-lead couple, cr== — 0-078(0+273) X 10~« volts per degree. 
E . H . Hall , J . Monheim, and C. Benedicks discussed some theoretical phases of 
the subject. 



486 INORGANIC AND THEORETICAL CHEMISTRY 

//00 

/000 

20 3O 
Mtll/volts 

F i a . 18. Thermoelectric 
Force of Thermocouples 
of Cobalt a n d S o m e B a s e 
Meta l s . 

E . H . Hall 2 e found for the Hall effect —vide iron—with cobalt for # = 3 4 6 3 
gauss, i * = 2 4 6 0 x l O - e a t 18° ; for H=QOOO gauss, JR=3550 X 1 0 ^ a t 19°, and 
444Ox lO-e a t 48°. A. von Ett inghausen and W. Nernst gave for # = 5 6 5 0 gauss, 
# X 1 0 ° = 1 5 5 0 a t 18°. H . Zahn gave J?Xl0«=1010 a t 18°, and for # = 4 4 0 0 
gauss, i ? x l 0 ° = 1 6 1 0 a t 24°. P . Unwin gave i * x l 0 « = 2 4 5 0 a t 18° ; A. W. Smith, 
R X 10«=2400 a t 24° for # = 1 7 , 0 0 0 gauss ; and H . B . Peacock gave R X 10«=29,000 
a t 18°. A. K u n d t studied the relation between the Hall effect and the magnetac 
field—vide iron ; and H . B . Peacock, and A. J . Sorensen, the Hall effect with th in 
films. The Hall effect was also discussed by H . Tomlinson, and G. Borelius. 
The Corbino effect—vide iron—was found by O. M. Corbino, A. K. Chapman, 

and E . P . Adams and A. K. Chapman to be 5'86 for 
cobalt, and the Hall effect 4-61 when referred to copper 
unity, the magnetic field being # = 3 5 6 0 . For the 
Ettinghausen effect, vide iron. H . Zahn gave P XlO 9 

= 9 a t 18°, and 9 a t 24° for # = 4 4 0 0 ; F . Unwin, 21-6 
a t 18° ; and E. H . Hall, 81-0 a t 19° for # = 9 0 0 0 gauss ; 
and 109-0 a t 48° for # = 9 0 0 0 gauss. For the Nernst 
effect—vide i ron—H. Zahn found t h a t Q X 106=200 a t 
18° ; F . Unwin, 78O a t 18° ; A. von Et t inghausen 
and W. Nernst, 1540 a t 18° when # = 5 6 5 0 g a u s s ; 
E . H . Hall, 190O a t 25° and 2190 a t 47° for # = 9 0 0 0 
gauss ; and A. W. Smith, 200O a t 60° for # = 1 7 , 0 0 0 
gauss. For the Leduc effect—vide i ron—H. Zahn gave 
8 X 100=130 a t 1 8 ° ; F . Unwin, 110 a t 18° ; E . H . H a l l , 
377 a t 25° and 429 a t 47° for # = 9 0 0 0 gauss ; and 
A. W. Smith, 640 a t 53-7° for # = 1 1 , 8 0 0 gauss. 
P . "W. Bridgman discussed the relation between these 
thermomagnetic effects ; J . Zahradnicel, the thermo-

magnetic longitudinal effect ; K. Honda, and J . R. Ashworth, the relation 
between the ferromagnetic constants and other propert ies ; O. von Auwers, 
K. Honda, L. W. McKeehan, and W. Steinhaus, the relation between the ferro­
magnetic constants and the atomic or molecular structure ; G. Borelius, t h e 
electron theory ; P . Weiss, P . Weiss and O. Bloch, O. Bloch, W. Heisenberg, 
E . Stoner, K. Baedeker, L.. I*. Campbell, A. CarelH, W. W. Stiefler, J . Kunz, and 
A. Piccard, the magneton theory. 

According to W. H . Wollaston,27 cobalt is magnetic, so t h a t its magnetism is to 
t h a t of iron as 5 : 6 or 8 : 9 ; W. A. Lampadius said as 25 : 55. The subject was 
discussed by F . A. C. Gren, B . G. Sage, B . M. Tassaert, F . Kapf, R. Chevenix, 
T. J . Seebeck, J . J . Berzelius, J . C. Poggendorf, G. C. Haughton, C. B . Greiss, 
and B . Brodie. The metals here were not of a high degree of puri ty . M. Faraday 
said t h a t the pure metal is not magnetic even a t —80°, b u t later added t h a t i t is 
magnetic. H . A. Rowland, and H . T. Kalmus and C. Harper added t h a t purified 
cobalt is magnetic a t all temp, up to about 1150°, a t which temp. , W. Guertler 
and G. Tammann found i t to become non-magnetic. H . E . J . G. du Bois 
and O. Liiebknecht added t h a t the magnetic behaviour of cobalt is more like 
iron t h a n is the case with nickel. This subject was studied b y J . Thomsen, 
E . Wedekind, and E . van Aubel. The magnetic properties of cobalt -were 
investigated by W. F . Barret t , A. Kundt , H . E . J . G. du Bois, W. !Lobach, 
E . Becquerel, H . Becquerel, !Lord Kelvin (W. Thomson), E . Maurer, E . H . Hall , 
D . Goldhammer, G. Fae , A. von Ettinghausen, W. Nernst, C. G. Kno t t and co­
workers, P . Bachmetjeff, J . Pliicker, W. G. Hankel, A. Gaiffe, J . Trowbridge and 
A. IJ . McRae, T. Spooner, G. Berson, J . C. Beattie, G. Potapenko, T. Kahan, 
L,. Neel, and H . N. Warren. 

According to J . A. Ewing, cobalt has a greater capacity for magnetization t han 
nickel, and under the influence of a strong field, i t takes up as much magnetism as 
cast iron. I t s magnetic susceptibility is small when the magnetizing force is weak. 
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The influence of the magnet ic field, H, on the intens i ty of magnet izat ion, J, on 9 3 per 
cent , cobalt , cas t and. annealed, "was found b y H . Nagaoka and K. H o n d a to be : 

SH . . 2 -7 1 4 - 7 3 O O 8 9 - 8 4 7 4 7 2 0 
11 ' . . 3 0 2 7 4 4 6 7 7 7 8 108O 1 1 3 6 

. 3 - 6 2 2 - 4 7 7 - 5 2 8 1 4 6 1 7 8 8 

Cast 

Annealed \f 3 8 1 8 8 4 3 9 5 6 8 6 9 9 

Measurements -were also m a d e b y H . Becquerel , J . A. Trowbridge and 
A. Xi. McRae, P . McCorkle, C. Asmus , R. Gans, M. Samuel , K. H o n d a , 
W . W . Stiefler, J . A. E w i n g and W . Low, and H . Masumoto. H . T. Ka lmus and 
K. B . Blake found for 99*6 per cent , cobalt : 

H . . . 2 - 5 2 0 - 7 4 3 - 2 7 5 - 9 1 2 9 O 1 5 1 - 8 
. 8 -5 1 3 6 - 7 2 3 8 - 4 3 5 0 - 2 4 5 1 - 5 4 9 3 - 2 

H . E 
H 
I 

J. Gr. d u Bo i s gave for moderate ly strong fields, a t 10O° : 
2 0 0 4 0 0 6OO 8 0 0 1 0 0 0 
8 5 6 9 8 8 1 0 3 2 1 0 5 6 108O 

1 2 0 0 
1 0 9 0 

and K. H o n d a gave : 
4 5 - 4 1 4 4 2 9 4 

. 5 2 9 7 3 7 8 8 2 
H. 
I . 

4 8 1 
9 7 2 

7 1 5 
1 0 4 8 

9 7 6 
1 0 9 8 

1 2 5 7 
1 1 6 3 

6 3 7 
8 7 8 

H . Masumoto found for the in tens i ty of magnet izat ion of cobalt : 
H . . 5 - 3 1 0 - 6 2 6 0 5 1 - 2 1 0 1 - 6 2 0 7 4 2 1 
I . . 8 - 4 1 4 - 6 6 1 - 8 1 5 5 3 4 7 5 4 7 7 5 0 

S. K a y a observed t h a t w i th crystals of cobalt , Z, the intens i ty of magnet izat ion is a 
m a x i m u m at 26°, so t h a t for H=90CK) gauss , 7 = 1 4 2 2 ; for an impure 93*1 per cent, 
cobalt . H . E . J . G. d u Bois gave for / / = 8 5 0 0 , Zm**.=120O ; and J. A. Ewing 

For cobalt wi th 1-66 per cent , of 
and W . Low, g a v e for cobalt w i t h 1-66 per cent , of iron, ZZ=15,000, / m a x . = 1 3 1 0 — 
a l i t t le greater t h a n is the case w i th cast iron, 
iron, the magnet izat ion constants were : 

Magnetic force, H . . . . 1,350 
Induction, JB . . . . 16,00O 
Intensity of magnetization, / . . 1,260 
Permeability, //. . . . 1 2 - 7 3 

Under sufficiently strong magnet iz ing forces, less than 4000, the intens i ty of 

300 

4,040 
18,870 
1,280 

4-98 

8,930 
23,890 
1,290 

2-82 

14,990 
30,21O 
1,310 
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F i o . 19.—The Permeability of 
Cast Cobalt. 

/bOUU 

^ 20000 

•If 24000 

^ Z8000 

??nnn 

"H 

8 /0 /2 
Per/nea.b/l/£yt /z, 

FiO. 20.—Permeability of Strongly-
Magnetized Cobalt. 

magnet izat ion, JT, reaches a cons tant or nearly constant value . I n stronger fields, 
t h e relation J 3 = l 6 , 3 0 0 - \ - H ex is ts . The results are summarized in Fig . 19. O. Bloch 
found for a field of 10,000 gauss, the saturation values JB—H=AITTI00 : 

— 273° 181° 409° 545° 781° »26° 1040° 1115° 
4Wl0 0 . . (170-20) 166-32 159-4O 151-30 131-85 109-20 78-56 2 7 1 3 

—v ide the cobalt-nickel al loys, F ig . 20. H . T. Ka lmus and K. B . Blake measured 
B ^ - c u r v e s for purified c o b a l t ; R . Gans, and M. Samuel , the permeabil i ty . 
P . Weiss found t h a t the law of approach of cobalt to the saturation value of the 
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intensity of magnetization, <j—i.e. the intensity of magnetization per gram— is 
«7=162(1—1-11X 1 0 6 ^ - 2 ) , and a t 17°, the saturation value o-=162. This was 
confirmed by A. Droz ; whilst P . Weiss and H. K. Onnes obtained c r = < 163-6 a t 
the temp, of liquid hydrogen. W. W. Stiefler observed tha t the saturation value C00 
is a function of the temp. , so t h a t : 

o-oo 
and further : 

22° 
161-O 

235° 
1 5 4 0 

414° 
146-4 

698° 
125-2 

991° 
73-3 

1065° 
30-O 

1104° 
2-2 

1152 
? 

22° 235° 414° 

H 725 
102-4 

3450 
153-2 

874° 

427O 
155-2 

625 
108-4 

3026 
151-8 

1065° 

4386 
152-8 

460 
119-2 

3135 
146-3 

1104° 

4515 
146-4 

H 215 
83-4 

2015 
97-9 

3915 
97-9 

1165 
21-4 

3060 
3 0 0 

401O 
29-4 

14OO 
1 3 

240O 
1-9 

3050 
2-6 

8000/0000 
fffective field //i gat/ss 

F i o . 21 .—Magnet izat ion of Single 
Crystals of Cobalt . 

Measurements of the saturation were also made by R. I . Allen and F . W. Constant, 
P . Weiss, P . Weiss and R. Forrer, P . Weiss and 
H . K. Onnes, Ii. W. McKeehan, A. J . Sorensen, 
A. Droz, M. Samuel, F . Bloch, O. Bloch, 
A. Preuss, R. Sanger, and F . C. Powell. 
M. J . O. S t ru t t studied the magnetization of 
cobalt in fields of high frequency. 

S. KLaya prepared large single crystals of 
cobalt and cut discs through the (0001)- and 
(1010) -planes respectively—Fig.21. Magnetiza­
tion was easy in the (1010)-plane in the direction 
of (0001), bu t difficult in the direction (1010). 

The permeabilities in the two directions -were respectively 380, and 4. The parallel 
and perpendicular components of the magnetization vary with a period of 180° 

in this plane. In the (0001)-plane, 
magnetization was difficult in the 
directions of both the principal 
axes (1OfO) and (1120). The satu­
ration value for a single crystal 
rod, with its axes parallel to the 
direction of easy magnetization, 
(0001), was 1422 a t 26°. I t is 
suggested t h a t the results are ex­
plained by the theory of K. Honda 
and Y. Okubo. K. Honda and 
H . Masumoto measured the mag­
netization of single crystals of 
cobalt, and some results are sum­
marized in Fig. 22. The direction 
of the (0001)-axes is t h a t of easy 
magnetization, and as the t emp, 
is raised, the magnetization in 
weak fields increases up to 230° 
and then decreases. The satura­
tion value for the magnetization of 
cobalt a t absolute zero is estimated 
to be 1446 c.g.s^ units . The direc­
tions of the (101O)- and (1120)-axes 

a 
400"-JOO0 0° 

P i o . 2 2 . — T h e Magnet izat ion of Single 
Crystals of Cobalt . 

400° 

are those of difficult magnetization. With a rise of temp, the magnetization in­
creases up to 300°, and then remains almost constant. F . Bit ter made some 
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o b s e r v a t i o n s w i t h s ingle c r y s t a l s . F . C. Powel l , a n d N . S. Akuloff s t u d i e d t h e 
m a g n e t i c p r o p e r t i e s of s ingle c r y s t a l s of c o b a l t ; a n d J . D . H a n a w a l t a n d 
I i . R . IngersoII , E . P . T . T y n d a l l a n d W . W . W e r t z b a u g h e r , Lu C. J a c k s o n , a n d 
A . J . So rensen , t h e magnet ic p r o p e r t i e s of t h i n films of c o b a l t ; a n d H . E . MaIm-
s t r o m o b s e r v e d n o age ing effect. F . B l o c h a n d G. Gent i le , O. D a h l a n d J . Pfaf-
fenberger , a n d N . S. Akuloff i n v e s t i g a t e d t h e m a g n e t i c a n i s o t r o p y of coba l t . 

H . A . R o w l a n d f o u n d a m a x i m u m suscep t ib i l i t y of 11-2. T h e r o u n d e d c u r v e s 
for c o b a l t r e s e m b l e t h o s e for h a r d e n e d i r o n . T h e r e s idua l m a g n e t i s m is c o m ­
p a r a t i v e l y sma l l , a n d t h e coerc ive force is 12 . E . M a u r e r o b s e r v e d t h a t cold-
w o r k e d coba l t , a n n e a l e d a t d i f ferent t e m p . , g ives a m a x i m u m i n d u c t i o n B9 a n d 
a m a x i m u m r e m a n e n c e , w h e n a n n e a l e d a t 700° : 

Annealed a t 
Induc t ion 
Remanence 
Coercive force 

20° 100° 300° 500° 650° 700° 
8,000 7,800 7,500 8,950 11,000 13,000 
2,950 2,9OO 2,825 3,275 4,050 5,025 

55-2 56-0 59-0 45-0 26-2 15-2 

750° 90O° 
12,950 10,650 

4,675 3,376 
13-5 17-6 

G. B e r s o n m e a s u r e d t h e r e s idua l m a g n e t i s m i n c a s t coba l t , a n d f o u n d t h a t , l ike 
t h e i n t e n s i t y of m a g n e t i z a t i o n , w i t h a c o n s t a n t field, i t r ises a b o u t 2-5 t i m e s a s t h e 
t e m p , p a s s e s f r o m 20° t o 3 2 0 ° ; a n d J . R . A s h w o r t h c a l c u l a t e d t h e r a t i o of t h e 
r e m a n e n t m a g n e t i s m a t 0° t o i t s v a l u e a t —273° , t o b e : 

Ra t io . 
1 4 ° 

0 - 9 8 5 
20-9° 

0 - 9 7 5 
300° 

0 - 9 7 4 
390° 

0 - 9 3 3 
472° 

0 - 9 1 0 
560° 

0 - 8 7 7 
747° 

0 - 7 8 6 

O b s e r v a t i o n s w e r e m a d e b y A . Pe r r i e r , a n d C. A s m u s f o u n d t h a t t h e m a x i m u m 
i n d u c t i o n a n d r e m a n e n c e of c o b a l t inc reases w i t h t h e m a g n i t u d e of t h e s t e p - b y -
s t e p m a g n e t i z a t i o n of t h e m e t a l . T h e coerc ive force r e m a i n s v i r t u a l l y u n c h a n g e d . 
T h e coerc ive force of c o b a l t w a s m e a s u r e d b y R . G a n s . T h e r e su l t s of M. S a m u e l 
a r e s u m m a r i z e d in F i g . 2 3 for t w o different s a m p l e s of coba l t . A . K u s s m a n n 

I 

/0000 
8000 
6000 
4000 
2000 

0 
-2000 
-4000 
-6000 
-8000 
-/0000 

-200° 200° 400° 
F i o . 23.—The Coercive Force of Cobalt 

a t Different Tempera tures . 

-/40-/20-/O0S0-6O-4O-20 0 20 40 60 80 /00/20/40 
Afag-net/c force, H 

F i a . 24.- -The Cyclic Magnetization of 
Cobalt. 

a n d B . Schamof f d i scussed t h e r e l a t i o n b e t w e e n t h e coerc ive force a n d t h e 
m e c h a n i c a l h a r d n e s s ; a n d W . L u t h e , a n d C. A s m u s , t h e m a g n e t i c v iscos i ty . 

I n t h e cycl ic m a g n e t i z a t i o n of a c a s t a n d t u r n e d c o b a l t r o d w i t h a 6 o u t 2 p e r 
c e n t , of i ron , F i g . 24, J . A . E w i n g o b s e r v e d a s m a l l in i t i a l m a g n e t i s m ; t h e g r e a t e s t 
p e r m e a b i l i t y , 174, o c c u r r e d w h e n t h e force w a s a b o u t 25 , a n d t h i s co r r e sponded 
w i t h a m a g n e t i c su scep t ib i l i t y of a b o u t 13-8. J . A. F l e m i n g a n d co-workers 
o b s e r v e d t h a t w i t h 95*95 p e r c e n t , coba l t , t h e m a x i m u m va lues of t h e i nduc t i on , 
JB, field-strength, H9 a n d t h e hys t e r e s i s loss, i n e rgs p e r sq . cm. , we re : 

H . 
B . 
Hysteresis loss. 

c o r r e s p o n d i n g w i t h : H y s t e r e s i s 1OSS=O-OlJB1'6 e rgs p e r sq. c m . O b s e r v a t i o n s w e r e 
m a d e b y C. P . S t e i n m e t z , W . Elenbaas , M. S a m u e l , W . W . Stiefler, R . F o r r e r a n d 
J . Martek, H . T. K a l m u s and K. B . Blake, a n d H . E . J . G. d u Bois . R . B e a t t i e 

6 - 6 7 
9 1 1 
4 5 2 

2 5 - 7 6 
4 1 1 0 

1 6 0 

4 8 - 5 4 
5 8 6 9 

1 2 1 

7 5 - 4 6 
7 0 5 2 

9 3 

1 1 4 0 3 
8 2 3 7 

7 2 
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observed a maximum hysteresis loss for an intensity of magnetization 700. 
K. Honda and S. Shimizu measured the hystersis losses with cast cobalt, and the 
same metal annealed at 1100°, at ordinary temp., say 20°, and at —186°, and found : 

H 
B 
TJOBB 

Cast Cobalt 
j — • « * - , -

20p —• 186° 
j • * • , • * 

6-6 92-4 7-4 96-3 
1,107 9,269 96O 8,676 

481 21 ,220 441 22,88O 

Annealed Cobalt 

20° —186° 

43-7 218-O 48-3 224-3 
1,802 5,508 1,115 4 ,446 
5,669 35,770 3 ,244 38,71O 

The Barchausen effect—vide iron—was studied by R. F. de Waard. 
The effect of temperature on the magnetization of cobalt was studied by 

E. Becquerel, M. Faraday, G. Berson, R. Forrer, and H. E. J. G. du Bois. The 
temp. coeff. of magnetization was found by J. R. Ashworth to be 0»0005 between 
0° and 100°, and 000015 between 100° and 200°. 

With annealed cobalt, K. Honda, K. Honda and S. Shimizu found that the 
variation of the magnetization curve with temp, has two maxima and two minima, 

/ZOO 

2/000 
«*a /sooo 
t? /7000 
§ /SOOO 
M /3000 

-200° 0° 200° 400° 600° 800° /000° /200° 
FiO. 2 5 . — T h e Effect of Temperature 

on the Magnet izat ion of Cobalt . 

^ //00O 
3000 

0° 200° 400° 600° 800° /000° 

E i a . 2 6 . — T h e Effect of Temperature o n 
t h e Magnet ic Induct ion of Cobalt . 

Fig. 25. They found the intensity of magnetization, J, of cast cobalt, with different 
field-strengths, H9 to be : 

—186° /** 

20If 
and similarly, 

— 1 8 6 ° | ^ 

31°{** 

1 8 5 0 | ^ 

619°H* 

1060°jj* 

. 

. 

3-9O 
28 

6-1 
72 

10-57 
122 

10-7 
170 

for annealed cobalt : 
-

. 
• 

. 

. 

7-8O 
9 
4-94 
8 

13-45 
49 

2-48 
32 

4 1 4 
56 

39-O 
64 
29-23 

56 
19-52 
96 

4-79 
108 

2 2 0 3 
84 

39-3 
427 

35-7 
497 

80-0 
148 

65-0 
164 

63-5 
325 

31-31 
573 

51-1 
98 

206-9 
848 
147-7 
865 

167-4 
282 
147-5 
313 

94-3 
411 

72-1 
716 
212-5 
126 

449 
999 
392 

1027 

347 
4 2 6 
484 
572 
279-2 
677 
128-5 
806 
333 
136 

668 
1063 

61O 
1088 

702 
589 
684 
664 
376 
768 
378 
951 
4 3 9 
14O 

H. Wilde found that the variation in magnetization of cobalt in a weak magnetic 
field rises at first, gradually reaches a maximum at about 400°, and then decreases 
slowly, to vamsh at the critical temp. This was confirmed by H. Nagaoka and 
S. Kusakabe, R. Ruer and co-workers, K. Honda and S. Shimizu, and H. Masumoto, 
who obtained the curves shown in Fig. 25, where in a field of 1000 gauss the magnetic 
induction increases gradually with rise of temp., and after passing through a 
maximum at 450°, decreases slowly. H. Wilde found that in strong fields, say 
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100O gauss, t h e magnet izat ion of cobalt decreases gradually from the beginning 
•without showing a n y m a x i m u m — F i g . 26. If o* denotes the intens i ty of magnet iza­
t ion per gram, A . Preuss gave for /7=10,0OO gauss : 

1 7 ° 
1 6 5 - 5 

5 1 0 ° 
1 4 9 - 2 

6 9 3 ° 
1 3 6 - 9 

8 4 4 ° 
1 2 0 - 5 

0 7 1 ° 
9 9 - 3 7 

1 0 9 0 ° 
6 2 - 5 3 

1 1 3 3 ° 
3 2 - 0 9 

1 1 4 4 ° 
2 0 - 6 4 

1 1 4 9 ° 
1 7 - 8 9 

Observations were also made b y O. Bloch, H . Masumoto, W . W . Stiefler, and 
F . Tyler. O. B loch gave for the magnet ic susceptibil ity, x : 

9 5 1 ° 
9 - 9 0 X X 1 0 « 

and P . Weiss and G. F o e x 

xxio-« 
1 1 6 6 ° 

7 8 5 - 3 
1 1 7 0 ° 

5 6 0 - 2 

9 8 4 ° 
9 - 5 6 

1 1 8 8 ° 
3 8 4 - 4 

1 0 2 7 ° 
9 0 7 

1 2 0 8 ° 
2 8 3 - 1 

1 0 8 4 ° 
8 - 5 4 

1 1 4 6 ° 
7 - 9 2 

1 1 5 1 ° 
7 - 8 5 

1 2 4 1 ° 
1 9 7 - 3 

1 2 4 2 ° 
1 9 6 1 

1 2 6 1 ° 
162-7 

12&U° 
1 3 9 - 8 

1245° 
7 1 6 

1 3 0 2 ° 
1 1 9 - 1 

/000\ \50 <s± 

/000 tfOO /400° /600° 

F m . 2 7 . — T h e K f f o c t o f T e m p e r a t u r e 
o n t h e M a g n e t i c S u s c e p t i b i l i t y o f 
C o b a l t . 

Observations "were also made b y A. Preuss, and E . M. Terry. 
P . Weiss and Gr. F o e x said t h a t Curie's l a w — O = ^ ( T — 0 ) , where C is Curie's 

constant , and 6 the transformation t e m p , on the absolute scale—holds for /J-iron-
/?-nickel, and /J-cobalt a t low t e m p . , and that 
t h e po ints for the reciprocal suscept ibi l i ty 
and t e m p , lie n o t on a straight line but 
rather o n t w o straight l ines which intersect 
a t 1241°, and t h e y accordingly speak of the 
/J1- a n d )8a-states. E . M. Terry could n o t 
confirm this . H i s data for cobalt are p lo t ted 
in Fig . 27 . "When p lo t ted o n a larger scale, 
s tart ing from the transformation point , 1100°, 
the curve for t h e reciprocal suscept ibi l i ty 
has a gradual upward curvature throughout 
the entire region up t o the m.p . , 1485° ; a t 
th is t e m p , there is a sl ight break in the 
susceptibi l i ty curve. These results do n o t 
agree w i t h those of P . Weiss and G. Foex , and Curie constants for the metals 
cannot be deduced. 

M. Faraday observed t h a t the critical t e m p , of cobalt , t h a t is, the t e m p , a t 
which i t loses i ts ferromagnetic properties, is near 1083°, the m.p. of copper, and 
analogous observations were also m a d e b y C. S. M. Pouil let , H . Wilde, and 
E . Becquerel . J . P ionchon added t h a t some ferromagnetism is lost e v e n a t 300°, 
and a lmos t all a t about 900° ; and H . Nagaoka and X . H o n d a observed t h a t some 
is lost a t 450 o , and a lmost all a t 1090°. The t e m p , of magnet ic transformation, or 
t h e Curie point , t h a t is , the t e m p , a t which cobalt passes from the ferromagnetic 
t o t h e paramagnet ic s tate , w a s found b y W . Guertler and G. T a m m a n n t o be 1150°, 
a n d later, t h e y g a v e 1143° o n a heat ing curve, and 1145° o n a cooling curve ; 
U . R a y d t and G. T a m m a n n g a v e 1 1 4 3 ° ; S. U m i n o , 1050° ; R. Sahmen, 1 1 1 5 ° ; 
A . Schulze, 1 1 2 8 ° ; H . N a g a o k a a n d S. Kusakabe , 1100° ; K. Honda and 
S. Shimizu, 1090° ; K. Honda , 1140° ; K . Lewkonja , 1134° ; W. W. Stiefler, 1075° ; 
H . Masumoto , 1115° ; P . Weiss , 1100° ; O. Bloch , 1121° for £ r = 1 0 , 0 0 0 gauss , 
a n d 1115° for H==<T ; A . Gobi, 1112° ; R. Ruer and K. Kaneko , 1112° ; F . Wi i s t 
and co-workers, 950° t o 1100° ; and F . W e v e r and U . Haschimoto , 1115° t o 1128°. 
The t e m p , of magnet ic transformation corresponds wi th the A2-arrest of iron at 
790°, a n d of nickel a t 380°. J . J . Schukoff observed a small evolut ion of heat occurs 
o n the cooling curve of cobalt a t about 985° ; and K. H o n d a noted tha t t h e 
phenomenon is m u c h smaller w i th annealed cobalt than i t is with the cast meta l . 
F . W i i s t and co-workers calculated for the sp . ht . a heat of transformation of 
14*70 cals . per gram a t 1025°, but other observers obtained higher values for t h e 
s p . h t . t h a n did F . Wi i s t and co-workers. S. U m i n o obtained a heat absorption 
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of 2 -0 c a l s . p e r g r a m w i t h t w o k i n d s of c o b a l t a t 1 1 5 0 ° . T h e Curie p o i n t w a s s t u d i e d 
b y R . R u e r a n d K . B o d e , a n d b y R . F o r r e r — v i d e i r o n . 

C. S . Y e h m e a s u r e d t h e e f fec t o f h y d r o s t a t i c p r e s s u r e o n t h e m a g n e t i z a t i o n o f 
c o b a l t , a n d o b t a i n e d t h e r e s u l t s p l o t t e d i n F i g . 2 8 . T h e v a l u e s of dB]BQ a r e 
e x p r e s s e d i n p e r c e n t a g e s p e r 1 0 0 0 k g r m s . p e r s q . c m . : 

H . 
B 
dBfB0 

10-9 21-8 32-8 45-2 5 6 1 72-4 79-5 
380 981 1562 2130 258O 3165 3420 
— 0-2 —0-2 -4-009 -f-0-27 + 0 - 2 5 + 0 - 3 8 -f-O-41 

T h e p r e s s , coeff. of m a g n e t i z a t i o n p e r u n i t v o l . crB/BQ i s e x p r e s s e d i n p e r c e n t , p e r 
1 0 0 0 k g r m s . p e r s q . c m . ; i t i s n e g a t i v e f o r fields b e l o w 3 0 g a u s s , b u t p o s i t i v e f o r 
h i g h e r f ie lds . 

J . A . E w i n g a n d W . L o w m e a s u r e d t h e p e r m e a b i l i t y of c o b a l t u n d e r n o s t r e s s , 
a n d t h e n u n d e r a ser ies of l o a d s p r o d u c i n g c o m p r e s s i v e s t r e s s , a n d s o m e r e s u l t s 
i n F i g . 2 9 s h o w t h e c u r v e s f o r no l o a d , a n d f o r a l o a d o f 16*2 k g m s . p e r s q . 
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FiO. 28 .—The Effect of Pressure on the 
Magnet izat ion of Cobalt a t 20°. 

1 
^ 600 

M 400 

- ^ ZOO 

I o. 

L 
i 

-7 

mz 

~^h 

Lp*?^ 

Residual-

\ IiA^r\ i n i. -EJ 

A/J/ Xa ̂ t 
VOiLOaLu r 

Lqaqeq \ \ \ 
'0 20 40 60 80 /00 /20 /40 /60 

Afeg-/?et/c force, H 
Fict. 29 .—Induced and Res idual Magnet i sm 

of Cobalt -with a n d wi thout Compressive 
Load . 

m m . cros s - s ec t ion . T h u s , u n d e r w e a k m a g n e t i c f orces , t h e p e r m e a b i l i t y of c o b a l t 
i s i n c r e a s e d b y c o m p r e s s i v e s tress , b u t w h e n t h e m a g n e t i c force i s l arge , t h e r e v e r s e 
i s t h e c a s e . C. Chree a l so o b t a i n e d a r e v e r s a l b y p r e s s u r e . T h e r e v e r s a l a l s o 
o c c u r s w i t h i r o n . H . T o m l i n s o n s t u d i e d t h e Vi l lar i cr i t i ca l t e m p , w h e r e t r a c t i o n 
p r o d u c e s n o c h a n g e i n m a g n e t i c p e r m e a b i l i t y ; a n d J . W . P e c k a n d R . A . H o u s t o n , 
t h e r e l a t i o n s b e t w e e n s tress a n d m a g n e t i z a t i o n . T h e e f fec t of p r e s s , w a s d i s c u s s e d 
b y H . N a g a o k a a n d K . H o n d a , P . M c C o r k l e , a n d G. W i e d e m a n n . 

L o r d K e l v i n f o u n d t h a t p u l l i n g d e c r e a s e d a n d r e l a x i n g t h e p u l l i n c r e a s e d t h e 
i n d u c e d m a g n e t i s m of a c o b a l t b a r h u n g v e r t i c a l l y i n t h e e a r t h ' s m a g n e t i c f ie ld . 
C. Chree f o u n d t h a t a reversa l , r e s e m b l i n g t h e Vi l lar i r e v e r s a l of i r o n b u t o p p o s i t e 
i n c h a r a c t e r , o c c u r s for l o n g i t u d i n a l p r e s s u r e , i n c r e a s e s t h e m a g n e t i s m i n w e a k 
fields, b u t r e d u c e s i t i n s t r o n g fields. J . A . E w i n g ' s c u r v e s , F i g . 2 9 , i l l u s t r a t e t h e 
e f fec t w i t h a s t r e s s of 16*2 k g r m s . p e r s q . m m . T h e c r o s s i n g of t h e c u r v e s c o r r e ­
s p o n d w i t h t h e r e v e r s a l o b s e r v e d b y C Chree . T h e r e i s a l s o a r e v e r s a l w i t h t h e 
c u r v e s of r e s i d u a l m a g n e t i s m w i t h h e a v i e r l o a d s . S . B i d w e l l f o u n d t h a t t h e 
m a g n e t i c c o n t r a c t i o n of c o b a l t w i r e s i s n o t m a t e r i a l l y a f f e c t e d b y t e n s i o n . 

W . F . B a r r e t t o b s e r v e d t h a t w h e n c o b a l t i s p l a c e d i n a m a g n e t i c field, i t i n c r e a s e s 
i n l e n g t h , b u t C. A s m u s f o u n d t h e d e c r e a s e i n l e n g t h i n d i c a t e d i n F i g . 3 0 t o b e 
p r o d u c e d b y t h e m a g n e t i z a t i o n of o r d i n a r y a n d a n n e a l e d c o b a l t . T h e c h a n g e i s 
r e p r e s e n t e d a s a d e c r e a s e i n l e n g t h i n t e n - m i l l i o n t h s of t h e o r i g i n a l l e n g t h of t h e r o d . 
T h e r e s u l t s o b t a i n e d b y K . H o n d a a n d S. S h i m i z u are i n d i c a t e d i n F i g . 3 1 , w h e r e 
t h e o r d i n a t e r e p r e s e n t s t h e c h a n g e o f m a g n e t i c e x p a n s i o n , a n d t h e a b s c i s s a , t h e 
t e m p . E a c h of t h e t h r e e c u r v e s f o r fields of / / = 1 0 0 , 40O, a n d 90O g a u s s , p a s s e s 
t h r o u g h t h e s a m e p o i n t 4 6 0 ° , s h o w i n g t h a t c o b a l t u n d e r g o e s a r e v e r s i b l e m a g n e t i c 
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e x p a n s i o n a b o v e a n d below 460° for a l l field-strengths. H . M a s u m o t o sa id t h a t 
t h e r e a r r a n g e m e n t of t h e a toms affects t h e m a g n e t i z a t i o n in a w e a k field b u t n o t 

/OO /Z5 /50 
f/ f/i g&vss 

/75 ZOO 

-/O 

-Z0\ 

-JO 

F i o . 3 O . — D e f o r m a t i o n p r o d u c e d b y t h e 
M a g n e t i z a t i o n o f C o b a l t . 

800// 

F i o . 3 2 . — T h e E f f e c t o f T e m ­
p e r a t u r e a n d M a g n e t i z i n g F o r c e 
o n M a g n e t o s t r i c t i o n o f C a s t 
a n d A n n e a l e d C o b a l t . 

-%0° 0° ZO(T <M(T 60CT 800° /OOO*/200° 
F I G . 3 1 . — T h e E f f e c t o f T e m p e r a t u r e o n t h e 

E x p a n s i o n o f C o b a l t in M a g n e t i c F i e l d s 
o f d i f f e r e n t S t r e n g t h s . 

in a v e r y s t r o n g field whe re all t h e e l e m e n t a r y m a g n e t s t a k e t h e d i rec t ion of t h e 
field. Consequen t ly , t h e m a g n e t i z a t i o n cu rves of coba l t before a n d af te r t h e 
t r a n s f o r m a t i o n coincide in a s t r o n g field, so t h a t 
t h e t r a n s f o r m a t i o n a p p e a r s o n l y in t h e m a g ­
n e t i z a t i o n in a -weak field, b u t v a n i s h e s in t h a t of 
a s t r o n g field. S. Bidwel l f o u n d t h a t t h e c h a n g e s 
in l e n g t h w i t h c o b a l t a r e a l m o s t b u t n o t q u i t e 
i n d e p e n d e n t of t h e p resence of a l ong i tud ina l 
tens i le s t ress . T h e sub jec t w a s s t u d i e d b y 
A. Scbu lze . KL. H o n d a a n d S. Sh imizu ' s obser­
v a t i o n s o n t h e effect of t e m p , a n d m a g n e t i z i n g 
force o n t h e m a g n e t o s t r i c t i o n of c a s t a n d a n ­
nea l ed c o b a l t a r e s u m m a r i z e d in F i g . 32 . H . M a s u m o t o g a v e for t h e m a g n e t o ­
s t r i c t ion of c o b a l t : 

H . . 1 8 - 6 6 0 - 1 1 2 0 - 1 1 8 2 3 0 8 4 9 8 6 2 5 
8Z/ZxlO« . — 0 1 0 — 0 - 3 4 — 1 - 2 4 — 2 - 3 4 — 4 - 3 3 — 7 1 3 — 9 0 8 

a n d K . H o n d a a n d K . K i d o : 
H . . 2 6 0 5 2 1 1 0 6 - 3 1 8 1 - 8 3 7 6 - 7 5 7 4 - 6 
81/1 XlO* . — 0 - 9 4 — 2 - 6 1 — 4 - 7 2 — 6 - 6 8 — 8 - 8 4 — 1 0 - 4 1 

Z. N i s h i y a m a f o u n d t h a t w i t h single c rys t a l s in t h e d i r ec t ion of t h e ax i s of t h e 
h e x a g o n a l l a t t i ce , t h a t is , of e a s y m a g n e t i z a t i o n , t h e r e a re smal l l ong i tud ina l a n d 
t r a n s v e r s e c o n t r a c t i o n s , F i g . 3 3 . W h e n 
t h e m a g n e t i c field is app l i ed in a d i rec t ion 
p e r p e n d i c u l a r t o t h e ax i s , t h a t is , i n t h e 
d i rec t ion whe re m a g n e t i z a t i o n is difficult, 
t h e l ong i tud ina l effect is n e g a t i v e , a n d 
i n t h e d i r ec t ion para l l e l t o t h e ba se , t h e 
t r a n s v e r s e effect is a lso n e g a t i v e , b u t 
pos i t i ve i n t h e d i r ec t ion of t h e ax i s . 
T h e m a g n i t u d e of t he se effects is g r e a t 
"when c o m p a r e d w i t h t h e effect o b t a i n e d 
w h e n t h e m a g n e t i c field is a p p l i e d i n t h e 
d i r ec t ion of t h e h e x a g o n a l l a t t i c e . W h e n 
t h e field i s a p p l i e d i n t h e i n t e r m e d i a t e 
d i rec t ion , t h e m a g n e t o s t r i c t i o n is r a t h e r 
l a rge r t h a n t h a t i n t h e p r inc ipa l d i rec t ions . 
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v ^ S. K a y a , S. R . Wil l iams, H . Masu ­
m o t o , A . Schulze , Y . M a s i y a m a , W . F r i c k e , C. A s m u s , H . A. P igeon , R . Becke r 
and M. Kornetzky, and P . McCorkle s t u d i e d t h e sub jec t . 
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G. Wiedemann discovered t h a t -when iron was suspended in a very small, vertical 
magnetic field, while a t the same t ime an electric current flowed through the speci­
men, i ts free end was observed to twist in such a direction t h a t t o an observer 
looking along the specimen in the direction of the flow of current and also in the 
direction of the magnetic lines of force, the lines of twist were in t he direction of a 

right-handed screw, t h a t is, the twist 
direction. The di-
was reversed upon 

200 300 +0O £00 60O 70O 
Long/tvcffnal f/eld 800 900 

was positive in 
rection of twis t 
the reversal of either t he current or 
the longitudinal field. If the current 
in the specimen remained constant 
and the longitudinal field was gradu­
ally increased, the twist reached a 
max imum in fields of from 15 to 36 
gauss, gradually decreased in stronger 
fields unti l in very strong fields the 
direction of twist changed and be­
came negative or left-handed. This 
is commonly known as the Wiede­
mann effect. Observations on the 
effect with cobalt were made by 
C. G. Knot t , and the results "with the 

circular magnetization of cobalt with currents from 0*308 to 6*677 amp . p e r sq. 
mm., by H . A. Pigeon, are summarized in Fig. 34, and the subject was discussed 
by K. Honda and S. Shimizu, H . A. Pigeon, and P . McCorkle. The gyromagnetic 
effect—vide iron—was studied by W. Sucksmith, D . M. Bose, D . M. Bose and 
H . G. Bhar, J . Dorfmann, and R. J aanus and K. H o n d a ; magnetization by 
rotation, by S. J . Barnet t , S. J . and L. J . H . Barnet t , and K. Honda ; W. Koster 
and W. Schmidt, the lattice parameter and ferromagnetism; and the effect of 
a magnetic field on the viscosity, by E . Drago. 

J . R. Ashworth studied the relation between the thermal and magnetic constants 
of cobalt. K. Honda and T. Tanaka observed tha t , unlike the case with iron, the 
elastic constants of cobalt are reduced by magnetization for all fields ; they obtained 
for the effect of magnetization on the elastic modulus, E9 and the coeff. of rigidity, 
K9 the following values : 

Fia. 34.—The Magnetostriction in the 
Circular Magnetization, of Cobalt. 

H 
SE/IUxlO* . 
H 
S / f / i f x l O - . 

10-5 
0 

22-5 
— 0 0 4 5 

33-1 
— 0-25 

5 5 O 
— 0-123 

75-2 
— 0-45 
111*0 
— 0 1 6 0 

1 0 8 
— 0-5O 
1 6 0 
— 0 1 6 0 

18O 
— 0-50 
2 5 7 
— 0 1 8 0 

2 8 7 
— 0-50 
3 2 5 
— 0-190 

4 4 2 
—0-55 
4 0 2 
—O-200 

P . Weiss and co-workers found the magnetic moment to be 8*67 for y-cobalt , 
and 9-0 for cobalt alloyed with n ickel ; and P . Weiss and R. Forrer gave 9 and 17 
for t he atomic moment of a-cobalt. W. W. Stiefier calculated for the intrinsic 
molecular field, Zf9n-8,870,000 ; for the moment of t h e elementary magnet , 
ifef—6*21 X 1O -2° ; for the number of atoms in an elementary magnet , w—4 ; and 
for the elementary charge, e-=4-65xlO-io electrostatic uni ts . The subject was 
discussed by C. Sadron, A. Chantillon, L. C. Jackson, A. Serres, P . Weiss and 
co-workers, S. Da t ta , K. R. More, E . C. Stoner, and H . Vat ter . The position 
of cobalt in the theory of ferromagnetism was discussed by J . Dorfmann and 
R. J aanus , A. Wolf, H . Fahlenbrach, R. Forrer, P . Collet, W. Heisenberg, 
E . C. Stoner, P . S. Epstein, I . Tamm, J . C. Slater, W. J . de H a a s and E . C. Wiersma, 
H . Sachsse, G. Foex, and F . Tyler—vide iron. E . H . Williams discussed t h e possi­
bility t h a t chemical bonds are formed by magnetic forces. 

S. S. Bha tnagar and co-workers found t h a t cobalt salts lose their paramagnet ism 
and become diamagnetic when adsorbed on charcoal, and this is thought to favour 
the view t h a t t he adsorption is a case of chemical combination. The subject was 
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discussed by I>. M. Bose and co-workers. 1.1. Rabi, J. H. van Vleck, R. W. Roberts, 
B. Cabrera, W. Klemm and co-workers, P. C. Ray and H. Bahr, R. Schlapp and 
W. G. Penney, Ii. A. WeIo, R. Mercier, P. Collet, R. Gans and E. Czerlinsky, 
and Xi. Cambi and Xi. Szego. H. A. Rowland and Xi. Bell studied the action of a 
magnetic field while cobalt is being attacked by chemical reagents ; and D. M. Bose 
and P. K. Raha, the photo-magnetic effect with cobaltous salts. 
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§ 7. The Chemical Properties of Cobalt 
W. Ramsay and J . N . Colliex found t h a t helium has no chemical action on 

cobalt, a t a red-hea t ; and when cobalt electrodes are spluttered in liquid argon, 
F . !Fischer and F . Schroter observed no chemical action. 

According to "R. C. Bottger,2 a thin strip of cobalt can adsorb hydrogen. 
G-. P . Baxter found t h a t cobalt in the form of ingots occludes very little hydrogen, 
bu t when reduced from its oxides, in hydrogen, so t h a t the metal is in a fine s ta te 
of subdivision, i t occludes relatively large amounts of this gas. The vol. of occluded 
hydrogen varies, in the case of metal reduced from the oxide, with its pur i ty and 
the temp, of reduction ; i t is remarkable t ha t the metal reduced from cobalt bromide 
occludes practically no hydrogen ; this appears to be due to its being deposited in 
a more compact form than t ha t reduced from the oxide, as the presence of sodium 
bromide has no perceptible effect on the amount of occluded gas. Since the 
occlusion of hydrogen progresses very slowly a t the ordinary temp, and is practically 
negligible a t the temp, of reduction (400° to 500°), i t must be a maximum a t some 
intermediate temp. ; the time during which the metal is in contact with hydrogen 
determines largely the amount of gas taken up . Although practically none of the 
hydrogen occluded is given off in vacuo a t the ordinary temp. , ye t on heating in 
vacuo nearly the whole is evolved. I J . J . Troost and P . Hautefeuille said tha t the 
metal reduced a t 400° occludes about 100 times its vol. of hydrogen and this gas 
is given off on heating the metal in vacuo a t 200°. G. Neumann and F . Streintz 
found that the metal can occlude 153 vols, of the gas, and if the experiment is 
repeated a number of t imes, 59*31 vols, are occluded. Observations were also made 
by T. W. Richards and co-workers, N . I. Nitikin, W. Hempel and H . Thiele, and 
H. Copaux. According to A. Sieverts and co-workers, the adsorption is measurable 
at 700°, and 760 mm. : 

700° 800° 900° 1000° 
H y d r o g e n . . 0 - 1 7 0*25 0*34 0-52 c .c . occ luded 

M. M. Raessler observed t h a t under similar conditions the hydrogen occluded by 
electrolytic cobalt is less than that by iron, and greater than t h a t by nickel. I t 
decreases with increasing thickness, and temp., but i t increases -with increasing 
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acidity of the electrolyte. H . S. Taylor and R. M. Burns found t h a t between 25° 
and 218°, 1 vol. of cobalt absorbs less than 0 0 5 vol. of hydrogen. The hydrogen is 
given off a t 400°, and the metal is readily oxidized. G. Neumann and F . Streintz 
observed t h a t the repeated oxidation and reduction decreases the power of cobalt 
to occlude hydrogen, owing, said G. P . Baxter, t o the increasing compactness of 
the metal. A. Sieverts represented the effect of pressure, p, on the solubility, S, 
of hydrogen in cobalt, by S=k\/p, where & is a constant. N . I. Nitikin also made 
observations on this subject ; and N. I . Nitikin, and D. Alexejeff and L. Savinina 
studied the diffusion of hydrogen in cobalt. The presence of impurities has no 
perceptible influence on the power of cobalt to occlude hydrogen. Observations 
were made by C. J . Smithells. B. Neumann also studied the absorption of 
hydrogen by cobalt salts ; and R. Hocart , A. E . Mitchell and A. L. Marshall, 
A. Kailan and J . Kohberger, G. F . Hut t ig and R. ELassler, R. Schenck and 
H. Klas, C. M. Loane, H . W. Underwood, H. Remy, W. P . Y a n t and C. O. Hawk, 
A. Kailan and O. Stttber, P . Sabatier, P . Sabatier and J . B. Senderens, and 
O. Schmidt, the catalytic action of cobalt in the hydrogenation of organic com­
pounds, etc. T. Weichselfelder and B . Thiede found t h a t when cobaltous 
chloride is treated with magnesium phenyl bromide in an a tm. of hydrogen, 
cobalt dihydride, CoH2 , is formed. F . Glaser reduced cobalt oxide in hydrogen 
and found tha t a t 250°, the results corresponded with CoH3, and a t 306°, with 
CoH2. H . Copaux also reported the formation of the hydride, b u t A. Sieverts 
did not accept the evidence. G. Hagg studied the mol. vol. of the hydride ; and 
G. F . Hutt ig and co-workers, their relations with other hydrides. 

According to J . J . Berzelius,3 and H . V. Regnault, compact cobalt does not 
oxidize in air a t ordinary temp., bu t it becomes superficially oxidized a t a red-heat ; 
and at an intense heat, the metal burns with a red-light. C. F . Schonbein added 
tha t the cold metal, which has been heated to the temp, of oxidation, contains a 
thin film of higher oxides. J . J a h n found t ha t with cobalt a t : 

Moist Air I>ry Air 
/ * s 0 * * 

199° 300° 198° 297° 
Cobalt . . . 3940-3 3939-4 2975-2 2971-1 mgrma. 
Gain in weight . 0 0-3 0 0-2 

N. B. Pilling and R. E . Bedworth studied the oxidation of cobalt heated in air, 
and found the critical density ratio to be 2*10, -whereas with copper the value 
was 1*70, and with iron, 2-07—vide iron. The subject was also discussed by 
G. Tammann and co-workers. H . P . Walmsley examined the nature of 
the smoke obtained by burning cobalt in air between electrodes of cobalt. 
G. Magnus observed t ha t when reduced from the oxide a t a low temp. , cobalt 
is pyrophoric, and H . Hess added t h a t the metal powder reduced a t a red-
heat, gradually forms the oxide on exposure to air. H . Moissan noted t h a t 
the metal powder obtained by distilling the amalgam a t 350° is not pyrophoric, 
bu t t ha t the metal obtained by reducing the oxide in hydrogen a t 250° is pyro­
phoric. The metal charged with occluded hydrogen was found by W. C. Henry 
to t u rn red-hot in a je t of oxygen. R. Schenck and H . Wesseldonk found t h a t 
cobalt is activated towards oxygen by heating the finely-divided metal with 
oxides of those metals -which form solid soln. or chemical compounds with 
cobalt oxide—e.g., CaO, MgO, MnO, and Al2O3. W. Biltz and W. Holverscheit 
found t ha t the powdered metal can be preserved in a closed vessel, since on 
exposure i t acquires a thin, protective film of oxide ; bu t when very finely-divided, 
A. Krause observed t h a t the metal is oxidized rather more quickly t han nickel— 
vide supra, pyrophoric cobalt. H . W. Underwood studied cobalt as a catalyst in 
oxidation processes. Red-hot cobalt was found by H . V. Regnault , C. M. Despretz, 
and J . Thomsen to decompose water vapour ; but , as shown by J . J . Berzelius, 
the metal is not a t tacked by water a t ordinary temp. G. Chaudron found t h a t in 
the reaction : Co-f-H2O^CoO-HH2 , t n e press, of water vapour a t 800° is 1 0 9 mm., 
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a n d of h y d r o g e n , 0-3 m m . ; a t 1000°, 9-65 a n d 0-46 m m . ; a n d a t 1050°, 9-6 a n d 
0*4:2 m m . W . G u e r t l e r a n d T . I a e p u s obse rved t h a t coba l t is a t t a c k e d d u r i n g 8 h r s \ 
e x p o s u r e t o s ea -wa te r , s ea -wa te r p l u s a ir , a n d r a i n - w a t e r p lus a i r . S. S. B h a t n a g a r 
a n d S. Lt. B h a t i a s t u d i e d t h e r a t e of e v a p o r a t i o n of a d s o r b e d w a t e r f rom c o b a l t ; 
N". M. Zarubin, t h e r a t e of s e t t l i n g i n w a t e r . H . R e m y , a n d H . R e m y a n d 
H . G d n n i n g e n d i scussed t h e c a t a l y t i c a c t i o n of c o b a l t o n d e t o n a t i n g g a s . 
W . Merckens o b s e r v e d t h a t s o m e h y d r o g e n d iox ide is fo rmed w h e n coba l t ox id izes 
in m o i s t a i r . C F . S c h o n b e i n n o t e d t h a t h y d r o g e n dioxide is r ead i ly d e c o m p o s e d 
w h e n i n c o n t a c t w i t h coba l t , o r c o b a l t sa l t s , a n d t h e r e a c t i o n w a s s t u d i e d b y 
A. Q u a r t a r o l i , S. F . Cook, a n d A . C. R o b e r t s o n . 

H . D a v y 4 o b s e r v e d t h a t h e a t e d c o b a l t t a k e s fire i n ch lor ine , a n d b u r n s w i t h o u t 
i ncandescence ; H . R o s e a d d e d t h a t finely-divided c o b a l t i g n i t e d i n chlor ine gas , 
fo rming b lue , sca ly c ry s t a l s . W . G u e r t l e r a n d T . L i e p u s f o u n d t h a t c o b a l t is 
a t t a c k e d d u r i n g 18 h r s \ e x p o s u r e t o ch lor ine w a t e r . J . B . B e r t h e m o t obse rved 
t h a t w h e n c o b a l t is h e a t e d t o du l l r ednes s i n t h e v a p o u r of b r o m i n e , c o b a l t o u s 
b r o m i d e is fo rmed . J . Nick les sa id t h a t t h e m e t a l is sca rce ly a t t a c k e d b y a soln . 
of b r o m i n e i n e t h e r . O. Xi. E r d m a n n o b t a i n e d t h e iod ide b y h e a t i n g a m i x t u r e of 
finely-divided c o b a l t a n d i od ine ; a n d C. "Winkler o b s e r v e d t h a t c o b a l t iodide is 
f o r m e d b y t h e ac t i on of a soln. of iod ine a n d p o t a s s i u m iod ide o n coba l t . R . G. v a n 
N a m e a n d co-workers s t u d i e d t h e r a t e of d i s so lu t ion of c o b a l t in a n a q . soln. of 
iod ine a n d p o t a s s i u m iodide . G. T a m m a n n d iscussed t h e f o r m a t i o n of surface 
films b y iod ine v a p o u r . H . E . F i e r z - D a v i d found t h a t , un l ike i ron , c o b a l t in 
assoc ia t ion w i t h iodine is n o t a s a t i s f ac to ry c a t a l y s t for t h e ch lo r i na t i on of benzene 
d e r i v a t i v e s . A . D . W h i t e f o u n d t h a t a soln. of c a l c i u m hypochlor i te , of s p . gr . 
1*04, g ives off a l m o s t p u r e o x y g e n in c o n t a c t w i t h c o b a l t ; a n d hypoch lorous ac id 
u n d e r s imi la r cond i t i ons y ie lds o x y g e n , ch lor ine a n d coba l t h y d r o x i d e a n d ch lor ide . 
F . A. C. Gren o b s e r v e d t h a t h o t o r cold hydrofluoric acid does n o t d issolve coba l t . 
Coba l t r e ad i l y dissolves in hydrochlor ic ac id w i t h t h e evo lu t i on of h y d r o g e n . 
J . T h o m s e n sa id t h e v igou r of t h e r e a c t i o n is b e t w e e n t h a t of c a d m i u m a n d t i n . 
T h e o rde r of t h e r e a c t i o n w i t h inc reas ing v i g o u r be ing S n - N i - C o — C d - F e - Z n . T h e 
ac t i on of t h e ac id is a u g m e n t e d if t h e c o b a l t b e p la t in ized , o r i n c o n t a c t w i t h 
p l a t i n u m . J . M. W e e r e n m a d e s imi la r o b s e r v a t i o n s w i t h r e s p e c t t o t h e a c t i o n of 
ac ids o n coba l t , a s w e r e m a d e i n t h e case of z inc . W . A. L a m p a d i u s f o u n d t h a t 
cold, fuming hyd roch lo r i c ac id a c t s s lowly o n coba l t , fo rming a b l u e soln. , a n d g iv ing 
off h y d r o g e n ; t h e a c t i o n is qu i cke r w i t h t h e h o t ac id , a n d a n ind igo-b lue soln. is 
fo rmed . W . R o h n obse rved t h a t 99*5 p e r cen t , coba l t , i n c o n t a c t w i t h cold, 10 
p e r cen t , hyd roch lo r i c acid , los t 0*08 g r m . p e r sq . d m . in 24 h r s . , a n d 2-3 g r m s . p e r 
sq . d m . in 1 h o u r in t h e h o t ac id . W . Gue r t l e r a n d T . X»iepus also found t h a t c o b a l t 
is a t t a c k e d d u r i n g 8 h r s ' . e x p o s u r e t o 10 or 36 p e r cen t , hyd roch lo r i c ac id . 
U . E . P a t t e n found t h a t coba l t is co r roded b y a soln. of h y d r o g e n ch lor ide in e t h y l 
ch lor ide , b u t n o t b y a soln. i n sil icon t e t r a c h l o r i d e , p h o s p h o r u s t r i ch lo r ide , o r 
a n t i m o n y p e n t a c h l o r i d e . IJ. V. P i s a r j h e w s k y , a n d M. A. R o z e n b e r g a n d V. A . Y u z a 
o b s e r v e d t h a t a m a g n e t i c field r e t a r d s t h e d i s so lu t ion of c o b a l t in hydroch lo r i c 
ac id . 

C. F r i c k , 5 E . S c h i i r m a n n , E . V . B r i t z k e a n d A. F . K a p u s t i n s k y , a n d W . Guer t l e r 
s t u d i e d t h e affinity of su lphur for coba l t . J . L . P r o u s t , a n d T. H i o r t d a h l obse rved 
t h a t s u l p h u r u n i t e s w i t h r e d - h o t c o b a l t t o f o r m a fusible su lph ide . T h e effect of 
s u l p h u r o n t h e p r o p e r t i e s of t h e m e t a l w a s s t u d i e d b y B . Bog i t ch . J . J a h n obse rved 
t h a t w h e n c o b a l t is exposed t o h y d r o g e n sulphide a t : 

100° 151° 198° 248° 311° 413° 
Cobalt . . . 2963-4 2974-8 2974-0 2975-1 2975-8 2977-3 m g r m s . 
Gain i n we igh t . 0-1 O l 0-2 0-7 1-5 15-3 

G. T a m m a n n a n d W . K o s t e r o b s e r v e d n o c h a n g e i n t h e a p p e a r a n c e of t h e m e t a l 
a f te r e x p o s u r e t o h y d r o g e n s u l p h i d e a n d a i r a t o r d i n a r y t e m p . H . G r u b e r o b s e r v e d 



510 INORGANIC AND THBORETICAIi CHEMISTRY 

t h a t the increase in weight of cobalt plates, 60 X 13 X 12 mm., after 1 hour 's 
exposure to hydrogen sulphide : 

?0O° 80O^ 000° 1000* 
I n c r e a s e i n w e i g h t . , 3 * 7 7-6 4 - 9 d e s t r o y e d 

H. E . Pa t t en observed t h a t cobalt is not acted on by sulphur monochloride, and 
E . H . Harvey observed no a t tack during 52 weeks' exposure; and N. Domanicki 
said t h a t the a t tack is very slow, if any. P . Nicolardot did not detect any 
action below 136° ; and with a soln. of the monochloride in ether, the a t tack, if i t 
occurs a t all, is very slow. W. Guertler observed t ha t cobalt is at tacked during 
8 h r s \ exposure to a 10 or a 50 per cent. soln. of sodium sulphide, or to a 4 per 
cent. soln. of sodium sulphide mixed with 8 per cent, of sodium hydroxide. 
E . Priwoznik observed tha t cobalt is very little a t tacked by a soln. of ammonium 
sulphide. E . Beutel and A. Kutzelnigg studied the surface films produced by 
heating the metal in contact with the sulphides of copper, silver, mercury, and 
lead. According to J . UhI, when heated in a current of sulphur dioxide, cobalt 
is partially transformed into sulphide. J . J a h n observed t h a t when cobalt is 
exposed to moist air and dry sulphur dioxide a t : 

250° 297° 417° circa 
1 4 1 1 - 3 1 4 1 1 - 5 3 9 4 5 0 m g n n s . 

0 - 3 0 - 3 2 - 2 
— 3 9 4 3 - 4 1 4 1 2 1 
— 0-5 0 -7 

Observations were also made by J . UhI. When cobalt is heated with sulphurous 
acid in a sealed tube, a t 200°, cobalt sulphide and sulphur are formed ; the reaction 
was studied by C. Geitner. C. Dufraisse and D . Nakae studied the catalytic oxida­
tion of soln. of sodium sulphite. Cobalt is readily dissolved by sulphuric acid 
with the evolution of hydrogen—vide supra, hydrochloric acid. W. A. Lampadius 
observed t ha t sulphuric acid of sp. gr. 1*700 does not a t tack the metal in the cold, 
and the action is slow with the hot acid. The acid is first coloured amethyst-blue, 
and when the liquid is evaporated, heptahydrated cobaltous sulphate is formed. 
W. Rohn observed t h a t with cold, 10 per cent, sulphuric acid, and 99*5 per cent, 
cobalt, 0-06 grm. per sq. dm. is dissolved in 24 hrs., and with the hot acid, 0-30 grm. 
is dissolved in 1 hour. W. Guertler and T. Liepus observed t h a t cobalt is a t tacked 
during 8 hrs ' . exposure to 10 pe rcen t , sulphuric acid, or to 20 per cent, sulphuric 
acid sat. with sodium sulphate. R. H . Adie observed t h a t with hot sulphuric 
acid, sulphur dioxide, bu t no hydrogen sulphide, appears a t 240°. W. R. E . Hodgkin-
son and N. E. B . Bellairs found t h a t when cobalt is heated with ammonium sulphate, 
some sulphite is formed ; and W. Smith, t ha t ammonium hydrosulphate is produced. 
E . Beutel and A. Kutzelnigg studied the films produced by a boiling soln. of sodium 
thiosulphate and lead acetate. M. G. Levi and co-workers, and O. Aschan and 
G. V. Petrelius found tha t cobalt is dissolved by soln. of potassium or ammonium 
persulphate without the evolution of gas, and rather more slowly t han is the case 
with nickel. J . J . Berezelius, and G. Little found t h a t a heated mixture of cobalt 
and selenium combines with incandescence a t a red-hea t ; and tellurium acts in an 
analogous manner. V. Lenher and C. H . E a o found t h a t cobalt is no t a t tacked 
by selenium monochloride a t 100° ; W. L. R a y said t h a t selenium oxydichloride 
acts very slowly; and V. Lenher, t h a t selenium oxydibromide does no t ac t on 
cobalt in a sealed tube a t 100°. 

A. Sieverts and co-workers 6 observed t h a t nitrogen does not react with cobalt 
a t temp, up to 1150°, and t h a t the vol. of nitrogen occluded a t : 

15° 200° 600° 70O° 800° 000° 1000° 
H y d r o g e n . 1 -09 1-27 1-21 1-41 1-49 1*58 1 -76 o . o . 

L. R. Ingersoll observed t h a t a nitride is formed when cobalt is spluttered in 
nitrogen ; and H. N . Warren, and G. Tammann measured the rate of formation 

TUT- 4. (Cobalt . 
M < M s t { a a i n i n w e i g h t 

D r v i C o b a l t • 
y \ G a i n i n w e i g h t 

100° 149° 199° 
748-2 748-2 739-2 
0 0-2 0-3 

29631 — 1411-8 
0-1 — 0-3 

file:///Gain
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of the nitride. L. R . Ingersoll and J . D . Hanawal t measured the X-radiogram 
before and after the adsorption—vide awpra. O. Meyer observed t h a t cobalt is 
b u t slightly a t tacked by titanium nitride a t 1600°. F . Vorster found t h a t 
cobalt decomposes ammonia into nitrogen and hydrogen when i t is heated in 
t h a t gas. G. T. Beilby and G. Gr. Henderson also found t ha t cobalt decomposes 
ammonia a t 470°. P . Sabatier found t h a t cobalt forms a nitride when heated 
in ammonia to 470°, and the nitride is decomposed a t 600°. W. Traube and 
B . Lowe, and C. Matignon and G. Desplantes observed t h a t reduced cobalt in 
air for 4O hrs. is oxidized in the presence of aq. ammonia, and a brown soln. 
is formed. W. R. E . Hodgkinson and N. E . B . Bellairs found t h a t in the 
presence of air, cobalt dissolves in aq. ammonia with the gradual formation of a 
nitr i te. W. Guertler and T. Liepus observed t h a t 10, 50, and 70 per cent. aq. 
ammonia a t tacked cobalt in 8 hrs. The use of cobalt oxide as a catalyst in the 
oxidation of ammonia was studied by TJ. B . Bray. F . W. Bergstrom observed 
t h a t cobalt shows no sign of a t tack when immersed in a soln. of potassium amide 
in liquid ammonia. W. R. E . Hodgkinson found t h a t cobalt wire or foil is oxidized 
by molten hydrazine hydrate* reduced cobalt gives no explosion, b u t cobalt cubes 
produce an explosion. J . C. Roldan found t h a t hydroxylamine in non-alkaline 
soln. acts on cobalt, producing an orange-red precipitate. P . Sabatier and 
J . B . Senderens found t h a t reduced cobalt decomposes nitrous oxide incompletely 
a t 230°, forming cobaltous or cobaltosic oxide ; i t reacts a t 150°, with nitric oxide ; 
and a t ordinary temp. , nitrogen peroxide forms Co3O4, and a t 500°, Co4O5— 
nitro-cobalt, Co2(NO2), analogous to nitro-copper was obtained by P . Sabatier 
and J . B . Senderens, b u t the work of J . R: Pa rk and J . R . Par t ington makes i t 
doubtful if the nitro-cobalt is a chemical individual. F . Emich found t h a t cobalt 
burns when heated in nitric oxide. P . Sabatier observed t h a t nitrosyl disulphonic 
add* N 0 ( H S 0 3 ) 2 , converts cobalt into a cobaltic salt. 

W. A. Lampadius observed t h a t nitric acid of sp. gr. 1*30 at tacks the metal in 
the cold, forming a dark red soln. of cobalt ni t rate ; and W. Hittorf noted t h a t 
the action with an acid of sp. gr. 1*20 and less, is feebler. E . St. Edme found t h a t 
cobalt becomes passive to nitric acid when i t has been heated to redness in nitrogen 
gas. According to J . J . Acworth and H . E . Armstrong, cone, nitric acid a t tacks 
cobalt readily, bu t the 1 : 2-acid a t tacks the metal very slowly. W. Rohn found 
t h a t cold, 10 per cent, nitric acid dissolves 10-7 grms. per sq. dm. in 24 hrs., whilst 
the hot acid dissolves 27*3 grms. per sq. dm. in 1 hr.—vide supra, the passive s ta te . 
J . J . Acworth and H . E . Armstrong found t h a t when the 1 : 2-acid a t tacks cobalt, 
the gas which is evolved—18*58 c.c. per gram a t 18°—contains 5*71 per cent. 
NO ; 79-23 per cent. N 2O ; and 15-06 per cent. N 2 . C. Montemartini found 
t h a t a gram of cobalt in 27-5 per cent, nitric acid, yields 0-02538 grm. N H 3 ; 
0-00077 grm. H N O 2 ; 0*00929 grm. N2O ; and 0-00467 grm. N 2 . With 42-8 
per cent, nitric acid, 0*01839 grm. ammonia was produced per gram of metal. 
I t is said t h a t the da ta do no t agree with the assumption t h a t the dissolution 
of the metal is accompanied b y the formation of nascent hydrogen, or with 
the assumption t h a t the meta l is directly oxidized by the acid, rather does 
the nitric acid, in conjunction with the water present, act as an oxidizing agent. 
No hydroxylamine was observed in the final products of the reaction, so t h a t 
if this compound is formed, i t is again destroyed by secondary actions. The 
nitric oxide is of secondary origin, being formed by the decomposition of the 
nitrous acid. E . R a m a n n said t h a t some cobaltous ni trate first formed by the 
action of nitric acid on cobalt, reacts : 4 C o ( N 0 8 ) 2 + 8 H 2 0 - h l l C o = 4 N H 4 N 0 3 
-4-5Co8O4. W. Guertler and T. Liepus observed t h a t cobalt is at tacked during 
8 hrs ' . exposure t o 10 and 50 per cent, nitric acid, and also to aqua regia. C. C. Pali t 
and N . R. Dhar studied the ra te of dissolution of cobalt in nitric acid ; and 
A. Quartaroli observed t h a t t he presence of urea slows down the action of nitric 
acid ; bu t H . J . Prints found an acceleration in the a t tack of cobalt by acids in the 
presence of benzaldehyde or nitrobenzene. F . A. C. Gren observed t h a t aqua 
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r e g i a d issolves c o b a l t i n t h e cold, forming a soln. t h e co lour of p e a c h b los som. 
W . R . E . H o d g k i n s o n a n d N . E . B . Bel la i rs found t h a t w h e n h e a t e d w i t h m o l t e n 
^ m m n n i n m ni trate , c o b a l t furnishes a l i t t le h y d r o g e n a n d a m m o n i a ; a n d W . S m i t h 
o b s e r v e d t h a t t h e m o l t e n n i t r a t e a t t a c k s t h e m e t a l . F . W . B e r g s t r o m , a n d 
H . E h r i g s t u d i e d t h e so lubi l i ty in a n a m m o n i a c a l so lu t ion of a m m o n i u m n i t r a t e . 

B . Pe l le t i e r 7 f ound t h a t phosphorus u n i t e s w i t h r e d - h o t c o b a l t t o f o r m a 
p h o s p h i d e . S. F . S c h e m t s c h u s c h n y a n d I . Schepeleff n o t e d t h a t a m i x t u r e of 
p o w d e r e d coba l t a n d r ed p h o s p h o r u s b e c o m e s w a r m a t o r d i n a r y t e m p . , p r e s u m a b l y 
owing t o t h e beg inn ing of a r eac t ion . A . S i eve r t s a n d M. Major f o u n d t h a t c o b a l t 
r e d u c e d f rom t h e oxide, ca t a ly t i ca l ly oxid izes soln . of hypophosph i t e s w i t h t h e 
evo lu t i on of h y d r o g e n a n d t h e f o r m a t i o n of s o m e p h o s p h o r i c ac id . W . R o h n 
obse rved t h a t 10 p e r cent , phosphor ic ac id d issolves 0-06 g r m . of c o b a l t p e r sq . 
d m . in t h e cold in 24 h rs . , a n d 0*7 g r m . p e r sq . d m . i n 1 h r . w h e n h e a t e d . 
F . A . C. Gren said t h a t coba l t is n o t a t t a c k e d b y a h o t o r cold soln. of p h o s p h o r i c 
ac id . A. Grange r obse rved t h a t t h e v a p o u r of p h o s p h o r u s trifluoride c o n v e r t s 
coba l t i n t o p h o s p h i d e ; a n d l ikewise also p h o s p h o r u s tr ibromide. A . F . Geh len , 
C. J . B . K a r s t e n , a n d T . B e r g m a n o b s e r v e d t h a t -when arsen ic is h e a t e d w i t h coba l t , 
a n a r sen ide is fo rmed . A . F . Geh len o b t a i n e d a n a n a l o g o u s r e s u l t 'with a n t i m o n y 
a n d c o b a l t ; a n d K . L e w k o n j a , w i t h b i s m u t h a n d a n t i m o n y . A c c o r d i n g t o 
Li. K a h l e n b e r g a n d J . V . S te in le , a t o r d i n a r y t e m p , arsen ic tr ichloride s lowly 
depos i t s a l i t t le a rsenic on coba l t , a n d a t 100° t h e r e is a s l igh t r e a c t i o n . F . A. C. G r e n 
obse rved t h a t arsenic ac id d issolves a l i t t l e coba l t . 

M. F e s z c z e n k o - C z o p o w s e 8 s t u d i e d t h e c e m e n t a t i o n of c o b a l t b y b o r o n . 
H . Moissan observed t h a t bo ron u n i t e s w i t h c o b a l t a t a h igh t e m p . , fo rming a b o r i d e ; 
a n d F . A. C. Gren found t h a t a bor ic ac id soln. , co ld o r h o t , does n o t a t t a c k coba l t . 
C. Wink le r , a n d H . Moissan found t h a t a t a h i g h t e m p , a c o m p o u n d of s i l i con a n d 
coba l t is fo rmed ; B . B o r e n s t u d i e d t h e l a t t i c e s t r u c t u r e of t h e c o b a l t sil icides ; 
R . Vogel a n d K . R o s e n t h a l , t h e e q u i l i b r i u m d i a g r a m — v i d e t h e si l icides. 

H . E . P a t t e n obse rved t h a t s i l i con te trachlor ide h a s n o a c t i o n o n c o b a l t . 
W . W a h l obse rved t h a t purif ied, finely-divided c o b a l t a t t a c k s porce la in "when first 
m e l t e d ; c o m m e r c i a l coba l t , poss ib ly b e c a u s e of t h e p re sence of s o m e ox ide , w h e n 
m e l t e d i n a porce la in crucib le , fo rms a d e e p b lue , g lassy s lag . P . S c h u t z e n b e r g e r 
a n d A. Colson, 9 G. Boecker , a n d O. RufE a n d co-workers f o u n d t h a t c o b a l t u n i t e s 
w i t h carbon, a n d t h e r eac t ion h a s b e e n d iscussed in connec t ion -with c a r b i d e s — 
5 . 39 , 2O. F . F i s c h e r a n d H . B a h r s t u d i e d t h e ca rb ide ; a n d G. T a m m a n n a n d 
K . Schone r t , t h e diffusion of c a r b o n in t h e m e t a l . G. Boecke r sa id t h a t t h e s a t u r a ­
t i o n p o i n t for soln. of c a r b o n i n c o b a l t is 3*9 p e r cen t , w i t h a eu t ec t i c a t 1300° 
a n d 2*9 p e r cen t , of c a r b o n . W . N o w a c k i s t u d i e d t h e l a t t i c e s t r u c t u r e of cobal t 
tritacarbide, Co 3C. O. Meye r obse rved t h a t c o b a l t is a t t a c k e d b y carbides 
—sil icon, m o l y b d e n u m , and c h r o m i u m a t 1600°. I . Li. Bel l f o u n d t h a t c o b a l t 
r e a c t s less r ead i ly t h a n nickel w h e n i t is h e a t e d w i t h carbon m o n o x i d e , a n d a l i t t l e 
c a r b o n i s f o r m e d : 2 C O = C - J - C O 2 . P . S a b a t i e r a n d J . B . S e n d e r e n s sa id t h a t t h e 
r e a c t i o n occurs a t 310°, a n d is a l m o s t comple t e a t 420° , w i t h o u t t h e f o r m a t i o n of a 
s u b l i m a t e . T h e r e a c t i o n w a s s t u d i e d b y R . Schenck a n d co -worke r s , a n d 
S. K o d a m a , a n d V. K o h l s c h i i t t e r a n d A. Nage l i obse rved t h a t c a r b o n is d e p o s i t e d 
a t a b o u t 500° . E . F . A r m s t r o n g a n d T . P . H i l d i t c h s t u d i e d t h e r e a c t i o n : C O + 3 H 2 
S=CH4-+-H2O, w h e n a c t i v a t e d b y c o b a l t ; C. M. L o a n e , t h e c a t a l y t i c o x i d a t i o n of 
c a r b o n m o n o x i d e ; a n d A . E r d e l y a n d A . W . N a s h , t h e h y d r o g e n a t i o n of w a t e r - g a s . 
I i . M o n d a n d co-workers o b s e r v e d t h a t , un l ike n ickel , c o b a l t does n o t fo rm a c a r b o n y l 
a t a t m . press . , b u t a t h ighe r p ress . , vo la t i l e c o b a l t t e t r a c a r b o n y l is f o r m e d . 
H . S. T a y l o r a n d R . M. B u r n s f o u n d t h a t 1 vol . of c o b a l t a t 25° , 110°, a n d 218° 
a b s o r b s r e spec t i ve ly 1*05, 0-60, a n d 0-35 vo l . of c a r b o n m o n o x i d e . F . F i s c h e r a n d 
H . B a h r , K . F u j i m u r a , a n d H . A . B a h r a n d V . J e s s e n s t u d i e d t h e r e d u c t i o n of t h e 
ox ide b y c a r b o n m o n o x i d e a n d t h e fission of t h a t g a s b y c o b a l t . Coba l t does n o t 
dissociate c a r b o n m o n o x i d e a t 225° . E . C. W h i t e a n d J . F . S c h u l t z , J . C. W . F r a z e r , 
a n d H . R e m y s t u d i e d t h e a c t i o n of c o b a l t a s a c a t a l y s t i n ox id iz ing c a r b o n 
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m o n o x i d e , e t c . I . L . Bel l f o u n d t h a t a t a r ed -hea t , carbon dioxide is r e d u c e d t o 
t h e m o n o x i d e b y c o b a l t . W . G u e r t l e r a n d T . L i epus obse rved t h a t c a r b o n d iox ide 
a n d a i r a t t a c k c o b a l t i n 8 h r s . R . S c h e n c k a n d H . Wesse ldonk found t h a t c o b a l t 
h a s n o a p p r e c i a b l e a c t i o n on c a r b o n d iox ide a t 600°, a n d a t 900° a b o u t 5 p e r c en t , 
of c a r b o n m o n o x i d e is fo rmed . P . H . E m m e t t a n d J . F . Schu l t z s t u d i e d t h e 
e q u i l i b r i u m in t h e r e a c t i o n : C o + C 0 2 ^ C o O - | - C O a t different t e m p . T h e con­
s t a n t s , K=[CO2]/[CO], for t h e r e a c t i o n s a t 450° a n d 570° a re , respec t ive ly , 489-6 
a n d 148*4. T . B e r g m a n o b s e r v e d t h a t a n a q . soln. of c a r b o n a t t a c k s c o b a l t 
s lowly. Magnes ia o r m a n g a n e s e ox ide acce le ra tes t h e ac t ion , so t h a t 40 p e r c en t , 
of c a r b o n m o n o x i d e is f o r m e d a t 600° . L i m e h a s n o effect. N . I . N i t i k i n s t u d i e d 
t h e a d s o r p t i o n of c a r b o n d iox ide b y coba l t . E . P . Ca rpen te r , J . R . Campbe l l 
a n d T . G r a y , a n d W . P . Y a n t a n d C. O. H a w k s t u d i e d t h e c a t a l y t i c o x i d a t i o n of 
m e t h a n e b y c o b a l t . F . E i s e n s t e c k e n , a n d R . S c h e n c k a n d co-workers s t u d i e d t h e 
a c t i o n of c o b a l t on m e t h a n e . H . S. T a y l o r a n d R . M. B u r n s f o u n d t h a t 1 vol . of 
c o b a l t a t 25° , 110°, a n d 218°, a b s o r b s r e spec t ive ly < O 5 0 , 0-05, a n d < O 0 5 vol . 
of c a r b o n d iox ide ; a n d re spec t ive ly 0*35, 1-1O, a n d <C0-05 vo l . of e t h y l e n e . 
R . N . P e a s e a n d L . S t e w a r t , R . N . P e a s e a n d H . S. Tay lo r , a n d H . Hol l ings a n d 
R . H . Griffith s t u d i e d t h e a d s o r p t i o n of h y d r o c a r b o n s ; a n d H . W . W a l k e r , t h e r e d u c ­
t i o n a n d p o l y m e r i z a t i o n of e t h y l e n e b y c o b a l t a t 400° t o 450° ; a n d O. S c h m i d t , 
t h e h y d r o g e n a t i o n of h y d r o c a r b o n s w i t h c o b a l t a s c a t a l y s t . H . Moissan a n d 
C. M o u r e u found t h a t p y r o p h o r i c c o b a l t decomposes ace ty lene i n t h e cold, a n d t h e 
m e t a l becomes i n c a n d e s c e n t ; s o m e a c e t y l e n e po lymer i zes t o benzene , a n d s o m e 
fo rms c a r b o n a n d h y d r o g e n . M. E . K i n s e y a n d H . A d k i n s s t u d i e d t h e c a t a l y t i c 
d e c o m p o s i t i o n of ace ta ldehyde b y c o b a l t ; F . F i s che r a n d H . K o c h , t h e 
c a t a l y t i c syn the s i s of b e n z e n e ; a n d J . H . L o n g , t h e h y d r o g e n i z a t i o n of benzene . 
E . W . K a n n i n g a n d O. W . B r o w n , t h e c a t a l y t i c d e c o m p o s i t i o n of k e r o s e n e b y 
coba l t . H . E . P a t t e n found t h a t c o b a l t w a s t a r n i s h e d b y e thy l chloride . 
G. F . H u t t i g a n d R . Kass l e r f o u n d t h a t in t h e d e c o m p o s i t i o n of formic ac id w i t h 
c o b a l t p r e p a r e d i n different w a y s a s c a t a l y s t , t h e c a t a l y t i c a c t i v i t y is c o n d i t i o n e d 
b y t h e t e m p , of r e d u c t i o n of t h e ox ide . T h e difference is negl igible w i t h t e m p , 
b e t w e e n 300° a n d 550° ; b u t if t h e r e d u c t i o n t e m p , is 1000° t o 1200°, t h e a c t i v i t y of 
t h e m e t a l is c o n s i d e r a b l y d i m i n i s h e d . T h e m e t a l p r o d u c e d b y r e d u c i n g t h e 
h y d r o x i d e w a s r a t h e r m o r e a c t i v e t h a n w h e n o b t a i n e d b y ca lc in ing t h e n i t r a t e . 
W . R o h n obse rved t h a t 10 p e r c en t , a c e t i c ac id d issolves 0-04 g r m . p e r sq . 
d m . in 24 h r s . in t h e cold, a n d 0 1 5 g r m . p e r sq . d m . in 1 h r . w h e n h e a t e d . 
F . A . C. G r e n o b s e r v e d t h a t c o b a l t is n o t d i sso lved b y cold o r h o t ace t i c ac id , b u t 
C. Scha l l a n d H . Markg ra f f ound t h a t 4 hrs*. a c t i o n a t o r d i n a r y t e m p , dissolves 
a b o u t 0-0021 g r m . of c o b a l t (per 6-5 sq . cm. ) . F . A . C. G r e n o b s e r v e d t h a t o x a l i c 
a c i d dissolves c o b a l t in t h e cold. W . Gue r t l e r a n d T . L i e p u s f o u n d c o b a l t is a t t a c k e d 
a f t e r 8 h r s ' . e x p o s u r e t o ace t i c ac id , c itric ac id , a n d tartaric ac id . G. D u p o n t and 
J . A l l a rd s t u d i e d t h e a u t o x i d a t i o n of abiet ic ac id i n t h e p resence of coba l t . 
C. B . G a t e s sa id t h a t c o b a l t is n o t a t t a c k e d b y o l e i c ac id b e t w e e n 90° a n d 100°. 
A . B r o c h e t a n d J . P e t i t s t u d i e d t h e d i s so lu t ion of a c o b a l t a n o d e i n a soln. of p o t a s ­
s i u m cyan ide u n d e r t h e influence of a n a l t e r n a t i n g c u r r e n t . C. K e l b e r o b s e r v e d 
t h a t finely-divided c o b a l t c a n be u s e d l ike n icke l (q.v.) a s a c a t a l y s t in t h e h y d r o ­
g e n a t i o n of m a n y c o m p o u n d s , b u t t h e r e a c t i o n p roceeds r a t h e r m o r e s lowly. 
C. Dufra i sse a n d D . N a k a e s t u d i e d t h e c a t a l y t i c o x i d a t i o n of a c e t a l d e h y d e , p h e n y l -
a l d e h y d e , fu r fu ra ldehyde , s t y r e n e , a n d t u r p e n t i n e . A . Bened i cen t i a n d co-workers , 
a n d G. B . B o n i n o a n d co -worke r s f o u n d t h a t p o w d e r e d c o b a l t u n i t e s w i t h t h e 
prote ins w h e n s h a k e n w i t h a soln . of e g g - a l b u m i n o r b lood - se rum. L . L . Steele 
s t u d i e d t h e effect of c o b a l t s o a p o n t h e d r y i n g of l inseed Oil ; a n d W . T h o m s o n a n d 
F . L e w i s o b s e r v e d n o effect o n india-rubber . A. S i m o n a n d K . K o t s c h a u obse rved 
t h a t finely-divided c o b a l t w i t h benz id ine a n d g u a i a c u m res in g ives a b lue 
co lo ra t ion , i n d i c a t i n g t h e f o r m a t i o n of h y d r o g e n d iox ide . 

K . A . H o f m a n n a n d H . H i e n d l m a i e r 1 0 f o u n d t h a t c o b a l t is r e a d i l y a t t a c k e d b y 
b u r n i n g p o t a s s i u m . W . G. Imhoff s t u d i e d t h e corros ive a c t i o n of m o l t e n z i n c 
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o n cobal t - Accord ing t o C. T u b a n d t , coba l t is n o t a t t a c k e d b y p o t a s s i u m OP 
s o d i u m hydroxide , h o t o r cold, b u t if t h e m e t a l be t h e a n o d e t o a n e lect r ic c u r r e n t , 
i t d issolves in t h e a lka l ine l iquid . T h e m o s t f avourab le cond i t i ons for t h e dissolu­
t i o n a r e a low c u r r e n t densi ty—0*2 a m p . p e r sq . d m . — a h igh t e m p . , a n d a h igh ly 
cone . soln. T h e c o b a l t dissolves a s a coba l tous sa l t . F o r t h e a n o d i c d i sso lu t ion 
of c o b a l t in 8 i V - K O H , resu l t ing , accord ing t o G-. G r u b e a n d O. F e u c h t , i n t h e 
f o r m a t i o n of a d a r k b lue soln. of p o t a s s i u m coba l t i t e , vide supra, t h e a n o d i c 
b e h a v i o u r of coba l t . M. Ie B lanc a n d O. W e y l obse rved t h a t w h e n c o b a l t is fused 
w i t h p o t a s s i u m h y d r o x i d e i n a n a t m . of n i t r o g e n a t 550° t o 560° , t h e r e is a pe r ­
cep t ib le r eac t ion a l t h o u g h no wa te r , h y d r o g e n , or p o t a s s i u m h a s b e e n d e t e c t e d in t h e 
p r o d u c t . C. Wink l e r obse rved t h a t if t h e c o b a l t h a s been p r e p a r e d b y r e d u c t i o n 
a t a low t e m p , f rom t h e p rec ip i t a t ed oxide , h o t p o t a s h - l y e fo rms a d a r k b lue soln. 
W . Guer t l e r a n d T . Liiepus obse rved t h a t in 8 h r s . c o b a l t is a t t a c k e d b y 10 a n d 5 0 
p e r cen t . soln. of s o d i u m h y d r o x i d e , a n d b y a m i x t u r e of soda- lye a n d h y d r o g e n 
d iox ide . H . Moissan found t h a t in t h e e lect r ic a rc - fu rnace coba l t is ox id ized b y 
m o l t e n c a l c i u m ox ide . C. B . G a t e s obse rved t h a t c o b a l t does n o t r e a c t w i t h 
m o l t e n c a l c i u m c h l o r i d e . W . Gue r t l e r a n d T . L i e p u s found t h a t c o b a l t is a t t a c k e d 
d u r i n g 8 h r s ' . exposu re t o a soln. of m a g n e s i u m c h l o r i d e . E . R a m a n n obse rved 
t h a t p o w d e r e d coba l t a c t s o n CObaltOUS n i t r a t e , g iv ing a d a r k - c o l o u r e d p r e c i p i t a t e ; 
a n d w h e n w a r m e d , a m m o n i a is evo lved a n d t h e p r e c i p i t a t e becomes p a l e r e d . 
J . B . Sende rens obse rved t h a t w h e n a soln. of c o p p e r , s i lve r o r l e a d n i t r a t e is 
t r e a t e d w i t h coba l t , t h e a m o u n t of c o b a l t pass ing i n t o soln. is g r e a t e r t h a n cor re ­
s p o n d s w i t h t h e e q u a t i o n : M(N03)2-f-Co=^Co(N0 3)2- | -M. T h e excess is s l igh t 
w i t h si lver, a n d is negligible if a i r be exc luded . I n t h e o t h e r cases, t h e m e t a l 
oxidizes a t t h e expense of t h e n i t r i c ac id p r e s e n t , fo rming a h y d r o x i d e o r bas ic 
n i t r a t e . W . E i d m a n n obse rved t h a t a soln. of c u p r i c c h l o r i d e in ace tone a c t s 
s lowly on cobal t , fo rming c u p r o u s a n d coba l tous chlor ides . C B . G a t e s found t h a t 
coppe r is p r e c i p i t a t e d f rom fused c o p p e r p a l m i t a t e b y c o b a l t ; a l i t t le c o p p e r 
is p r e c i p i t a t e d f rom c o p p e r s t e a r a t e ; a n d n o n e f rom c o p p e r margarate . 
C B . G a t e s obse rved t h a t coba l t r eac t s w i t h m o l t e n s i lver n i t r a t e o r c h l o r i d e w i t h 
t h e s e p a r a t i o n of s i lver . C Wink le r , a n d G. K r u s s a n d F . W . S c h m i d t found t h a t 
coba l t a c t s on a n e u t r a l soln. of go ld c h l o r i d e , p r e c i p i t a t i n g ye l lowish-brown gold 
free f rom coba l t , b u t if a lkal ies a r e p re sen t , cobal t i fe rous gold is p r e c i p i t a t e d . 
W . Guer t l e r a n d T . L i epus found t h a t a 1 : 500-soln. of m e r c u r i c c h l o r i d e is 
decomposed b y coba l t . E . A l e x a n d e r obse rved t h a t a soln. of mercu r i c ch lor ide 
in e t h y l a c e t a t e does n o t a t t a c k coba l t . J . N a p i e r found t h a t coba l t r educes soln. 
of f e r r i c Chlor ide t o t h e m e t a l . T. H e y m a n n a n d K . Je l l inek s t u d i e d t h e equi l i ­
b r i u m condi t ions in t h e reac t ion : Co-f-Ni"^=^Ni-f-Co** wi th soln. of n i c k e l n i t r a t e 
and s u l p h a t e . M. Curie a n d J . S a d d y s t ud i ed t h e inh ib i t ion of t h e luminescence 
of t h e z i n c s u l p h i d e phospho r b y t h e p resence of coba l t . 

S o m e r e a c t i o n s of a n a l y t i c a l i n t e r e s t . — S o l n . of coba l t ous sa l t s g ive n o prec ip i ­
t a t e w i t h hydrogen s u l p h i d e if free ac ids a re p r e s e n t ; a n d if t h e soln. is n e u t r a l , 
a p a r t of t h e coba l t is slowly p r e c i p i t a t e d a s a h y d r a t e d c o b a l t o u s su lph ide . A 
soln. of c o b a l t o u s a c e t a t e in t h e presence of ace t ic ac id gives e i t he r n o p r e c i p i t a t e 
or o n l y a v e r y smal l one , b u t in t h e absence of free ac id , t h e p r e c i p i t a t i o n is c o m p l e t e 
or a l m o s t c o m p l e t e . If t h e soln. con t a in s a n excess of a lka l i a c e t a t e , a n d free 
ace t i c ac id is a b s e n t , a l l t h e coba l t m a y be p r e c i p i t a t e d b y h y d r o g e n su lph ide f rom 
h o t soln. F r e e t a r t a r i c , c i t r ic , monochloroace t ic , or formic ac id also h i n d e r t h e 
p rec ip i t a t i on , b u t t h e a lkal i s a l t s of t he se acids enab le t h e p r e c i p i t a t i o n t o be 
m a d e f rom h o t soln. Th i s sub j ec t w a s discussed b y H . B a u b i g n y , 1 1 H . Delffs, 
A . Terre i l , A . Villiers, I*. L . d e K o n i n c k , F . F ie ld , a n d O. F . Tower . H y d r o g e n 
su lph ide i n a lka l ine soln. , or a so ln . of a lkal i o r a m m o n i u m s u l p h i d e or h y d r o -
s u l p h i d e g ives a b l a c k p r e c i p i t a t e of h y d r a t e d coba l tous su lph ide . T h e p r e c i p i t a t i o n 
is f avoured b y a m m o n i u m su lph ide . T h e p r e c i p i t a t e is inso luble i n a lka l i a n d 
a m m o n i u m su lph ides , i t i s v e r y s l igh t ly soluble i n ace t i c ac id , a n d i t dissolves w i t h 
difficulty in hyd roch lo r i c ac id , a n d p a r t i c u l a r l y so if t h e p r e c i p i t a t i o n h a s b e e n 
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m a d e f rom h o t so ln . H o t n i t r i c ac id a n d a q u a regia dissolve t h e p r e c i p i t a t e . 
T h i s s u b j e c t w a s d iscussed b y A. Terre i l , H . W . F . W a c k e n r o d e r , F . F ie ld , a n d 
G. Chesneau . Acco rd ing t o F . J a c k s o n , t h e r e a c t i o n w i t h a m m o n i u m s u l p h i d e is 
sens i t ive t o 1 : 512 ,000, a n d , acco rd ing t o C. H . Pfaff, 1 : 200,000. C. D . B r a u n 
f o u n d t h a t p o t a s s i u m th iocarbonate co lours a m m o n i a c a l , cone . soln. of c o b a l t o u s 
s a l t s b r o w n o r b l ack , a n d di l . so ln . ye l low. P . B e r t h i e r found po tas s ium sulphi te , 
b u t n o t a m m o n i u m sulphi te , g ives a n i ncomple t e p r ec ip i t a t i on of a bas ic su lph i t e . 
P . Fa lc io la , a n d W . H e i n z o b s e r v e d r e d co lo ra t ions w i t h a m m o n i a c a l soln. of c o b a l t 
s a l t s a n d s o d i u m hydrosulphi te . O. B r u n c k o b s e r v e d t h a t s o d i u m hyposulphite 
p r e c i p i t a t e s c o b a l t su lph ide f rom n e u t r a l , a m m o n i a c a l , or ace t i c ac id soln. , b u t n o t 
in t h e p resence of m i n e r a l ac ids . H . Marsha l l found persulphates p r e c i p i t a t e 
coba l t i c ox ide . Acidic soln. g ive n o p r e c i p i t a t e w i t h s o d i u m th iosulphate , a n d 
•with n e u t r a l soln. , a n i n c o m p l e t e p r e c i p i t a t i o n of c o b a l t o u s su lph ide occurs af ter a 
p ro longed boil ing. T h e r eac t i on w a s s t u d i e d b y O. W . G ibbs , F . F a k t o r , W . Ba l l , 
a n d A. Terre i l . 

Coba l tous s a l t soln . g ive a b lue p r e c i p i t a t e of a bas ic sa l t : CoCl 2 - I -KOH 
— K C l + C o C l ( O H ) , w h e n t r e a t e d in t h e cold w i t h p o t a s s i u m or s o d i u m hydroxide , 
b u t on -warming, p i n k c o b a l t o u s h y d r o x i d e is p r e c i p i t a t e d . W i t h m o d e r a t e l y 
cone , soln. , t h e p i n k p r e c i p i t a t e m a y be p r o d u c e d in t h e cold, o r a f te r t h e soln . 
h a s s tood some t i m e . T h e r a t e of p r ec ip i t a t i on is d e p e n d e n t on t h e 'cone, of t h e 
a lka l i - lye . F . J a c k s o n sa id t h a t t h e r eac t ion w i t h sod ium h y d r o x i d e is sens i t ive 
t o 1 : 16,000. Coba l tous h y d r o x i d e , un l ike t h e co r r e spond ing nickel h y d r o x i d e , 
g r a d u a l l y t u r n s b r o w n on e x p o s u r e t o a ir , owing t o o x i d a t i o n : 2 C o ( O H ) 2 H - H 2 O 
- f - O = 2 C o ( O H ) 3 . If a lcohol a n d a lkal i - lye be a d d e d t o t h e soln. of a coba l t ous sa l t , 
a n d t h e m i x t u r e is boi led, d a r k b r o w n coba l t i c h y d r o x i d e is q u i c k l y fo rmed . T h e 
p resence of a m m o n i u m chlor ide h inde r s t h e p r e c i p i t a t i o n b y a lka l i h y d r o x i d e . 
T h e p r e c i p i t a t e d h y d r o x i d e o r bas ic sa l t dissolves c o m p l e t e l y in a soln. of a m m o n i u m 
c a r b o n a t e t o fo rm a v io le t - red soln. Th i s sub j ec t was s t u d i e d b y A. R e m e l e , 
F . Re iche l , E . D o n a t h , H . D i t z , C. Wink le r , a n d G. C. Winke lb l ech . Coba l tous 
h y d r o x i d e is p e p t i z e d o r d issolved b y a v e r y cone . soln. of a lka l i h y d r o x i d e , fo rming 
a b lue l iquid . Th i s w a s e x a m i n e d b y E . D o n a t h , a n d C. T u b a n d t . H . D e m a r c a y 
obse rved t h a t m a g n e s i u m ox ide g ives a p r e c i p i t a t e w i t h w a r m coba l t sa l t soln. 
I n t h e absence of a m m o n i u m sa l t s , a q . a m m o n i a p r e c i p i t a t e s a b lue bas ic sa l t f rom 
soln. of c o b a l t o u s sa l t s , a n d t h e p r e c i p i t a t e is soluble in soln. of a m m o n i u m chlor ide . 
Ci tr ic a n d t a r t a r i c ac ids h i n d e r t h e p r e c i p i t a t i o n . T h e d i r t y ye l low, a m m o n i a c a l 
soln. g r a d u a l l y t u r n s a r edd i sh co lour o n exposu re t o a i r . T h e r e a c t i o n w a s s t ud i ed 
b y F . F ie ld , a n d H . D i t z . A r edd i sh bas ic sa l t , of v a r y i n g compos i t ion , is prec ip i ­
t a t e d f rom coba l tous s a l t soln. b y alkali carbonates ; a n d t h e r edd i sh , basic sa l t 
p r e c i p i t a t e d b y a m m o n i u m carbonate i s soluble in excess . T h e sub jec t w a s 
s t u d i e d b y F . F ie ld . Accord ing t o J . N . v o n F u c h s , a n d O . C. Winke lb l ech , coba l t 
sa l t s a r e n o t p r e c i p i t a t e d w h e n t h e y a r e h e a t e d w i t h ca l c ium c a r b o n a t e , or boi led 
w i t h s t r o n t i u m c a r b o n a t e ; H . D e m a r c a y found t h a t t h e a lka l ine ear th carbonates 
a n d m a g n e s i u m c a r b o n a t e do n o t p r e c i p i t a t e c o b a l t sa l t s in t h e cold, b u t t h e y d o 
so a b o v e 75°. J . W . D o b e r e i n e r also n o t e d t h e p r e c i p i t a t i o n w i t h m a g n e s i u m 
carbonate . B a r i u m c a r b o n a t e a n d b r o m i n e g ive a b lack p r e c i p i t a t e of coba l t i c 
ox ide , "with coba l t ous sa l t s , b u t n o t so w i t h n icke l s a l t s . 

W h e n ox id iz ing agent s—chlo r ine , b r o m i n e , hypoch lo r i t e s , h y p o b r o m i t e s , 
hypo iod i t e s , b a r i u m d iox ide , h y d r o g e n d iox ide , e t c . — a r e a d d e d t o a n a lka l ine soln. 
of a c o b a l t sa l t , coba l t i c h y d r o x i d e is i m m e d i a t e l y p r e c i p i t a t e d : C o ( O H ) 2 - f - N a O H 
+ C l = N a C l + C o ( O H ) 3 . These r eac t i ons were s t u d i e d b y O. P o p p , A. Terre i l , 
F . F ie ld , C. D . B r a u n , E . a n d B . K l i m e n k o , E . P . Alva rez , W . K w a s n i c k , C. R e i c h a r d , 
R . G. D u r r a n t , C. C. P a l i t , A . J o b , A . J a w o r o w s k y , T. Poleck , Gr. K a s s n e r , 
O. W . Gibbs , F . G a u h e , H . Rose , a n d R . L . L,. Tay lo r . T h e p r ec ip i t a t i on w i t h 
p o t a s s i u m iodate w a s s t u d i e d b y S. R . Bened ic t , a n d S. E . Moody . 

W h e n cone . soln. of c o b a l t s a l t s , acidified w i t h acet ic acid, a re t r e a t e d w i t h 
p o t a s s i u m nitr i te , a yel low c rys t a l l ine p r e c i p i t a t e is f o r m e d ; w i t h di l . soln. , t h e 
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p r e c i p i t a t i o n o c c u r s o n l y af ter t h e m i x t u r e h a s s tood for s o m e t i m e . T h e r e a c t i o n 
i s s u p p o s e d t o t a k e p l ace in s tages—firs t t h e f o r m a t i o n of n i t r o u s ac id : CoCl2 
- f - 2 K N 0 2 ^ C o ( N 0 2 ) 2 + 2 K C l , a n d 2 K N 0 2 + 2 C H 3 C O O H = 2 C H 3 C O O K + 2 H N 0 2 ; 
t h e o x i d a t i o n of c o b a l t o u s n i t r i t e t o cobal t ic n i t r i t e : C o ( N 0 2 ) 2 - + - 2 H N O 2 = H 2 O 
- f - N O + C o ( N 0 2 ) 3 ; a n d finally, t h e f o r m a t i o n of t h e c o m p l e x s a l t : C o ( N 0 2 ) 3 
- 1 - 3 K N O 2 = K 3 C o ( N O 2 ) 6 . Th i s r eac t ion is u sed for t h e d e t e c t i o n of c o b a l t s a l t s 
i n t h e p resence of nickel sa l t s , a n d i t w a s s t u d i e d b y N . W . F i sche r , S. E v r e , 
O. L . E r d m a n n , A . Duflos a n d N . W . F i sche r , S. T a n a t a r a n d S. Petroff, H . Y a g o d a 
a n d H . M. P a r t r i d g e , C. D . B r a u n , e tc .—v ide supra, t h e s e p a r a t i o n of c o b a l t a n d 
n icke l . 

N e u t r a l soln. of coba l t sa l t s g ive w i t h p o t a s s i u m c y a n i d e a r e d d i s h - b r o w n 
p r e c i p i t a t e which is soluble in excess in t h e cold, f o rming a b r o w n soln. of p o t a s s i u m 
coba l tocyan ide , CoCl2 + 2 K C y = 2 K C l -f- CoCy 2 , a n d CoCy 2 + 4 K C y = K 4 C o C y 6 . 
W h e n t h e b rown soln. is w a r m e d for some t i m e , i t b e c o m e s ye l low, a n d a lka l ine , 
owing t o t h e f o r m a t i o n of c o b a l t i c y a n i d e : 2 K 4 C o C y 6 + H 2 0 - f - 0 = 2 K O H - f - 2 K 3 C o C y 6 . 
T h e ox ida t ion p roceeds m o r e q u i c k l y i n t h e p re sence of ox id iz ing agen t s—e .g . , 
chlor ine, hypoch lo r i t e s , e t c . A n excess of t h e ox id iz ing a g e n t decomposes t h e 
nickel b u t n o t t h e coba l t i c sa l t . T h e c o b a l t o c y a n i d e is d e c o m p o s e d b y h y d r o ­
chloric acid, b u t n o t so t h e c o b a l t i c y a n i d e . T h e c o b a l t i c y a n i d e fo rms s p a r i n g l y 
soluble sa l t s w i t h m o s t of t h e h e a v y meta l s—e .g . , c o b a l t o u s (p ink) a n d n icke l 
(green) coba l t i cyan ides a re fo rmed . If a m i x e d soln. of c o b a l t a n d n icke l s a l t s b e 
t r e a t e d w i t h a n excess of p o t a s s i u m cyan ide , a n d t h e boi l ing soln. be t r e a t e d w i t h 
hydroch lor ic ac id , g reen n ickel c o b a l t i c y a n i d e is p r e c i p i t a t e d : 2 K 3 C o C y 6 - f - 3 K 2 N i C y 4 
+ 1 2 H C l = r l 2 K C l + 1 2 H C y + N i 3 ( C o C y 6 ) 2 . T h e r e a c t i o n w a s s t u d i e d b y 3. v o n 
Liebig , F . Woh le r , J . T a t t e r s a l l , O. Papasog l i , C. K r a u s s , E . P . A lva rez , O. W . Gibbs , 
F . G a u h e , e tc .—vide supra, t h e s e p a r a t i o n of c o b a l t a n d n icke l . A . R e m e l e s h o w e d 
t h a t p o t a s s i u m ierrocyanide g ives a d a r k g rey i sh -g reen p r e c i p i t a t e w i t h c o b a l t o u s 
sa l t s , a n d w h e n t h e m i x t u r e is boi led in air , i t b e c o m e s d a r k b lue ; t h e b r o w n i s h - r e d 
p r e c i p i t a t e w i t h p o t a s s i u m terricyanide u n d e r s imi la r cond i t i ons b e c o m e s d a r k 
green. T h e r e a c t i o n w a s s t u d i e d b y W . Skey , R . H . D a v i e s , A . H-. Al len, 
L . MindaljefE, F . F . W e r n e r , a n d W . F . G in t l . R . R i p a n , a n d B . J . F . D o r r i n g t o n 
a n d A. M. W a r d found t h a t p o t a s s i u m c y a n a t e g ives a b lue co lo ra t ion . If a cone , 
soln. of a m m o n i u m t h i o c y a n a t e be a d d e d t o a soln. of a c o b a l t o u s sa l t , t h e co lour 
c h a n g e s t o b r i g h t b lue : C o C l 2 + 2 N H 4 C y S = 2 N H 4 C l + C o ( C y S ) 2 , a n d Co(CyS) 2 
- f - 2 N H 4 C y S ^ ( N H 4 ) 2 C o ( C y S ) 4 . If w a t e r be a d d e d , t h e co lour c h a n g e s t o p i n k ; b u t 
if s h a k e n w i t h a m y l a lcohol a n d e t h e r , t h e b l u e sa l t passes i n t o t h e e t h e r e a l l aye r . 
T h e reac t ion w a s s t u d i e d b y H . W . B e t t i n k , H . D i t z , F . W . D o o t s o n , F . Fe ig l a n d 
R . S te rn , M. Gorsky , R . Grass in i , I . M. KolthofT, T . T . Morell , A . I ) . Powel l , 
A. R o s e n h e i m a n d co-workers , N . R u s t i n g , L . Schonn , Gr. Sensi a n d R . Tes to r i , 
A . S imon , N . A. Tananaeff , F . P . T readwel l , H . W . Vogel , C. H . Wolff, a n d 
C. Z i m m e r m a n n . T h e colour is sens i t ive t o n e a r l y 1 : 20 ,000. J . J . F o x prec ip i ­
t a t e d coba l t q u a n t i t a t i v e l y w i t h p o t a s s i u m se l enocyan ide . 

H . Wei l obse rved t h a t n e u t r a l soln. of c o b a l t sa l t s w i t h p o t a s s i u m c h r o m a t e 
give a b rown i sh - r ed p r e c i p i t a t e of a bas ic c h r o m a t e ; A . C a r n o t o b t a i n e d n o p rec ip i ­
t a t i o n w i t h a m m o n i u m molybdate , o r w i t h a m m o n i u m t u n g s t a t e . A . I n e b e r s o n 
o b t a i n e d a b lue co lo ra t ion w i t h arsenatophosphotungst i c ac id i n t h e p resence of a 
c y a n i d e . P . B e r t h i e r o b t a i n e d a b lue p r e c i p i t a t e w i t h s o d i u m hydrophosphate . 
C D . B r a u n o b t a i n e d a p r e c i p i t a t e w i t h s o d i u m pyrophosphate i n t h e p re sence of a 
h y p o c h l o r i t e . S. J . J i n d a l o b s e r v e d t h a t s o d i u m s i l icate g ives a b l u e p r e c i p i t a t e . 
So ln . of c o b a l t s a l t s g ive a t u r b i d i t y -with oxa l i c ac id , a n d C H . Pfaff f o u n d t h a t 
w i t h a lka l i oxa la te s , t h e r e a c t i o n is sens i t ive t o 1 : 1000. 

M. I l i n s k y a n d G. v o n K n o r r e f o u n d t h a t a.-nitroso-/3-naphthol g ives a r e d 
p r e c i p i t a t e w i t h ace t i c ac id soln . of c o b a l t sa l t s . T h e r e a c t i o n w a s s t u d i e d b y 
C K r a u s s , C Meineke , R . F i s che r , F . W . A t a c k , Ju. L . de K o n i n c k , H . C o p a u x , a n d 
W . H . Chap in—v ide supra, t h e s e p a r a t i o n of n icke l a n d c o b a l t . I . Bel lucc i sa id 
t h a t /? -n i troso-a-naphtnol is m o r e sens i t ive for c o b a l t t h a n a -n i t roso - / J -naph tho l . 
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O. B r u n c k o b s e r v e d tha t <x-dimethylglyoxime g ives a p r e c i p i t a t e w i t h n icke l b u t n o t 
c o b a l t s a l t s in a s t r o n g l y a m m o n i a c a l soln .—vide supra, t h e s e p a r a t i o n of n icke l a n d 
c o b a l t — a n d i t w a s s t u d i e d b y Li. Tschugaefr , K . K r a u t , F . Fe ig l a n d Li. v o n 
T u s t a n o w s k a , a n d Gr. Sens i a n d R . Tes to r i . H . G r o s s m a n n a n d W . H e i l b o r n f o u n d 
t h a t d i c y a n o d i a m i d i n e s u l p h a t e g ives a p r e c i p i t a t e of t h e n ickel b u t n o t t h e c o b a l t 
s a l t i n s t r o n g l y a m m o n i a c a l soln .—vide supra, t h e s e p a r a t i o n of n icke l a n d coba l t . 
G. M a l a t e s t a a n d E . d i NoIa found t h a t coba l t , copper , a n d n icke l sa l t s g ive a b l u e 
co lo ra t i on in a m m o n i a c a l soln . w h e n t r e a t e d w i t h 1 : 2 - d i a m i n o a n t h r a q u i n o n e -
3-Sulphonic ac id ; W . R . Orndorff a n d M. L . Nichols , a n d M. L . Nicho ls a n d 
S. R . Cooper , a r edd i sh - o r b lu i sh -v io le t co lo ra t i on w i t h d initrosoresorcinol ; 
C. B r e n n e r o b t a i n e d a b lue co lo ra t i on b y n i t rosochromotrop ic ac id ; H . S. v a n 
K l o o s t e r , a r e d co lo ra t i on w i t h s o d i u m a c e t a t e a n d a soln . of a n i t roso -R-sa l t ; 
F . K r o h n k e , a r edd i sh -ye l low co lo ra t ion or p r e c i p i t a t e w i t h i s o n i t r o s o a c e t o p n e n o n e ; 
IC. Eeg r iwe , a n o r a n g e colour w i t h e r i o c h r o m b lue b lack B 9 a n d e r i o c h r o m red B ; 
F . Fe ig l , a b lue co lo ra t ion o r p r e c i p i t a t e w i t h benz id ine ; H . F i sche r , a r edd i sh -
or b lu i sh -v io le t co lour w i t h d ipheny l th iocarbazone ; D . Vi ta l i , a b lu i sh -v io le t 
co lour w i t h p o t a s s i u m p e r m a n g a n a t e a n d ur i c ac id ; I . M. Kolthoff, a rose - red 
co lour w i t h d iphenylcarbaz ide ; W . H i e b e r a n d F . L e u t e r t , a b lue co lour w i t h 
a c e t o x i m e ; R . Berg , a p r e c i p i t a t e w i t h o -oxyqu ino l ine ; a n d E . J . F i scher , a b lue 
co lo ra t ion w i t h g lyoxa l ine . K . W . CharitschkofE showed t h a t a b e n z e n e soln. of 
n a p h t b e n i c ac id g ives a n eos in-red w i t h c o b a l t sa l t s . H . O. J o n e s a n d H . S. T a s k e r 
f o u n d t h a t p o t a s s i u m d i th io -oxa la te g ives a d e e p b r o w n co lo ra t ion w i t h cobalt-
sa l t s a n d a m a g e n t a - r e d w i t h n icke l s a l t s sens i t ive t o 1 : 8 ,000,000. J . L . !Danziger 
o b t a i n e d a b lue co lour w i t h a m m o n i u m t h i o a c e t a t e — R . Schiff a n d N . T a r u g i sa id 
t h a t n o p r e c i p i t a t e is fo rmed in ac id ic soln. , b u t i n a m m o n i a c a l soln. , c o b a l t o u s 
s u l p h i d e is p r e c i p i t a t e d ; a n d H . H l a s i w e t z , T. TJ. P h i p s o n , a n d A. del C a m p o 
a n d J . F e r r e r , g reen p r e c i p i t a t e s w i t h p o t a s s i u m x a n t h o g e n a t e or p o t a s s i u m 
m e t h y l x a n t h o g e n a t e . C. V incen t o b t a i n e d b lue p r ec ip i t a t e s w i t h d imethy lan i l ine 
and also with trimethylamine. 

The metallic precipitation of cobalt.—A. C. Becquerel1 2 observed t ha t copper, 
i m m e r s e d in a soln. of s o d i u m c o b a l t ch lor ide , acqu i r e s a film of coba l t . Z . R o u s s i n 
o b s e r v e d t h a t m a g n e s i u m depos i t s c o b a l t w i t h t h e e v o l u t i o n of h y d r o g e n f rom 
s l igh t ly ac idic soln. of c o b a l t sa l t s . S. K e r n n o t e d t h a t -with coba l t ch lor ide , a 
g reen bas ic sa l t is f o r m e d ; a n d A. Coramai l le n o t e d h y d r a t e d c o b a l t h y d r o x i d e 
is p r e c i p i t a t e d f rom soln. of t h e s u l p h a t e . Acco rd ing t o D . Vi ta l i , w h e n a soln. 
of a c o b a l t s a l t is t r e a t e d w i t h m a g n e s i u m , co loured flecks of t h e h y d r o x i d e a r e 
fo rmed , a n d a s t h e a c t i o n c o n t i n u e s , t he se a re g r a d u a l l y r e d u c e d t o t h e meta l l i c 
s t a t e — v i d e infra, c o b a l t o u s ch lor ide . Accord ing t o N . W . F i sche r , c o b a l t c a n be 
p r e c i p i t a t e d f rom soln. of i t s s a l t s b y z i n c a n d c a d m i u m , b u t n o t c o m p l e t e l y if 
hyd roch lo r i c ac id be p r e s e n t , a n d n o t a t all if n i t r i c ac id be p r e s e n t . A . C. Becque re l 
a d d e d t h a t a boi l ing soln. of c o b a l t ch lor ide o r s u l p h a t e a n d a n excess of zinc 
p r e c i p i t a t e s al l t h e c o b a l t as a b l a c k p o w d e r ; a n d J . L . D a v i e s , a n d E . A. D e m a r c a y 
found t h a t t h e r e a c t i o n is f a v o u r e d if t h e soln. be a m m o n i a c a l . Accord ing t o 
Li. d e B o i s b a u d r a n , a l t h o u g h c o b a l t is n o t p r e c i p i t a t e d f rom i t s soln. b y meta l l i c 
z inc , t h e p resence of a m e t a l eas i ly r e d u c e d b y z inc d e t e r m i n e s t h e p r ec ip i t a t i on of 
t h e coba l t . !Lead a n d c o p p e r b o t h a c t in t h i s w a y , t h e l a t t e r in p a r t i c u l a r ; c a d m i u m 
does n o t . T h e soln. shou ld b e v e r y n e a r l y n e u t r a l for c o p p e r t o p r o d u c e t h e 
m a x i m u m effect ; if t h e l iquid is v e r y ac id , t h e c o p p e r a lone is depos i t ed . I n a 
soln . r e n d e r e d v e r y bas ic b y l e n g t h e n e d c o n t a c t w i th z inc, t h e c o b a l t is n o t on ly 
n o longer p r e c i p i t a t e d , b u t a c t u a l l y re-dissolves , a t t h e s a m e t i m e a n insoluble sa l t 
of c o p p e r is p r o d u c e d . T h e a d d i t i o n of a v e r y m i n u t e q u a n t i t y of acid aga in 
decolor izes t h e soln. T h e c o b a l t is r e d u c e d t o t h e meta l l i c s t a t e ; t h e me ta l l i c 
s p o n g e is a t first a t t a c k e d b y hyd roch lo r i c ac id , b u t t h e ac t ion soon ceases, wh ich 
i n d i c a t e s a n i n t i m a t e a d m i x t u r e of t h e coppe r a n d coba l t . T h e reac t ion was s t u d i e d 
b y G. H a n s e l , A. Greve l , a n d N . Izgaruishef a n d I . Mirkin . A. A. D a m o u r f o u n d 
t h a t z inc a m a l g a m depos i t s c o b a l t f rom n e u t r a l soln. of coba l t sa l t s . F . S t o l b a 
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found, t h a t c o b a l t is depos i t ed o n s tee l o r i ron b y c o n t a c t "with, z inc i n a boi l ing so ln . 
of z inc ch lo r ide c o n t a i n i n g a c o b a l t s a l t ; a n d C. Mene d e p o s i t e d c o b a l t o n l ead , 
i ron , b r a s s , a n d c o p p e r b y i m m e r s i n g t h e m e t a l in c o n t a c t "with z inc i n a boi l ing 
soln . of z inc ch lor ide c o n t a i n i n g f r a g m e n t s of coba l t . W . C. R e i d o b s e r v e d t h a t 
t h a l l i u m depos i t s a bas ic sa l t f rom a soln. of c o b a l t n i t r a t e . 

The physiological action of cobalt salts.—In 1827, G. C. Gmel in 1 3 discussed 
t h e a c t i o n of c o b a l t sa l t s on t h e a n i m a l o r g a n i s m . A c c o r d i n g t o E . Haselhoff, 
w a t e r c o n t a i n i n g 1 t o 2 m g r m s . of c o b a l t p e r l i t r e e x e r t s a t o x i c a c t i o n o n v e g e t a t i o n . 
T h e s u b j e c t w a s discussed b y M. N a k a m u r a , a n d Y . F u k u t o m e . A c c o r d i n g t o 
J . B o c k , t h e m i n i m u m dose of coba l t sa l t s for frogs is 66 m g r m s . p e r k g r m . ; for 
r a t s , 2O m g r m s . ; a n d for gu inea-p igs , 16 m g r m s . T . S iegen f o u n d t h a t O l g r m . 
of c o b a l t chlor ide o r n i t r a t e ki l led a frog i n half a n hou r , a n d 0*3 g r m . ki l led, i n 
3 h r s . , a r a b b i t weighing 1-5 k g r m s . J . A n t a l o b s e r v e d t h a t o n l y in cone . so ln . 
a r e c o b a l t sa l t s po isonous , a n d t h a t t h e y a r e q u i c k l y g iven off b y t h e s y s t e m . 
T h u s , c o b a l t w a s d e t e c t e d i n t h e u r i n e 2 h r s . a f t e r a d m i n i s t r a t i o n . T h e s u b j e c t 
was also e x a m i n e d b y T . P . A n d e r s o n a n d T . P . A . S t u a r t , a n d F . Coppola , 
R . H . C h i t t e n d e n a n d C. N o r r i s o b s e r v e d t h a t t h e po i sonous a c t i o n o n r a b b i t s is 
slow, a n d man i fe s t o n l y af ter t h e a d m i n i s t r a t i o n of r e l a t i ve ly l a rge doses . D e a t h 
is c aused b y t h e s t o p p i n g of t h e h e a r t , a n d t h e r e also occur e n t e r i t i s , a n d a n i n t e r ­
ference w i t h d iges t ive processes . N o a c t i o n w a s o b s e r v e d o n t h e l iver or k i d n e y . 
P a r a l y s i s of t h e e x t r e m i t i e s occur s . T h e c o b a l t sa l t s f o r m i n g r e a t m e a s u r e 
insoluble c o m p o u n d s w i t h t h e p r o t e i d s of t h e food, a n d a r e e x c r e t e d w i t h t h e 
faeces ; p a r t e n t e r s t h e c i r cu la t ion a n d is r a p i d l y d i s t r i b u t e d t o all p a r t s of t h e 
b o d y , a n d is e l i m i n a t e d u l t i m a t e l y i n t h e u r ine . T h e b o d y t e m p e r a t u r e is ra i sed , 
a n d t h e pe r iphe ra l c u t a n e o u s vessels a r e cons t r i c t ed . A m o n g t h e o rgans , t h e sp ina l 
c o r d a n d b r a i n s t a n d first in t h e i r p o w e r of p i ck ing u p a n d s to r ing t h e m e t a l . T h e 
m u s c u l a r t i ssues a lso r e t a i n a l a rge r p e r c e n t a g e of t h e c o b a l t t h a n t h e l iver o r 
k i d n e y s . T h e m u s c u l a r t i s sue of t h e b a c k also r e t a i n s a l a rger p e r c e n t a g e t h a n 
t h a t of t h e legs. T h e l ungs a n d h e a r t also r e t a i n a h igh p e r c e n t a g e of t h e m e t a l . 
F . Wohlwi l l o b s e r v e d t h a t c o b a l t causes a d i s t u r b a n c e of t h e a l i m e n t a r y t r a c t , a n d 
t h e a c c o m p a n y i n g n e r v o u s s y m p t o m s m a y be d u e t o a d i r ec t a c t i o n on t h e c e n t r a l 
n e r v o u s s y s t e m . L . Massol a n d M. B r e t o n f o u n d t h a t t h e in jec t ion of a mi l l ig ram 
of c o b a l t s u l p h a t e in t h e b r a i n of a gu inea-p ig d i d n o t c ause d e a t h . J . A n t a l 
o b s e r v e d t h a t a g r a m of c o b a l t n i t r a t e in 1 p e r c e n t . soln. h a d n o pe rcep t ib l e effect 
o n r a b b i t s , b u t a g r a m in a 5 p e r cen t . soln. k i l led a r a b b i t i n 24 h r s . Acco rd ing t o 
G. B e r t r a n d a n d H . N a k a m u r a , n icke l a n d c o b a l t h a v e a def ini te effect o n a n i m a l 
m e t a b o l i s m ; a n d P . M a s c h e r p a f o u n d t h a t w h e n a d m i n i s t e r e d o ra l ly o r s u b -
c u t a n e o u s l y , c o b a l t is a b s o r b e d b y t h e o rgan i sm , a n d e x c r e t e d p a r t l y b y t h e 
k i d n e y s , a n d p a r t l y b y t h e i n t e s t i n e . Y . De l age n o t e d t h a t c o b a l t ch lo r ide f a v o u r s 
t h e p a r t h e n o g e n e t i c Strongylocentrotus lividus. C. Ge rbe r s t u d i e d t h e a c t i o n of 
c o b a l t s a l t s o n t h e coagu la t ion of m i l k b y p r o t e o l y t i c Guzyxaes. H . W . A r m i t 
s t u d i e d t h e tox ic a c t i o n of c o b a l t c a r b o n y l ; A . C h a s s e v a n t a n d C. R i c h e t , t h e 
t o x i c a c t i o n of c o b a l t sa l t s o n lac t ic f e r m e n t a t i o n ; a n d E . F u n k , t h e a c t i o n o n 
c a t a l a s e a n d a m y l a s e f e rmen t s . T h e phys io logica l a c t i o n of c o b a l t w a s s t u d i e d 
b y G. B e r t r a n d a n d co-workers , M. L*abbe a n d co-workers , a n d F . K r a u s a n d 
T . B r u g s c h . T h e phys io log ica l effect of s o m e c o m p l e x coba l t i c a m m i n o - s a l t s 
w a s s t u d i e d b y J . B o c k , a n d A. Oswald . Coba l t ous n i t r a t e h a s b e e n used i n s u b ­
c u t a n e o u s in jec t ions , a s a n a n t i d o t e t o po i son ing b y c y a n i d e . 

T h e u s e s of cobal t . C o b a l t is n o t i n ex t ens ive u s e . 1 4 C o b a l t ox ide is u s e d for 
co lou r ing e n a m e l s , glasses , a n d p o t t e r y , a n d o t h e r glazes b lue . I t is v a l u a b l e for 
t h i s p u r p o s e b e c a u s e t h e co lour is s t a b l e in t h e p resence of s i l icates , a n d a t a h i g h 
t e m p . C o b a l t ox ide , or , less f r e q u e n t l y , s m a l t , is also u s e d i n p r e p a r i n g u n d e r g l a z e 
co lours for p r o d u c i n g t h e u l t r a m a r i n e t y p e of b lue—e.g . , t h e so-cal led wi l low 
p a t t e r n ; for tinting o t h e r co lours ; o r for t h e so-called m a t t b lue which a p p r o x i ­
m a t e s t o t h e t u r q u o i s e b lue , a n d h a s c o b a l t a l u m i n a t e a s t h e b a s a l s t a i n . C o b a l t 
ox ide d i l u t ed w i t h a l a rge p r o p o r t i o n of c l a y o r flint a n d ca lc ined , o r a so luble c o b a l t 
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salt , i s used as a s ta in to counteract or mask the cream colour produced b y the 
traces of " iron " in the raw materials. Several preparations of cobalt have been 
used as p igments for painting. Their covering power is poor, and al though t h e y 
are usual ly very permanent , their comparat ively high cost prevents t h e m taking 
the place of other pigments . 

A blue glass prepared in S a x o n y since the s ixteenth century, 1 5 under the n a m e 
smalt, bleu d'azur, or bleu de saxe, is essential ly a potass ium silicate glass coloured 
wi th cobalt . T. I . Bowler described the manufacture of smalt in China. In Saxony , 
the bismuth ferrous ore is heated t o separate the bismuth b y l iquation ; t h e 
crushed product is roasted to furnish a crude oxide called zaffre or zaffier. The 
zaffre is mixed wi th potass ium carbonate and ground quartz or sand, and fused t o 
a glass. The impurities sett le a t the bot tom, and the blue glass is ladled off with 
iron spoons, and poured into cold water. The glass is t h e n ground t o powder, 
levigated, dried, and sifted. A cobalt a luminate blue, called cobalt-blue, Thenard's 
blue, cobalt ultramarine or King's blue, is prepared by calcining mixtures of cobalt 
oxide and alumina or ammonia-alum, or potash-alum. I n the last case, the 
product is washed to remove the alkali sulphate. According to J. J . Berzel ius , 1 6 

the effect of a lumina on the colour produced b y cobalt was noticed b y .T. Gr. Gahn 
in 1777, and later b y C. F . Wenzel . Zinc oxide, and phosphate m a y be added t o 
the mixture before calcination. The original Thenard's blue was made wi th a 
cobalt phosphate or arsenate and alumina, but n o w the cobalt-aluminium blue has 
often the same designation. 

T h e so-ca l led cerulean blue, o r bleu celestique, is p r o d u c e d b y h e a t i n g a m i x t u r e of c o b a l t 
s u l p h a t e , t i n o x i d e , a n d p r e c i p i t a t e d si l ica o r c h a l k . T h e g r e e n co lou r , ca l l ed Rinman"8 
green, zinc green, o r cobalt green vide infra, z inc p e r c o b a l t i t e — i s p r e p a r e d b y firing a 
m i x t u r e of c o b a l t a n d z inc o x i d e s . T h e b l u i s h - g r e e n p i g m e n t , ca l l ed turquoise green,1,7 is 
m a d e b y f ir ing a m i x t u r e of c o b a l t o x i d e , c h r o m i c ox ide , a n d a l u m i n a . T h e so-cal led 
Indian yellow, aureolin, o r cobalt yellow, is p o t a s s i u m coba l t i c n i t r i t e — v i d e 8. 49 , 3 8 . T h e 
so-ca l led cobalt brown is p r o d u c e d b y ca l c in ing a m i x t u r e of a m m o n i u m , fe r rous a n d c o b a l t 
s u l p h a t e s . C o b a l t a r s e n a t e o r p h o s p h a t e , -when g r o u n d , fu rn i shes a p i n k co lou r . 1 8 T h e 
c a l c i n a t i o n of p r e c i p i t a t e d m a g n e s i u m c a r b o n a t e s t a i n e d w i t h c o b a l t n i t r a t e , fu rn i shes t h o 
so-ca l led cobalt magnesia pink ; 19 a n d cobalt bronze is a v io l e t a m m o n i u m c o b a l t p h o s p h a t e 
•with a b r o n z e l u s t r e . 

A dil. soln. of the pink cobalt salts—chloride or nitrate—is used as a sympathetic 
ink,20 vide supra—the writing on paper is invisible except when the paper is warmed. 
The anhydrous blue becomes invisible as the paper is cooled and a tm. moisture is 
absorbed. Cobalt nitrate is used as a blowpipe reagent to assist in the recognition 
of compounds of a luminium, zinc, and magnes ium. Some organic compounds of 
cobalt—e.g. , resinate, oleate, and ace ta te—have been used to facil itate the " drying " 
of oils, paints, and varnishes. A. and Li. Lumiere and A. Seyewitz 2 1 experimented 
on the toning of photographic plates wi th cobalt . The N y a Akkumulator Aktie-
bolaget experimented on the use of cobalt for the electrodes of accumulators ; and 
!R. Lianghans, as a const i tuent in preparing thoria incandescent mantles . M. Baum 
deposi ted plat inum on cobalt plating. 

Owing to i ts pleasing colour, hardness, and resistance to tarnish, cobalt offers 
possibilities in electroplating, and in making coins. Cobalt is also employed in 
making alloys. The Fe 2Co-al loy has valuable magnet ic qualities, discussed b y 
H . T. Ka lmus and K. B . B lake . 2 2 Cobalt steels for magnets have been described 
b y K. Honda and S. Saito . There are also special alloys with various trade n a m e s — 
e.g., iridium is a cobalt- tungsten-chromium steel with less than 1 per cent, each of 
vanadium, molybdenum, and carbon ; steUite, described b y E . Haynes , was originally 
a chromium-cobalt ( 1 : 3 ) alloy. These al loys resist corrosion very well. Stellite 
•was afterwards made with up t o about 25 per cent, of tungsten, and also 
molybdenum. They are used for lathe tools . The so-called cochrome is a cobalt-
chromium al loy used for electrical resistance wires. A cobalt-tin al loy is brittle 
but resists a t tack b y acids. Cobalt is also added to strengthen brass, and 
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aluminium alloys. Cobalt amalgam is used in dentistry. The uses of cobalt 
alloys were described by J. Aston, W. R. Barklay, W. S. Barrows, L. Guillet, 
E. A. Watson, A. Haenig, etc.—vide infra. 
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§ 8. The Atomic Weight and Valency of Cobalt 
W . M a n c h o t a n d co -worke r s , 1 G. G r u b e , a n d L . C a m b i a n d co-workers d iscussed 

t h e poss ib i l i ty of t h e ex i s t ence of univalent cobalt i n t h e n i t rosy l s ; a n d t h e v a l e n c y 
of c o b a l t w a s d iscussed b y E . Th i lo . C o b a l t b e h a v e s as a bivalent e l e m e n t in t h e 
so-cal led c o b a l t o u s s a l t s typi f ied b y c o b a l t o u s ch lor ide , CoCl2 , w h i c h is un imolecu la r 
in p y r i d i n e soln. , a n d b imo lecu l a r i n u r e t h a n e soln. Th i s a lso is in a g r e e m e n t w i t h 
t h e v a p o u r d e n s i t y of c o b a l t o u s a c e t y l a c e t o n a t e , C o ( C 5 H 7 0 2 ) 2 ; a n d w i t h t h e 
i s o m o r p h i s m of t h e z inc , m a g n e s i u m , m a n g a n e s e , a n d c o b a l t o u s s u l p h a t e s of t h e 
t y p e M S O 4 . 6 H 2 O , d iscussed b y W . S t o r t e n b e c k e r . Coba l t a lso b e h a v e s a s a 
tervalent e l e m e n t i n t h e so-cal led coba l t i c sa l t s . T h i s is i l l u s t r a t e d b y t h e coba l t i c 
a c e t y l a c e t o n a t e , C o ( C 5 H 7 0 2 ) 3 , of G. U r b a i n a n d A. D e b i e r n e , w h o found t h a t t h e 
s a l t is u n i m o l e c u l a r in benzene soln . Th i s is also conf i rmed b y t h e ex i s t ence of t h e 
coba l t i c a l u m s , a n d b y t h e i s o m o r p h i s m of t h e p o t a s s i u m c o m p l e x c y a n i d e s , 
K 3 C o C y 6 , K 3 M n C y 6 , a n d K 3 F e C y 6 . D e t e r m i n a t i o n s of t h e mo l . w t s . of t h e 
coba l t i c a m m i n e s b y t h e f .p. m e t h o d , a n d o b s e r v a t i o n s o n t h e e lec t r ica l c o n d u c ­
t iv i t i e s , e t c . , b y S. M. J o r g e n s e n , J . P e t e r s e n , A . W e r n e r a n d A. Miola t i , a n d 
W . Bi l t z agree w i t h t h e a s s u m p t i o n t h a t t h e c o n t a i n e d c o b a l t is t e r v a l e n t . T h e 
d o u b l e s u l p h a t e s or a l u m s of t h e t y p e R 2 S O 4 . C o 2 ( S 0 4 ) 3 . 2 4 H 2 O , s t u d i e d b y 
H . C o p a u x , J . L . H o w e a n d E . A . O 'Nea l , a n d H . Marsha l l , i s o m o r p h o u s w i t h t h e 
c o r r e s p o n d i n g a l u m s of t e r v a l e n t i ron , c h r o m i u m , a l u m i n i u m , a n d some of t h e 
p l a t i n u m m e t a l s , all s u p p o r t t h e t e r v a l e n c y of coba l t . T h e r e a r e i nd i ca t i ons of a 
sti l l h ighe r v a l e n c y in t h e so-cal led c o b a l t o u s ac id , H 2 C o O 3 , a n d i t s sa l t s obse rved 
b y A. H . McConnel l a n d E . S. H a n e s , a n d E . D u f a u ; o r t h e m o r e doub t fu l coba l t i c 
ac id , H 2 C o O 4 . 

Acco rd ing t o N . V. Sidgwick, t h e h ighes t co -va lency of t h e a t o m s of t h e e l e m e n t s 
u p t o t h e e n d of t h e first long pe r iod of t h e per iod ic classification is 6. 
E . G. V. P e r c i v a l a n d W . W a r d l a w a t t r i b u t e d a co-va lency of 4 t o some d o u b l e 
sa l t s of c o b a l t o u s ch lor ide w i t h qu ino l ine , a n d p y r i d i n e . R . W e i n l a n d q u o t e d 
A. P i e r o n i a n d A. P i n o t t i ' s c o m p l e x sa l t a s a n e x a m p l e of a c o m p o u n d whose 
co -ord ina t ion n u m b e r is 8 n o t 6, b u t W . R . B u c k n a l l a n d W . W a r d l a w showed 
t h a t t h e or ig ina l f o r m u l a t i o n of t h e s a l t w a s w r o n g l y s t a t e d t o be [Co(C 3 H 5 .NH 2 ) 8 ]Cl 3 , 
i t s hou ld be : 

( C 3 H 6 . N H 2 ) 3 C o ^ 0 2 ^Co(C 3 H 6 .NH 2 ) 8 Cl3. 

T . M. L o w r y , a n d H . R e i h l e n d iscussed t h e sub jec t . A. W e r n e r p r e p a r e d a series 
of op t i ca l ly a c t i ve c o m p o u n d s of c o b a l t w h i c h s h o w t h a t t h e i r s t r u c t u r e is a s y m ­
m e t r i c . P . K a r r e r , A . P . R i c h t e r , a n d A. W e r n e r d iscussed t h e v a l e n c y i somer i sm 
of coba l t . 

XJp t o t h e y e a r 1857, t h e gene ra l l y a c c e p t e d v a l u e for t h e a t . w t . of coba l t w a s 
58-9. T h e d a t u m 58*9 d u e t o J . J . Berzel ius,2 w a s b a s e d on t h e ana lys i s of coba l t 
ch lo r ide ; a n d i t w a s found t o b e i n a g r e e m e n t w i t h t h e obse rva t ions on t h e v a l e n c y 
of c o b a l t , w i t h t h e s p . h t . , a n d w i t h t h e i s o m o r p h i s m of v a r i o u s c o b a l t sa l t s wi th 
s a l t s of r e l a t e d e l e m e n t s . T . T h o m s o n a t t e m p t e d t o find t h e a t . w t . of coba l t in 
1 8 2 1 . T h e o b s e r v e d v a l u e s for t h e a t . w t s . of i r on (55-84), c o b a l t (58-97), a n d of 
n icke l (58-68), d o n o t fit i n w i t h t h e pe r iod ic l a w of "D.I. Mendeleeff, for t h e a t . w t . 
of c o b a l t shou ld be less, n o t g r e a t e r , t h a n t h a t of n ickel , a n d g r e a t e r t h a n t h a t of 
i r o n . T h i s difficulty w a s a t t r i b u t e d b y H . R e m m l e r , a n d G. K r u s s a n d F . W . S c h m i d t 
t o t h e p r e s e n c e of a n u n k n o w n e l e m e n t , gnomium, b u t all a t t e m p t s t o e s t ab l i sh 
t h e ex i s t ence of t h e h y p o t h e t i c a l e l e m e n t p r o v e d n u g a t o r y , a n d t h e h y p o t h e s i s 
w a s a b a n d o n e d . C W i n k l e r , h o w e v e r , cons iders t h a t t h e difficulties w i t h t h e 
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above-ci ted investigators were due t o impurities derived from the glass vessels , 
a n d was unable t o confirm their results. Hence he concludes : " I cannot bel ieve 
t h a t nickel contains a hitherto u n k n o w n substance differing in properties and 
atomic w e i g h t ; on the contrary, I consider both nickel and cobalt t o be s imple 
substances, and e lements in t h e present sense of the word." C. Zimmermann, 
H . Remmler , P . Schiitzenberger, R . Vogel , and A. Sakoschansky discussed t h e 
place of cobalt in the periodic sy s t em. F . H . Parker and F . P . Sex ton s ta ted 
that in some electrolytic comparisons of cobalt and silver, t h e y obta ined 57*7 as 
a mean value for the at . wt . of cobalt , which is lower than t h a t of nickel . The a tomic 
numbers b y H . G. J . Moseley, t h e latt ice constants of T. Barth and G. Lunde , the 
m.p. , and the cathode and anodic polarizations of R. Schildbach, all agree w i th a 
posi t ion for cobalt between iron and n icke l ; F . K. Richtmyer and F . W . Warburton, 
J . J . Thomson, and C. G. Barkla and C. A. Sadler found t h a t the permeabil i ty of 
metals for the X-rays is a periodic function of the at . wt s . of the e lements , and b y 
interpolation, t h e y obtained 61-2 to 61*6 for the at . wt . of nickel. S. Meyer, and 
O. Liiebknecht and H. du Bois concluded t h a t the at . wt . of cobalt is less than t h a t of 
nickel because of i t s paramagnetic properties. These conclusions, said F . W . Clarke, 
" cannot weigh very heavi ly against the clear chemical evidence " of the misfit in 
the periodic tab l e—1. 6, 5. 

In 1857, E . R. Schneider determined the carbon dioxide evolved during the 
ignit ion of the oxalate , and from the ratio Co : 2CO 2 =IOO : 146-665, obtained 60-05 
for the at . wt . of cobalt and about 58 for tha t of nickel. J . C. G. de Marignac, in 
1858, found, in opposit ion t o E . R. Schneider, t h a t the at . wt s . of cobalt and nickel 
are nearly the same. B y calcining the sulphate to oxide, he obtained CoSO4 : CoO 
= 100 : 48,287, or 58-761 for the at . wt . of cobalt ; and b y analyzing cobalt chloride 
for chlorine, b y t i tration with silver nitrate, he obtained 2Ag : CoCl2=IOO : 60-118, 
or 58*797 for the at . wt . J. B . D u m a s ' analyses of cobalt chloride gave 59-034 for 
the at . wt . ; and C. Winkler's, 59-776. C. Winkler analyzed cobalt chloride 
gravimetrically, and from the ratio 2AgCl : Co=IOO : 20,864, calculated 59-812 tor 
the at . wt . W . Hempe l and H. Thiele likewise obtained 58-929 ; b y the synthes is 
of the chloride t h e y obtained from the ratio Cl2 : Co=IOO : 82-873, and the at . 
wt . 58*769 ; and b y the synthesis of the iodide, they calculated from the ratio 
I 2 : Co=IOO : 23-462, the at. wt . 59*556. T. W . Richards and G. P . Baxter obtained 
from the synthesis of the chloride, Cl2 : Co : 1OO : 83-266, or 59*047 for the at. wt . ; 
from the ratio 2Ag : CoBr 2 =IOO : 1 Ol-407, Co=58*964 ; from 2AgBr 2 : CoBr 2 
= 100 : 58*255, or Co=58*969 ; and from CoBr9 : Co = IOO : 26-952, Co-=58-972. 
G. P . Baxter and F . B . Coffin obtained 2Ag : CoCIo = KX) : 60*1975, or C o = 5 8 - 9 6 8 ; 
and 2 A g C l : CoCl2=IOO : 45*3070, or Co=58*969 . 

W . J . Russell dissolved the metal in hydrochloric acid, and measured the 
hydrogen evolved, and from the ratio Co : H 2 = I O O : 3-4112, he calculated 
Co=59*077 . W. J . Russell also reduced cobaltous oxide b y heat ing i t in hydrogen, 
and from the ratio CoO : Co=IOO : 78*592, he calculated Co=58*738 . C. Zimmer­
m a n n likewise obtained Co=58*889 ; H. Remmler , 59*812 ; W. Hempe l and 
H . Thiele, 58*769 ; and T. W. Richards and G. P . Baxter , 58-973. C. Winkler 
measured the gold precipitated b y cobalt from soln. of sodium chloroaurate, and 
from the ratio 2 A u : 3Co=IOO : 45*172, calculated Co=59*386 . 

E . v o n Sommaruga analyzed the pentamminochloride, and obtained from 
the ratio Co(NH 3 ) 5Cl 3 : C o = I O O : 23*827, the at. wt . Co=59*909 ; R. H . Lee 
l ikewise obtained Co=59*095 . P . WeBelsky analyzed a m m o n i u m cobalti-
cyanide, and calculated from the ratio ( N H 4 ) 8 C o C y 6 : C o = I O O : 21*943, the 
at . w t . Co=59*085 ; and similarly wi th pheny lammonium cobalt icyanide, 
obtained the ratio (C 6 H 5 .NH 3 ) 3 CoCy 6 : C o = I O O : 11*8665, from which he cal­
culated the at. wt . Co=59*017 . R. H . Lee obtained from brucine cobalt icyanide, 
(C2 3H2 6N2O4)SHsCoCy6-IOH2O : Co=IOO : 3*7437, or C o = 5 9 1 9 9 1 ; and from 
strychnine cobalt icyanide, ( C 2 1 H 2 2 N 2 0 2 ) 3 H 3 C o C y 6 . 4 H 2 0 : Co=IOO : 4-5705, or 
C o = 5 9 0 9 6 . 
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F r o m t h e r e s u l t s ava i l ab l e i n 191O, F . W . Cla rke ca l cu la t ed for t h e bes t r ep resen­
t a t i v e v a l u e 58*961. G. P . B a x t e r a n d co-workers o b t a i n e d 58-940 for t h e b e s t 
r e p r e s e n t a t i v e v a l u e of t e r r e s t r i a l coba l t , a n d 58-942 for m e t e o r i c coba l t . T h e 
r e s u l t s of T . W . R i c h a r d s a n d co -worke r s g ive 58-97 for t h e a t . w t . of coba l t , 
a n d 58*94 is t h e v a l u e a d o p t e d b y t h e I n t e r n a t i o n a l C o m m i t t e e for 1931 . 
T h e a t . w t s . of t h e f ami ly of e l e m e n t s w a s d iscussed b y G. D . H i n r i c h s , a n d 
M. Ge rbe r . 

T h e a t o m i c n u m b e r of c o b a l t is 27 , w h e n t h a t of i ron is 26 , a n d t h a t of n ickel 28 . 
P . V inas sa 3 s t u d i e d t h e mo lecu l a r n u m b e r s of c o b a l t c o m p o u n d s ; a n d D . de B a r r o s , 
t h e n u c l e a r n u m b e r s . F . S a n f o r d d i scussed t h e r e l a t ions b e t w e e n t h e a t o m i c 
n u m b e r s a n d t h e p h y s i c a l a n d c h e m i c a l p r o p e r t i e s of t h e e l e m e n t s ; A . F . Sco t t , 
b e t w e e n t h e n u m b e r s a n d t h e ionic p r o p e r t i e s in t h e c r y s t a l l a t t i ce ; a n d 
M. K a h a n o v i c z , b e t w e e n t h e a t o m i c n u m b e r s a n d t h e e las t ic c o n s t a n t s . Acco rd ing 
t o F . W . A s t o n , t h e r e a r e n o isotopes* s ince o n l y one k i n d of a t o m of m a s s 59 h a s 
b e e n o b s e r v e d , a l t h o u g h A. S. Russe l l a n t i c i p a t e d a n i so tope of m a s s 57 f rom h i s 
s t u d y of t h e i so topes of r a d i o a c t i v e a n d n o n - r a d i o a c t i v e e l e m e n t s . T . R . B u l l 
a n d S. S. Cooper s t u d i e d t h e i so topes of coba l t . E . R u t h e r f o r d a n d J . Chadwick , 
a n d J . D . Cockrof t a n d E . T . S. W a l t o n h a v e n o t r e p o r t e d a n y definite ev idence of 
a t o m i c disrupt ion b y t h e b o m b a r d m e n t of c o b a l t w i t h <x-particles, a l t h o u g h 
H . P e t t e r s s o n a n d G. Ki r sch sa id t h a t t h e r e is ev idence of a s l ight d i s r u p t i o n of t h e 
a t o m . 

N . B o h r , a n d E . C. S t o n e r r e p r e s e n t e d t h e e lectronic s tructure of t h e a t o m on 
t h e a s s u m p t i o n t h a t t h e e l ec t rons p r e s e n t a r e (2) for t h e K-shel l ; (2, 2 , 4) for t h e 
L-shel l ; (2, 2 , 4 , 3 , 4) for t h e M-shell ; a n d (2) for t h e N-she l l . T h e e lec t ron ic 
s t r u c t u r e w a s d i scussed b y C. M. B l a c k b u r n , H . Collins, O. F e u s s n e r , P . D . F o o t e , 
H . G r i m m , W . D . H a r k i n s , W . K i m u r a , R . L a d e n b u r g , A. E . L a c o m b l e , H . Les she im 
a n d co-workers , G. N . Lewis , L . W . M c K e e h a n , S. Meyer , P . Niggl i , C. D . N i v e n , 
H . Pe r l i t z , N . S. Grace , G. I . P o k r o w s k y , P . R . R a y , W . H . R o t h e r y , A. S. Russe l l , 
M. N . S a h a , M. N . S a h a a n d B . B . R a y , R . S a m u e l a n d E . Markowicz , J . D . M. S m i t h , 
A . Sommer fe ld , R . Sonder , D . S t r o m h o l m , R . S w i n n e , A . T. Wi l l i ams , 
H . J . W a l k e , E . F e r m i , P . D . F o o t e , H . K o p f e r m a n n a n d E . R a s m u s s e n , a n d 
TJ. Z e h n d e r . T h e e lec t ron ic s t r u c t u r e of c o m p l e x sa l t s w a s d i scussed b y D . M. Bose , 
C. J . B r o c k m a n , B . Cabre ra , R . H . Fowle r , M. L . H u g g i n s , L . C. J a c k s o n , H . Less-
h e i m a n d co-workers , T . M. L o w r y , C. D . Nen i t zesco , P . R . R a y , N . V. Sidgwick, 
C. H . Spiers , P . Weiss , a n d L.. A . WeIo a n d O. B a u d i s c h ; t h e r e l a t i on b e t w e e n t h e 
fus ibi l i ty a n d e lec t ron ic s t r u c t u r e , b y P . V inas sa ; b e t w e e n t h e h e a t of d i sso lu t ion 
a n d t h e v a l e n c y e l ec t rons , b y A . F . R i c h t e r ; t h e e n e r g y of t h e e lec t ron ic c o m b i n a ­
t ion , b y E . A. Milne ; t h e r e l a t i on b e t w e e n t h e e lec t ron ic s t r u c t u r e a n d e lec t r ica l 
c o n d u c t i v i t y , b y Li. B loch , D . P . R . C h a u d h u r y , J . C. M c L e n n a n a n d co-workers , 
J . W . Nicho lson , a n d M. N . S a h a a n d B . B . R a y ; t h e e l ec t ron s t r u c t u r e a n d t h e 
p a s s i v e s t a t e , b y A. S. Russe l l a n d co -worker s , a n d R . S w i n n e ; a n d t h e re la t ion 
b e t w e e n t h e e l ec t ron s t r u c t u r e a u d m a g n e t i z a t i o n , b y D . M. Bose , B . Cabre ra , 
J . D o r f m a n a n d R . J a a n u s , M. L . H u g g i n s , L . C. J a c k s o n , R . L a d e n b u r g , 
H . Les she im a n d co-workers , L . W . M c K e e h a n , P . R . R a y , A. Sommerfield, 
R . S w i n n e , P . Weiss , a n d L . A . W e I o a n d O. B a u d i s c h . 
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§ 9. Intermetallic Compounds or Alloys of Cobalt 
Accord ing t o G. Gui l l emin , 1 copper-cobal t a l loys a r e r ead i ly o b t a i n e d b y m e l t i n g 

t h e t w o m e t a l s t o g e t h e r u n d e r a flux of bor ic ac id a n d wood-cha rcoa l , o r b y m e l t i n g 
c o p p e r w i t h a n a l loy of c o p p e r a n d c o b a l t 
f o r m e d in t h e p rocess of c o p p e r sme l t i ng . 
N . S. K o n s t a n t i n o f f m e l t e d t h e m i x e d m e t a l s i n 
a m a g n e s i a c ruc ib le i n a n e lec t r ic fu rnace in a n 
a t m . of h y d r o g e n or n i t r o g e n ; a n d R . S a h m e n 
m e l t e d t h e m i n a po rce l a in t u b e in a n a t m . of 
d r y h y d r o g e n . J . J a h n r e d u c e d t h e m i x e d 
ox ides b y h y d r o g e n , a n d also b y a l u m i n i u m in 
t h e t h e r m i t e p rocess . D . S. Ash b r o o k f o u n d 
t h a t c o p p e r m i x e d w i t h c o b a l t is d e p o s i t e d 
e lec t ro ly t i ca l ly f rom a n e l ec t ro ly t e c o n t a i n i n g 
0-25 g r m . of m e t a l p e r 1 c.c. of cone , su lphu r i c 
ac id , o r 10 c.c. of p h o s p h o r i c ac id of sp . gr . 1-085, a n d 50 c.c. of a 10 pe r cen t , 
so ln . of s o d i u m h y d r o p h o s p h a t e , u s ing a r o t a t i n g a n o d e . T h e o b s e r v a t i o n s of 
W . Guer t l e r , T1. Gui l le t , N . S. Kons tan t inof f , A . N e u b u r g e r , F . Ducel l iez , a n d 
R . S a h m e n give n o i n d i c a t i o n of t h e f o r m a t i o n of defini te chemica l c o m p o u n d s , 
b u t g ive e i t h e r h o m o g e n e o u s solid soln. , or t w o - p h a s e s y s t e m s of solid soln . 
G. T a m m a n n a n d W . Oelsen o b s e r v e d t h a t t h e so lubi l i ty , S p e r cen t . , of c o b a l t 
i n c o p p e r c a n b e r e p r e s e n t e d b y log # = = — 2 2 6 9 T - * + 2 - 3 4 3 , a n d t h e y found b y 
e x t r a p o l a t i o n a t 20°, A.S==0-0 54, a n d t h a t a t : 

/OO 

Via. 3 5 . F r o o z i n g - p o i n t C u r v e s 
of t h e S y s t e m : Copper—Cobalt . 

3 070° 
4-51 

985° 
3-52 

800° 
1-72 

690° 
0-94 

502° 
0-26 

442° 
0-22 

R . S a h m e n ' s f reez ing-poin t c u r v e is s h o w n in F i g . 3 5 . T h e m e t a l s fo rm t w o 
ser ies of solid soln. w i t h 0 t o 10 p e r c en t , a n d 95-5 t o 100 p e r cen t , of copper respec­
t i v e l y . T h e r e is a b r e a k in t h e cool ing c u r v e a t 1100° w i t h a l loys h a v i n g 10 t o 95 
p e r cen t , of copper , be low w h i c h t h e a l loy solidifies comple t e ly t o a c o n g l o m e r a t e 
of t w o series of solid soln. O n cool ing, t h e )S- or n o n - m a g n e t i c c o b a l t changes t o 
t h e o r d i n a r y a- o r m a g n e t i c fo rm. T h e t r a n s i t i o n t e m p , is lowered f rom 1115° 
for pur i f ied c o b a l t t o 1050° b y t h e a d d i t i o n of 10 p e r cen t , of coppe r ; i t r e m a i n s 
c o n s t a n t a t 1050° for a l loys , w i t h u p t o 90 p e r c en t , of c o p p e r ; a n d t h e n falls w i t h 
t h e f u r t h e r a d d i t i o n of coppe r . Al loys w i t h 99 p e r cen t , of coba l t a r e still m a g n e t i c . 
N . S. K o n s t a n t i n o f f sa id t h a t a s c o b a l t is a d d e d t o copper , t h e f .p. is ra i sed so t h a t 
t h e f .p . c u r v e h a s four b r a n c h e s i n d i c a t i n g t h e ex i s tence of solid soln. T h e b r e a k 
w i t h 6*5 p e r cen t , of c o b a l t r e p r e s e n t s a s a t . soln . of coba l t in c o p p e r ; a n d t h e r e 

VOL.. x i v . 2 M 
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are also breaks corresponding wi th 3O and 7 0 per cent , of cobalt . The copper forms 
a solid soln. wi th u p t o 35 per cent , of cobalt ; and alloys w i th 30 t o 70 per cent , of 
cobalt form t w o layers in the l iquid s ta te . I*. Vegard and H . Da le found that , unlike 
the al loys wi th nickel, those w i t h cobalt form t w o series of solid soln. Al loys w i t h 
100, 75 , 50 , and 25 per cent , of copper have latt ice constants respect ively « = 3 ' 6 1 , 
3-6O, 3-60, and 3-6O A., and those w i t h 50 , 25 , and O per cent , of copper t h e y 
m a y have , respect ively, a = 3 - 5 3 9 , 3-539, and 3-533 A. R. Sahmen said t h a t the 
m a x i m u m in the thermoelectric force wi th about 97 per cent , of copper, a n d 
W . Guertler, t h a t t h e m a x i m u m in the electrical conduct iv i ty curve for about 95 
per cent , copper, represent a sat . solid soln. 

According t o G. Guillemin, al loys containing 1 to 6 per cent , of cobalt h a v e a 
red colour and a fine, s i lky fracture resembling t h a t of copper. According t o 
N . S. Kurnakoff and S. F . Schemtschuschny, the al loys m a y contain dendrites of 
cobalt . H . Behrens said t h a t the al loys w i th 20 per cent , of copper have a fine­
grained, crystall ine structure, and w h e n e tched wi th 5 0 per cent , sulphuric acid 
t h e y show a pale red, irregular network in a brownish-red matr ix which also con­
ta ins small , grey granules of an al loy rich in cobalt . L . Vegard and H . D a l e 
found tha t the cubic latt ice of cobalt is stabil ized b y copper. R . Sahmen observed 
tha t the fracture of al loys wi th over 15 per cent , of copper is red, and the hardness 
of the solid soln. rich in copper is 3 , and t h a t of solid soln. rich in cobal t is 4 . 
M. Waehlert found Brinell's hardness of the al loys t o be : 

C o p p e r . 1OO 9O 8 0 7 0 6 0 5O 4O 3O 2O IO p e r c e n t . 
H a r d n e s s . 2 8 7 5 8 1 1 0 3 1 0 6 1 1 2 1 2 4 1 3 0 1 3 5 1 8 0 

M. G. Corson, A. W . Smith , and C. S. Smith discussed the mechanical properties 
of the air-hardened al loys. A. Valenciennes said t h a t the annealed al loys are 
ductile, and G. Guillemin observed t h a t al loys w i th 1 to 6 per cent , of cobalt are 
remarkably ducti le , malleable, and tenacious ; t h e y can be worked and rolled in 
the cold, but t h e y cannot be tempered ; t h e y break under a tensi le strain of 25 
to 36 kgrms. per sq. m m . , and h a v e an e longat ion of 15 t o 28 per cent . A n al loy 
wi th 5 per cent, of cobalt , after forging and rolling, broke under a strain of 4O "kgrms. 
per sq. m m . and had an elongation of IO per cent . This al loy was as malleable and 
as l itt le liable to oxidat ion as copper, and w a s as ducti le and tenacious as iron. 

The effect of small quantit ies of cobalt on the electrical properties of copper was 
found b y G. Reichardt t o be a lmost as great as t h a t of manganese , and about three 
t imes as great as t h a t of nickel. W . Guertler s ta ted t h a t there is a sharp break 
in the sp. electrical resistance curve of al loys wi th 5 vol . per cent , of cobalt . 
G. Reichardt observed that the sp . resistance of copper increases rapidly w i t h 
addit ions of up t o 3-2 per cent, of copper and at ta ins 9-5 microhms per cm. cube. 
The results are indicated in Table I I , where the sp. resistance is expressed in 

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

Cobalt 
per 

cent. 

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

1 3 0 

R 
microhms 

1 -672 
6 - 7 6 
8 - 8 0 

I 9-45 
9 - 4 5 
8 - 6 3 

1 0 - 0 2 
1 0 - 7 2 

Temp, coeff. 

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

Thermal 
e.m.f. x IO6 

3 0 - 8 I 
32-1 I 
3 3 - O I 
32-1 I 
3 2 - 8 
3 1 - 5 
2 9 - 1 

Cobalt 
per 

cent. 

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

R 
microhms 

1 1 - 4 3 
12-1O 
1 1 - 3 4 
1 2 - 9 2 
1 4 - 7 9 
1 6 - 5 7 
24-3O 

9 - 7 3 

Temp, coeff. 

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

Thermal m 
e.m.f. x 10 e 

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

microhms per cm. cube a t 20° ; t h e n follows the t e m p , coeff. of t h e resistance ; 
and finally, the thermal e.m.f. against copper is expressed in 1 O - 6 vo l t per degree. 
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T h e a d d i t i o n of 3 t o 5 p e r cen t , of c o b a l t g ives a n al loy w i t h a m i n i m u m t e m p , 
coeff. of t h e res i s t ance of 0 0 0 0 7 7 , a n d a m a x i m u m t h e r m o e l e c t r i c effect of 3 3 
mic rovo l t s for 1 degree difference of t e m p . U p t o t h i s p r o p o r t i o n of c o b a l t , t h e 
s p . r e s i s t ance of t h e a l loys increases r ap id ly , b u t a fu r the r a d d i t i o n of c o b a l t p r o ­
d u c e s o n l y a s low increase of r e s i s t ance . T h e sp . res i s tance h a s a m a x i m a w i t h 
b e t w e e n 3 a n d 4 p e r cen t . , a n d a b o u t 34-4 p e r cen t , of coba l t . T h e a l loys c a n b e 
u s e d in m a k i n g t h e r m o e l e c t r i c couples . All t h e coba l t - copper a l loys , e x c e p t t h o s e 
c o n t a i n i n g less t h a n 1-5 p e r cen t , of coba l t , c a n be m a g n e t i z e d , a n d t h e m a g n e t i s m 
is d e s t r o y e d o n l y a t a r e d - h e a t . W . B r o n i e w s k y discussed t h e t he rmoe lec t r i c force. 

R . S a h m e n o b s e r v e d t h a t t h e m a g n e t i s m d i s a p p e a r s a t 1115° w i t h 1OO p e r cen t , 
coba l t , F ig . 35 ; a t 1050°, w i t h IO p e r cen t , copper , a n d i t t h e n r e m a i n s c o n s t a n t 
for a l loys w i t h u p t o 90 p e r cen t , c o p p e r ; i t falls t o 950° for a l loys w i t h 95 p e r cen t , 
copper , a n d t h e r e a f t e r falls r a p i d l y . Gr. T a m m a n n a n d W . Oelsen m e a s u r e d t h e 
specific m a g n e t i z a t i o n (gauss) of coppe r -coba l t a l loys c o n t a i n i n g t h e fol lowing 
p r o p o r t i o n s of dissolved a n d t o t a l coba l t : 

Dissolved Co 
f O-50 por cent. Co 

1OO 
Gauss 1 5 0 0 

22-5 

. 
C o 
C o 
C o 
C o 

1070° 
4 -51 
O-OJ 
0 0 0 2 
0 - 6 9 8 

2 6 - 6 

1010° 
3 - 7 5 
0 - 0 0 2 
0 - 0 0 4 
1-68 

2 7 O 

890° 
2 -51 
O-OOl 
0 0 0 3 
3 - 9 8 

3 0 - 2 

690° 
0 - 9 4 
0 - 0 0 2 
0 - 1 2 8 
6 - 4 4 

3 2 - 9 

302° 
0 - 2 2 
0 - 3 9 0 
1-23O 
7 -33 

3 3 - 8 

2 0 ° 
0 - 2 2 0 
O-390 
1-23 
7 - 3 4 

3 3 - 7 

G. T a m m a n n obse rved t h a t t h e t e m p , of t h e m a g n e t i c t r a n s f o r m a t i o n of coba l t is 
lowered 30° b y t h e add i t ion of 5-2 p e r cen t , of c o p p e r ; a n d he sugges ted t h a t t h e 
m a g n e t i z a b i l i t y of t h e a l loys r ich in coppe r is cond i t i oned b y t h e p resence of 
c rys t a l s of a solid soln. r ich in coba l t . A. K u s s m a n n a n d B . Scharnoff s t u d i e d t h e 
coerc ive force of t h e a l loys . 

W . G u e r t l e r a n d T . Liiepus found t h a t a IO p e r cen t . soln. of s o d i u m h y d r o x i d e 
h a d n o a t t a c k o n t h e 1 : 1-alloy i n 8 h rs . , b u t w i t h a 15 p e r cen t . soln. t h e m e t a l 
w a s a t t a c k e d . T h e a l loy was also a t t a c k e d in 8 h r s . b y 10 a n d 50 pe r cen t , n i t r i c 
ac id ; b y 10 a n d 36 p e r cen t , hydroch lo r i c ac id ; a q u a regia ; 10 p e r cen t , sul­
p h u r i c ac id ; 2O p e r cen t , su lphur i c ac id sa t . w i t h s o d i u m s u l p h a t e ; sod ium 
h y d r o x i d e a n d h y d r o g e n d iox ide , 10, 50 , a n d 70 pe r cen t . a q . a m m o n i a ; 10 a n d 
5 0 p e r cen t , s o d i u m su lph ide , a n d 4 p e r cen t , s o d i u m su lph ide m i x e d w i t h 8 pe r cen t , 
of a lka l i ; ch lor ine w a t e r ; s ea -wa te r ; s ea -wa te r p lus a i r ; r a i n - w a t e r a n d a i r ; 
a n d a soln. of m a g n e s i u m chlor ide . A 1 : 500-soln. of m e r c u r i c chlor ide w a s n o t 
s t a b l e in c o n t a c t w i t h t h e a l loy. Accord ing t o M. W a e h l e r t , t h e losses i n m g r m s . 
p e r sq . m m . of t h e a l loys w h e n exposed t o n i t r i c a n d su lphur i c ac ids of different 
c o n c e n t r a t i o n , in p e r c e n t a g e s , for t h e t i m e in h o u r s s t a t e d in b r a c k e t s , a r e : 

Copper 

H N O 8 

m 
• 1 ( 4 8 ) 

5 f 2 4 ) 
IO ( 2 4 ) 
2O ( 2 4 ) 
3O ( 2 4 ) 
5 0 ( 2 4 ) 
• 1 ( 7 2 ) 

5 ( 7 2 ) 
1 0 ( 2 4 ) 
2 0 ( 2 4 ) 
3 0 ( 2 4 ) 
5 0 ( 2 4 ) 

9 0 
0 - 6 7 
0 - 2 5 

1 0 - 5 0 
3 8 0 0 0 

— 
— 
.— 

0 1 7 
O-25 
0 - 0 8 
0 1 7 
0 0 8 

8 0 
0 - 4 2 
3 - 3 5 

13-3O 
16-4O 
9 2 - 5 0 

— 
— 

0 - 1 7 
0 - 5 9 

— 
— 

7 0 
0 - 3 6 
2 1 0 
3 - 6 5 
4-6O 

1 6 - 3 0 
6 9 3 - 5 0 

— 
0 1 7 
1-85 
— 
— 
— 

6 0 
0 - 4 2 
2 - 1 0 
4 O O 
1-20 
1 1 7 

46-2O 
0 - 2 5 
0 1 7 
0 - 4 2 

— 

— 

5 0 
0-6O 
0 - 9 5 
1-78 
O-Sl 
0 - 3 4 

1 9 - 5 0 
—. 

0 0 8 
0-6O 
0-07 
0 0 7 
0 0 7 

4 0 
0 - 6 5 
0 - 8 4 
1-30 
0 - 3 4 
0 - 3 4 
9 - 9 8 
— 
— 

I I O 

3 0 
— 
— 
— 
— 
-— 
— 
.—-

0 - 1 7 
0 - 4 3 
O-17 
— 

2 0 
.— 
— 
— 
— 
— 
— 

0-51 
0 - 2 5 
0-3O 

.— 
— 

10<% 

.— 
— 
-— 
— 
— 
— 

0 - 3 4 
0 - 4 3 
— 
— 
— 

H2SO4-J 

Acco rd ing t o GL J . P e t r e n k o , 2 CObalt-silver a l loys c a n n o t b e p r e p a r e d below 
1600°, for u p t o t h i s t e m p , t h e t w o e l e m e n t s a r e comple t e ly insoluble in one a n o t h e r . 
K . M a s a k i p r e p a r e d a l loys b y e lec t rodepos i t ion . E . P a n n a i n said t h a t if a l loyed 
w i t h a t h i r d m e t a l , s i lver a n d c o b a l t furn ish a l loys con ta in ing t h e t h r e e m e t a l s i n 
v a r i o u s p r o p o r t i o n s ; F . Ducel l iez f ound s i lver t o be insoluble in coba l t , so t h a t w h e n 
t h e t w o m e t a l s a r e m e l t e d t o g e t h e r , s a y 95 p e r cen t , of si lver, o n cooling v i r t u a l l y 
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/S00°\ 

/OO 
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800 O 20 ^40 60 ~8d 

Per cent, cobalc 
JPi 0 . 36.— F r e e z i n g - p o i n t Cu r v e s 

of Coba l t -Go ld A l loys . 

p u r e s i lver s e p a r a t e s o u t , a n d a m e t a l c o n t a i n i n g 80*77 p e r cen t , of s i lver . W h e n 
a n i n g o t w i t h 70*25 p e r cen t , of s i lver is l i q u a t e d , a t a t e m p , b e t w e e n t h e m . p . of 
t h e t w o me ta l s , p u r e s i lver w a s o b t a i n e d , a n d t h e lower p a r t of t h e i ngo t b e c a m e 
r i cher in si lver. N o ev idence of a e u t e c t i c w a s obse rved ; a n d G. J . P e t r e n k o 
found t h a t t h e t w o b r e a k s i n t h e cool ing c u r v e co r re sponded r e spec t ive ly w i t h t h e 
m . p . of c o b a l t a n d of si lver . W . Oelsen found t h a t s i lver d issolved 5*5 X 1 0 - 4 p e r 
cen t , of coba l t . Accord ing t o F . Ducel l iez , a f ter e t ch ing t h e a l loys w i t h h y d r o ­
chlor ic acid, t h e surfaces showed (i) g r e y zones , of ten e longa ted , a n d r ich i n s i lver ; 
a n d (ii) b r i g h t zones co r r e spond ing w i t h si lver . W i t h .ZV-CoSO4, t h e a l loys g a v e 
n o e.m.f. w i t h c o b a l t poles , b u t g a v e a c o n s t a n t e.m.f. of 0*535 v o l t w i t h s i lver 
po les . All t h e a l loys were m a g n e t i c ; a n d all were a t t a c k e d b y hyd roch lo r i c a c i d — 
t h o s e r ich in c o b a l t l eav ing s i lver p o w d e r ; t h o s e m o d e r a t e l y r i ch in c o b a l t g iv ing 
lamellae of si lver ; whi l s t t hose p o o r i n c o b a l t r e t a i n e d t h e i r s h a p e , b u t b e c a m e 
b r i t t l e , a n d af ter t r e a t m e n t w i t h acid , t h e y cou ld be b r o k e n u p b y a h a m m e r . 

C. H a t c h e t t 3 f ound t h a t t h e d a r k yel low cobal t -go ld a l loy , w i t h 18 p a r t s of 
gold a n d 1 p a r t of coba l t , is b r i t t l e a n d possesses a pa l e ye l low f r ac tu re ; a n a l loy 

w i t h c^th of c o b a l t is b r i t t l e , b u t w i t h y | o t h of 
c o b a l t i s mal leab le . Al loys were also p r e p a r e d b y 
R i c h t e r a n d Co., a n d E . J a n e c k e . Acco rd ing t o 
W . A. W a h l , m o l t e n coba l t a n d gold c a n b e m i x e d 
in all p r o p o r t i o n s . T h e a l loys show t h e s a m e 
p h e n o m e n a on m e l t i n g as t hose s h o w n b y c o b a l t 
a lone—vide supra. T h e f .p. cu rves , F ig . 36 , h a v e 
t w o b r a n c h e s m e e t i n g a t a eu t ec t i c a t 997° a n d 
72*9 a t . p e r cen t . , or 90 p e r cen t , of gold. Solid 
soln. c o n t a i n i n g O t o 5*5 p e r cen t . , a n d 96*5 t o 
1OO p e r cen t , of c o b a l t a r e fo rmed . T h e c r y s t a l s 
r i ch in coba l t m u s t be cubic a b o v e 1140°, be ing 

i s o m o r p h o u s w i t h )8-cobal t ; a n d h e x a g o n a l below t h a t t e m p . , co r re spond ing w i t h 
a - coba l t . All t h e a l loys a r e m a g n e t i c , a n d t h e m a g n e t i z a b i l i t y falls w i t h 
increas ing p r o p o r t i o n s of gold, r a p i d l y a t first, a n d t h e n m o r e s lowly ; i t i nc reases 
w i t h t h e t e m p . , be ing t h r e e t i m e s as g r e a t a t t h e eu tec t i c t e m p , a s in t h e cold. 
J . O. L i n d e s t u d i e d t h e electr ical res i s tance of t h e a l loy ; a n d G. Bore l ius a n d 
co-workers , t h e the rmoe lec t r i c p rope r t i e s . 

H . N . W a r r e n 4 p r e p a r e d a ca lc ium-coba l t a l loy b y r educ ing c o b a l t ox ide w i t h 
ca l c ium carb ide ; a n d M. Ta rug i , b y r educ ing c o b a l t sa l t s w i t h t h e s a m e r e a g e n t . 
G. Masing , a n d W . H e s s e n b r u c h , p r e p a r e d beryl l ium-cobal t a l loys . T h e 
c e m e n t a t i o n of coba l t w i t h be ry l l i um w a s s t u d i e d b y I . F e t c h e n k o - T c h o p i v s k y , 
w h o found t h a t be ry l l i um is insoluble in coba l t be low 1300°. G. Mas ing a n d 
O. D a h l said t h a t beryl l ium is spa r ing ly soluble i n coba l t a t a h i g h t e m p . , a n d 
e v e n less soluble o n a falling t e m p . T h e h a r d n e s s a n d tens i le p r o p e r t i e s m a y b e 
inc reased b y quench ing a n d age ing a t su i t ab l e t e m p . 

J . P a r k i n s o n 5 could n o t o b t a i n m a g n e s i u m - c o b a l t a l loys b y m e l t i n g a m i x t u r e 
of t h e c o m p o n e n t m e t a l s . A. F . Gehlen p r e p a r e d a g rey coba l t -z inc a l loy w i t h a 
meta l l ic lus t re b y h e a t i n g a m i x t u r e of coba l t a n d z inc t u r n i n g s ( 1 : 2 ) . C. G o u r d o n , 
B . Egebe rg , a n d F . Ducel l iez also o b t a i n e d a n a l loy of t h e W o m e t a l s . Al loys 
were ob t a ined b y s i m u l t a n e o u s e lec t rodepos i t ion f rom a q . soln. of t h e c o m p o n e n t 
sa l t s b y R . K r e m a n n a n d co-workers , b y R . Miiller a n d F . R . Tbois , a n d b y 
S. Glass tone . K . Lewkon ja o b t a i n e d c rys t a l s of solid soln. w i t h p r o p o r t i o n s of 
coba l t r a n g i n g f rom 0*5 t o 18*5 p e r cen t . T h e s a t . solid soln. c o n t a i n s 13*4 p e r 
cen t , of coba l t . T h e eu tec t i c , accord ing t o K.. !Lewkonja, is 5° be low t h e m . p . of 
z inc , a n d , acco rd ing t o W . M. Pe i rce , 1° below t h e m . p . T h e r e is ev idence , F i g . 3 7 , 
of t h e f o r m a t i o n of a n o n - m a g n e t i c cobalt tetrazincide, CoZn 4 . T h e sub j ec t w a s 
s t u d i e d b y N . P a r r a v a n o a n d V. Cagliot i , a n d Tu. G u i l l e t ; a n d A. R . Russe l l 
a n d co-workers s t u d i e d t h e c o m p o u n d s formed in m e r c u r y soln. A. W e s t g r e n 
s t ud i ed t h e X - r a d i o g r a m of t h e cobalt pentJtadizincide, Co 5 Zn 2 , a n d also t h e 
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r e l a t i on b e t w e e n t h e c rys t a l s t r u c t u r e a n d atomic p rope r t i e s of t h e coba l t -z inc 
a l loys . A . J . B r a d l e y , a n d W . E k m a n s t u d i e d t h e X - r a d i o g r a m s , and t h e y prefer red 
t h e fo rmu la Co 6 Zn 2 t o CoZn 4 . F. Ducel l iez also o b t a i n e d t h e a l loy b y m e l t i n g 
zinc w i t h 18-46 p e r cen t , of coba l t . T h e sp . gr . is 7-43 a t 0° w h e n t h e ca l cu la t ed 
va lue is 7 1 1 . T h e e.m.f. of t h e cell Zn : N-ZnSO4 : 
Co nZn 9 n decreases s lowly w i t h increas ing c o b a l t u p to 
20 p e r cen t , coba l t , a n d i t t h e n r ises very r ap id ly . 
T h e cell Co : N-ZnSO4 : Co nZn 7 n b e h a v e s s imi lar ly . T h e 
b r e a k i n t h e e.m.f. c u r v e is s u p p o s e d t o co r r e spond 
w i t h t h e t e t r a z i n c i d e . S. Glass tone found t h e depos i t ion 
p o t e n t i a l s of c o b a l t a n d zinc f rom soln. of t h e t w o 
s u l p h a t e s . K . L e w k o n j a sa id t h a t a l loys w i t h n o m o r e 
t h a n 2O pe r cen t , of coba l t a r e n o t f e r romagne t i c ; a n d 
F . Ducel l iez , t h a t a l loys r ich i n c o b a l t a r e fe r romag­
ne t i c . W h e n t h e t e t r a z inc ide is h e a t e d in h y d r o g e n , t h e 
zinc e v a p o r a t e s . T h e p o w d e r e d a l loy oxidizes qu ick ly 
in a i r a t o r d i n a r y t e m p . , a n d i t b u r n s a t a r e d - h e a t in air , or in c o n t a c t w i t h m o l t e n 
p o t a s s i u m ch lo ra t e . I t is a t t a c k e d b y boi l ing w a t e r . I t is a t t a c k e d b y chlor ine 
a t a dul l r e d - h e a t w i t h incandescence . One p e r cen t , hydroch lo r i c ac id a t t a c k s t h e 
t e t r az inc ide in t h e cold ; a n d a l loys w i t h over 8 3 p e r cen t , of z inc l eave f inely-divided 
coba l t a s a res idue w h e n t r e a t e d w i t h boi l ing di l . ac id , a n d w i t h cold, 1 p e r cen t , 
hydrochlor ic ac id a res idue of t h e t e t r a z i n c i d e r e m a i n s , a n d w i t h a l loys h a v i n g 
11-7 t o 78 p e r cen t , of z inc, t h e res idue h a s a p p r o x i m a t e l y t h e s a m e compos i t i on 
as t h e or ig inal a l loy—simi la r ly also w i t h 1 p e r cen t , n i t r i c ac id . T h e t e t r a z i n c i d e 
r eac t s v igorous ly w i t h l iquid or t h e v a p o u r of s u l p h u r ; i t is a t t a c k e d by cold, 1 p e r 
cen t , su lphur i c acid , a n d 1 pe r cen t , n i t r i c ac id ; i t is a t t a c k e d b y m o l t e n a lka l i 
h y d r o x i d e s , c a r b o n a t e s , or n i t r a t e s . Soln. of c o b a l t s u l p h a t e o r ch lor ide dissolve 
zinc f rom t h e t e t r a z i n c i d e — p a r t i c u l a r l y w i t h h o t s o l n . — a n d l eave a f e r romagne t i c 
res idue , b u t t h e zinc is n o t dissolved b y soln. of coba l t n i t r a t e . J . J a h n found t h a t 
t h e CObalt-zinc-COPper a l loys , or c o b a l t b rasses , ana logous t o nickel-s i lver {q.v.)9 
with c o b a l t in p lace of nickel , a r e s i lver -whi te , b r i t t l e , a n d h a r d . T h e a l loys a r e 
a t t a c k e d r a t h e r m o r e w h e n h e a t e d w i t h h y d r o g e n su lph ide , a n d s u l p h u r d iox ide 
t h a n is t h e case w i t h t h e n ickel s i lvers . O b s e r v a t i o n s were m a d e b y L.. Guil le t , 
D . l i t s u k a , a n d W . M. Pe i rce . C. B r o w n e obse rved t h a t t h e a d d i t i o n of coba l t t o 
80 : 20-copper-z inc a l loy ra i sed t h e tens i le s t r e n g t h cons ide rab ly . T h u s , w i th 
wires 0*7 m m . in d i a m e t e r : 

0-50 per cent. 
31-2 
19-6 per cent. 

K . L e w k o n j a a lso p r e p a r e d some c o b a l t - c a d m i u m al loys . H e found t h a t t h e 
f .p. of c a d m i u m is lowered 6° b y t h e a d d i t i o n of coba l t , a n d t h e eu tec t i c furnishes 
a m a s s c o n t a i n i n g c rys t a l s wh ich a r e e i t he r a c o m p o u n d of t h e t w o e l emen t s , or 
else c rys t a l s of a solid soln. s a t . w i t h c a d m i u m , because t h e a l loys w i t h u p to IO per 
cen t , of coba l t a r e n o n - m a g n e t i c a t r o o m t e m p . A. S. Russe l l a n d co-workers 
obse rved t h a t n o c o m p o u n d s a r e fo rmed in m e r c u r y soln. R . K r e m a n n a n d 
co-workers , a n d R . Miiller a n d ~F. R . Thois p r e p a r e d al loys b y e lec t rodepos i t ion . 

R . B o t t g e r , 6 C. F. Schonbe in , J . S c h u m a n n , a n d H . Moissan p r e p a r e d cobal t -
mercury a l loys , o r cobalt a m a l g a m s , f rom s o d i u m a m a l g a m a n d a cone. soln. of 
c o b a l t ch lor ide , a t t h e s a m e t i m e t h e l iqu id becomes violet owing t o t h e s epa ra t i on 
of c o b a l t o u s h y d r o x i d e . W . K c t t e m b e i l a lso p r e p a r e d coba l t a m a l g a m b y t h e 
ac t ion of p o t a s s i u m a m a l g a m in soln. of c o b a l t o u s chlor ide su lpha t e , or n i t r a t e . 
A. A . D a m o u r i m m e r s e d zinc a m a l g a m — 1 p a r t of z inc a n d 6 p a r t s of m e r c u r y — 
in a n a q . soln. of c o b a l t o u s ch lor ide , s a t . w i t h a m m o n i a . H y d r o g e n is evo lved . 
T h e l iqu id ove r t h e a m a l g a m is r e n e w e d a s of ten a s i t loses i t s colour . T h e z inc 
in t h e c o b a l t a m a l g a m c a n be e x t r a c t e d b y boil ing dil . su lphur i c ac id , which does 

Cobalt . 
Tensi le s trength 
Percentage increase 

0 
26-1 

— 

0-12 
2 8 0 

9 -2 

0-21 
29-9 
14-6 
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no t ac t on the cobalt amalgam. Aq. soln. of cobaltous sulphate or chloride do not 
ac t so quickly as the ammoniacal soln. of the chloride, and aq. soln. of cobalt n i t ra te 
give nothing but hydrated cobaltous oxide. P . Casamajor obtained cobalt amalgam 
b y the process used for iron amalgam (#.i>.), t h a t is, by shaking up cobalt with 
sodium amalgam and dil. acid. H . Moissan, and J . Schumann prepared the 
amalgam by electrolyzing a soln. of cobaltous chloride with a plat inum anode, and 
a mercury cathode ; H . Nagaoka similarly electrolyzed a soln. of cobaltic chloro-
pentamminochloride; L . Paraskovich, and R. Erban and L.. Paraskovich, a soln. 
of ammonium cobaltous sulphate and boric acid ; and A. S. Russell and co-workers, 
a soln. of cobaltous sulphate in 42V-H2SO4. G. Tammann and co-workers gave 
1-7XlO-I, and N . M. Irvin and A. S. Russell, < 8 x l 0 - 5 grm. per 1OO grms. of 
mercury for the solubility of cobalt. J . Schumann prepared an amalgam 
electrolytically corresponding with Hg1 0Co3 . 

According to R. Bottger, the amalgam is less fluid t han mercury, and is not 
affected by a magnet until a pa r t of the mercury has been driven off by heat . 
J . Schumann found t h a t the amalgam prepared by R. Bottger 's process contains, 
besides the silver-white liquid amalgam, hard crystals of a darker colour. R. Bottger 
found t h a t when the amalgam is heated, there remains a black residue of cobalt 
and i ts oxide. A. A. Damour said t h a t when the amalgam is heated in a closed 
vessel, the mercury is given off, leaving the cobalt in the form of a grey, metallic 
mass—vide supra, pyrophoric cobalt. G. Tammann and K. Kollmann found t h a t 
the e.m.f. of the cell, HgCom : 22NT-CoSO4 : HgCl, H g falls a t first rapidly, and after 
a few hours furnishes an e.m.f. corresponding with t h a t of the saturated amalgam. 
J . Schumann observed tha t the liquid amalgam is less magnetic the more mercury 
it contains. J . Schumann, and A. A. Damour said t h a t the amalgam is a dull 
silver-white colour, and is a t t rac ted by a magnet . H . Nagaoka studied the 
magnetic properties of the amalgam, and G. Tammann and W. Oelsen found tha t 
for an amalgam with 0*062 per cent, cobalt, the sp. magnetization is 0*311 gauss. 
A. A. Damour said t h a t when cobalt amalgam is exposed to air, i t becomes covered 
with a black powder of oxidized cobal t ; bu t J . Schumann found the dark-coloured, 
hard crystals are not changed by exposure to air, and although the liquid amalgam 
is stable out of contact with air, i t decomposes on exposure to air for 24 hrs. into 
a black powder of oxidized cobalt, and mercury. H . Nagaoka said t h a t an amalgam 
with 5 per cent, of cobalt oxidizes readily in air, bu t i t is protected from oxidation 
by a covering layer of boiled linseed oil. L. Paraskovich, and R. E rban and 
X«. Paraskovich observed very little oxidation when amalgams with 0*2 to 0*5 per 
cent, of cobalt are exposed to air for a year. C. F . Schonbein found t h a t when 
cobalt amalgam is shaken with water, or, better, with dil. sulphuric acid, some 
hydrogen dioxide is formed. J . Schumann observed t ha t the amalgam is slowly 
decomposed by water, and i t is insoluble in mercury. H . Moissan found t h a t 
water 'without air forms cobaltous hydroxide, and with air a black, higher oxide. 
A. S. Russell and co-workers studied the order of removal of the metals from 
amalgams by oxidizing agents—ferric sulphate, potassium permanganate , and 
uranyl sulphate—and obtained the order Zn, Mn, Cu, Cr, Fe , Mo, Co, Hg, Ni, and 
W. M. Rabinovich and P . B . Zywotinsky found t h a t cobalt is dispersed in mercury 
above the solubility limit to form a colloidal soln. G. Michaud reported a 
cobalt-ammonium-mercury alloy ; and J . Schumann, a cobalt-zinc-mercury 
alloy. 

I . Fetchenko-Tschopivsky 7 studied the cobalt-boron alloys produced by 
cementation. C. Margot prepared aluminium-cobalt alloys, with 75 to 80 per 
cent, of cobalt, by melting a mixture of the component metals a t a bright red-heat. 
The alloys were crystalline, brit t le, and of the hardness of steel. They disintegrated 
after some days into a violet powder. Some alloys were also prepared by I J . Guillet, 
S. Daniels, W. Pruszkowsky, H . Bohner, and N . Parravano and P . Agostini. 
H . Schirmeister said t h a t the crucibles employed for making the alloys should be 
free from sulphur and carbon, since these substances make the alloys worthless. 



C O B A L T 5 3 5 

/700° 

/SOO 

/300° 

1/00 

300 
20 40 60 SO /00 

Per cent, cobstlc 

Kxo. 38 . F r e e z i n g - p o i n t s of t h e 
Alumin ium-Coba . l t A l loys . 

A. G. C. G w y e r m e a s u r e d t h e f .p . of t h e a l loys , a n d t h e curves , F i g . 3 8 , h a v e a 
m a x i m u m a t 1628° a n d 68*5 p e r cen t , of coba l t , co r re spond ing wi th cobalt 
a lumin ide , C o A l ; a n d t w o b r e a k s a t 1165° a n d 38 p e r cent , of coba l t , a n d a t 940° 
a n d 2O p e r c en t , of coba l t . T h e r e is a m i n i m u m in t h e c u r v e a t 1375° a n d 90-5 
p e r c e n t , of coba l t . T h e r e a r e t w o series of 
solid soln . c o n t a i n i n g respec t ive ly 68-5 t o 8O p e r 
cen t , a n d 90*5 t o 100 p e r cen t , of coba l t . T h e 
a l loys w i t h 82 t o 90 p e r cen t , of c o b a l t d o n o t 
become h o m o g e n e o u s w h e n h e a t e d for 3 h r s . a t 
1250° t o 1270°. A t 1165°, t h e c o b a l t m o n o -
a l u m i n i d e r e a c t s w i t h t h e fused m a s s t o fo rm 
cobalt hemipentaluminide, Co2AIs ; a n a a t 940° 
to form cobalt tritatridecaluminide, Co3Al13. 
W . Ja. F i n k a n d H . R . F r e c h e found c rys t a l s of 
cobalt hemiennealuminide, Co2Al9. The hypo-
eu t ec t i c l iqu idus is a s t r a i g h t l ine e x t e n d i n g f rom 
t h e f .p . of a l u m i n i u m t o t h e eu tec t i c . Less 
t h a n 0-02 p e r cen t , of c o b a l t d issolves in solid 
a l u m i n i u m a t 655° . T h e i n t e r sec t i on of t h e 
h y p e r e u t e c t i c l i qu idus w i t h t h e eu t ec t i c hor i ­
z o n t a l occurs w i t h 1 p e r cen t , of coba l t . T h e 
d i a g r a m w a s also s t u d i e d b y L . Guil le t , w h o 
supposed t h a t t h e c o m p o u n d s Co 8Al, Co4Al, 
Co2Al, CoAl2 , a n d CoAl4 c an ex is t . S. Dan ie l s sa id t h a t t h e first eu tec t i c lies 
b e t w e e n 0-40 a n d 0-94 p e r cen t , of coba l t . T h e sub jec t w a s i n v e s t i g a t e d b y 
W . JJ. F i n k a n d H . R . F r e c h e , w h o found t h a t t h e solid solubi l i ty of c o b a l t in 
a l u m i n i u m a t 655° is less t h a n 0-02 p e r cen t . 

O. B r u n c k o b t a i n e d t h e 3 : 1 3 - c o m p o u n d in pa ra l l e l lamellae wh ich , w h e n e t c h e d , 
fo rm f ea the ry c rys t a l s . A. J . B r a d l e y , a n d A. W e s t g r e n discussed t h e s t r u c t u r e of 
t h e c o b a l t a lumin ides . H . Sch i rme i s t e r obse rved t h a t a l loys w i t h 9 t o 12 p e r 
cen t , of c o b a l t h a d t h e b e s t m e c h a n i c a l p rope r t i e s , a l t h o u g h t h e tens i le s t r e n g t h 
w a s v e r y l i t t l e g r e a t e r t h a n t h a t of a l u m i n i u m . T h u s , t h e tens i le s t r e n g t h in k g r m s . 
p e r sq . m m . , t h e p e r c e n t a g e e longa t ion , a n d Br ine lFs h a r d n e s s of : 

Cobalt . . . 0 0-6 1-6 3-5 5-5 7-5 9-5 12-0 p e r c e n t . 
Tensi le s trength . 10-5 10-5 1 2 0 12-9 15-5 16-6 16-5 18-5 
E longat ion . . 3 4 35 28 21 18 14 11 6 
H a r d n e s s . . 2 9 3 2 4 7 SO 5 1 6 1 

C. M a r g o t sa id t h a t a l loys w i t h 75 t o 80 pe r cen t , of coba l t a r e b r i t t l e , a n d a s h a r d 
a s h a r d e n e d s tee l ; a n d L . Guil le t , t h a t t h e sp . gr . of a l loys w i t h 5-4, 18-6, a n d 47*7 
p e r cen t , of a l u m i n i u m h a v e t h e s p . gr . 7-65, 5*87, a n d 4*15 respec t ive ly w h e n t h e 
ca l cu l a t ed va lues a r e 7-52, 5-93, a n d 4-05. W . Bi l t z a n d W . Ho lve r sche i t gave for 
t h e sp . gr . of CoAl, 6-03 a t 25°/4°, a n d t h e mol . vol . 14-3 ; a n d for Co 2 Al 5 , t h e sp . gr . 
4-19 a t 25°/4°, a n d t h e mo l . vol . 60*4 ; t h e y g a v e for t h e h e a t of fo rma t ion , 32 CaIs. 
for CoAl, a n d 86 CaIs. for Co 2 Al 5 . A . G. C. G w y e r g a v e 1628° for t h e m . p . of CoAl ; 
a n d found t h a t Co 2 Al 5 h a s a t r a n s f o r m a t i o n p o i n t a t 1100°, a n d a t 1615° decomposes 
i n t o CoAl, a n d a m e l t ; whi l s t a t 940° , Co 3 Al 1 3 decomposes i n t o Co 2Al 5 , a n d a m e l t . 
G. T a m m a n n a n d K . D a h l sa id t h a t t h e p la s t i c de fo rma t ion of Co 3 Al 1 9 beg ins a t 
800° . W . B o r c h e r s a n d K . Sch i rme i s t e r i m p r o v e d t h e mechan i ca l p rope r t i e s of 
t h e s e a l loys b y t h e a d d i t i o n of u p t o a b o u t 1-2 p e r cen t , of t u n g s t e n or m o l y b d e n u m . 
E . Mor le t e x a m i n e d t h e effect of c o b a l t on t h e h a r d n e s s of t h e coppe r a l u m i n i u m 
a l loys . Accord ing t o A . G. C. Gwyer , on ly a l loys w i t h over 68-5 p e r cent , of c o b a l t 
a r e m a g n e t i c , a n d t h e t e m p , a t w h i c h t h e m a g n e t i s m d i sappea r s on h e a t i n g is 
p rogress ive ly lowered b y a l u m i n i u m , a s i n d i c a t e d b y t h e d o t t e d l ine in F ig . 3 8 . 
A . v o n Zeer leder s t u d i e d t h e a c t i o n of ac ids o n t h e a l loys . S. F . H e r m a n a n d 
F . T . Sisco, a n d W . W . Stiefler s t u d i e d t h e m a g n e t i c p roper t i e s of some a l loys . 
E . Mor le t s t u d i e d some copper -a lumin ium-coba l t a l loys . 
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K . Lewkon ja p r e p a r e d some cobal t - tha l l ium a l loys , b u t found t h a t t h e t w o ele­
m e n t s a r e on ly s l ight ly miscible i n t h e l iqu id a n d solid s t a t e s . T h e r e is n o ev idence 
of t h e fo rma t ion of definite c o m p o u n d s . T h e f.p. of t h a l l i u m is lowered 4° b y 2*5 
p e r cen t , of coba l t , a n d 6° b y 2*87 p e r cent . , a n d t h e t r a n s f o r m a t i o n t e m p , is lowered 
7° o r 8° . J u s t ove r t h e m . p . of t h a l l i u m on ly 2-5 t o 3 pe r cen t , of c o b a l t is d issolved, 
a n d i n m o l t e n coba l t , o n l y 2*87 p e r cent , of t h a l l i u m dissolves ; t h e r e m a i n d e r 
dis t i ls off. 

M. D u b o w i c k y , R . W a l t e r , C. L.. Wilson a n d co-workers , a n d A. M. P o r t e v i n 
s t u d i e d t h e cobal t -s i l icon al loys , a n d t h e c e m e n t a t i o n of coba l t b y si l icon. 
B . E g e b e r g p r e p a r e d coba l t - t i tan ium a l loys b y t h e a l u m i n o t h e r m i c process , a n d 
found t h a t t h e so lubi l i ty of t i t a n i u m -with coba l t is a b o u t 3*5 p e r cen t , t i t a n i u m , 
a n d t h a t t h e eu tec t i c h a s 19 p e r cen t , t i t a n i u m . T h e tensi le s t r e n g t h a t t a i n s a 
m a x i m u m w i t h 4-5 pe r cent , of t i t a n i u m a n d 70 k g r m s . pe r sq. m m . ; Br ine lFs 
h a r d n e s s rises s t ead i ly t o 484 a t 21-5 p e r cen t , t i t a n i u m . T h e t h e r m a l , e lectr ic , 
a n d m a g n e t i c p roper t i e s were also e x a m i n e d . T h e res i s tance of t h e al loys t o 5 p e r 
cen t , n i t r i c ac id decreased a l m o s t t o zero w i t h 12 p e r cent , of t i t an ium—-6. 40, 13 . 
M. G. Corson, a n d C. W . Wi lson a n d co-workers s tud i ed t h e COpper-CObalt-silicon 
a l loys . C. A. Wink le r , A. J . Kieser , a n d E . V igou roux s tud ied t h e t e r n a r y s y s t e m 
invo lv ing s i l i c o n - a l u m i n i u m - c o b a l t a l loys . A. S t a v e n h a g e n a n d E . S c h u c h a r d 8 

o b t a i n e d t i t a n i u m - c o b a l t a l loys b y t h e t h e r m i t e process . B . E g e b e r g m a d e 
a l loys w i t h u p t o 20 p e r cen t , of t i t a n i u m a n d 2 t o 3 pe r cen t , of a l u m i n i u m 
b y t h e a l u m i n o t h e r m i t e process . Alloys w i t h IO p e r cent , of t i t a n i u m a r e 
co loured l ike coba l t , a n d those w i t h h igher p r o p o r t i o n s a re s i lver -whi te . T h e 
h a r d n e s s increases as t h e p r o p o r t i o n of t i t a n i u m rises f rom 0-5 t o 11*0 p e r 
cen t . T h e tensi le s t r e n g t h increases r ap id ly w i t h t h e t i t a n i u m c o n t e n t u p t o 
a m a x i m u m of 70 k g r m s . p e r sq. m m . w i t h 5 t o 6 pe r cent , of t i t a n i u m , a n d 
a n e longa t ion of 5 pe r cen t . T h e a l loys w i t h t h e g r ea t e s t tensi le s t r e n g t h h a v e t h e 
finest g ra in . T h e m e a n coefT. of t h e r m a l e x p a n s i o n be tween 20° a n d 200° c h a n g e s 
i r regu la r ly wi th compos i t ion b e t w e e n 0-O4IOl 7 a n d 0-O4Il 12. T h e m a g n e t i c i nduc t i on 
increases w i t h increas ing p r o p o r t i o n s of t i t a n i u m ; t h e r e m a n e n c e is g r e a t e r w i t h 
a l loys h a v i n g a he te rogeneous t e x t u r e t h a n t h o s e -with solid soln. T h e r a t e of d is ­
so lu t ion of pol ished samples in 25 pe r cen t , su lphur ic ac id a t 20° t o 97°, increases w i t h 

increas ing p r o p o r t i o n s of t i t a n i u m ; a n d w i t h 5 
p e r cen t , n i t r i c ac id a t 97°, t h e r a t e of d isso lu t ion 
decreases . A soln. of 5 p e r cent , n i t r i c acid , a n d 
2 p e r cent , sod ium chlor ide a t 97°, a t t a c k s a l loys 
w i t h 2*31 and 4-67 pe r cent , of t i t a n i u m a t a b o u t 
t h e s a m e r a t e , b u t a l loys w i t h 6-58 a n d 10*86 p e r 
cen t , of t i t a n i u m are a t t a c k e d m o r e qu ick ly . 

A. F . Gehlen p r e p a r e d a violet , duc t i le CObalt-
t i n a l loy . F . Ducell iez also o b t a i n e d a l loys of 
coba l t a n d t i n b y me l t ing t i n w i th p o w d e r e d c o b a l t 
in a magnes ia crucible in a n a t m . of h y d r o g e n . 
Q. Mar ino o b t a i n e d a l loys b y e l ec t rodepos i t ion 
f rom soln. of t h e cyan ides of t h e c o m p o n e n t sa l t s 
a long wi th a lkal i b o r o t a r t r a t e a n d alkal i o r a m ­
m o n i u m fo rma te . F . Ducell iez sa id t h a t a l loys 
w i t h O t o 57*65 p e r cent , of t i n c o n t a i n e d a s solid 
phase s coba l t a n d coba l t tr i tadistannide, C o 3 S n 2 ; 
a l loys wi th 57-65 a n d 66-76 p e r cen t , of t i n c o n t a i n 
Co 3 Sn 2 a n d c o b a l t s t a n n i d e , CoSn ; a n d a l loys 
w i t h 66-76, 85 , a n d u p t o 100 p e r cen t , of t i n 
c o n t a i n t h e m o n o s t a n n i d e a n d t i n . K . L e w k o n j a 

o b t a i n e d t h e f .p . c u r v e s s h o w n in F i g . 39 . T h e t w o e l emen t s a r e miscible in al l 
p r o p o r t i o n s i n t h e l iquid s t a t e . I n t h e solid s t a t e , t h e m a x i m u m a m o u n t of t i n 
d issolved b y c o b a l t is 3-5 p e r cen t . T h e first eu t ec t i c is a t a b o u t 1088°, a n d 
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t h e second e u t e c t i c a t 229° o r 230° . T h e f .p. cu rves s h o w t h e ex i s t ence of 
cobal t h e m i s t a n n i d e , Co 2 Sn, m e l t i n g a t 1151° ; a n d of c o b a l t s t a n n i d e , CoSn, 
w h i c h m e l t s -with d e c o m p o s i t i o n a t 943° o r 950° . T h e m o n o s t a n n i d e u n d e r g o e s a 
p o l y m o r p h i c c h a n g e a t a b o u t 536° . Al loys w i t h 20 t o 45 p e r cen t , of t in h a v e t h e 
s a m e d a r k e u t e c t i c a s t h o s e with* less t h a n 35 p e r cen t , of t i n , b u t in a l loys w i t h 35 
p e r cen t , of t i n , t h e c rys t a l s of t h e h e m i s t a n n i d e a p p e a r . Al loys w i t h 50 p e r c en t , 
of t i n a r e c r a c k e d a n d fissured, a n d c o n t a i n r o u n d e d p o l y h e d r a of t h e h e m i s t a n n i d e 
w i t h v e r y l i t t l e e u t e c t i c . Al loys w i t h 50 t o 85 p e r cen t , of t i n s h o w t h e p resence 
of t h e d a r k m o n o s t a n n i d e ; a n d a l loys w i t h o v e r 85 p e r c en t , of t i n show t h e 
p r i m a r y s e p a r a t i o n of la rge need les of t h e m o n o s t a n n i d e s u r r o u n d e d b y a e u t e c t i c 
of t i n a n d t h e m o n o s t a n n i d e . S. F . S c h e m t s c h u s c h n y a n d S. W . B e I y n s k y con­
firmed t he se r e su l t s a n d said t h a t t h e m a x i m u m on t h e f .p. c u r v e occurs a t 1171°, 
a n d t h e r e is a t r a n s i t i o n p o i n t a t 927°, wh i l s t a b o v e 515° , t h e m o n o s t a n n i d e 
s e p a r a t e s o u t in ct- c rys ta l s , a n d be low in y8-crystals. T h e eu t ec t i c s were s t a t e d t o 
occu r a t 229° a n d 79*5 a t . p e r cen t , of coba l t , a n d a t 1112° w i t h 1 a t . p e r c en t , of 
coba l t . T h e a l loys were also s t u d i e d b y N . S. Kons tan t ino f f . A. S. Russe l l a n d 
co -worke r s s t u d i e d t h e s y s t e m in m e r c u r y soln. G. T a m m a n n a n d A. R o h m a n n 
found t h e h e a t c a p a c i t y , C100 ca ls . p e r mol , for Co 2 Sn, t o b e : 

— 200° to — 100° - 1 0 0 ° to 0° 0° to 100° 100° to 200° 
C1 0 0 . . . . 1561-82 1739-30 1897-85 1968-85 

P . Schiibe] g a v e for t h e t r u e sp . h t . , c, of Co 2 Sn : 
100° 200° 300° 400° 500° 600° 

c . . . 0 0 8 2 4 0 0 8 7 6 0 0 9 0 0 0 0 9 2 6 0-0944 0 0 9 6 2 

a n d H . S e h i m p f f g a v e c - = O - O 7 7 8 7 3 - f - O - O 4 7 2 8 5 4 4 ( 0 — 1 7 ) - 0 0 6 3 0 3 3 ( < 9 . — 1 7 ) 2 , o r f o r 
t h e t r u e s p . h t . , c , a n d t h e a t . h t . , C : 

— ir>o° — ioo" — 50° o° r>o° ioo° 
c . . . 0-0572 0 0 6 5 2 0 0 7 1 6 0-0765 0 0 8 0 0 
C . . . 13-3O 15-29 18-04 19-48 

Accord ing t o F . Ducel l iez , w h e n t h e a l loys "with 80-89 t o 92-91 p e r cen t , of t i n 
a r e p o w d e r e d , boi led w i t h 25 p e r cen t , n i t r i c ac id , l ev iga t ed t o r e m o v e m e t a s t a n n i c 
ac id , fused w i t h p o t a s s i u m h y d r o x i d e a n d w a s h e d success ively w i t h w a t e r , a lcohol , 
a n d e the r , t h e m o n o s t a n n i d e r e m a i n s . Th i s c o m p o u n d c a n be fo rmed b y h e a t i n g 
a m i x t u r e of a t o m i c p r o p o r t i o n s of t h e t w o e l e m e n t s in a n a t m . of h y d r o g e n . Com­
b i n a t i o n occurs w i t h i ncandescence ; t h e p r o d u c t h a s a sp . gr . of 8*950 a t 0° . T h e 
a l loy is b r i t t l e a t o r d i n a r y t e m p . , a n d , {according t o G. T a m m a n n a n d K . D a h l , 
p l a s t i c d e f o r m a t i o n beg ins a t a b o u t 800°. A. K o c h s t u d i e d t h e p o t e n t i a l of t h e 
a l loy in a Danie l l cell. F . Ducel l iez , K . L e w k o n j a , a n d S. F . S c h e m t s c h u s c h n y 
a n d S. W . B e l y n s k y found t h a t t h e m o n o s t a n n i d e is n o t f e r r o m a g n e t i c a t r o o m 
t e m p . G. T a m m a n n a n d A. K o c h found t h a t t h e a l loy b e c o m e s m a t t e a n d d a r k e n s 
in co lour w h e n exposed t o a i r for IO t o 20 m i n u t e s . F . Ducel l iez n o t e d t h a t a t a 
r e d - h e a t , t h e m o n o s t a n n i d e is a t t a c k e d b y ch lor ine , o x y g e n , a n d s u l p h u r v a p o u r ; 
i t is c o m p l e t e l y d issolved b y hyd roch lo r i c o r s u l p h u r i c ac id , b u t is n o t a t t a c k e d b y 
boi l ing, di l . n i t r i c ac id , a n d o n l y s lowly b y cone , n i t r i c ac id . G. T a m m a n n a n d 
co-workers obse rved t h a t a t 18°, t h e m o n o s t a n n i d e is a t t a c k e d , w i t h a feeble evo lu t i on 
of gas , b y .ZV-H2SO4, a n d iV-HCl. F . Ducel l iez n o t e d t h a t fused a lka l i h y d r o x i d e s , 
c a r b o n a t e s , n i t r a t e s , o r c h l o r a t e s a t t a c k t h e m o n o s t a n n i d e s lowly. G. T a m m a n n 
a n d A . K o c h f o u n d t h a t t h e m o n o s t a n n i d e p r e c i p i t a t e s copper , si lver, a n d m e r c u r y 
f rom soln . of s a l t s of t h e s e m e t a l s . 

F . Duce l l iez ' s t r i t a d i s t a n n i d e e v i d e n t l y c o r r e s p o n d s w i t h K . L e w k o n j a ' s hemi ­
s t a n n i d e . Th i s c o m p o u n d c a n b e i so la t ed b y t r e a t i n g t h e a l loys , w i t h 8-76 t o 
57*25 p e r c en t , of t i n , w i t h 15 p e r c en t , n i t r i c ac id followed b y p o t a s s i u m h y d r o x i d e 
soln . T h e a l loys b e h a v e l ike m i x t u r e s of c o b a l t a n d t h e t r i t a d i s t a n n i d e , a n d t h e i r 
f ragi l i ty , a n d t h e p r o p o r t i o n of c o n t a i n e d c o m p o u n d increase w i t h t h e p e r c e n t a g e 
of t i n . T h e r e is n o ev idence of a c o b a l t t r i t a s t a n n i d e . T h e t r i t a d i s t a n n i d e a p p e a r s 
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a s a powder h a v i n g n o wel l -character ized, c rys ta l l ine form. I t s s p . gr . is 8*86, 
a n d , like all t h e al loys con ta in ing i t , i t is magne t i c . I t s chemical p roper t i e s r e semble 
t hose of t h e m o n o s t a n n i d e , b u t i t is less read i ly a t t a c k e d b y hydrochlor ic ac id , 
a n d more easi ly a t t a c k e d b y n i t r i c ac id t h a n is t h e case w i t h t h e m o n o s t a n n i d e . 

F . Ducell iez obse rved t h a t t h e al loy w i t h 80*89 pe r cen t , of t i n is g r e y a n d 
br i t t l e ; t h a t w i t h 89-28 pe r cen t , of t i n has a re t i cu la ted surface a n d can b e c u t ; 
t h a t w i t h 92*91 p e r cent , of t i n h a s t h e appea rance a n d mal leab i l i ty of t i n . 
F . Ducell iez obse rved t h a t t h e e lec t rode po ten t i a l s of t h e al loys in 2V-CoSO4 cor re­
spond w i t h t h e ex is tence of t h e m o n o s t a n n i d e . N . A. P u s c h i n observed t h a t t h e 
e.m.f. i n mil l ivol ts of t h e Sn : Ar-H 2SO 4 : SnCo n , a n d t h e Sn : iV-KOH : S n C o n 
cells a r e respec t ive ly : 

n. . 
J t f - I£„S0 4 
AT-KOH 

. 2O 
8 
6 

4 0 
4 

17 

4 5 
2 9 
3 1 

4 9 - 6 
1 1 4 

4 6 

5 2 
2OO 
4 3 5 

5 3 - 1 
2 1 4 
4 0 5 

6O 
2 9 4 
3 4 5 

8 0 
1 7 9 
28O 

1 0 0 
1 4 2 
3 6 0 

There is a b reak in t h e curve w i t h 5O a t . pe r cent , of coba l t cor responding w i t h t h e 
monos t ann ide . There is no sign of F . Ducel l iez 's t r i t a d i s t a n n i d e . Gr. T a m m a n n 
a n d A. K o c h s tud ied t h e e.m.f. of t h e al loys. S. F . S c h e m t s c h u s c h n y a n d 
S. W . Be lynsky observed t h a t t h e h e m i s t a n n i d e is magne t i c whi l s t t h e m o n o s t a n n i d e 
is non -magne t i c in b o t h t h e a- a n d /3-forms. F . Ducell iez, a n d K . Lewkon ja also 
observed t h a t on ly al loys "with over 50 pe r cent , of coba l t a re m a g n e t i c a t o r d i n a r y 
t e m p . , a n d t h e i n t e n s i t y of t h e magne t i za t i on increases as t h e p ropo r t i on of coba l t 
increases . T h e t r a n s f o r m a t i o n t e m p , of al loys w i t h from 2*5 t o 5O p e r cen t , of 
t i n is 985°. O. B a r t h observed t h a t al loys w i t h on ly smal l p ropor t ions of one o r 
o t h e r of t h e me ta l s a r e more read i ly a t t a c k e d b y acids t h a n is t h e case w i t h t h e 
p u r e me ta l s . A n al loy wi th 60 p e r cen t , of t i n is h igh ly r e s i s t an t t o acids , b u t is 
br i t t le a n d unworkab l e . E . A. JDrysdale s tud ied t h e corrodibi l i ty of these al loys. 
O. B a r t h e x a m i n e d some al loys con ta in ing ca rbon . 

According t o F . Ducelliez,® homogeneous lead-CObalt a l loys c a n be o b t a i n e d 
b y subjec t ing m i x t u r e s of t h e t w o me ta l s t o hyd rau l i c pressure , a n d t h e n h e a t i n g 

t h e m i x t u r e t o 1400° in magnes ia crucibles in a n 
a t m . of h y d r o g e n . T h e p r o d u c t s -with 22*8 t o 
95*1 pe r cent , of coba l t b e h a v e d a s mix tu re s , a n d 
no evidence of t h e fo rmat ion of definite chemica l 
c o m p o u n d s w a s observed . K . Lewkon ja o b t a i n e d 
t h e f .p. curves ind ica ted in F ig . 40 . T h e t w o 
e lements a r e p a r t i a l l y miscible in t h e l iquid s t a t e . 
Mol ten al loys w i t h over 3 p e r cen t , or m o r e t h a n 
99 p e r cent , of coba l t c a n n o t be ob t a ined . I n 
t h e solid s t a t e , ne i t he r c o m p o u n d s n o r solid soln. 
a r e formed. W . Oelsen found t h a t l ead dis­
solved 11 X l O - 4 t o 2 I x I O - 4 p e r cen t , of coba l t . 
W . Se i th a n d A. Kei l , a n d K . F i s chbeck dis-
in lead ; a n d W . Guer t le r a n d H . Schack , a l loys 
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cussed t h e diffusion of cobal t 
w i t h su lphur . 

E . H a y n e s , 1 0 a n d F . W e v e r a n d XJ. H a s c h i m o t o p r e p a r e d cbromium-coba l i 
a l l o y s ; H . C. Peffer a n d H . C. Pierce ob ta ined t h e alloys e lec t ro lyt ica l ly ; a n d 
K.. Lewkonja s tud i ed t h e f.p. curves . Cobal t a n d c h r o m i u m a re miscible in all 
p ropo r t i ons in t h e l iquid a n d solid s t a t e s . T h e m i n i m u m t e m p , a t wh ich c rys ta l ­
l iza t ion commences is 1320° w h e n t h e fused mass h a s 4T p e r cen t , of c h r o m i u m . 
Al loys w i t h 30 t o 100 p e r cen t , of c h r o m i u m u n d e r g o a change in s t r u c t u r e a t 
a b o u t 1226°, for t h e c rys ta l s of t h e homogeneous solid soln. p r i m a r i l y fo rmed i n 
t h e cooling process a r e t r an s fo rmed i n t o t w o different k inds of c rys ta l s , wh ich a r e 
readi ly dist inguished, w h e n a pol ished surface of t h e m e t a l is e t c h e d b y electrolysis . 
T h e modif icat ions of F . W e v e r a n d co-workers , a n d R . R u e r a n d co-workers a r e 
s u m m a r i z e d in F ig . 41 ; t h e sub jec t w a s discussed b y A. Michel a n d P . B e n a z e t , 
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/600' 

/400° 

a n d J . A . M. v a n L i e m p t . F . W e v e r a n d U . H a s c h i m o t o found t h e c rys t a l s 
of Cobalt m o n o c h r o m i d e , CoCr, t o foe p r o b a b l y t e t r a g o n a l , w i t h 8 m o Is. i n t h e 
e l e m e n t a r y cell, a n d t h e p a r a m e t e r s a—5*33 A. , a n d c = 7 * 2 0 A. T h e equ i l i b r ium 
cond i t ions of t h i s c o m p o u n d a n d of cobalt h e m i - /800° 
tr ichromide, Co2Cr3 , a r e i n d i c a t e d in F i g . 4 1 . 
F . W e v e r a n d U . H a s c h i m o t o u s e d a m m o n i u m 
p e r s u l p h a t e a s a n e t c h i n g soln . for t h e a l loys . 
T h e h a r d n e s s a t t a i n s a m a x i m u m w i t h a b o u t 
70 p e r cen t , of c h r o m i u m ; t h e tens i le s t r e n g t h 
r ises t o 9O k g r m s . p e r sq . m m . w i t h 3O p e r cen t , 
of c h r o m i u m . T h e m e c h a n i c a l p r o p e r t i e s were 
also s t u d i e d b y E . H a y n e s , H . T . K a l m u s , a n d 
G. T a m m a n n . W . H . S o u d e r a n d P . H i n d e r t 
g a v e for t h e m e a n coeff. of l inear e x p a n s i o n of 
a n a l loy w i t h 20 p e r cen t , of c h r o m i u m , 0*04141 
b e t w e e n 20° a n d 100° ; 0-04052 b e t w e e n 20° 
a n d 300° ; a n d 0 O 4 1 6 1 b e t w e e n 20° a n d 600°. 
A. W . S m i t h s t u d i e d t h e t h e r m a l c o n d u c t i v i t y . 
O b s e r v a t i o n s o n t h e m a g n e t i c p r o p e r t i e s were 
m a d e b y K. H o n d a , F . W e v e r a n d co-workers , 
a n d R . R u e r a n d co-workers . K . !Lewkonja 
found t h a t a t r o o m t e m p . , a l loys w i t h u p t o 25 

20 40 60 80 
Per cent, of chromium 

p e r cen t , of c h r o m i u m a r e m a g n e t i z a b l e , a n d F j 4 1 T h e 
al loys w i t h 15 p e r cen t , of c h r o m i u m possess Curves of 
t h e g r e a t e s t m a g n e t i c i n t e n s i t y : Alloys. 

f r e e z i n g - po int 
Chromium - Cobalt 

Chromium . . . 0 10 15 20 
Magnet ic in tens i ty . 15-70 22-50 33-8O 5-28 
Loss of magne t i sm . 1056° 686° 300° 

25 per cent . 
0-20 (relative) 

E . H a y n e s found t h a t a l loys w i t h 10 t o 60 pe r cent , of c h r o m i u m , a n d free 
f rom su lphu r , r e m a i n b r i g h t in t h e a t m . of a l a b o r a t o r y , a n d a n a l loy wi th 25 p e r 
cen t , of c h r o m i u m a t a b o u t 500° b e c a m e s t raw-ye l low, a n d a t a h igher t e m p . , 
b ronze-ye l low, p u r p l e , b lue , a n d b lu i sh-b lack . G. T a m m a n n a n d W . K o s t e r 
obse rved t h a t a l loys w i t h 20 t o 40 p e r cen t , of c h r o m i u m , w h e n h e a t e d b e t w e e n 
500° a n d 800° for 1 hr . , a c q u i r e a film of ox ide a t a r a t e i n accord w i t h a n 
e x p o n e n t i a l l aw. IT. W e v e r a n d XJ. H a s c h i m o t o found t h a t t h e ve loc i ty of o x i d a t i o n 
a t 700° t o 1000° decreases w i t h inc reas ing p r o p o r t i o n s of c h r o m i u m ; a t 1100° 
t o 1200°, a n a l loy w i t h 3 0 p e r cen t , of c h r o m i u m ho lds t h e ox ide film tenac ious ly , 
a n d is less a t t a c k e d t h a n al loys w i t h 20 t o 40 p e r cen t , of c h r o m i u m which in t u r n 
r ead i l y give a scal ing ox ide . W . Gue r t l e r a n d T . L i e p u s o b s e r v e d t h a t t h e 1 : 1 -
c o b a l t - c h r o m i u m a l loy w a s a t t a c k e d w i t h i n 8 h r s . b y IO a n d 50 p e r c en t , n i t r i c 
ac id ; 10 a n d 36 p e r c en t , hyd roch lo r i c ac id ; a q u a regia ; 10 p e r cen t , su lphur ic 
ac id , a n d 20 p e r cen t , su lphur i c ac id s a t . w i t h s o d i u m s u l p h a t e ; c a r b o n dioxide 
a n d a i r ; ace t ic , c i t r ic , a n d t a r t a r i c ac ids ; a n d IO, 5O, a n d 70 p e r cen t . aq . a m m o n i a . 
A 10 p e r cen t . soln. of s o d i u m h y d r o x i d e d i d n o t a t t a c k t h e a l loy in 48 hrs . , b u t a 
50 p e r cen t . soln. d id so i n 8 h r s . , a n d a soln. w i t h h y d r o g e n d ioxide d id n o t a t t a c k 
t h e a l loy i n 48 h r s . A 10 pe r c e n t . so ln . of s o d i u m su lph ide d id n o t a t t a c k t h e a l loy 
i n 48 h r s . , b u t a 5O p e r cen t . soln. d i d so in 8 h r s . , a n d a soln. w i t h 4 p e r cen t , of 
s o d i u m su lph ide a n d 8 p e r cen t , of a lka l i d i d so i n 8 h r s . Chlor ine w a t e r d id n o t 
a t t a c k t h e a l loy i n 8 h r s . , wh i l s t s ea -wa te r , s ea -wa te r a n d air , r a i n - w a t e r a n d air , 
a n d a soln . of m a g n e s i u m chlor ide d i d n o t d o so i n 48 h r s . A 1 : 500-soln. of 
me rcu r i c ch lor ide is d e c o m p o s e d b y t h e a l loy . W . R o h n found t h a t w i t h u n -
a n n e a l e d a n d a n n e a l e d s ample s of a Co : Cr (90 : 10)-alloy, t h e loss in g r a m s p e r 
s q . d m . w i t h 10 p e r c en t , n i t r i c a c id w a s respec t ive ly 12-9 a n d 9*5 in 24 h r s . cold, 
a n d 15 a n d 17-3 i n 1 h r . h o t ; 10 p e r c en t , su lphur ic acid , r e spec t ive ly 0-027 
a n d 0-012 in 24 h r s . cold, a n d 2-7 a n d 2-4 in 1 h r . h o t ; a n d 10 p e r cen t , hyd roch lo r i c 
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FiG. 4 2 . — F r o o z i n g - p o i n t C u r v e s 
of C o b a l t - M o l y b d e n u m Al loys . 

ac id , r e spec t ive ly O-13 a n d 0-06 i n 24 h r s . cold , a n d 1-5 a n d 1*2 in 1 h r . h o t . 
G. Mas ing s t u d i e d t h e a g e - h a r d e n i n g of copper-sOicon-chromium-CObalt a l l oys . 
W. Koster studied the chromium-cobalt-iron alloys. 

C. L.. S a r g e n t ^ p r e p a r e d c o b a l t - m o l y b d e n u m a l loys b y h e a t i n g m i x t u r e s of 
t h e ox ides of t h e s e m e t a l s w i t h s u g a r cha rcoa l i n a n e lect r ic fu rnace ; a n d U . R a y d t 

a n d G. T a m m a n n o b t a i n e d a l loys w i t h u p t o 65 
p e r cen t , of m o l y b d e n u m b y h e a t i n g in m a g n e s i a 
vessels , a t 1800°, m i x t u r e s of t h e t w o e l e m e n t s ; 
m i x t u r e s w i t h m o r e m o l y b d e n u m a r e n o t c o m ­
p l e t e l y fused a t t h a t t e m p . Al loys r i che r in 
m o l y b d e n u m c a n be p r e p a r e d b y t h e t h e r m i t e 
process , b u t t h e n t h e y a l w a y s c o n t a i n a l u m i n i u m . 
T h e f .p. c u r v e s of t he se a l loys , s h o w n in F i g . 42 , 
a r e d u e t o U . R a y d t a n d G. T a m m a n n , a n d 
W . K o s t e r a n d W . T o n n . T h e f .p . c u r v e h a s a 
e u t e c t i c a t 1335° a n d a b o u t 38 p e r cen t , m o l y b ­
d e n u m . Solid soln. a r e f o r m e d w i t h u p t o 28 p e r 
c en t , of m o l y b d e n u m . T h e c u r v e r ises f r o m t h e 
e u t e c t i c a n d suffers a b r e a k a t 1484° co r r e spond­
ing w i t h c o b a l t m o l y b d i d e , CoMo, w h i c h does n o t 
f o r m solid soln . T h e r e is n o i n d i c a t i o n of t h e 
f o r m a t i o n of a n y o t h e r c o m p o u n d . T h e com­
p o u n d is n o n - m a g n e t i c , b u t t h e solid soln. r ich in 
c o b a l t is m a g n e t i c . T h e t e m p , of t h e revers ib le 
t r a n s f o r m a t i o n falls f rom 1143° for coba l t , t o a b o u t 
760° for t h e s a t . solid soln. T h e m o l y b d i d e c ry s t a l ­
lizes i n long need les , a n d t h e free m o l y b d e n u m 

fo rms r o u n d e d c rys ta l l i t e s . T h e c u r v e AJB r e p r e s e n t s t h e m a g n e t i c t r a n s f o r m a t i o n 
of t h e y - s o l i d soln. ; a n d CD9 of t h e e-solid soln. T . T a k e i a d d e d t h e d o t t e d l ines t o 
F i g . 42 , t o acco rd w i t h his e x a m i n a t i o n of t h e X - r a d i o g r a m s . These i n d i c a t e t h e 
ex i s t ence of a l loys r i ch i n c o b a l t , y , w i t h a f ace -cen t red , cub i c l a t t i c e ; a l loys r i ch 
in coba l t , w i t h a h e x a g o n a l l a t t i ce , w i t h i nd i ca t i ons of t h e m o l y b d i d e , CoMo, e, of 
cobal t hemitr imolybdide , Co 2 Mo 8 , 77, a n d of t h e solid soln. , S, c o n t a i n i n g 2 p e r c e n t . 
of coba l t . R . Vogel obse rved t h a t t h e solid soln . w i t h 20 p e r cen t , m o l y b d e n u m 
e x h i b i t d e f o r m a t i o n t w i n n i n g . V . Ade lsko ld a n d co-workers s t u d i e d t h e s y s t e m 
Co—Mo-C, b u t o b s e r v e d n o f o r m a t i o n of a c o m p l e x c a r b i d e . W . K o s t e r a n d 
W . T o n n s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e a l loys . 

F . W e v e r a n d U . H a s c h i m o t o obse rved t h e ac t i on of di l . n i t r i c ac id , a n d of 
c i t r ic ac id ; a n d E . H a y n e s , t h e ac t ion of n i t r i c , hyd roch lo r i c , a n d s u l p h u r i c 
ac id . E . H a y n e s found t h a t a lkal i - lye does n o t a t t a c k t h e 25 p e r cen t , a l loy 
d u r i n g 1 h o u r ' s boi l ing ; F . W e v e r a n d U . H a s c h i m o t o , a n d W . B o r c h e r s e x a m i n e d 
t h e inf luence of a d d i t i o n s of copper , a l u m i n i u m , sil icon, m o l y b d e n u m , t u n g s t e n , 
m a n g a n e s e , i ron , a n d nickel on t h e ac id- res i s tance of t h e a l loys . W . G u e r t l e r a n d 
T . L i e p u s found t h a t a 70 : 30-al loy of coba l t a n d m o l y b d e n u m -was a t t a c k e d in 
8 h r s . b y a IO p e r c e n t . soln. of su lphur i c acid , a n d b y 2O p e r cen t , s u l p h u r i c ac id 
s a t . w i t h s o d i u m s u l p h a t e ; b y c a r b o n d iox ide a n d a i r ; a ce t i c ac id ; c i t r i c a c i d ; 
t a r t a r i c ac id ; b y 10 a n d 50 p e r c e n t . soln. of s o d i u m h y d r o x i d e ; 10 a n d 5O p e r cen t , 
a q . a m m o n i a ; 10 p e r c en t , s o d i u m su lph ide ; ch lor ine w a t e r ; s e a - w a t e r ; sea-
w a t e r p l u s a i r ; r a i n - w a t e r p l u s a i r ; a n d a soln. of m a g n e s i u m ch lor ide . N o 
a t t a c k w a s obse rved a f te r 24 h r s . i n c o n t a c t w i t h 10 a n d 50 p e r c e n t , n i t r i c a c id ; 
10 a n d 35 p e r cen t , hyd roch lo r i c ac id , o r w i t h a q u a regia . N o a c t i o n w a s o b s e r v e d 
af te r 8 h r s ' . c o n t a c t w i t h soda- lye a n d h y d r o g e n d iox ide , o r w i t h a m i x t u r e of 4 p e r 
cen t , s o d i u m s u l p h i d e a n d 8 p e r cen t , a lka l i . K . K r e i t z s t u d i e d t h e a c t i o n of 
n i t r i c ac id . 

C. IL. S a r g e n t s t u d i e d t h e a l loys w i t h c a r b o n . L.. F . D r e i b h o l z s t u d i e d t h e 
t e r n a r y s y s t e m ; c o p p e r - m o l y b d e n u m - c o b a l t a l loys ; a n d W . G u e r t l e r m a d e 
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s o m e o b s e r v a t i o n s on t h e t e c h n i c a l app l i ca t ions of t he se a l loys . W . G u e r t l e r a n d 
T . Liiepus s t u d i e d t h e a c t i o n of v a r i o u s r e a g e n t s on a c o p p e r - m o l y b d e n u m - c o b a l t 
a l loy . H . Sch i rme i s t e r p r e p a r e d a few a l u n i i n i u m - m o l y b d e n u m - c o b a l t a l loys , 
a n d f o u n d t h a t t h e y b e h a v e d l ike t h o s e w i t h t u n g s t e n i n p lace of m o l y b d e n u m 
{q.v.). E . H a y n e s also i n v e s t i g a t e d some c h r o m i u m - m o l y b d e n u m - c o b a l t a l loys . 
F . S t a b l e i n s t u d i e d t h e i r m a g n e t i c p r o p e r t i e s ; a n d W . Guer t l e r a n d T . L i e p u s 
e x a m i n e d t h e effect of v a r i o u s r e a g e n t s on t h e s e a l loys . 

I n 1860, F . A . B e r n o u l l i 1 2 s a id t h a t coba l t - tungs ten a l loys c an be p r e p a r e d 
o n l y b y t h e s i m u l t a n e o u s r e d u c t i o n of t h e t w o m e t a l s . H . L i s t sa id t h a t t h e m e t a l s 
d o n o t f o r m t r u e a l loys . Al loys were a lso m a d e b y N . D r e b e s b y r educ ing a m i x t u r e 
of t u n g s t e n a n d c o b a l t ox ides w i t h a l u m i n i u m . A. S t a v e n h a g e n a n d E . S c h u c h a r d 
a l so o b t a i n e d t h e a l loys b y t h e t h e r m i t e p rocess . C. L.. S a r g e n t , D . K r e m e r , 
F . S te in , K . K r e i t z , a n d W . Geiss a n d J . A. M. v a n L i e m p t p r e p a r e d t h e a l loys b y 
h e a t i n g m i x t u r e s of t h e ox ides w i t h suga r cha rcoa l in a n e lec t r ic fu rnace . 

C. A g t e a n d co-workers f ound t h a t t h e so lub i l i ty of c o b a l t i n t u n g s t e n is n e a r 
IO a t . p e r cen t . ; a n d of t u n g s t e n in coba l t , 8 a t . p e r cen t . Al loys w i t h b e t w e e n 
52 a n d 63 a t . p e r cen t , h a v e a n i n t e r m e d i a t e 
c rys ta l l ine p h a s e which on t h e t u n g s t e n s ide is 
n o n - m a g n e t i c , a n d t h e y become m a g n e t i c a s t h e 
p r o p o r t i o n of c o b a l t inc reases . K . K r e i t z ' s , 
W . P . S y k e s ' , a n d W . K o s t e r a n d W . T o n n ' s o b ­
s e r v a t i o n s on t h e f . p . of t h e a l loys a r e s u m m a r i z e d 
in F ig . 4 3 . T h e r e is ev idence of t h e f o r m a t i o n 
of t w o c o m p o u n d s : one is t h o u g h t t o be cobal t 
hex i ta tungs t ide , C o 6 W , m e l t i n g a t a b o u t 1500° ; 
a n d t h e o t h e r cobal t tungs t ide , C o W , m e l t i n g a t 
a b o u t 1650°. Al loys w i t h O t o 40 p e r cen t , of 
t u n g s t e n cons is t of a series of solid soln. ; a n d 
t h o s e w i t h 4O t o 70 p e r cen t . , of a m i x t u r e of t h e 
eu t ec t i c a n d solid soln. ; o r of eu t ec t i c a n d t h e 
m o n o t u n g s t i d e , a cco rd ing a s t h e a l loy c o n t a i n s 
less o r m o r e t h a n 45 p e r cen t , of t u n g s t e n . T h e 
e u t e c t i c is a t 1400° a n d 44*5 p e r cen t , of t u n g s t e n . 
AB r e p r e s e n t s t h e c u r v e of m a g n e t i c t r a n s f o r m a ­
t i o n of t h e y-sol id soln. ; a n d CD, of t h e a-solid 
soln. C. A g t e a n d co-workers a lso s t u d i e d t h e 
s y s t e m ; a n d V. Ade lsko ld a n d co-workers ob ­
se rved t h a t in t h e p resence of c a r b o n , t h e c o m p l e x 
cobal t tungs ten tritacarbide, Co 3 W 3 C, is fo rmed . C. L . S a r g e n t f ound t h e sp . gr . 
of a l loys w i t h 48-26, a n d 70-1O p e r cen t , of c o b a l t t o be r e spec t i ve ly 10-96, 
a n d 8-92. Acco rd ing t o K . K r e i t z , t h e a d d i t i o n of t u n g s t e n t o c o b a l t r a p i d l y 
inc reases t h e b r i t t l eness , a n d Br ine l l ' s h a r d n e s s of t h e a l loys , t h u s : 
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Fro. 43 .—Freez ing-po int Curves 
of the Cobal t -Tungs ten Al loys . 

T u n g s t e n 
H a r d n e s s 

O 
185 

0-95 
188 

2-15 
196 

3 0 2 
202 

4-64 
214 

9-7 
282 

24-15 per cent . 
288 

N . D r e b e s found t h a t t h e a l loys w i t h 75 t o 95 p e r cen t , t u n g s t e n a re ve ry h a r d . 
B y a n n e a l i n g ove r 1200°, K . K r e i t z f ound i t poss ib le t o roll t h e al loys i n t o t h i n 
p l a t e s . T h e sp . e lec t r ica l r e s i s t ance a n d c o n d u c t i v i t y respec t ive ly in o h m s or m h o s 
p e r c m . cube , for a l loys c a r r y i n g a b o u t 0-6 p e r cen t , of i ron, a r e : 
T u n g s t e n 
O h m s X 10* 
Mhos X 1 0 - * 

0 0-95 2 1 5 3-02 4-64 9-7 1 2 1 2 4 1 5 per cent. 
0 0 9 8 0 0 0 3 7 5 0 1 9 0 5 0-2270 0-3130 0-4450 0-8060 0-7145 

11-03 7-27 5-25 4-30 5-32 2-25 1-98 1-40 

W . Geiss a n d J . A . M. v a n Liiempt f o u n d t h a t t h e c o n c e n t r a t i o n - t e m p , coeff. c u r v e , 
F i g . 44 , b e t w e e n —183° a n d 20° shows n o t h i n g of t h e ex i s tence of a c o n t i n u o u s 
series of solid soln . T h e r e a r e p r o b a b l y t w o or m o r e k i n d s of solid soln. , a n d a l so , 
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poss ib ly c o m p o u n d s . W . K o s t e r a n d W . T o n n s t u d i e d t h e magnet ic p r o p e r t i e s o f 
t h e a l loys ; a n d C. A g t e a n d co-workers found t h a t t h e r e l a t ive magnetizat ion, 
/ , of t h e al loys increases as t h e a t o m i c p e r c e n t a g e of c o b a l t increases : 

Co . 
/ . 

. 0 
O 

55 
O 

57 
0-47 

65 
2-8 

72 
10-2 

9O 
440 

95 
611 

1OO 
1OO 

F . S te in found t h a t a l loys w i t h u p t o 3 p e r cen t , of t u n g s t e n a re more r ead i ly 
a t t a c k e d b y su lphur i c ac id t h a n is coba l t , b u t w i t h increas ing p r o p o r t i o n s of 
t u n g s t e n , t h e res i s tance is g r ea t e r . T h u s , r ep resen t ing t h e corrosion i n m g r m s . 
p e r sq . m m . p e r h o u r : 
T u n g s t e n . . O 0-96 2-15 3-025 4-64 5 0 2 9-75 1 2 0 1 per c e n t . 

20° . 0-0465 0 0 . 2 5 0-0,72 0 0 0 1 3 5 0-0012 0-0-61 0-083 
* ~ ~ 0-098 

Corrosions gg, 0-0154 0 0 1 7 6 0-84 1-203 1 0 5 5 1 0 9 0-29 

400 

& 40 60 W 
Per cent, cobalt 
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F i o . 44 .—Temperature Co­
efficient of the Electrical 
Res i s tance of the Cobalt-
T u n g s t e n Al loys . 

T h e solubi l i ty in m g r m s . pe r sq . m m . pe r h o u r in a soln. of 2 p e r cen t , s o d i u m 
chlor ide m i x e d w i t h 5 p e r cen t , n i t r i c ac id a t 98°, is 
for a l loys w i t h 0, 3-025, 5-02, a n d 12-01 p e r cen t , of 
t u n g s t e n , respec t ive ly 0 0 4 8 2 , 0-334, 0-406, a n d 0-736. 

J . Li. Gregg a n d C. W . K i i t t n e r , Li. L . W y m a n 
a n d F . C. Kel ley , S. L . H o y t , a n d K . Sch ro te r s t u d i e d 
t h e a l loys w i t h c a r b o n . H . Sch i rme i s t e r f o u n d t h a t 
in the alujrriirium-tungsten-eobalt alloys, the addition 
of a smal l p r o p o r t i o n of t u n g s t e n r a i sed t h e tens i le 
s t r e n g t h of t h e a l u m i n i u m - c o b a l t a l loys , a n d m a d e 
t h e f r ac tu re finer. L a r g e r p r o p o r t i o n s of t u n g s t e n 
were in jur ious . T h e b e s t p r o p o r t i o n s were 0-8 t o 1-2 
pe r cen t , of t u n g s t e n . T h e h a r d n e s s is p r o p o r t i o n a l 
t o t h e a m o u n t of c o b a l t in t h e a l loy. T h e a l loys a r e 

e a s y t o work , t a k e a good pol ish, a n d resis t t h e ac t i on of t h e a i r . T h e sp . gr . is 
2-8 t o 2-9. 

E . H a y n e s p r e p a r e d some c h r o m i u m - t u n g s t e n - c o b a l t a l loys . O. R u m s c h o t t e l 
found t h a t t u n g s t e n s e p a r a t e d o u t in t h e freezing of a l loys m a d e b y a d d i n g a n a l loy 

of coba l t a n d t u n g s t e n t o one of z inc a n d 
copper . Al loys were also m a d e b y L . Gui l le t 
a n d H . Godfroid, A. H o f m a n n , G. L . Kronfe ld , 
ES. Schiffer, a n d E . H . Schulz a n d co-workers . 
W . Oer te l a n d E . P a k u l l a s t u d i e d t h e f .p. of 
t h e a l loys . T h e s t r u c t u r e of t h e a l loys w a s 
s tud ied b y C. W . Drescher , T. Spooner , 
H . Brosamlen , W . H . Losee , S. B . W r i g h t , 
H . J . F r e n c h a n d H . JL. H e r s c h m a n n , Li. Guil-
le t a n d H . Godfroid, A. V. H a r r i s , A. Hof­
m a n n , K . L o b b e c k e , W . Oer te l a n d E . P a k u l l a , 
a n d E . H . Schulz a n d co-workers . W . K o s t e r ' s 

c ——~~~r o b s e r v a t i o n s o n t h e n a t u r e of t h e solid soln . 
° a r e s u m m a r i z e d in F ig . 4 5 . C. W . D r u r y 
F m . 45.-—Phases in t h e T e r n a r y found t h a t a s te l l i te w i t h a low p r o p o r t i o n of 

ys m : o-Cr W. t u n g s t e n h a d a face-cent red , cub ic l a t t i ce w i t h 
a=3-554 t o 3*585 A. W . Oer te l a n d E . P a k u l l a s t u d i e d t h e m e c h a n i c a l p r o p e r t i e s 
of t h e s e a l loys , a n d of a l loys w i t h m o l y b d e n u m in p lace of t u n g s t e n . E . H a y n e s ' 
a l loy, ca l led stellite, is u sua l ly c o m p o s e d of c h r o m i u m , coba l t , a n d t u n g s t e n , a n d i t 
m a y b e modif ied b y t h e a d d i t i o n of i ron , or b y t h e s u b s t i t u t i o n of s o m e m o l y b d e n u m 
for t u n g s t e n , o r n ickel for cobal t—e .g . , (i) soft ma l l eab le s te l l i te h a s Co, 80 ; Cr, 20 
per c e n t . ; (ii) h a r d , mal leab le s te l l i te h a s Co, 55 ; Cr, 4O ; W , 3 ; a n d C, 2 p e r c e n t . ; 
a n d a n o t h e r s te l l i te (iii) h a s Co, 5 5 ; Cr, 3 5 ; a n d W , 10 p e r c e n t . O t h e r a l loys of 
a s imi lar c h a r a c t e r h a v e t h e t r a d e - n a m e s celsite, ccedite, volomit, thoran, akrit, widia, 
e t c . K . L o b b e c k e sa id t h a t t h e a v e r a g e compos i t ion of t h e s te l l i te a l loys is Co, 5 5 ; 
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Cr, 28 ; W, 15 ; C, 2*5 with small proportions of impurities, chiefly iron. The 
hardness increases with increasing chromium and decreasing cobalt-content, bu t 
tungsten has very little influence on the hardness. An increase in the proportion 
of carbon causes a t first an increase in hardness followed by a fall to a constant 
value owing to the formation of graphite. The resistance to wear increases generally 
with decreasing cobal t -content ; the chromium and tungsten have very little 
influence. The subject was studied by G. S. Armstrong, F . Bauerfeld, C. W. Drury, 
L. Guillet, I J . Guillet and H . Godfroid, W. H . Losee, M. Markle, S. Malowan, 
A. Merz and W. Schulz, W. Oertel and E. Pakulla, F . Rapatz , E . H . Schulz and 
co-workers, and R. Walter . W. H . Souder and P . Hidnert found for the coeflf. 
of thermal expansion, ct, of the three samples of stellite jus t indicated : 

20°-100° 1000-200° 2000-300° 3000-400° 4000-500° 5000-600° 20"-60O0 

( i . 14-1 1 5 1 16-2 15-9 1 6 0 18-9 1 6 1 
o X l O ' j i i . 13-4 15-2 16-0 16-3 17-5 20-2 16-5 

(iii . H O 12-3 13-6 13-8 13-3 16-9 13-6 

E . H . Schulz and W. Jenge observed t h a t the alloy melts near 1250°. 
W. W. Coblentz found the reflecting power, JR, for wave-lengths A in ̂ t=OOOl mm., 
to be : 

A . 0-45 0-50 0-7O 0-90 1 0 0 1-50 2 0 0 3 0 0 4-OO/u 
R . 63-5 65-8 71-8 73-5 7 4 0 75-3 76-8 8OO 82-8 per cent . 

I . C. Gardner, E . O. Hulbur t , P . R. Gleason, W. W. Coblentz and co-workers, 
and G. G. Abbot and co-workers, also measured the reflecting power of stellite. 
E . Haynes, and W. Oertel and E . Pakulla observed t h a t a blue, protective film 
was formed when the alloy was exposed to 1000°. The alloy is a t tacked by hydro­
fluoric, hydrochloric, and sulphuric acids and by molten alkalies ; bu t i t is scarcely 
affected by phosphoric, and organic acids, alkali-lye, and by soln. of ammonium 
and mercuric chlorides. E . Schiffer said t h a t the powdered alloy dissolves slowly 
in aqua regia, bromine aqua regia, bromine and hydrochloric acid, and in a soln. 
of potassium chlorate in a mixture of hydrochloric and sulphuric acids. E . Deiss 
studied the action of hydrochloric acid, and molten sodium dioxide and carbonate. 
W. Oertel and E . Pakulla examined the action of aqua regia, hydrochloric, sulphuric, 
nitric, oxalic, and tannic acids, sea-water, potash-lye, and a sulphuric acid soln. of 
copper sulphate. E . Cremer and B . Fetkenheuer observed t h a t the alloys are 
a t tacked b y molten potassium hydrosulphate, or by a mixture of sodium carbonate 
and potassium carbonate and ni t ra te . J . G. Thompson and co-workers studied 
the action of soln. of urea and of ammonium carbamate. K. Lobbecke studied the 
corrodibility of the alloys in hydrochloric acid, and E . H . Schulz and W. Jenge 
found t h a t the alloy begins to oxidize in air a t about 1000° ; and i t is stable in 
contact with hydrofluoric and sulphurous acids, and a soln. of mercuric chloride. 
K. Lobbecke observed t h a t the alloy most resistant to corrosion by hydrochloric 
or acetic acid is the Co : Cr : W : C = 5 5 : 28 : 15 : 2*5 alloy indicated above. The 
resistance to corrosion is sensitive to the proportion of contained carbon. Obser­
vations on a similar alloy, aJcrit, with cobalt 38 per cent. ; Cr, 3O ; W, 16 ; Ni, 10 ; 
Mo, 4 ; and C, 2 to 5, were made by E . H . Schulz, and C. W. Drescher. W. Oertel 
and E . Pakulla studied the molybdenum-chronriinrn-cobalt alloys. A. Staven-
hagen and E . Schuchard prepared tungsten-molybdenum-chrorniurn-cobalt alloys, 
as well as uranium-cobalt alloys* by the thermite process. P . A. Heller obtained 
uranium-nickel alloys by fusing uranium carbide and nickel oxide in a carbon 
crucible in an arc furnace. The alloys contained 4-5 to 5 per cent, of carbon. 

K. Hiege 1 3 prepared cobalt-manganese alloys, and found t h a t they form a 
continuous series of solid soln. with a flat minimum a t about 30 per cent, of cobalt 
and 1150°, Fig. 46. The crystals are not homogeneous bu t become nearly so after 
the alloys have been annealed for 5 hrs. in magnesia a t 1000°. The magnetic 
transformation curve falls rapidly from 1150° with increasing proportions of 
manganese. G. Tammann and E . Vaders studied the e.m.f. of the alloy, and 
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F I G . 46. The Freezing - point 
Curves of the Manganese-Cobalt 
Alloys. 

obse rved t h a t t h e l imi t of t h e solid soln . h a s a b o u t 0-50 mol . Co. T h e sub j ec t w a s 
s t u d i e d b y J . A. M. v a n L i e m p t . E . Pe r s son a n d E . O e h l m a n made o b s e r v a t i o n s 

o n t h e X- rad iog rams—v ide m a n g a n e s e ; B . BIu-
m e n t h a l a n d co-workers , on t h e s t r u c t u r e of t h e 
a l l o y s ; a n d W . K o s t e r a n d W . S c h m i d t , t h e 
r e l a t ion be tween t h e la t t i ce s t r u c t u r e a n d ferro-
m a g n e t i s m . 

G. T a m m a n n a n d E . Vade r s o b s e r v e d t h a t 
w i t h hydroch lor ic acid, a l loys "with less t h a n 
39*6 p e r cen t , of m a n g a n e s e deve lop n o h y d r o ­
gen , b u t w i t h h igher p ropo r t i ons , h y d r o g e n is 
deve loped . G. A r r i v a u t found t h a t soln. of 
a m m o n i u m chlor ide , or hydrof luor ic , h y d r o ­
chloric , su lphur i c , or n i t r i c ac id dissolve a l loys 
w i t h 60 t o 85 p e r cen t , of m a n g a n e s e com­
p le te ly . Alcoholic soln. of ace t ic ac id a n d 
a m m o n i u m a c e t a t e dissolve m o s t of t h e m a n ­

ganese , l eav ing a p y r o p h o r i c res idue w i t h a b o u t 5 p e r cen t , of m a n g a n e s e . 
W . Guer t l e r a n d T . L i epus found t h a t t h e 1 : 1 -coba l t -manganese a l loy w a s 
a t t a c k e d in 8 h r s . b y 10 a n d 50 p e r cent , n i t r i c acid ; b y 10 a n d 36 p e r cen t , 
hydrochlor ic ac id ; a q u a regia ; 10 pe r cen t , su lphur ic acid, a n d 20 p e r cen t , 
su lphu r i c acid sa t . w i t h s o d i u m s u l p h a t e ; c a r b o n d ioxide a n d a i r ; ace t ic ac id ; 
t a r t a r i c ac id ; c i t r ic ac id ; 10 a n d 50 p e r cen t , sod ium h y d r o x i d e ; s o d i u m 
h y d r o x i d e a n d h y d r o g e n d iox ide ; 10, 50, a n d 70 p e r cen t . aq . a m m o n i a ; 
10 a n d 50 p e r cen t , s o d i u m su lph ide , a n d 4 pe r cen t , sod ium su lph ide m i x e d 
w i t h 8 pe r cen t , a lkal i ; ch lor ine w a t e r ; s ea -wa te r ; s ea -wa te r p lus a i r ; 
r a i n - w a t e r p lus a i r ; a n d m a g n e s i u m chlor ide soln. I t decomposed a 1 : 500-soln. 
of mercu r i c chlor ide . T h e ac t i on on t h e a l loy Co : Mn : M o = 4 0 : 50 : 10 b y n i t r i c 
acid , hydroch lo r i c acid, a q u a regia , c i t r ic ac id a n d t a r t a r i c ac id ; soda- lye ; s o d i u m 
su lph ide ; s ea -wa te r ; a n d m a g n e s i u m chlor ide soln. w a s s t ud i ed . W." Gue r t l e r 
a n d T . L i epus also e x a m i n e d cobal t -mangaj iese- -molybdenum al loys . 

Accord ing t o A. F . Geh len , 1 4 J . F . Hassen f ra t z , T . F l e i t m a n n , P . Oberhoffer, 
C. J . B . K a r s t e n , J . Pe r cy , F . To ld t , J . S t o d a r t a n d M. F a r a d a y , J . L . F . Vogel , 
R . A . Hadfie ld , W . P r u s z k o w s k y , a n d G. H . Bil l ings, t h e i ron-cobal t a l loys c a n be 
r ead i ly fo rmed . T h e al loy is ma l l eab le a n d we ldab le ; i t is n o t co ld-shor t , b u t 
inc l ined t o be r ed - shor t . R . A. Hadf ie ld n o t e d t h a t coba l t ra ises t h e e las t i c i ty of 
i ron. P . B e r t h i e r obse rved t h a t t h e al loys of i ron w i t h coba l t closely r e semble 
those w i t h nickel . O. E . E r d m a n n , a n d A. Weiske obse rved t h a t t r a c e s of coba l t 
occur in m a n y commerc i a l i rons . C. F . Burgess a n d J . A s t o n found t h a t a l loys 
wi t h u p t o 6 p e r cen t , of coba l t c an be forged w i t h o u t difficulty a t t h e n o r m a l 
forging t e m p . ; a l loys w i t h less t h a n 6 pe r cen t , of coba l t c an b e we lded e lect r ica l ly ; 
a n d all c a n be m a c h i n e d in t h e l a the . T h e e lec t ro ly t ic p r o d u c t i o n of t h e a l loys 
w a s d iscussed b y G. B r u n i a n d M. Amador i , H . J . Bl iks lager , S. Glass tone a n d 
J . C. S p e a k m a n , a n d H . W . T o p p f e r ; a n d t h e e l ec t rome ta l lu rgy of t h e a l loys , b y 
F . P e t e r s . T h e diffusion of coba l t in i ron w a s s tud ied b y J . La i s sus , a n d N . Ageeff 
a n d M. Z a m o t o r i n . A select ion f rom W . v a n D r u n e n ' s r e su l t s for t h e diffusion 
coeff., D, a re a s follow : 

T A B L E I I I . — T H E DIBTTTSION O P COBALT INTO I B O N . 

1250° (72 hrs.) 

D e p t h 
cm, 

O00225 
0-00725 
0 0 1 2 2 5 

Cobalt 
% 

34-8 
1 6 0 

3 1 

Z>x 10» 

0-553 
0-887 
0-718 j 

1300° (72 hrs.) 

Depth 
cm. 

0 0 0 2 5 0 
OO1360 
0 0 2 4 5 0 

Cobalt 
% 

41-5 
1 3 0 
O-8 

Z J x i o 4 

0 1 4 6 
0-229 
0-169 

1850° (48 hrs . ) 

D e p t h 
cm, 

0 0 0 2 5 0 
O-Ol 30O 
O-Ol 85O 

Cobalt 
% 

44-6 
16-6 

6-2 

2>xlO« 

0-846 
0-448 
0-361 

1400° (48 hrs.) 

! D e p t h 
cm. 

0 0 0 1 2 5 
0 0 1 0 5 0 
0 0 2 2 5 0 

Cobalt 
% 

45-7 
25-1 

4 1 

2>x IO* 

0-334 
0-480 
0-418 
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T h e e q u i l i b r i u m d i a g r a m h a s b e e n w o r k e d o u t b y W . G u e r t l e r a n d G . T a m m a n n . 
T h e y f o u n d f o r t h e f . p . of m i x t u r e s o n t h e h e a t i n g a n d c o o l i n g c u r v e s : 

Cobalt 
Heat ing 
Cooling 

O 
. 1485° 
. 1475° 

5 
1440° 
1440° 

1 3 
1430° 
1440° 

3O 
1435° 
1445° 

5O 
1435° 
1440° 

6O 
1425° 
1445° 

8O 
1430° 
1440° 

100 per cent 
1435° 
1450° 

C o b a l t h a s v e r y l i t t l e i n f l u e n c e o n t h e m . p . of i r o n . F i g . 4 7 i s d u e t o R . R u e r a n d 
K . K a n e k o . I r o n h a s a t r a n s f o r m a t i o n p o i n t a t 1 4 2 0 ° w h e n S - i r o n b e c o m e s y - i r o n . 
T h i s t e m p , i s r a i s e d b y t h e a d d i t i o n of c o b a l t . T h e f . p . c u r v e h a s t w o b r a n c h e s 
o n e of w h i c h h a s a m i n i m u m a t 1 4 7 5 ° a n d 6 5 p e r c e n t , of c o b a l t . T h e t w o b r a n c h e s , 
w h i c h c o r r e s p o n d w i t h t h e f . p . of t w o s e r i e s a t s o l i d s o l n . , i n t e r s e c t a t 1 4 9 3 ° a n d 15 -5 
p e r c e n t , of c o b a l t . T h e t h e r m a l c h a n g e s a t l o w e r t e m p , a g r e e w i t h t h e m a g n e t i c 
c h a n g e s . T h e y—>)3, a n d t h e /3-->a t r a n s f o r m a t i o n s c o i n c i d e f r o m 1 5 p e r c e n t , of 
c o b a l t o n w a r d s , a n d t h e y i n c r e a s e w i t h i n c r e a s i n g c o b a l t . T h e t r a n s f o r m a t i o n 
c u r v e p a s s e s t h r o u g h a m a x i m u m a t 9 8 0 ° a n d 4 5 p e r c e n t , of c o b a l t ; a n d t h e 
e u t e c t o i d a l p o i n t m u s t l ie s o m e w h e r e b e t w e e n 7 0 a n d 7 5 p e r c e n t , of c o b a l t . T h e 
c u r v e hhl, F i g . 4 7 , r e p r e s e n t s t h e r e v e r s i b l e t r a n s f o r m a t i o n of t h e a - p h a s e t o t h e 
y - p h a s e ; rh, t h e r e v e r s i b l e m a g n e t i c t r a n s f o r m a t i o n of t h e a - p h a s e ; a n d cm, t h e 
c u r v e of r e v e r s i b l e t r a n s f o r m a t i o n of t h e n o n - m a g n e t i c ) 3 - c o b a l t t o t h e m a g n e t i c 
a - c o b a l t . T h e d i a g r a m w a s d i s c u s s e d b y A . K u s s m a n n a n d c o - w o r k e r s , J . A . M . v a n 

/550° 
/S00" 
/45(T 
/400° 
/3SO' 
//O0' 
/050° 
/oocr 
950° 
SOCP 
850° 
800°r 
750° 

VM20°\ 

T/SZ8*~ 

"Mg* 768* 

I493L 

/SfOn1 

'Al 

/475 

-magnetic 

x 

Msa 

\A 
ft 

/200 
//00 
/000' 
900 
8Od 
700 

AkGgnefic 

_L 
/00 20 4O 60 80/00 

Per cent of cobalt 
F i a s . 47 a n d 4 8 . — E q u i l i b r i u m D i a g r a m of t h e C o b a l t - I r o n Al loys . 

HO 4O 60 80 
fler cej7t. cobalt 

L i e m p t , L . G r e n e t , a n d F . W e v e r . P . W e i s s s a i d t h a t t h e m a g n e t i c t r a n s f o r m a t i o n 
a g r e e s w i t h t h e e x i s t e n c e of c o b a l t d i f e r r i d e , F e 2 C o . W . G u e r t l e r a n d G. T a m m a n n 
s a i d t h a t t h e a l l o y s r i c h i n c o b a l t , i.e. t h o s e w i t h 7 5 t o 1OO p e r c e n t , of c o b a l t , 
su f f e r t h e m a g n e t i c t r a n s f o r m a t i o n a t t h e s a m e t e m p . ; a l l o y s -with 6 0 t o 7 5 p e r c e n t , 
of c o b a l t suf fer a m o r e g r a d u a l t r a n s f o r m a t i o n , fo r t h e r e i s a n i n t e r v a l of a b o u t 1 0 0 ° 
b e t w e e n t h e h e a t i n g a n d c o o l i n g c u r v e s ; a l l o y s w i t h 5 t o 6 0 p e r c e n t , c o b a l t s h o w 
a n u n d e r c o o l i n g e f fec t of 2 0 ° t o 3 0 ° ; a n d t h e a l l o y s r i c h i n i r o n — i . e . w i t h l e s s 
t h a n 5 p e r c e n t , c o b a l t — s u f f e r t r a n s f o r m a t i o n l i k e i r o n a t a b o u t 7 6 0 ° . W i t h 
r e p e a t e d h e a t i n g s , t h e t e m p , a t w h i c h m a g n e t i z a t i o n v a n i s h e s , i n c r e a s e s u p t o 8 2 0 ° ; 
•while t h e t e m p , a t w h i c h m a g n e t i z a t i o n r e t u r n s , i s a b o u t c o n s t a n t a t 7 5 2 ° . H . S c o t t 
f o u n d t h a t c o b a l t d i d n o t h a v e a m a r k e d e f fec t o n t h e c o n v e r s i o n of m a r t e n s i t e t o 
t r o o s t i t e . H . M a s u m o t o ' s r e s u l t s f o r t h e e q u i l i b r i u m of t h e s o l i d a l l o y a r e s h o w n 
i n F i g . 4 8 . T h e r e i s a t r a n s f o r m a t i o n p o i n t f o r c o b a l t a t 4 0 3 ° , a n d t h i s c o r r e s p o n d s 
w i t h a r e g i o n w h e r e t h e s o l i d s o l n . of t h e y - i r o n a n d c o b a l t f o r m s a s o l i d s o l n . of 
y - i r o n i n h e x a g o n a l c o b a l t . B o t h t h e A 4 - a n d A 3 - a r r e s t s a r e r a i s e d b y t h e a d d i t i o n 
of c o b a l t . T h e e f fec t of c o b a l t i n t h e A 2 - a n d A s - a r r e s t s w a s f o u n d t o b e : 

F e 
A c 1 

A r , . 
A c 3 
A r , . 

VOI*» XIV. 

. 21*14 
943° 
932° 
874° 
407° 

27-13 
908° 
875° 
863° 
833° 

40-11 

938° 
930° 

6 5 0 8 

981° 
970° 

66-06 

955° 
964° 

80-04 

920° 
927° 

IOO per cent 

908° 
888° 

2 M 
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A. Osawa found that in the case of the a-solid soln. of iron and cobalt the lattice-
constant concentration curve is of the second degree. 

Iron 
a 
Iron 
a 
C 

. 95 

. 2-855 

. 20 

. 2-824 

. 3-434 

90 
2-854 

10 

3-541 

8O 
2-851 

5 

3-536 

60 
2-847 

3 

3-533 

5O 
2-846 

1-5 
2-493 
4-066 

25 
2*825 

1 0 
2-493 
4 0 6 2 

24 per cent. 
2-825 A . 

0-5 per cen 
2-492 A . 
4 0 6 2 A . 

/000° 

900 

800 

700' 
?5%Co 

F i a . 4 9 . — T h e Effect of Cobalt on 
t h e Ai-arrest of 0-2 per cent . Car­
b o n Steel . 

The cobaltr-carbon sys tem, studied b y G. Boecker, A. Schulze, W. C. Ell is , 
E . Li. Reed, R. Vogel and W. Sundermann, L. Grenet, and b y O. Ruff and F . Keil ig, 
has been discussed in connection with the carbides—5. 39 , 20 . A t 1700°, cobalt 
dissolves 3-9 per cent. , and a t the eutect ic t e m p . , 1300°, cobalt retains 0*82 per 

cent, of carbon in solid soln. The presence of 
a carbide in the eutectic cannot be proved ; 
for the eutect ic appears t o contain only 
graphite and crystals of cobalt . J . O. Arnold 
and A. A. R e a d thought t h a t t h e y could 
demonstrate the existence of a cobalt cemen-
t i te , CoC3, by the method of residual analysis . 
The negat ive heat of formation of this carbide, 
as determined b y O. Ruff and co-workers, is 
n o t so great as to exclude the possibil ity of i ts 
existence in cobalt steels. J . O. Arnold and 
A. A. R e a d observed that cobalt has a smaller 
tendency than nickel to produce graphite ; and 

O. Bauer and E . Piwowarsky observed with respect to cast iron t h a t up to 2 per 
cent , of cobalt serves no useful purpose, but i t has a tendency t o retain carbon 
in the combined state . L. Guillet observed t h a t steels wi th up t o 40 per cent, 
of cobalt are all pearlitic e v e n when t h e y contain 0-80 per cent, of carbon. 
L. D u m a s represented the effect of cobalt on the A 1-transformation of a steel w i t h 
0*2 per cent, of carbon b y Fig . 49 . J. O. Arnold said that cobalt does not form a 
" true " steel having 100 per cent, pearlite. H . Sawamura, and F . Roll showed 
tha t cobalt favours the decomposit ion of the carbide in cast iron ; Y . U m a n s k y 
and E . Gordon, the lattice structure of the contained martensite ; A. Michel and 
P . Benazet , and E . Pretet studied the effect of cobalt on the tempering of the 
quenched alloy ; and L. Grenet, the transformation of the alloys from one s tate to 
another. 

According to M. R. Andrews, and Z. Nishiyama, the iron-cobalt alloys have a 
body-centred cubic lattice wi th up to about 70 at . per cent, of cobalt ; and the 
effect of adding cobalt to iron is to reduce the grating space from a=2-850 A. for 
iron, to a = 2 - 8 2 7 A. for an a l loy with 66-7 per cent, of cobalt . The change is n o t 
linear. Alloys wi th 90 to 98 per cent, of cobalt are face-centred cubic w i t h a from 
3-550 A. to 3*540 A., and alloys w i t h about 70 to 80 per cent, of cobalt have m i x e d 
lattices. Cobalt alone a t room temp, has a close-packed, hexagonal space-lattice. 
Z. Nish iyama found the latt ice constant, a, of alloys wi th 5, 10, 15, and 20 
per cent, of cobalt , a = 2 - 8 6 7 A. , 2-867 A., 2-867 A., and 2-868 A. respectively. 
H . Perlitz discussed the distance apart of the atoms. Z. N i sh iyama found for the 
sp. gr., a t 13-4° t o 13-8°, of al loys wi th 5, 10, 15, and 20 per cent , of cobalt , the 
respective values 7-8811, 7-9002, 7-9133, and 7-9411 ; W . Brown found tha t the 
sp. gr. and sp. vol . of steels w i th 0-25 per cent, carbon and 1-8 per cent , cobalt , "were 
respectively 7-8117 and 0-12801, and with 0-52 per cent , carbon a n d 7-0 per cent , 
nickel, respectively 7-8326 and 0-12767. Hence , w i th up to 7 per cent, of cobalt , 
the sp. vol . decreases a t the rate of 0*0001 c.c. for every per cent , of added cobalt . 
A. Osawa, A. Preuss, P . Dejean , and B . Simmersbach discussed this subject . 
L . Guillet found t h e following mechanical properties for cobalt steel w i th about 
0*8 per cent, of carbon : 
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Cobalt . 
!Elastic l imit . 
Tens i le s t rength 
!Elongation 
R e d u c t i o n of area . 
Brinel l 's hardness . 

4-45 
46-6 

121-8 
6 

10-6 
. 248 

6-72 
5 1 1 

102-3 
7 

14-6 
2 4 1 

9-76 
44-0 

122-6 
5 
6-8 

2 4 8 

29-3O per cent . 
50-5 kgrms . per sq . ram. 

118-5 „ „ 
6 per cent . 

1 1 5 „ 
241 

Ii. Guillet added tha t the presence of cobalt s lowly raises the tensile strength and 
elastic l imit while diminishing the e longation and reduction of area. There is no 
sudden alteration in the mechanical properties, which are changed only gradually. 
Observations were also made b y C. E . Guil laume, K . Honda , 35. K. Smi th and 
H . C Aufderhaar, !L. Gruillet, K. Sasagawa, R. Scherer, I . Musatt i and G. Calbiani, 
J . Stodart and M. Faraday, R. A. Hadfield, K. Taniguchi, and C. B . Browne. 
G. T a m m a n n and V. Caglioti s tudied the recovery of the hardness after cold-
working. Ti. D u m a s ' results w i th steel containing 0-2 per cent , of carbon are 
summarized in Fig . 50. The observations of J . O. Arnold and A. A. R e a d are as 
follows : 

Carbon (combined) . 0-64 0-62 
Cobalt . 2-68 5-5O 
Yie ld-point . . 45-3 5 1 1 
Tensi le s trength . . 7 5 0 75-8 
!Elongation . . . 17-5 22-5 
R e d u c t i o n of area . . 26-7 42-7 
N u m b e r imparts for f r a c - | 0 y , 0 0 „ „ 

ture . . . . / 2 4 2 J3d 

0-84 
1 1 1 8 
50-5 

108-8 
11-5 
21-5 

158 

23 

22 

Je 20 

I 
"1 IS 

/ 7 

/6 

O-93 0-72 per cent . 
16-97 20-85 
58-8 62-O kgrms. per sq . m m . 

116-8 110-5 
9-5 H-O per cent . 

12-7 18-9 
174 123 

9 <? 

8 0* 

70 % 

I I I yfJo'^l I I I I I 

S H H p*H TiJ ^J N I /NsJ \ /1 Sr PK NL4 J 
N NN. YM f*\ / h£i / 
I I I I I l%A I I I/ I 
M I M I r \ I i I 

I \ UM Y 
£0 4O 6O 80% Co 

FiO. 5O.—The Mechanical Propert ies of 
O-2 per cent . Carbon Stee l . 

Kio . 51 .—Modulus of E las t i c i ty and 
.Rigidity of Iron-Cobalt A l loys . 

H . T. Ka lmus and K. B . Blake said t h a t the Fe 2 Co-al loy can be readily forged, 
and i t t h e n has twice the strength of purified iron ; mechanical ly the al loy is brittle, 
but w h e n annealed, i t has the same u l t imate s trength as purified iron. T. X). Yensen 
g a v e for purified iron, and the Fe 2Co-al loy, both mel ted in vacuo , as forged, gave the 
respective values 40,60O and 73,400 lbs. per sq. in . for the stress a t the yield-point ; 
42,63O and 97,500 lbs. per sq. in. for the u l t imate strength ; 32 and 3 per cent , for 
the e longation ; and 71-0 and 3-0 per cent, for the reduction of area. For the same 
samples annealed, he gave the respective values 16,100 and 30,800 lbs. per sq. in. 
for the y i e ld -po in t ; 35,500 and 30,8OO lbs. per sq. in. for the ult imate stress ; 
49-0 and 1*0 per cent, for the e longation, and 78-0 and 1-0 per cent , for the reduction 
of area. K. H o n d a gave for the Young's modulus of elasticity, E7 and the rigidity, 
or torsion modulus , n : 

Co . 
JSxIO-" 
vt x IO-11 

0 10 -20 30 40 70 8O 90 100 per cent. 
2-087 2-030 2-119 2-132 2-068 1-836 1-703 1-934 2-038 
8-34 8-14 8-30 8-86 8-93 7-24 6-3O 7-25 7-63 

Thus, b y adding cobalt to iron, Young's modulus decreases sl ightly, reaches a 
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minimum with 10 per cent, of cobalt, Fig. 51 , then rises to a maximum with 27 per 
cent., and then gradually decreases to a second minimum a t 82 per cent. Above 
this concentration, the modulus then rises to the value for cobalt alone. The change 
of the modulus of rigidity with concentration gives a similar graph with one 
maximum and two minima. The relative positions of the maxima and minima 
in the two curves nearly coincide each to each. Z. Nishiyama found the elastic 
moduli of alloys -with 5, 10, 15, and 2O per cent, of cobalt, the respective values 
E X 10-0=2-159, 2-171, 2-186, and 2-238 kgrms. per sq. cm. H . J . French and 
W. A. Tucker, W. Oertel and F . Polzguter, R. C. Good, A. L.. Norbury, E . Kothny , 
A. R. Page and J . H . Partridge, P . Blum, O. J . Steinhart, and A. Schulze studied 
the physical properties of the alloys. 

H . Masumoto and S. Nara found the coeff. of thermal expansion, a, of the iron-
cobalt alloys between 30° and 100° to be : 

Cobalt 
a X 10« 
Cobalt 
a X 10« 

O 9-91 19-96 29-95 39-93 per cent . 
1-220 1-61 0-985 0-934 0-994 

49-91 59-89 79-86 98-62 1OO per cent . 
0-849 0-883 1 1 6 9 1-225 1-279 

The results, plotted in Fig. 52, show tha t as iron is added to cobalt, the coeff. of 
thermal expansion decreases gradually to a minimum at about 47 per cent, of iron, 

it then increases to a maximum with 65 per cent, 
of iron ; there is then a gradual decrease to a 
minimum a t 73 per cent, of iron, and thereafter, 
a steady increase to the value for iron alone. The 
break with 4 per cent, of iron approximates with 
the point a t which the lattice-change occurs. 
H . Masumoto and S. Nara 's results are repre-

L 

l̂ «S3 —/ 
r̂ 5SJ 

I , V-U r̂ 
~, 

Co . 
k 
K X l O - * . 
hjK x 10« . 

0 
0 1 0 9 0 
6 0 2 
1-82 

1 0 
0-0944 
4-04 
2 1 0 

2O 
0 1 0 4 7 
4-25 
2-46 

5O 
0-1700 
8-90 
1-91 

7O 
0-1721 

10-86 
1-59 

8O 
0 1 2 2 3 
7-48 
1-56 

9 0 
0-0960 
6-21 
1-54 

Fe 20 40 60 SO Co 
F i o . 52.—Coefficients of Thermal 

All5yr i 0 1 1 ° f t h e I r o n C o b a l t sented by the continuous line, Fig."o2, and "those 
of A. Schulze, by the dotted line. H. Masumoto 

found breaks with 79 and 95 per cent, of cobalt and an inconspicuous maximum 
with 35 per cent, of cobalt. W. C. Ellis, and E. A. Blomqvist studied this subject. 
W. Brown found tha t the sp. hts . of the two steels just indicated were re­
spectively 0*1153 and 0-1157. K. Honda and co-workers found the thermal 
conductivity, k, in c.g.s. units, to be : 

100 per cent . 
0 1 6 5 3 

11-64 
1-42 

The results are plotted in Fig. 53, and they should be compared with the corre­
sponding values for the nickel-iron alloys. The conductivity thus decreases a t 
first with increasing proportions of cobal t ; then at ta ins a maximum with about 
10 per cent, of cobalt, then rises to a maximum with about 65 per cent., and falls 
t o a second minimum with about 9O per cent., after which i t rises to the value for 
cobalt alone. K. Honda found an increase of about 1 microhm per cm. cube for 
the addition of 1 per cent, of cobalt to iron. K. Honda 's values for the electrical 
conductivity, 7£xl0~~4 mho, are indicated above, and plotted in Fig. 53. The 
curves for the thermal and electrical conductivities are similar, and have corre­
sponding maxima and minima. The ratio of the two conductivities is not constant, 
bu t varies from 2*4 X 1O-* to 1-4XlO-*. T. D . Yensen gave IO microhms a t 20° 
for the approximate electrical resistance of the Fe2Co-alloy melted in vacuo and 
annealed a t 900°. This is near the value for iron alone ; for the alloy melted in 
vacuo and annealed a t 1100°, the resistance is 10*10 microhms a t 20°—for 
G. W. Elmen's observations, vide infra, the cobalt alloys. R. Gans, A. Schulze, 
and W. C. Ellis studied this subject ; and G. Tammann and V. Caglioti, the recovery 
of the resistance after cold-working. P . W. Bridgman found tha t the effect of 
pressure on the sp. resistance, M, of the iron-cobalt alloys can be represented by 
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8R/R0—ap-\-bp2, w h e r e a a n d b a r e c o n s t a n t s , a n d t h e t e m p , coeff. , a , b e t w e e n 0 ° 
a n d 1 0 0 ° : 

I r o n 
3 0 o / 0 X 1 0 « . 
3U \ b X 1 0 1 1 . 
7 5 ° / « X IO* • / 0 \ b X l O 1 1 . 
2?<30°) X 10» . 
a X 1 0 s . 
I r o n 
3 0 o f O X l O " . 
d ° \ 6 X 1 0 1 1 . 
7 5 o / a x l O " . 7 5 t & x l O " . 
72(30°) X 10« . 
c t X l O * . 

O 
- O - 9 5 8 

0 - 6 8 
— 0 - 9 6 0 

1-04 
6 - 6 2 
6 0 4 

6 6 - 7 
1 -153 
3 - 1 0 
0 - 8 9 8 
4 - 6 1 

1 0 - 3 7 
2 -41 

I O 
— 0-4Ol 

O-69 
— 0 - 3 0 5 

0-81 
8 - 2 9 
5 - 3 4 

8 O 
1-408 
0 - 7 3 
1-346 
0 - 3 9 

1 9 - 3 4 
2 1 8 

2 0 
4 - 3 2 

1 4 
6 - 2 9 
8 - 0 
9-91 
5 - 6 3 

9 0 - 9 
— 1-413 

O-62 
— 1-36O 

0 - 4 9 
1 8 - 1 2 

2 - 7 5 

3 3 - 3 
— 0 - 7 9 6 

0 - 6 
— O-643 

O 
5 - 8 4 
4 - 4 6 

5O p e r c e n t 
— 0 - 4 7 3 

2 - 6 5 
— 0 - 4 6 7 

1-63 
5 - 7 8 
4 - 2 5 

1OO p e r c e n t . 
- 2 - 4 2 7 

1 1 4 
— 2-45O 
1-00 

1 0 - 5 2 
6 - 3 5 

T h e r e s u l t s a r e p l o t t e d i n F i g . 5 4 , a n d t h e b r e a k s r e p r e s e n t t h e c h a n g e f r o m t h e 
b o d y - c e n t r e d t o t h e f a c e - c e n t r e d c u b i c s t r u c t u r e a s t h e p r o p o r t i o n of c o b a l t r i s e s 
b e y o n d a b o u t 7 0 p e r c e n t . 

20 40 
Per cent 

80 
of cobalt 

F m . 5 3 . — E l e c t r i c a l a n d T h e r m a l Con­
d u c t i v i t i e s of t h e C o b a l t - I r o n Al loys . 

"0 2O 40 60 80 /OO 
Atomic per cent of cobalt 

F i a . 5 4 . — T h e Effect of P r e s s u r e o n t h e 
E l e c t r i c a l R e s i s t a n c e of t h e Fe-Co Al loys . 

T . S . F u l l e r f o u n d t h e t h e r m o e l e c t r i c f o r c e , E m i l l i v o l t s , of c o p p e r a g a i n s t i r o n 
a l l o y s w i t h 1 0 , 2 0 , a n d 3O p e r c e n t , of c o b a l t , b e t w e e n 0 ° a n d 1 0 0 ° , t o b e r e s p e c t i v e l y 
— 0 - 6 4 , —3-7O, a n d — 3 - 5 0 . A . S c h u l z e , a n d W . C. E l l i s s t u d i e d t h i s s u b j e c t . 

K . H o n d a m e a s u r e d t h e i n t e n s i t y of m a g n e t i z a t i o n , Z, of a s e q u e n c e of i r o n -
c o b a l t a l l o y s f o r fields of H g a u s s ; t h e f o l l o w i n g r e s u l t s a r e s e l e c t e d f r o m t h e t a b l e s : 

( H 5 p e r c e n t . Coj j 

3O p e r c e n t . Coj *jf 

9O p e r c e n t . C o / *jjf 

13-7 
1117 

25-3 
116O 

44-9 
1067 

113 
146O 

113 
1643 

146 
1202 

207 
1551 

207 
1753 

243 
126O 

689 
1695 

688 
1844 

72O 
1344 

1179 
17IO 
1172 
1868 
116O 
1359 

T h e i n t e n s i t y of m a g n e t i z a t i o n , J , f o r a n e f f e c t i v e m a g n e t i z i n g f i e ld / / — 1 2 0 0 g a u s s , 
i s p l o t t e d i n F i g . 5 5 . T h e c u r v e h a s a m a x i m u m a t a b o u t 3 5 p e r c e n t , c o b a l t , a n d 

200O 
V § /600 

N § /800 
" /400 

U200 
/000, 

0 

O 20 40 6080%O? 
F i o . 6 5 . — T h e I n t e n s i t y of M a g n e t i z a t i o n 

of C o b a l t - I r o n A l l o y s . 

Fe9Co 

=tt 
°0 20 4O6O$0V*Co 

F I G . 5 6 . — S a t u r a t i o n C a p a c i t y of t h e 
C o b a l t - I r o n Al loys . 

t h i s i s i n a g r e e m e n t w i t h t h e r e s u l t s of A . P r e u s s , w h o f o u n d t h a t w i t h a l l o y s n e a r 
F e g C o , t h e s a t u r a t i o n c a p a c i t y i s I O p e r c e n t , g r e a t e r t h a n t h a t of i r o n ; a n d P . W e i s s 
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and R. Forrer found that al loys wi th 35 t o 45 per cent, of cobalt have a saturation 
capacity 12-4 per cent, greater than iron. Their results are summarized in Fig . 56, 
where a t low temp. , al loys wi th up to 78 per cent, of cobalt have a body-centred 
cubic lattice—ct-ferrocobalts ; those with 78 to 95 per cent, cobalt have a face-
centred cubic lattice—y-ferrocobalts ; and those with 95 to 100 per cent, cobalt , a 
hexagonal lattice of m a x i m u m density—//-ferrocobalts . I t is considered curious 
tha t the intensi ty of magnetization of an al loy—35 per cent, cobalt—is considerably 
greater than t h a t of i t s components when i t is remembered tha t the t w o e lements 
form a continuous series of solid soln., and no compound. In other analogous 
cases, the saturation value of magnetization follows the addit ive rule, varying 
linearly from one component to another, as found b y O. Bloch for the nickel-cobalt 
alloys. H . Masumoto represented the intensity of magnetization of the iron-cobalt 
alloys b y the curves, Figs. 57 and 58, where F represents ferrite ; M, martens i te ; 
A, austenite ; and H, the alloys with the close-packed, hexagonal lattice. The 
numbers in Figs. 57 and 58 refer to the strength of the magnetic field in gauss. 

Per cent cobalt 

F i o s . 57 a n d 58 .—The I n t e n s i t y of Magnet izat ion of the Iron-Cobalt Al loys . 

The alloys of the a- and y-solid soln. are easi ly magnetized ; the latter, especially 
has a high m a x i m u m permeability comparable with that of permalloy ; the solid 
soln., wi th the close-packed, hexagonal lattice, is less magnetizable The magnetiza­
t ion reaches a m a x i m u m with about 35 per cent, cobalt. K. Honda said that the 
true saturation value for iron is probably 200O, much greater than the commonly 
accepted value, 1700. In that case, the value 1700 is not the magnetic m o m e n t 
of one mol. multiplied b y the number of mols. in unit vol. , but merely the satura­
t ion value practically attainable. The m a x i m u m in the curve, Fig . 56, then, means 
tha t when iron is al loyed with about 35 per cent, of cobalt, the attainable saturation 
value for iron is raised, and made to approach the-true saturation value. P . Weiss 
found that the alloy with about 29 per cent, of cobalt, corresponding with Fe 2 Co, 
has a magnetic saturation value IO per cent, greater than that of soft iron at ordinary 
temp. , and he considered this as evidence of the formation of a cobalt diferride, 
Fe 2Co, analogous t o the assumed nickel diferride, Fe 2 Ni . T. D . Yensen obtained 
about 3 per cent, increase in the magnetization of these alloys when they are melted 
in vacuo. T. D . Yensen's results are summarized in Figs . 59 and 6 0 ; and for 
G. W. Elmen's results, see the cobalt alloys. Observations were made b y O. von 
Auwers and H. Kuhlewein, A. Kussmann and co-workers, T. Spooner, S. J. Barnett 
and Ii. J . H . Barnett , T. H. Gant, H. E . Kershaw, W. Oertel, R. L. Sanford, 
W. C. Elhs , E . H. Schulz and co-workers, F. Stfiblein, R. L. Dowdell , J. F . Kayser, 
J. H. Partridge, S. Evershed, E . Gumlich, J. R. Gier, J . W. Shih, and 
E . A. Watson. P. Weiss and R. Forrer studied the saturation magnetizat ion of 
the iron-cobalt alloys between ordinary temp, and the temp, of l iquid air. 

P . Weiss and R. Forrer found tha t the magnetizat ion curve consists of t w o 
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straight l ines connected b y a curved portion, one c u r v e slopes upwards from O t o 13 
per cent , of cobalt , and t h e other downwards from 5O t o 78 p e r cen t , of cobalt . The 
stable form of the a l loy is a b o d y - c e n t r e d cub ic la t t ice—ct-ferrocobal t ; from 78 t o 
95 p e r cen t , of cobalt , t h e l a t t i ce is face-cent red—-y-fer rocobal t ; a n d f rom 95 t o 1OO 
p e r cen t , coba l t , t h e l a t t i ce is h e x a g o n a l . T h e m a g n e t i z a t i o n c u r v e in t h e reg ion of 

F i o s . 59 a n d 60 .—Magnet i za t ion Curves of I ron and. Iron-Cobalt A l loys . 

y- fe r rocoba l t is l inear . T h e m a g n e t i c m o m e n t of c o b a l t in t h e reg ion a - f e r rocoba l t 
r i ch i n i ron , is 17, b u t w i t h t h e ot-ferrocobalt r i ch i n coba l t , t h e m a g n e t i c m o m e n t 
of c o b a l t is 9, a n d i ron 15 ; in y - fe r rocoba l t , t h e m a g n e t i c m o m e n t of t h e c o b a l t is 
8 § . F o r R . F o r r e r ' s o b s e r v a t i o n s o n t h e t w o Curie p o i n t s , vide i r on ; A . G u i l b e r t 
s t u d i e d t h e hys te res i s ; H . K u h l e w e i n , t h e Curie p o i n t s ; R . F o r r e r , t h e m a g n e t i c 
m o m e n t of t h e a l loys ; a n d N . S. Akuloff, t h e a n i s o t r o p y of coba l t . 

H . T . K a l m u s a n d K . B . B l a k e r e p o r t e d t h a t t h e a l loy co r r e spond ing w i t h F e 2 C o 
h a s a s a t u r a t i o n v a l u e of m a g n e t i z a t i o n f rom IO t o 13 p e r cen t , h ighe r t h a n t h a t 
for i r on a lone ; t h e h ighe r v a l u e s were o b t a i n e d w i t h s ample s p r e p a r e d in v a c u o , 
a n d a r e free f rom ind i ca t i ons of a l ack of cohes ion . T h e b e s t cas t ings s h o w 
a m a x i m u m p e r m e a b i l i t y of a p p r o x i m a t e l y 13,0OO a t a d e n s i t y of 80OO gauss . T h i s 
is cons ide r ab ly lower t h a n t h e co r r e spond ing v a l u e for i ron a lone , b u t m u c h g r e a t e r 
t h a n t h a t of s t a n d a r d t r a n s f o r m e r s teel . T h e m o s t i m p o r t a n t p r o p e r t y of t h e 
Fe 2 Co-a l loy is i t s p e r m e a b i l i t y i n m e d i u m fields—that is , for a m a g n e t i z i n g force of 
5 0 t o 20O g i lber t s p e r c m . T h r o u g h t h i s r a n g e , t h e p e r m e a b i l i t y of t h e Fe 2 Co-a l loy 
is a p p r o x i m a t e l y 25 p e r cen t , g r e a t e r t h a n t h a t of i ron a lone or of c o m m e r c i a l 
g r a d e s of t r a n s f o r m e r s teel o r i ron . T h e hys te res i s loss of t h e Fe 2 Co-a l loy is con­
s i d e r a b l y less t h a n for t h e b e s t g r a d e s of c o m m e r c i a l t r a n s f o r m e r s teel a t dens i t i es 
of 10,000 gauss , a n d a b o u t t h e s a m e as for c o m m e r c i a l i r on a t co r r e spond ing 
d e n s i t i e s — a b o u t 15,000 gauss . C. F . B u r g e s s a n d J . A s t o n obse rved t h a t if t h e 
hys t e r e s i s loss p e r cycle w i t h i ron a lone is u n i t y , t h a t w i t h a n a l loy w i t h 1-035 p e r 
cen t , of c o b a l t is 1*20, a n d w i t h 47*08 of n ickel , 0*53. T. D . Y e n s e n said : 

T h e chief importance of cobal t l ies i n i t s magnet i c permeabi l i ty a t h igh densi t ies . A n 
increase here of 25 per c e n t . , -when coupled -with a, l ow hysteres i s loss , is a, h igh ly desirable 
characterist ic , for ins tance , for t h e t e e t h of t h e armatures of d y n a m o machinery , where 
t h e d e n s i t y is a l w a y s v e r y h igh . W i t h o u t go ing in to detai l , a few considerat ions will 
m a k e th i s apparent . B y increasing t h e d e n s i t y in t h e t e e t h 25 per c e n t . — w h i c h is a l lowable 
b y us ing the Fe 2 Co-al loy the armature m a y be shor tened a corresponding a m o u n t . A s 
t h e increased d e n s i t y in t h e t e e t h necessari ly m e a n s a n increase in t h e dens i ty of the air-
g a p , t h e latter m a y be shortened so as t o keep t h e field ampere turn for the air-gap and the 
t e e t h t h e same as before. Furthermore , t h e ins ide d iameter of the armature core-may be 
increased so as t o g ive a smaller core cross-sect ion. T h e shortening of the armature also 
shortens t h e pole p ieces , and if a h igh permeabi l i ty a l loy is used in the field magne t i c 
c ircuit as wel l a s in the armature , t h e cross-sect ion of t h e field core and y o k e m a y also be 
reduced . F r o m the a b o v e reasoning, i t fol lows t h a t t h e armature, bes ides requiring less 
iron, wil l also require less copper ; a n d t h e field spools , whi le conta in ing the same n u m b e r 
of ampere turns as before, -will a lso require less copper. The to ta l reduct ion of iron and 
copper m a y thus a m o u n t t o a s m u c h as 25 per cent . each . Pass ing from the required 
a m o u n t of material t o t h e energy losses in t h e mach ine , t h e I2H loss is reduced in direct 
proport ion t o t h e reduct ion in copper used . Furthermore , as the hysteres is loss is lower 
per p o u n d for the Fe 2 Co-a l loy t h a n for ordinary iron, a n d as t h e e d d y current loss 
is a b o u t t h e s a m e , the to ta l core loss should be considerably less than w i t h ordinary 
iron, in sp i te of t h e increased dens i ty . T h u s , i t w o u l d appear possible w i t h this iron-cobalt 
a l loy t o construct d y n a m o machinery considerably l ighter t h a n at present , a n d -with a 
h igher efficiency. 
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K . H o n d a a n d K . Kido measured t h e magne tos t r i c t ion of cobal t - i ron a l loys a n d 
obse rved a n expans ion w i t h a l loys w i t h u p t o 10 p e r cent , of c o b a l t ; a c o n t r a c t i o n 
w i t h al loys h a v i n g 90 p e r cen t , o r m o r e ; a n d al loys w i t h 80 p e r cen t , of c o b a l t 

XT 

gave a n expans ion , for fields u p t o — = 3 0 0 or 400 gauss , a n d a c o n t r a c t i o n w i t h 
m o r e in tense fields. Y . M a s i y a m a found t h a t t h e longi tud ina l magne to s t r i c t i on , 
F ig . 6 1 , is t h e reverse of t h e t r an sve r se effect. The a b r u p t c h a n g e w i t h a l loys 

n e a r 80 p e r cen t , of coba l t for b o t h t h e longi­
t u d i n a l a n d t r ansve r se effects, co r responds wi th 
t h e change f rom t h e a- t o t h e y - l a t t i ce . T h e 
change i n vo l . is t h e differential effect of t h e 
longi tud ina l a n d t r ansve r se changes in l eng th . 
Obse rva t ions were m a d e b y S. R . Wil l iams. 

K . H o n d a a n d T. T a n a k a s tud ied t h e effect 
of m a g n e t i z a t i o n on t h e coeff. of r ig id i ty , K, 
a n d t h e elast ic modu lus , JE. E x c e p t in w e a k 
fields, t h e e las t ic c o n s t a n t s a re s imilar , a n d a r e 
i l l u s t r a t ed b y t h e curves , F igs . 62 a n d 6 3 . T h e 
e las t ic c o n s t a n t s of coba l t - i ron a l loys a r e in­
c reased b y magne t i za t i on , b u t w i t h al loys h a v i n g 
35 t o 55 p e r cen t , of coba l t , a smal l decrease 
occurs . T h e first m a x i m u m cor responds w i t h 
t h e m a x i m u m in t h e effect of concen t r a t i on a n d 
t h e As-poin t in t h e iron—cobalt sy s t em ; a n d t h e 
second m a x i m u m t o t h a t concen t r a t i on in wh ich 
t h e ct-lattice changes i n t o t h e y-lattice. T h e 
change in t h e elast ic c o n s t a n t in these al loys is 

a b o u t six t i m e s g rea te r t h a n i t is w i t h c a r b o n steels ; a n d t h e change in t h e 
r ig id i ty is a b o u t four t imes g rea t e r t h a n t h a t of t h e e las t ic i ty . 

The favourab le effects of coba l t in h inde r ing ru s t i ng were d e m o n s t r a t e d b y 
H . T. K a l m u s a n d K . B . B lake . F . H . Mason, a n d H . K i r s c h t s tud ied t h e effect 

b abo 4oo 6oo soo MOO /200 HOO 
H gauss 

F I G . 61 .—The Effect of the Mag­
net ic Field on. Magnetostrict ion. 

Per cent cobalt 
F i o . 62 .—The Effect of Magnetizat ion on 
the Elast ic Modulus of Cobalt-Iron Al loys . 

Per cent, cobalt 
F I G . 63 .—The Effect of Magnet izat ion on 

the Rig id i ty of Cobalt-Iron Al loys . 

of coba l t on t h e ox ida t ion of i ron. C F . Burgess a n d J . As ton observed t h a t w h e n 
cobal t - i ron a l loys were exposed t o t h e w e a t h e r for 162 d a y s f rom J u l y t o F e b r u a r y , 
t h e losses b y corrosion, expressed in k i lograms pe r sq . m e t r e p e r y e a r ; a n d t h e 
losses in g r a m s p e r sq . c m . w h e n immersed in 20 p e r cent , su lphur ic acid for 1 hou r , 
were a s follow : 

5"052 per cent . 
O-205 
0-257 

W . Guer t l e r a n d T . L i epus found t h a t a 1 : 1-cobalt-iron al loy w a s a t t a c k e d i n 
less t h a n 8 h r s . b y IO a n d 50 p e r cen t , n i t r i c ac id ; IO a n d 36 p e r cen t , h y d r o -
_i_i .-_ __• i a q u a regia ; 10 p e r cen t , su lphur ic ac id sa t . w i t h sod ium s u l p h a t e ; 

Cobalt 
Atmospheric corrosion 
HgSO«-corrosion 

1-035 
O-239 

. 0-705 

2-000 
0-342 
1-020 

4 0 5 5 
0-205 
0-356 

chloric acid 
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carbon dioxide and air ; acetic acid ; citric acid ; tar taric acid ; chlorine water ; 
sea-water ; sea-water and air ; rain-water and air ; and a soln. of magnesium 
chloride. I t was not a t tacked by a 10 per cent. soln. of sodium sulphide in 48 hrs. , 
bu t a 5O per cent. soln. a t tacked i t in less t h a n 8 hrs. ; i t was at tacked in 8 hrs. 
by a mixture of 4 per cent, sodium sulphide and 8 per cent, alkali. I t was not 
a t tacked by a 50 per cent. soln. of sodium hydroxide in 8 hrs., or by a 10 per cent, 
soln. in 48 hrs., bu t in the presence of hydrogen dioxide the alloy was at tacked. 
Aq. ammonia—10, 50, and 70 per cent.—had no perceptible action during 48 hrs. 
A 1 : 500-soln. of mercuric chloride was not stable in contact with the alloy. The 
action of these reagents on cobalt-iron-molybdenum alloys in the proportions 
IO : 6O : 30, 40 : 4O : 2O, and 60 : 10 : 30 was also examined. The corrodibility 
of the cobalt steels -was studied by J . Stodart and M. Faraday, R. Mallet, 
W. D. Richardson, H . T. Kalmus and K. B. Blake, and O. Bauer and E . Piwowarsky. 
C. F . Burgess and J . Aston exposed plates of iron-cobalt alloys for 162 days from 
Ju ly to February, and expressed the loss in kgrms. per sq- metre per year, and also 
to the action of 20 per cent, sulphuric acid for 1 hr. and expressed the loss in grams 
per sq. dm. per hour. The results were : 

Cobalt 
Air . . . . 
Ac id . . . . 

1-035 
0-239 
O- 705 

2-000 
0-342 
1-02O 

4055 
0-205 
0-356 

5-052 per cent 
0-205 
0-257 

S. Endo 's results, plot ted in Fig. 64, represent the corrosion—loss in grms. per sq. 
cm.—during 5 hrs ' . action a t ordinary temp, with alloys having 0*45 to 0 5 2 per 
cent, of carbon and : 
Co 

( H 2 S O 4 
LossJ HCI . 

IHNO 8 

. 2-Ol 4-8O 10-25 19-40 3 0 0 1 39-9O 50-50 per cent . 
O O H 5 4 0-00720 0-00214 0 0 0 1 3 0 0-00094 0 0 0 0 4 3 0-00047 

. 0 0 0 9 4 1 0 0 0 5 3 2 0 0 0 3 6 9 0-00152 OOOH6 0 0 0 0 7 2 0 0 0 0 6 2 

. 0 0 2 7 6 8 0 0 2 0 6 2 0-01302 0 0 2 2 5 3 0 0 0 1 5 6 0 0 0 1 3 0 0 0 0 1 3 0 

Observations were also made by L*. Aitchison. D. Saito and H. Okawa studied 
the nitridization of cobalt steels. J . H. Long and co-workers, and H. Remy and 
H . Gonningen studied contact catalysis of the 2H2H-O2 reaction by the alloy. 
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Fia. 6 4 . — T h e A c t i o n of Ac ids o n 
Cobalt-Steels . 

F i o . 6 5 . — P h a s e Equil ibria iti the Cobalt-
Iron-Chromium Al loys . 

T. Bergman 1 6 made some copper-iron-cobalt alloys with the idea of obtaining 
a product resembling nickel. O. Dony-Henault studied the corrosion of these 
alloys. 

W. Koster studied the iron-cobalt-aluminium alloys. J . Pomey and P . Voulet, 
F . M. Ostraga, T. H . Gant, B . Hughes, F . Roll, E . A. Watson, L. Guillet, 
J . F . Kayser, E . H . Schulz and W. Jenge, and F . Wever and U. Haschimoto 
studied t h e cobalt-iron-chromiuni alloys—the observations of W. Koster are 
summarized in Fig. 65. K. Honda found t ha t the alloy 36*5 per cent, iron, 5*54 



554 INORGAKIO AND THEORETICAI i CHEMISTRY 

per cent, cobalt, and 9 per cent- chromium has a coeff. of thermal expansion in the 
annealed s tate of IO""7, and another alloy very near this in composition has the 
negative coeff. of —l-2xlO r ~ 6 ; and these alloys are so resistant to corrosion t h a t 
they have been called stainless invar. H . Masumoto studied the alloy. W. Oertel 
and F . Polzguter, W. Koster and W. Tonn, and W. Koster, studied cobalt-iron-
molybdenum alloys. H . J . French and T. G. Digges, A. Michel and P . Benazet, 
T. D . Yensen, L,. L. W y m a n and F . C. Kelley, W. Koster, P . W. Bridgman, 
B . A. Rogers, W. Koster and W. Tonn, and E . Houdremont and H . Schrader 
studied the cobalt-iron-tungsten alloys ; K. Honda and S. Saito, W. Oertel and 
E . Pakulla, and Ii. Guillet, cobalt-iron-chromium-tungsten alloys ; and E . Gumlich, 
and W. Koster and W. Schmidt, the cobalt-iron-manganese alloys. 
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§ 10. Cobalt Suboxide and Monoxide 
As in the case of iron, there are three well-defined oxides—cobalt monoxide, 

or cobaltous oxide, CoO ; cobaltosic oxide, Co3O4 ; and cobaltic oxide, Co2O3. 
A number of intermediate oxides have been reported, bu t their individuality 
has not been established. An unstable cobalt dioxide, CoO2, is also known. 
I . Li. Bell x suggested t h a t some cobalt suboxide, perhaps Co2O, is formed when 
cobaltosic oxide is heated to 327° in a current of carbon monoxide ; and when spongy-
cobalt is heated to dull redness in a current of carbon monoxide. This evidence 
of the existence of a suboxide is of no value ; nor could S. Burgstaller confirm the 
existence of cobalt suboxide, whilst P . H . E m m e t t and J . F . Schultz, T. Vorster, 
G. Gallo, and L. Wohler and O. BaIz considered t h a t i t is not probable t h a t the 
alleged suboxide is a chemical individual ; and G. Na t t a and M. Strada found t h a t 
the X-radiograms of the alleged cobalt suboxide are like those of mixtures of cobalt 
and i ts monoxide. 

The preparation Of cobalt monoxide.—As indicated in connection with the 
chemical properties of cobalt, compact cobalt does not readily oxidize in air a t 
ordinary temp. , bu t a t a red-heat, the metal is slowly oxidized to the monoxide 
and afterwards to cobaltosic oxide ; a t a higher temp. , cobalt burns with a red 
incandescence. L . Wohler and O. BaIz found t h a t the oxide obtained b y burning 
cobalt in oxygen contained cobalt monoxide enclosing cobalt which oxidizes only 
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slowly, and hence the mixture gives rise to the impression t h a t cobalt suboxide is 
produced. The finely-divided metal , reduced by hydrogen a t a low temp. , was 
found by G. Magnus 2 to be pyrophoric ; and the metal reduced a t a red-heat was 
found by H . Hess gradually to take up oxygen. E . Donath also found t h a t spongy 
cobalt, obtained by reducing a t a low temp. , is oxidized in air ; W. G. Mixter noted 
t h a t a t 12 to 13 a tm. press., cobaltous and cobaltosic oxides are formed ; and 
H . T. Kalmus observed t h a t cobalt obtained by reducing the oxide in carbon 
monoxide a t 600° is oxidized if withdrawn hot from the furnace. H . P . Walmsley 
observed t h a t the oxide is formed when cobalt is electrically spluttered in air. 
P . H . E m m e t t and J . F . Schultz obtained the oxide by blowing oxygen into molten 
cobalt. G. C. Winkelblech obtained cobalt monoxide by roasting the powdered 
metal in air, and also by heating cobaltous hydroxide below 350° in a current of 
hydrogen, and by calcining the hydroxide or carbonate in air. W. Beetz employed 
a similar process. 

J . I J . Proust observed t h a t if cobaltosic oxide be vigorously calcined i t forms 
the monoxide, and H . Moissan obtained the monoxide by heating cobaltosic 
oxide in the oxyhydrogen flame. C. D. Braun recommended a red-heat ; and 
J . A. Hedvall , H . T. Kalmus, H . Moissan, 1000°. The transformation of cobaltosic 
to cobaltous oxide occurs a t 900° to 1000°, and the product readily takes up oxygen 
when cooled in air. W. J . Russell heated cobaltosic oxide in a current of carbon 
dioxide, and cooled the resulting monoxide in the same gas ; and C. R. A. Wright 
and A. P . Luff, E . von Sommaruga, R. Schneider, P . Hausknecht , W. Hempel 
and H . Thiele, and H . Remmler used a similar process. J . L. C. Zimmermann 
employed carbon dioxide, and also nitrogen for the inert gas. 

H . W. Foote and E . K. Smith heated cobaltosic oxide in vacuo a t 970°, and 
then 3 hrs. a t 1000°, and pumped off the oxygen. T. W. Richards found t h a t a t 
a red-heat, in vacuo, cobaltosic oxide yields cobaltous oxide, cobalt, and some 
higher oxide. M. Ie Blanc and E . Mobius, G. N a t t a and M. Strada, W. J . Russell, 
and G. C. Winkelblech obtained cobalt monoxide by heating the hydroxide in 
vacuo, or in an inert gas—nitrogen or carbon dioxide ; L. Wohler and O. BaIz 
recommended working a t 500° to 600° ; and G. Na t t a and A. Reina, a t 200°. 
T. W. Richards and G. P . Baxter recommended the following procedure : 

F r o m t h e soln . of t h e meta l in nitric acid t h e pink, granular, coba l tous h y d r o x i d e w a s 
prec ip i tated b y adding a n exces s of freshly re-disti l led a m m o n i a , and subsequent ly digest ing 
t h e m i x t u r e u p o n t h e s t e a m b a t h in a p l a t i n u m bowl . This precipi tate w a s col lected u p o n 
a Gooch crucible in w h i c h a circular piece of hardened filter-paper -was used instead of an 
asbes tos m a t . After dry ing and convert ing the m a s s i n t o t h e black ox ide b y ignit ion w i t h 
a n a lcohol l a m p , t h e product -was h e a t e d t o full redness i n a b o a t conta ined in an 
e v a c u a t e d porcelain t u b e unt i l t h e w e i g h t of t h e ox ide remained cons tant -within 0-1 m g r m . 

J . E . Mobius observed t h a t this mode of preparat ion is not to be recommended, 
because of the difficulty in dealing with adsorbed oxygen, and he said t h a t the 
monoxide is best obtained by precipitating cobaltous carbonate from a soln. of 
cobalt n i t ra te by the addition of sodium carbonate ; and, since the precipitate is 
very easily oxidized by a tm. oxygen, in alkaline soln., the operation should be 
conducted in an a tm. of nitrogen. T. W. Richards and G. P . Baxter themselves 
said : " With great reluctance the work on cobalt monoxide was abandoned . . . 
for a substance whose composition varies so widely under conditions which vary 
so slightly is obviously unfitted for work of the highest accuracy in atomic weight 
determinations.*' S. Prasad and co-workers recommended heating the carbonate 
to 900°. 

I n view of the fact observed by M. Ie Blanc and J . E . Mobius, t h a t cobaltous 
oxide readily absorbs oxygen to form CoCnO 2 , or else Co3O4, i t is an open question 
if t h e earlier workers ever obtained pure cobaltous oxide. F . Glaser obtained 
the monoxide by heating cobaltosic oxide in hydrogen a t 215° for 8 hrs. , and 
H . T. Kalmus recommended 300°. P . H . E m m e t t and J . F . Schultz recommended 
a similar process. H . Moissan heated t r ihydrated cobaltic oxide in hydrogen a t 
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190° t o 200°. I . L . Bell , and L.. Wohler and O. BaIz found t h a t t h e product 
approximates in composi t ion t o t h e suboxide w h e n cobaltosic ox ide is heated in 
carbon monoxide a t 419° t o 630°. 

According to H. T. Kalxnus, if cobaltosic oxide is heated with 2 or 3 per cent, of carbon 
at 90O°, it forms a yellowish-green cobaltous oxide -which he considered to be an allotropic 
variety of the ordinary oxide——apparently because the oxide prepared at that temp, is 
grey. The evidence is not sufficient to justify the assumption of allotropy—as usually 
defined. 

T. Vorster, and C. Winkler observed t h a t cobalt ic oxide heated in a m m o n i a a t 
350° forms brownish-yel low cobalt monoxide , and, a t a higher t e m p . , t h e metal . 
C M . Loane obtained the oxide for use as a cata lys t b y the low t e m p , ox idat ion 
of t h e pyrophoric metal . 

C. F . Bucholz obta ined w h a t he regarded as cobaltous ox ide b y heat ing the 
nitrate a t a red-heat for 1 hour, and t h e n a t a whi te -heat for half a n hour ; 
S. Burgstaller said t h a t the decomposi t ion is comple ted a t 750° t o 760° in conse­
quence of the reducing act ion of n a m e gases ; and H . v o n Wartenberg and W . Gurr 
added tha t the decomposi t ion is complete a t 1200°. According t o F . Bedford and 
E . Erdmann, when a hot soln. of cobaltous nitrate is treated drop b y drop 
wi th soluble organic compounds like the carbohydrates , and tartaric acid, finely-
divided cobaltous ox ide is formed. V. M. Goldschmidt and co-workers heated a 
mixture of cobalt chloride w i th sodium carbonate and leached out the alkali ; 
E . L. Reakirt hea ted cobalt ic chloropentamminochloride ; M. Lachaud and 
C. Lepierre obtained the oxide, mixed with higher oxides , b y the ignit ion of the 
sulphate ; J. J . Setterberg, TGr. C. Winkelblech, J . E . Mobius, W . Beetz , and 
W . J . Russell , b y the rapid ignit ion of the carbonate a t a red -hea t ; H . Rose heated 
the basic carbonate a t 150° in a covered crucible ; and F . Emich , S. Holgersson, 
S. Holgersson and A. Karlsson, P . Hausknecht , and W . G. Mixter heated t h e 
carbonate in an a t m . of carbon dioxide or nitrogen. The absorption of o x y g e n 
b y heated cobaltous oxide is i l lustrated b y the exper iments of M. Ie B lanc and 
J . E . Mobius on the decomposit ion of cobaltous carbonate, and bringing in oxygen , 
a t different t e m p . : 
Calcined a t . 300° 320° 420° 460° 1050° 300° 420° 450° 
O x y g e n a t . 18° 18° 18° 18° . 18° 400° 250° 250° 
E x c e s s o x y g e n . 6-4 4-63 2-14 1-03 Trace 9-99 7-76 6-65 

> w * y „ / 
X-radiogram Only CoO Only Co3O4 

The higher the t e m p , of calcination, the less is the a m o u n t of o x y g e n adsorbed. 
H . Copaux heated cobalt oxalate in a closed vessel , and obta ined cobaltous oxide 
m i x e d wi th cobalt ; and P . R iban obtained a similar product b y heat ing a 5 per 
cent . soln. of cobalt formate in vacuo at 175° ; and C. I ) . B r a u n obtained the oxide 
b y heat ing cobalt ic n i t roxy lpentamminoxa la te ; and H . V . Regnau l t found t h a t 
w h e n cobalt is heated in s team, cobalt monox ide is formed. L . Wohler and 
O. BaIz observed t h a t the reaction wi th finely-divided cobal t proceeds quickly, 
and w i t h sintered cobalt the speed of the reaction is measurable a t a red-heat. 
E. Emich , and P . Sabatier a n d J . B . Senderens observed t h a t cobalt monox ide is 
formed w h e n t h e meta l is heated t o 150° in a n atmosphere of nitric oxide. 

A. Schwarzenberg, and M. Ferrieres and E . Dupor t obtained octahedral crystals 
of the monoxide b y the act ion of s t e a m on heated cobaltous chloride. A. C Becquerel 
reported crystals of the monox ide t o be formed b y heat ing a mixture of cobalt ic 
ox ide w i th an excess of potass ium hydroxide in a silver crucible, a n d after cooling 
the fused mass , washing t h e product wi th water. A. Schwarzenberg added t h a t 
the product i s potass ium cobalt i te . J . J . Ebe lmen obtained octahedral crystals 
b y heat ing cobal t borate w i t h l ime in a porcelain oven, and washing a w a y t h e 
soluble products w i t h co ld hydrochloric ac id ; and A. Duboin , b y adding po tas s ium 
chloride t o a fused mixture of potass ium hydrofiuoride and cobalt ox ide or chloride ; 
keeping t h e mixture a t a red-heat for 2 or 3 days ; and washing the cold mass w i t h 
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•water. W. Florence observed that octahedral crystals of the oxide are formed in 
the borax bead ; and H. Grandeau, by heating a mixture of cobalt phosphate and 
potassium sulphate. V. Kohlschutter and J. Li. Tiischer prepared an aerosol of 
the oxide. 

The cobalt oxides of commerce have no definite composition, but the superfine 
cobalt oxide, branded FEKO, approximates CoO, and has 77 to 78 per cent, 
of metal ; grey cobalt oxide, GKO, approximates Co3O4., and has 75 to 76 per cent, 
of metal; prepared cobalt oxide, FKO, approximates Co8O4, and 72 to 74-5 per 
cent, of metal; black cobalt oxide, SKO, approximates Co2O3, and about 70 per 
cent, of metal ; and black cobalt oxide, RKO, approximates Co2O3 and has 66 to 
68 per cent, of metal. 

According to A. Weissenborn, the oxide prepared by precipitation with hypo­
chlorites contains up to 2 and in some cases 5 per cent, of nickel; and H. T. Kalmus 
gave for the composition of the commercial oxide : 

Co Ni Fe S As CaO SiO2 (or insolubles) 
7 0 - 3 6 1-12 0 - 8 2 O 45 O-10 0*50 0 - 2 0 p e r c e n t . 
6 9 - 2 0 1-40 0 - 5 0 0 - 5 4 0 - 3 7 1-46 

with traces of silver. The subject 'was discussed by O. Barth, W. A. Lampadius, 
G. Selve, and E. W. von Siemens and J. G. Halske. The sulphur may be present 
as calcium sulphate, and it can be purified from sulphur by boiling with a soln. of 
sodium carbonate, washing out the sodium sulphate, and removing the calcium 
carbonate with dil. hydrochloric acid. H. T. Kalmus thus reduced the sulphur 
from 0*45 to 0020 per cent., and the calcium from 0-50 to 0-021 per cent. 
B. Bogitch removed the sulphur by heating the oxide with wood charcoal—sugar 
charcoal does not answer, presumably because of the absence of alkali carbonates. 
E. A. E. Weinberg purified the cobalt by converting it into chloride, volatilizing 
the chloride, and then oxidizing the chloride. F. Feigl and H. I. Kapulitzas say 
that all the nickel can be removed as follows : 

T h e soln. is treated, w i t h a cone. soln. of potass ium cyanide unti l the precipitate first 
formed jus t re-dissolves, a n excess of hydrogen dioxide is added to convert the cobalto-
into cobalt i -cyanide , and t h e soln. i s evaporated t o one quarter i t s vo lume to destroy t h e 
e x c e s s of peroxide . On addi t ion of d ime t h y lg lyox ime t o t h e h o t soln. folio-wed b y 
formaldehyde unt i l i t s odour is apparent in the so ln . , the nickel is precipitated as the 
characterist ic red g l y o x i m e c o m p o u n d together w i t h excess of t h e precipitant ; the com­
p o u n d is purified b y dissolut ion in hydrochloric acid a n d precipitat ion in the usual w a y . 
T h e m e t h o d is based o n t h e react ion K 2 N i ( C N ) 4 + 2H.CHO=Ni(CN)a4-2C2ST.CH2 .OIC. 
T h e nickel-free filtrate i s evaporated t o dryness a n d t h e carbon removed b y roasting ; 
t h e w a s h e d residue i s dissolved in cone, hydrochloric acid, a n d the cobal t hydrox ide precipi­
t a t e d b y p o t a s s i u m h y d r o x i d e ; t h e wel l -washed residue is then calcined for oxide . 

The properties of CObaltous oxide.—J. LJ. Proust described cobaltous oxide 
as a greenish-grey powder ; Gr. C. Winkelblech, as an olive-green powder ; 
W. J. Russell, a pale brown powder ; C. D. Braun, a black powder ; and 
J. A. Hedvall, dark red. P. Riban observed that when precipitated from the 
formate, the colour is rose-red. H. B. Weiser observed a grey- and a red-coloured 
oxide, due, probably, to differences in the size of the grain. Strongly-heated 
cobaltous oxide is dark blue, and when this is ground the colour becomes paler, 
and finally appears to be dark grey. O. C. M. Davis and F. W. Rixon discussed 
the relation between the colour and the heat of formation. M. Lachaud and 
C. Lepierre, M. Ferrieres and E. Duport, J. J. Bbelmen, H. Grandeau, A. C. Becquerel, 
J. A. Hedvall, and W. Florence described the octahedral, isotropic crystals, and 
which belong to the cubic system. The habit is tabular, or acicular. The X-radio-
grains show that the crystal lattice is of the sodium chloride type. Gr. Natta and 
co-workers, and F. M. Bravo said that the cubic, face-centred lattice has four 
molecules per unit cell; V. M. Goldschmidt and co-workers, and G. Lunde gave 
a=4-254 A. ; F. M. Bravo, 4-32 A. H. P. Walmsley, 4-247 A. ; and S. Holgersson 
and A. Karlsson, a=4-262 A. Observations were made by J. A. Hedvall. 
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P. P. Ewald and C. Hermann gave 4*25 A. as the best representative value. 
V. M. Goldschmidt obtained 2*14 A. for the distance between the cobalt and oxygen 
atoms in the lattice. G. Natta and M. Strada's X-ray spectral lines of cobaltous 
oxide are indicated in Fig. 66. O. Hahn and O. Miiller studied the surface of cobalt 
oxide from observations on the absorbed radium emanations. Li. Passerini studied 
the solubility. J. J. Ebelmen gave 6-52 for the sp. gr. of crystals of cobalt monoxide ; 

M. Lachaud and C. Lepierre, 6-7 ; A. Du-
\Co0H) Dom> 6*05 ; and L. Playfair and J. P. Joule 
I gave 5-597 for the oxide, and after igni-
\Co° tion, 5-75O. G. Natta and A. Reina, and 

M. Ie Blanc and J. E. Mobius gave 6-62 ; 
Fio. 66.—X-ray Spectral Lines of a * d S - Holgersson gave 6-47 at 18° For 
Cobaltous Oxide and Hydroxide. the sp. gr. calculated from the space-lattice, 

F. M. Bravo gave 6-538 ; G. Natta and 
A. Reina, 6-62 ; G. Natta and M. Strada, 6-22 ; S. Holgersson, 6-45 ; and 
H. P. Walmsley, 6*455. A. Baladin studied the contraction which occurs during 
the formation of cobaltous oxide from its elements. G. Bruni and A. Ferrari 
discussed the solid soln. C. Zengelis said that vaporization can be detected at 
ordinary temp., but this statement has not been confirmed. M. Watanabe said that 
the dissociation press, of the oxide at 25° is 4-46 X 10~72 mm. of mercury. According 
to H. Moissan, cobaltous oxide melts when heated rapidly in the electric-arc furnace, 
and the cold cake is a mass of reddish crystals. H. Wartenberg and co-workers 
gave 1935° for the m.p. ; P. L. Dulong gave for the heat of formation (Co,0)—63-8 
CaIs. ; M. Bertholet, 64-1 ; J. Thomsen, (Co,0,H20)=63-4 CaIs. W. A. Roth 
and H. Havekoss gave (Co,O) =57-2 CaIs. for the heat of formation of cobaltous 
oxide. G. Chaudron gave 61-1 CaIs. M. Watanabe gave 8Q=—55,768 cals., and 
—50,626 cals. for the free energy at 25°. W. G. Mixter gave (Co,|02) =57-587 Cals. 
for the crystalline oxide, and 50-5 Cals. for the amorphous oxide, and P. H. Emmett 
and J. F. Schultz calculated 56-154 Cals. at 25°. W. Biltz, and G. Chaudron 
made observations on the subject. R. von Dallwitz-Wegener, G. Beck, and 
P. H. Emmett and J. F. Schultz calculated values for the free energy ; and 
M. Watanabe gave 14*46 cals. per degree for the entropy at 25°. O. C. M. Davis 
and F. W. Rixon studied the reaction between the colour and the heat of formation. 
G. K. Burgess and R. G. Waltenburg measured the emissivity of the oxide for red-
light, and B. Monasch found that the radiation of light from a cobaltous oxide 
electrode in the electric arc is very small. A. Wehnelt said that the oxide is 
inactive so far as the emission of electrons is concerned when the oxide is fixed on a 
platinum disc and used as the cathode of a discharge tube. M. Kimura and M. Take-
waki found that cobalt oxide absorbs ultra-violet light. F. Jentzsch studied the 
emission of electrons by the oxide. M. Ie Blanc and H. Sachse gave 1O-3 ohm 
for the electrical conductivity at 18°, and E. Friederich said that it is non­
conducting. W. Meyer also measured the conductivity of the oxide. W. Beetz 
said that the oxide is non-magnetic ; and E. H. Williams, that it is ferro-magnetic. 
P. Hausknecht gave 67 x 1O-6 mass unit for the magnetic susceptibility, and 
E. F. Herroun and E. Wilson, 74-5 X 10~«. F. Merck and E. Wedekind studied 
the subject ; and Y. Kato and T. Takei prepared magnets from the oxide. 
W. Klemm and W. Schuth found that the mol. magnetic susceptibility, x XlO6, of 
cobaltous oxide prepared by calcining the carbonate, was : 

at 500° at 600° at 800° 
, «" - - • -s , * s , « ^ 

H (gauss) 20° 190° 440° 20° 215° 250° 20° 220° 440° 
765 . 10,300 959O 864O 974O 8700 8010 90OO 7860 726O 

ISlO . 9,81O 906O 795O 9300 831O 7510 892O 7860 7040 

G. C. Winkelblech, and H. Kunheim observed that the olive-green powder turns 
brown in air ; and W. J. Russell, and J. L. C. Zimmermann, that the brown powder 
is stable in air, but M. Ie Blanc and J. E. Mobius found that the oxide prepared 
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by heating the carbonate in vacuo at 350°, becomes black and takes up oxygen 
on exposure to air until its composition approximates Co3O4 without changing its 
lattice structure. Most observers—e.g. W. Beetz, F. Glaser, W. A. Lampadius, 
W. G. Mixter, H. Moissan, H. Rose, and W. J. Russell—have noted the passage 
of cobaltous oxide into cobaltosic or an intermediate oxide when it is calcined in 
air. According to H. W. Foote and E. K. Smith, and J. Hagenacker, the dissocia­
tion pressure of oxygen with cobaltous oxide at 1100° is not perceptible, although 
T. W. Richards and G. P. Baxter said that the dissociation pressure of the oxide 
at 800° is 1*5 mm. of mercury. This shows that the oxide contained some absorbed 
oxygen. M. Ie Blanc and J. E. Mobius found the dissociation press, at 1250° is 
less than 0-00013 atm. P. H. Emmett and J. F. Schultz calculated the partial 
press, of oxygen over cobaltous oxide at 1100° to be 6*6 X 1O-11 atm. ; L. Wohler 
and O. BaIz calculated for the dissociation press, at 450°, 6-02 X 10~~29 atm. ; and at 
747°, 6-02X10-1® atm. ; and W. Biltz observed 0-046 atm. at 2477° ; 0-17 atm. at 
2627° ; 0-80 atm. at 2827° ; 1-58 atm. at 2927° ; and 2-24 atm. at 2977°. In the 
oxidation of cobalt in air, cobaltosic oxide is formed between 300° and 431°, and at 
869°, solid soln. of cobaltosic oxide and cobalt monoxide are formed. A. A. Read 
found that the oxide lost all its oxygen when heated in the tip of the oxy-coal 
gas flame at, say, 1750°. P. Schutzenberger observed that at a white-heat, in 
nitrogen, cobaltous oxide loses in -weight about 0*4 per cent. Cobalt monoxide, 
said H. Moissan, is one of the most stable of the oxides at a high temp. CM. Despretz 
studied thereduction of cobalt oxide by hydrogen at a red-heat, and W. J. Russell, 
J. IJ. C. Zimmermann, and H. Remmler, by the flame gases in a crucible over a Bunsen 
burner. The direct formation of cobalt by the reduction of the oxide was studied 
by E. Emich, G. Gallo, W. Miiller, H. Remmler, W. J. Russell, C. Winkler, and 
J. L». C. Zimmermann ; Li. Wohler and O. BaIz, and G. GaIIo observed no intermediate 
formation of a suboxide (q.v.). According to C. R. A. Wright and A. P. Luff, the 
reduction of cobalt monoxide in hydrogen begins at about 165°, W. Miiller said at 
197°, H. T. Kalmus, and H. Moissan, 250° ; and F. Glaser, 228°, and he added that 
reduction is complete at 500° to 600°. G. Gallo observed that the reduction 
of cobaltous oxide begins at about 118° to 120°, but metallic cobalt is obtained 
only after 4 hrs. at 400°, 3 hrs. at 500°, 1 hr. at 6()0°, and 15 mins. at 700°. No 
sign of a cobaltous suboxide appears as an intermediate stage of the reduction. 
C. M. Despretz observed that the temp, at which cobalt monoxide is reduced by 
hydrogen is the same as that at which the metal is oxidized by steam. For the 
balanced reaction : CoO+H2^Co-J-H2O, see cobalt. IJ. Wohler and O. BaIz 
observed that the equilibrium constant for the reaction : CoO+H2^Co+H2O, is 
25T=[H2O]Z[H2], or ^ = 13-5 at 450°. G. Chaudron studied the" reaction, and 
obtained 7^=20 at 1020°. P. H. Emmett and J. F. Schultz, and M. Watanabe 
found that the equilibrium constants, K=[H2O]/[H2], in the reaction at different 
temp., are : — 

450° 515° 570° 570° 1000° 
K . . . . 63-2 52-7 45-8 31-3 21-1 

The free energy of the reaction is —3678 cals. at 25°. There is no evidence of 
the formation of solid soln. of cobaltosic and cobaltous oxides, and this is 
confirmed by the X-radiograms. Z. Shibata and I. Mori gave for the reaction : 
CoO+H2=Co+H2O, the free energy —5450 cals. at 25-1°; for the heat of the 
reaction, —57,820 cals.; and log 1£=494-191T"1+ 108690. W. J. Russell, and 
T. W. Richards and G. P. Baxter said that cobalt monoxide is but slightly hygro­
scopic, and that during several weeks' exposure to air it absorbed no perceptible 
oxygen, and after 8 to 9 months' exposure, only traces of a higher oxide were formed. 
P. Schutzenberger added that it does not occlude oxygen so readily as nickel 
monoxide. J. E. Mobius showed that the grain-size of the monoxide prepared in vacuo 
depends on the temp, of preparation, and that the in-take of oxygen by the monoxide 
depends on the grain-size, and temp. M. Ie Blanc and J. E. Mobius showed that 
when cobaltous oxide takes up oxygen at 18°, the crystal lattice does not change, 
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b u t if t h e o x y g e n is a b s o r b e d a t 100° o r u p w a r d s , t h e coba l tos ic o x i d e l a t t i c e is 
f o r m e d a n d shows t h a t t h e u n s t a b l e C o O . » H 2 0 fo rmed b y a b s o r p t i o n , pas ses i n t o 
t h e s t a b l e C03O4. T h e c h a n g e is r a p i d a t 400° . T h e a b s o r b e d o x y g e n i n C o 0 . w O v 
is e i t he r i n t e r s t i t i a l o x y g e n ( 1 8 . 66 , 17) o r else i t is a d s o r b e d o n t h e su r face . If 
t h e ox ide be s lowly cooled i n a i r , W . J . Russe l l , a n d C. D . B r a u n o b s e r v e d t h a t a 
h ighe r ox ide is fo rmed . J . Li. C. Z i m m e r m a n n s h o w e d t h a t if t h e ox ide b e h e a t e d 
in a i r o n a p iece of p l a t i n u m foil, a b l ack h ighe r ox ide is f o r m e d — a c c o r d i n g t o 
H . Moissan , a s t h e t e m p , is ra i sed , t h e sequence of c h a n g e s is : CoO->(Co s 04- ->)Co203 
—>Co 3 0 4 -»CoO. J . H a g e n a c k e r obse rved t h a t w h e n coba l tous ox ide is h e a t e d i n 
o x y g e n a b o v e t h e d issoc ia t ion p ress , of coba l tos ic ox ide , t h e r e is a n a b s o r p t i o n 
of o x y g e n b y t h e c o b a l t o u s ox ide b e t w e e n 1050° a n d 1150°. H . Moissan , a n d 
E . F r e m y obse rved t h a t s o m e coba l t i c ox ide is fo rmed w h e n c o b a l t m o n o x i d e 
is h e a t e d in a i r . H . R o s e f o u n d t h a t t h e m o n o x i d e is insoluble in w a t e r . 
S. S. B h a t n a g a r a n d S. Li. B h a t i a s t u d i e d t h e r a t e of e v a p o r a t i o n of a d s o r b e d w a t e r 
f rom t h e surface of t h e ox ide ; a n d A . Q u a r t a r o l i , a n d F . G. T r y h o r n a n d G. J e s s o p , 
t h e c a t a l y t i c a c t i o n of h y d r o g e n dioxide . 

R . W a s m u t h o b s e r v e d t h a t c o b a l t o u s ox ide is a t t a c k e d b y ch lor ine a t a b o u t 
250°, a n d a t 550° t h e r e a c t i o n is f a s t e r — a n d t h e p resence of c a r b o n f avour s t h e a t t a c k 
b y ch lor ine . G. Gore obse rved t h a t d r y h y d r o g e n fluoride does n o t a c t on t h e 
ox ide be low 0° . H . R o s e , a n d J . L . C. Z i m m e r m a n n found t h a t t h e ox ide i s 
r e ad i l y d issolved b y di l . hydrochlor ic ac id , fo rming a rose- red soln. , a n d in t h e 
cone , ac id , fo rming a d e e p b lue soln. A. Ducel l iez s tud ied t h e a c t i o n of c o b a l t o u s 
ox ide o n hypochlor i tes—see 1 . 8, 4 . J . L . C. Z i m m e r m a n n found t h a t t h e ox ide 
dissolves s lowly in t h e cold in perchlor ic ac id , a n d r a p i d l y w h e n h e a t e d . C o b a l t 
m o n o x i d e dissolves i n ac ids t o f o r m c o b a l t o u s sa l t s . F o r e x a m p l e , acco rd ing 
t o C. F . Bucho lz , F . A . C. Gren , J . A . H e d v a l l , H . K u n h e i m , W . A. L a m p a d i u s , 
J . L . P r o u s t , P . S c h w a r z e n b e r g , a n d J . A. H e d v a l l , t h e so lub i l i ty of t h e ox ide in 
hydrof luor ic , hydroch lo r i c , pe rch lor ic , su lphur i c , n i t r i c , p h o s p h o r i c , a n d a r sen ious 
ac ids wh ich occurs s lowly a t o r d i n a r y t e m p . , a n d m o r e r a p i d l y a t a h igh t e m p . , fo rms 
rose-red soln. ; cone , hyd roch lo r i c a n d s u l p h u r i c ac ids fo rm b lue soln. J . TJ. P r o u s t , 
a n d J . J . S e t t e r b e r g found t h a t c o b a l t su lph ide is f o rmed w h e n c o b a l t ox ide is 
h e a t e d w i t h su lphur ; a n d H . R o s e sa id t h a t w h e n h e a t e d w i t h s u l p h u r , c o b a l t 
su lph ide a n d s u l p h u r d iox ide a re p r o d u c e d , a n d , a cco rd ing t o O. S c h u m a n n , c o b a l t 
o x y s u l p h i d e is a lso formed. J . B . S e n d e r e n s o b s e r v e d t h a t w i t h s u l p h u r i n t h e 
p resence of w a t e r , coba l t s u l p h a t e a n d t h i o s u l p h a t e a r e f o r m e d ; a n d w h e n t h e 
m i x t u r e is boiled, coba l t s u l p h a t e is f o r m e d — n o t h i o s u l p h a t e . J . J . E b e l m e n 
obse rved t h a t a t a r ed -hea t , h y d r o g e n su lphide c o n v e r t s c o b a l t o u s o x i d e i n t o 
su lph ide . H . R o s e obse rved t h a t h y d r o g e n su lph ide c o n v e r t s i t i n t o c o b a l t 
su lph ide a n d w a t e r . O. S c h u m a n n a d d e d t h a t a t o r d i n a r y t e m p . , w a t e r , s u l p h u r , 
a n d oxysu lph ide a re fo rmed . C. M a t i g n o n a n d F . B o u r i o n found t h a t a t 400° , 
a m i x t u r e of ch lor ine a n d s u l p h u r monoch lo r ide c o n v e r t s c o b a l t o u s ox ide i n t o t h e 
ch lor ide . T h e oxide dissolves s lowly in cold, di l . su lphur ic a d d , b u t m o r e q u i c k l y 
i n t h e h o t ac id . C. Dufra isse a n d D . N a k a e s t u d i e d t h e c a t a l y t i c a c t i o n on soln . 
of s o d i u m su lph i t e . 

G. Gore , a n d E . C. F r a n k l i n a n d C. A. K r a u s found t h a t c o b a l t o u s ox ide is 
inso luble i n l iqu id a m m o n i a ; a n d F . D ive r s , t h a t i t is insoluble in a m m o n i a w i t h 
s o m e a m m o n i u m n i t r a t e in soln. T . Vors t e r , C. Wink le r , a n d Jul. S a n t i o b s e r v e d 
t h a t c o b a l t ox ide is r e d u c e d t o m e t a l w h e n i t is h e a t e d in a c u r r e n t of a m m o n i a , 
a n d s o m e a m m o n i u m n i t r a t e is fo rmed . S. H a u s e r r e p r e s e n t e d t h e effect of t e m p , 
o n t h e p ress , a t c o n s t a n t vol . , t i m e c o n s t a n t , a n d t h e effect of t i m e o n t h e p r e s s . 
a t c o n s t a n t t e m p . , b y F i g . 67 . J . L.. P r o u s t , a n d F . A. C. G r en sa id t h a t t h e o x i d e 
is s l igh t ly soluble i n a q . a m m o n i a , b u t t he i r r esu l t s m a y h a v e b e e n d u e t o t h e 
p e p t i z a t i o n of t h e o x i d e b y t h e a m m o n i a , because L . Gmel in , H . R o s e , a n d 
J . Li. C. Zimmermann sa id t h a t t h e ox ide is insoluble in t h a t m e n s t r u u m . 
J . Li. C. Z i m m e r m a n n obse rved t h a t c o b a l t o u s ox ide is n o t c h a n g e d b y a h o t so ln . of 
a m m o n i a of s p . gr . 0*95. If a i r o r o x y g e n h a s access, c o b a l t o u s ox ide w a s f o u n d 
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b y J . Li. P r o u s t , a n d G. C. Winke lb lech t o dissolve in a q . a m m o n i a . E . F r e m y , 
a n d L . Brugna te l l i discussed t h e fo rmat ion of ammines . M. F . Fogle r discussed 
t h e p r e p a r a t i o n of a coba l t ox ide -a lumina ca t a ly s t for t h e o x i d a t i o n of 
a m m o n i a . R . H . B r e t t found t h a t coba l t monoxide is insoluble in soln. of 
a m m o n i u m chloride or ni trate , b u t H . Rose said t h a t i t dissolves in a h o t 
soln. of a m m o n i u m cloride, a n d F . A . C. Gren, a n d J . L . C. Z i m m e r m a n n a d d e d 
t h a t a s t h e oxide dissolves, a m m o n i a is 
evolved , a n d a soln. of coba l t chloride 
is fo rmed. L . S a n t i found t h a t a t a n 
e l eva ted t e m p . , d r y a m m o n i u m chloride 
reduces coba l t ox ide t o t h e me ta l . 
J . L . P r o u s t , a n d F . A. C. Gren observed 
t h a t t h e oxide is soluble in a soln. of 
a m m o n i u m carbonate . T h e oxide also 
dissolves in a soln. of a m m o n i u m th io -
cyanate. F. Emich found that nitric 
OZide conve r t s i t i n t o cobal tosic oxide, 
obse rved t h a t coba l t monox ide 

740 

72O 

70O 

680CT^6 SO" /J#° /6O #X? &# &0* 
F i o . 6 7 . — T h e R e d u c t i o n of Coba l t 

Ox ide b y A m m o n i a . 

H . Rose , a n d J . L . C. Z i m m e r m a n n 
is readi ly dissolved by dil . or cone, n i t r ic 

ac id ; a cold or h o t ac id of sp . gr . 1*315 readi ly dissolves t h e oxide. R . W e b e r 
found t h a t phosphorus pentachloride r eac t s vigorously w i t h h e a t e d coba l tous 
oxide t o form coba l tous a n d p h o s p h o r y l chlorides. H . Basse t t a n d H . S. Tay lo r 
observed t h a t phosphoryl chloride a c t s on coba l tous oxide a t o rd ina ry t e m p . , a n d 
a t 100° forms a n h y d r o u s coba l tous chlor ide, a n d in a soln. of e thy l a c e t a t e t h e 
reac t ion resu l t s in t h e fo rma t ion of a complex sa l t of coba l tous chloride a n d e thy l 
a c e t a t e . 

T. Vors te r found t h a t coba l t oxide is readi ly reduced t o t h e m e t a l w h e n i t is 
h e a t e d wi th carbon, a n d C. R . A. W r i g h t a n d A. P . Luff a d d e d t h a t t h e r educ t ion 
begins a t 450° . T h e reac t ion w i t h ca rbon w a s s tud ied b y G. T a m m a n n a n d 
A. Y . Sworyk in , a n d R . Berger a n d Li. De lmas * a n d t h e reduc t ion of t h e oxide b y 
coal, a n d b y wood charcoal , b y B . Bogi tch . T. Vors ter observed t h a t t h e ox ide 
is r educed b y carbon monox ide . C. R . A. W r i g h t a n d A. P . L.uff, a n d F . Glaser 
found t h a t t h e reac t ion w i t h ca rbon monox ide begins a t 115°, a n d wi th ca rbon a t 
a b o u t 4 5 0 ° ; a n d I . W . F a y a n d co-workers , w i th ca rbon monox ide a t 140°. 
F . F i scher a n d co-workers s tud ied t h e fo rmat ion of carb ides in th is reac t ion . 
M. W a t a n a b e found t h e equ i l ib r ium cons t an t , K—PcoJPco* for t h e r e a c t i o n : 
0 0 0 4 - C O ^ C o - I - C O 2 , a n d found i t r anges be tween 174-4 a t 563° a n d 23-2 a t 861° ; 
M. W a t a n a b e gave for t h e h e a t of t h e reac t ion , — 11,544—3-5 T-\-000305T2>—0*0a62T3; 
a n d for t h e free energy , — 1 1 , 5 4 4 + 8 - 0 6 T log T~O00305T2 -f- 0-0631:T3—17-65T. 
F . Merck a n d E . W e d e k i n d , Z. S h i b a t a a n d I . Mori , B . Bogi tch , P . H . E m m e t t 
a n d J . F . Schul tz , a n d G. C h a u d r o n s tud ied t h e reac t ion . A. L a u r e n t observed t h a t 
a m i x t u r e of equa l vols, of c a r b o n monox ide a n d dioxide reduces coba l t oxide t o 
t h e m e t a l , a n d i t ha s n o ac t ion on coba l t itself. K . F u j i m u r a s tud ied t h e reduc t ion 
of c a r b o n m o n o x i d e b y t h e coba l t oxide c a t a l y s t associa ted wi th o ther oxides. 
H . Hbl l ings a n d R . H . Griffith s t ud i ed t h e a d s o r p t i o n of hyd roca rbons b y t h e 
oxide . P . Saba t ie r , a n d P . S a b a t i e r a n d P . Mai lhe observed t h a t a t a b o u t 2()0°, 
alcohol is oxidized b y coba l tous oxide t o a l d e h y d e ; P . Caniboulives found t h a t 
carbon tetrachloride a t 550° conve r t s coba l tous oxide in to chloride, a n d A. Michael 
a n d A. M u r p h y found t h a t in a sealed t u b e a t 100°, a soln. of chlorine in ca rbon t e t ra ­
chlor ide conve r t s coba l tous oxide i n t o chloride. H . Rose , J . L . C. Z immermann , 
a n d F . A . C. Gren observed t h a t acet ic ac id a n d tartaric acid dissolve t h e oxide 
s lowly in t h e cold, a n d more r ap id ly w h e n h e a t e d ; t h e monox ide is also a t t a c k e d 
b y oxa l i c ac id s lowly in t h e cold, r ap id ly w h e n hea t ed t o form insoluble cobal t 
o x a l a t e . Oxal ic ac id forms a coba l tous sa l t , a n d a n y adsorbed oxygen oxidizes 
t h e oxal ic ac id v e r y slowly. H . B o d e n b e n d e r found t h a t a l i tre of a soln. con ta in ing 
418 grins, of sugar a n d 34-3 g r m s . of l ime, dissolves 1-56 g rms . of coba l t oxide , a n d 
0-29 grm. w h e n 296-5 g rms . of sugar a n d 2-42 g rms . of l ime a re p resen t . J . Aloy 
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F1IO. 6 8 . — F u s i o n Curves of Mix­
t u r e s of Z i rconia with. Nickel 
and Coba l t O x i d e s . 

a n d C. R a b a u t n o t e d t h a t t h e ox ide favours t h e hydro lys i s of t h e cyanohydr ins . 
C Dufraisse a n d D . Nakae s t u d i e d t h e ca t a ly t i c ox ida t ion of acra ldehyde , 
benzaldehyde, furfuraldenyde, styrene, and turpentine. According to J . Aloy 
a n d A. Valdigui£, hydroqu inone , i n a soln. con ta in ing a m m o n i u m chlor ide , is 

oxidized, pa r t i cu l a r l y w h e n w a r m e d on a w a t e r -
b a t h . M. Ri iger obse rved n o c o m b i n a t i o n w i t h 
s i l ica b e t w e e n 900° a n d 1200°. Coba l t ox ide 
fo rms a si l icate w h e n h e a t e d w i t h silica ; 
J . F . S h e p h e r d s tud i ed t h e s y s t e m : C o O - F e 2 O 3 -
S iO 2 ; a n d M. Bi l ly a n d M. A. F o e x , t h e so lub i l i ty 
of t h e oxide in fused g lasses . J . A. H e d v a l l , 
S. Holgersson a n d A. Her r l i n , a n d L . Passe r in i 
found t h a t c o b a l t ox ide forms a t i t a n a t e w i t h 
t i tan ium dioxide, b u t no c o m p o u n d was obse rved 
b y J . A. H e d v a l l , or b y H . v o n W a r t e n b e r g a n d 
W . Gurr , w i t h z i rconia ; or b y J . A. H e d v a l l , 
or b y S. Burgs ta l l e r , w i t h thoria . H . v o n W a r ­
t e n b e r g a n d H . J . R e u s c h r e p r e s e n t e d t h e m . p . of 
m i x t u r e s of z i rconia a n d coba l t ox ide b y t h e 
cu rve , F ig . 68 . 

Accord ing t o J . I J . Gay -Lussac a n d L . J . T h e -
n a r d , a n d C M . D e s p r e t z , po tas s ium a n d s o d i u m 

r ead i ly r educe t h e ox ide t o m e t a l . F . A . C. G r e n said t h a t a l i t t le coba l t ous 
ox ide is dissolved b y dil . soln. of a lkal i hydroxides , a n d J . L . C. Z i m m e r m a n n said 
t h a t n o n e is dissolved. F o r t h e ac t ion of a lkal i h y d r o x i d e s on coba l tous oxide , 
vide infra, coba l t ic ox ide . H . Rose , C. Wink le r , E . D o n a t h , a n d J . L . C. Z immer ­
m a n n obse rved t h a t coba l tous ox ide is soluble in a cone . soln. of a lkal i h y d r o x i d e s , 
fo rming in t ense b lue l iquids , which were s t u d i e d b y A. Volker , A. R e m e l e , a n d 
E . D o n a t h . T h e m o n o x i d e is insoluble in a soln. of p o t a s s i u m carbonate . Accord ing 
t o J . Persoz , coba l tous oxide is soluble i n a boi l ing soln. of c e r i um a n d nickel n i t r a t e s 
w i t h t h e p r ec ip i t a t i on of t h e oxides . J . J . Berze l ius obse rved t h a t w h e n h e a t e d 
on charcoa l , w i t h sod ium c a r b o n a t e , t h e ox ide is r ead i ly r e d u c e d t o m e t a l i n t h e 
i n n e r b lowpipe flame. T h e indefini te p r o d u c t s o b t a i n e d b y h e a t i n g bery l l ium ox ide 
w i t h coba l t ox ide were discussed b y J . A. H e d v a l l , J . J . Berzel ius , a n d C. F . P l a t t n e r . 
T h e solid soln. furnished b y m i x t u r e s of m a g n e s i u m oxide a n d coba l t o x i d e — 
inc lud ing t h e so-called tnagnesia-red—were discussed b y J . J . Berzel ius , J . A. H e d ­
val l , S. Holgersson a n d A. Kar l s son , L . Passer in i , G. N a t t a a n d L . Passe r in i , a n d 
K . A. H o f m a n n a n d K . Hosche le . Solid soln. a r e fo rmed w h e n m i x t u r e s of c o b a l t 
ox ide a n d c a l c i u m oxide a r e h e a t e d t o a h i g h t e m p . ; a n d t h e y were s t u d i e d 
b y J . A. Hedva l l , G. N a t t a a n d L . Passer in i , H . J . R e u s c h a n d H . v o n W a r t e n ­
be rg , R . Schenck , a n d R . Schenck a n d H . Wesse lkock ; a n d J . A. H e d v a l l , a n d 
R . Schenck o b t a i n e d s imilar resu l t s w i t h s t ront ium oxide , a n d w i t h b a r i u m 
OXide. J . A. H e d v a l l a n d N . v o n Zweigbergk s t u d i e d t h e ac t i on of b a r i u m 
peroxide. J . A. H e d v a l l also s tud i ed t h e r eac t ions w i t h b a r i u m , s t ront ium, 
a n d c a l c i u m su lphates . T h e so-called !tinman's green, zinc green, Saxon green, 
a n d cobalt green is p r o d u c e d b y calcining m i x t u r e s of z i n c ox ide a n d c o b a l t 
ox ide—see pe rcoba l t i t e s for b ib l iography . T h e solid soln. w a s s t u d i e d b y 
S. Burgs ta l l e r , J . A. H e d v a l l , a n d G. N a t t a a n d L . Passer in i ; a n d t h e a b s o r p t i o n 
s p e c t r u m b y R . Hi l l a n d O. R . Howe l l . N o chemica l c o m b i n a t i o n w a s obse rved b y 
J . A. H e d v a l l , a n d Li. Passe r in i w h e n m i x t u r e s of c a d m i u m ox ide a n d c o b a l t 
ox ide a r e ca lc ined. J . A. H e d v a l l , W . Bi l tz a n d co-workers , a n d H . v o n W a r t e n ­
be rg a n d H . J . R e u s c h s tud i ed t h e m . p . of m i x t u r e s of a l u m i n a a n d coba l t ox ide ; 
a n d S. I z a w a , t h e luminescence of t h e m i x t u r e s . J . A. H e d v a l l , G. N a t t a a n d 
Li. Passer in i , M. Ri iger , S. B leekrode , R . Hi l l a n d O. R . Howel l , a n d J . G. Gen te l e 
d iscussed t h e f o r m a t i o n of coba l t o r t h o s t a n n a t e — c a l l e d blue celeste, caerulewm, or 
eUest blue—when a m i x t u r e of s t ann ic oxide a n d coba l t ox ide is h e a t e d t o g e t h e r ; 
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a n d J . J . Berzelius, J . A. Hedval l , A. Di t t e , a n d G. N a t t a and L . Passerini ob ta ined 
cobal t m e t a s t a n n a t e similarly. J . A. Hedva l l observed no evidence of t h e for­
ma t ion of a solid soln. or of compound wi th lead oxide. F . de Carli observed t h a t 
a t 250° t o 300°, l ead dioxide oxidizes cobal t oxide to a higher oxide. J . A. Hedva l l 
s tudied t h e p roduc t s wi th chromic oxide—vide chromites . J . A. Hedval l , S. HoI-
gersson and A. Kar lsson, G. N a t t a a n d L. Passerini , R. Schenck, and R . Schenck 
a n d H . Wesselkock observed t h e format ion of solid soln. when cobal t oxide a n d 
m a n g a n o u s oxide a re hea t ed t o g e t h e r ; a n d J . A. Hedval l , A. Gorgeu, a n d 
M. Salinger observed t h a t w i th manganese dioxide, permangani tes are formed. 
S. Holgersson a n d A. Karlsson, S. B . Hendr icks a n d W. H . Albrecht , G. N a t t a a n d 
M. S t r ada , S. Veil, J . A. Hedval l , and L . Passerini observed t h a t wi th ferric oxide, 
a ferrite, Co(Fe02>2» is formed ; and solid soln. are formed wi th nickel oxide. 
J . A. Hedva l l s tud ied t h e act ion of cobal t oxide on numerous meta l oxides a t 
1100° a n d 1300°. N o compounds were observed when cobal t oxide is hea t ed to 
a b o u t 1100° wi th copper, calcium, s t ron t ium, ba r ium, beryl l ium, magnes ium, zinc, 
a n d c a d m i u m oxides—vide infra, cobal t i tes . A blue a lumina te , C o C A l 2 O 3 , is formed 
wi th a lumina a t 1100°, and a t a h igher t e m p . , a green a lumina te , 4CoO.3Al2O3 . 
The product—Thenard 's blue—was s tudied b y Li. J . Thenard , J . A. Hedval l , 
G. N a t t a and L». Passerini , S. Burgstal ler , S. Holgersson, M. Riiger, J . J . Ebe lman , 
R . J . Ell iot , R . K . Goselitz, P . Louye t , G. Pokrowsky , R . Schenck a n d H . Wessel­
kock, R . Hil l a n d O. R . Howell , a n d W. Stein. G. N a t t a a n d L . Passerini , a n d 
J . A. Heva l l observed t h a t no compounds are formed with l an thanum oxide, or 
wi th cerium dioxide. A green chromi te , CoO.Cr2O3 , is formed with chromic oxide ; 
a green t a n t a l a t e wi th tanta lum pentoxide, a n d likewise wi th co lumbium pent-
oxide ; a green v a n a d a t e , wi th vanadium pentoxide ; and a yellow u r a n a t e wi th 
uranium trioxide ; Q. C. Montemar t in i a n d A. Veraazza s tudied the act ion on 
soln. of chromic sulphate. 

The preparation of cobaltous hydroxide.—J. X.. Proust, 3 W. Beetz, and 
G. C. Winkelblech showed t h a t when potash- lye is added to a soln. of a cobal tous 
sal t , o u t of con tac t wi th air, a blue prec ip i ta te is first formed, th i s becomes violet, 
a n d finally rose-red. The changes are accelerated by a rise of t e m p . If t h e soln. 
of t h e cobal t sa l t be poured in to t h e boiling potash- lye , t h e change in colour is very 
rapid . W h e n cobal tous ca rbona te is boiled wi th t h e potash-lye, the cobal tous 
hydrox ide first p roduced appears as a voluminous , blue mass which af terwards 
becomes violet a n d u l t ima te ly rose-red. 

I J . J . C u r t m a n and A. D . S. J o h n found t h a t t h e prec ip i ta te can be detected in 
a soln. of cobal tous n i t r a t e conta in ing 1 p a r t of cobal t in 80,000 p a r t s of soln. 
H . T. S. Br i t ton , a n d H . T. S. B r i t t o n a n d 
R. A. Robinson t i t r a t e d electrometrical ly, 
a t 18°, 100 c.c. of a 0-0247M-soln. of 
cobal tous chloride w i th 0-0900 2V-NaOH, 
a n d t h e results are shown in Fig . 69. 
Prec ip i ta t ion began when t h e e.m.f. was 
0-676 volt , ^ = 6 - 8 1 , a n d when 0-9 c.c. of 
t h e soln. of sod ium hydrox ide h a d been 
added , and 54-8 c.c. were theoret ical ly 
requi red . B . Schrager n o t e d t h a t co­
ba l tous hydrox ide shows acidic a n d basic 
proper t ies . According t o E . F r e m y , 
W . N . Ha r t l ey , a n d W . T r a u b e a n d 
B . Loewe, t h e washed prec ip i ta te re ta ins alkali very tenaciously, and hence 
b a r y t a w a t e r h a s been r ecommended as a precipi tant , followed by washing 
wi th h o t w a t e r ; a n d L. Thompson , a n d J . L. C. Z immermann recommended 
mercur ic oxide as prec ip i tan t . G. C. Winkelblech emphasized t h e impor tance 
of r emoving t h e a i r from t h e soln. of cobal t sal t a n d the potash- lye b y boiling 
before t h e y are mixed, since, as shown by J . L. Prous t , t h e mois t hydrox ide 
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F i o . 69.—The Electrometric Titration 
for Cobalt Hydroxide. 
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rapidly changes its colour in air owing t o the formation of cobaltic hydroxide. 
S. Kern noted cobaltous hydroxide is formed when magnesium acts on a cone, 
soln. of a cobaltous chloride—hydrogen is a t t he same time evolved ; S. E . Moody, 
as an intermediate product when a soln. of cobaltous sulphate is hydrolyzed in the 
presence of potassium iodide and iodate ; R. Saxon, when a soln. containing 
cobalt sulphate is electrolyzed; W . J . Russell, when cobaltous carbonate is 
hydrolyzed b y water ; and A. Girard, when cobaltous arsenate is hydrolyzed b y 
hot potash-lye. 

As indicated above, the blue hydroxide was obtained by J . L. Proust when a 
cobaltous salt soln. is t reated with aqua ammonia, or alkali-lye in the absence 
of air. According to W. Beetz, W. A. Lampadius, J . L . Proust , A. Remele, 
W. J . Russell, C. W. Stillwell, and G. C. Winkelblech, the formation of the blue 
hydroxide is favoured by a low alkalinity of the soln., and a Iow temp. A. Hantzsch 
recommended using less than the theoretical proportion of alkali-lye ; and 
A. Bernardi found t h a t the opt imum proportion of cobalt salt to alkali is 1 : 0 0 2 . 
G. Hiit t ig and B . Kassler, and R. Kassler recommended the following procedure 
for preparing the blue hydroxide : 

A soln. of 22 g n u s , of po tas s ium hydrox ide in 3OO grms. of water is added drop by-
drop to a soln. of 5O grms . of h e x a h y d r a t e d cobal tous ni trate d isso lved in 10OO grms . of 
water , in a n a tmosphere of coal-gas , a t 0° . The blue precipitate is w a s h e d b y deeanta t ion 
t e n t imes w i t h 5 l i tres of air-free water ; a n d dried over sulphuric acid in a desiccator. 
T h e product is free from alkali a n d ni trates . T h e blue colour of t h e -washed prec ip i tate 
b e c o m e s less marked , a n d th is is n o t due t o the presence of impurit ies , or to ox idat ion . 

The observations of W. Beetz, F . Feigl, E . Fremy, F . Gauhe, N. R. Dhar , 
A. Hantzsch, T. Katsurai , J . L.. Proust , A. Remele, C. W. Stillwell, and G. C. Winkel­
blech showed t h a t the formation of the rose-red hydroxide is favoured by a high 
alkalinity, and a high temp. G. F . Hiit t ig and R. !Kassler, and R. Kassler prepared 
the pink hydroxide as follows : 

A soln. of 40 grms . of p o t a s s i u m hydrox ide in 500 g r m s . of -water is dropped into a so ln . 
of 4O grms. of h e x a h y d r a t e d cobal tous ni trate in a n a t m . of coal -gas , a t 6°, and t h e rose-
red precipitate is w a s h e d -with water o n a filter, a n d dried in. a desiccator over sulphuric 
acid. A . H a n t z s c h w a s h e d the prec ipi tate , in a n a t m . of hydrogen , b y h o t water , t h e n 
wi th alcohol, a n d ether, and dried i t in v a c u o . G. N a t t a a n d co-workers w a s h e d t h e 
precipitate success ively w i t h water , alcohol, and ether, a n d t h e n dried it a t 80° in a n a t m . 
of ni trogen. 

W. Beetz said t h a t the blue precipitate first formed is a basic s a l t ; bu t 
A. Hantzsch observed t ha t when i t is precipitated from a soln. of the sulphate b y 
an insufficient quant i ty of alkali, and washed with cold water until no more 
sulphuric acid is removed, the residue always contains much sulphate. Repeated 
boiling with water free from air, however, gradually removes most of the sulphate 
without altering the blue colour. The red hydroxide is obtained by precipitating 
with an excess of alkali, -washing with hot water in an atmosphere of hydrogen, 
and finally washing -with alcohol and ether. I t retains some water even after 
prolonged heating in nitrogen a t 300°, whilst the blue hydroxide is completely 
dehydrated a t 170° ; on the other hand, acetyl and benzoyl chlorides react much 
more vigorously with the red than with the blue compound. The case is regarded 
as one of " chromo-isomerism," and the formulae Co(OH)2 and H 2 O . . . CoO 
are suggested for the red and blue compounds respectively. The blue precipitation 
was studied by E. Donath, H . Ditz, F . Reichel, C. Winkler, and C. Tubandt—vide 
infra, hydrated cobaltic oxides. S. R. Benedict found t h a t the change from blue 
to rose-pink is retarded by the presence of a small amount of nickel salt, and he 
supposed t h a t the deep blue of nickel cobaltite masks the rose-pink of cobaltous 
hydroxide. H . B . Weiser added t h a t increasing amounts of nickel salt do no t 
increase the intensi ty of the blue colour, so t h a t the effect is more likely to be due 
to the stabilization of the blue hydroxide by nickel hydroxide. The presence of 
the sulphates of iron(ous), zinc, manganese, magnesium, chromium, copper, and 
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a l u m i n i u m ; t h e chlorides of t i n and ca l c ium; and the nitrates of lead, cadmium, 
thor ium, and s tront ium -were found b y N . G. Chatterji and N . R. Dhar t o produce 
no marked effect. J . A . Hedva l l found both the blue and rose-pink precipitates 
are gelat inous, b u t apparent ly pass into microcrystalline forms on standing. 
H . B . Weiser suggests t h a t the precipitated hydra ted oxide is mos t f inely-divided 
•when first formed a n d thus appears blue ; but in the presence of a slight excess of 
alkali, t h e h ighly hydrated mass loses water and becomes denser, so tha t the colour 
a t t h e same t i m e changes from blue, through lavender, t o rose. The rate of th is 
transformation is has tened b y raising the t e m p . , and retarded or s topped b y the 
presence of basic cobalt salts or nickel. H . J. Wi t t eveen and B . F . Farnau noted 
the change from pink t o blue if the pink hydroxide is al lowed to stand in contact 
wi th cobalt salt soln. 

The blue or green, gelat inous precipitate of cobaltous hydroxide even changes 
t o a rose colour. G. C. Winkelblech suggested t h a t the blue precipitate is a basic 
salt , and that the green colour is due to a partial oxidat ion. A. Hantzsch said 
t h a t bo th the blue- and rose-coloured precipitates are hydrates of cobaltous oxide 
•—one, the blue, is assumed t o be C o C H 2 O , and the other, the rose, is Co(OH) 2 . 
H . B . Weiser quest ioned this hypothes is , and at tr ibuted the variat ion in colour t o a 
difference in the grain-size. C. W. Stillwell said t h a t the rose-coloured precipitate 
is a stable crystall ine form, whi ls t the blue one is amorphous and unstable. Blue is 
the colour b y reflected l ight, green the colour b y transmit ted l ight. G. F . Htitt ig and 
R. Kassler said t h a t the X-radiograms show t h a t both the blue- and the rose-
coloured hydrates are crystall ine, and t h a t the difference in colour is solely due t o 
grain-size-—the blue-coloured one being the more finely-divided. H . B . Weiser and 
W . O. Milligan said t h a t the X-radiograms show t h a t the blue- and rose-coloured 
hydrates are crystal l ine, but t h a t the crystall ine forms are different. The blue 
and green have the same crystall ine form, and t h e y call i t a - c o b a l t o u s hydrox ide 
to dist inguish i t from the rose-coloured or /S-CObaltous hydrox ide . The blue and 
green preparations owe their difference in colour to a difference in physical character. 
The green is the colour by transmit ted l ight and the blue is probably a reflected 
colour, a Tyndal l blue (C. W. Stillwell) . Ct-Co(OH)2 is the unstable form. In the 
presence of alkali, the a,-form dissolves and reprecipitates as the less soluble, stable 
J8-modification. The ct- to /3-transformation can be prevented or retarded b y the 
presence of s trongly adsorbed substances in the soln. from which the ct-form 
precipitates . The blue form is stabil ized indefinitely b y small amounts of mannitol , 
sorbitol, dulcitol , sucrose, lactose, maltose , xy lose , arabinose, raffinose, galactose, 
and dextrose. The transformation is retarded b y cobalt salts (A. Hantzsch) ; b y 
N i ( O H ) 2 s imultaneously precipitated (S. R. Benedict) ; and by albumin, gelatin, and 
sulphates . The adsorption is s trong e v e n wi th soln. of relat ively Iow concentration, 
as would be expec ted from the marked stabilizing act ion of the compounds . The 
order of adsorption is : lactose >»maltose > s u c r o s e >raff inose . The peptizing 
act ion of the sugars as a result of adsorption on hydrous ferric oxide (A. Dumansky) 
fol lows the same order. Cobaltous hydroxide in contact w i t h a soln. of cobaltous 
chloride undergoes colour transformations from green to blue to lavender. The 
blue and green substances are mixtures of Ct-Co(OH)2, JS-Co(OH)2, and a basic salt 
CoCl2 .3CoO.3-5H2O. The lavender c o m p o u n d formed on long standing is the pure 
basic salt . 

A. de Schulten prepared crystals of the hydroxide b y heat ing a m i x e d soln. 
of hydrated cobal tous chloride (IO grms.) in 60 c.c. of water, and 250 grms. of 
potass ium hydroxide . W h e n solut ion is complete , the vessel is al lowed to s tand 
for 24 hrs. , and agi tated, if necessary, in order to promote the separation of crystals. 
Crystals were also prepared b y th is process b y P . Hausknecht ; and M. Ie Blanc 
a n d J . E . Mobius, and J . E . Mobius added t h a t the product is contaminated b y 
m u c h alkali, which can be removed b y a protracted washing with water. T h e y 
accordingly preferred t o add 125 grms. of potass ium hydroxide to a soln. of 10 grms. 
of hexahydrated cobaltous chloride in 30 grms. of water, in place of A. de Schulten's 
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m i x t u r e . R . S a x o n o b t a i n e d t h e h y d r o x i d e b y t h e e lect rolys is of "water w i t h a 
c o b a l t a n o d e . 

T . W . R i c h a r d s a n d G. P . B a x t e r , O . F . T o w e r a n d M. C. Cooke, a n d C. W . St i l l -
well o b s e r v e d t h a t c o b a l t o u s h y d r o x i d e is p e p t i z e d w h e n i t is r e p e a t e d l y w a s h e d 
w i t h w a t e r ; a n d G. F . H i i t t i g a n d R . Kass l e r a d d e d t h a t i t is n o t so eas i ly p e p t i z e d 
a s coba l t i c h y d r o x i d e . C. T u b a n d t p r e p a r e d col lo idal c o b a l t o u s hydrox ide b y 
t h e a n o d i c d i s so lu t ion of c o b a l t i n cone , a lka l i - lye , a t a low c u r r e n t d e n s i t y , s a y 
0*2 a m p . p e r sq . d m . , a n d a t a n e l e v a t e d t e m p . T h e c o b a l t o u s h y d r o x i d e i n so ln . 
is p r e c i p i t a t e d b y s h a k i n g w i t h b a r i u m s u l p h a t e . T h e colloid does n o t d i a l y z e . 
G. G r u b e a n d O. F e u c h t , howeve r , showed t h a t t h e b lue soln. is d u e t o t h e for­
m a t i o n of p o t a s s i u m coba l t i t e , a n d n o t colloidal c o b a l t o u s h y d r o x i d e . T h e b l u e 
a lka l ine soln. of c o b a l t o u s sa l t s c o n t a i n i n g glycerol , s t u d i e d b y F . Re iche l , a r e 
a lso t h o u g h t t o be hydroso l s of c o b a l t o u s h y d r o x i d e . S. P r a k a s h a n d N . R . D h a r , 
N . G. Cha t t e r j i a n d N . R . D h a r , H . Colin a n d A. Senecha l , a n d K . C. Sen a n d 
N . R . D h a r s t ud i ed t h e p e p t i z a t i o n of t h e h y d r o x i d e b y sucrose , d e x t r o s e , lsevulose, 
ga lac tose , lactose , m a n n o s e , d e x t r i n , s t a r c h , a n d g lycerol . H . B . W e i s e r sugges t ed 
t h a t t h e h y d r o x i d e m a y n o t be col loidal in g lycero l soln . L . H u g o u n e n g a n d 
J . Loise leur e m p l o y e d g lycogen as p r o t e c t i v e colloid ; a n d A. D u m a n s k y a n d 
B . Saprometoff , s o d i u m t a r t r a t e , or m a n n i t e . A. Miiller p r e p a r e d a col loidal so ln . 
b y pep t i z ing t h e p r e c i p i t a t e d h y d r o x i d e — h y d r o g e l — w i t h a di l . m i n e r a l a c i d . 
T h e h y d r o x i d e is s h a k e n u p in a i l ask w i t h w a t e r , a n d t h e ac id or sa l t soln . a d d e d 
in successive p o r t i o n s un t i l a c lear l iquid is o b t a i n e d . T h e m i x t u r e shou ld b e 
well boi led af ter each a d d i t i o n . C F . T o w e r a n d M. C. Cooke p r e p a r e d t h e col loidal 
soln . b y d ia lyz ing a soln. of c o b a l t t a r t r a t e in t h e p resence of a n a lka l ine soln. of 
p o t a s s i u m t a r t r a t e ; a n d O. F . Tower , b y t h e ac t ion of alcoholic iV^-KOH o n a soln. 
of c o b a l t a c e t a t e in glycerol . N . R . !Dhar a n d S. Ghosh , a n d K . C. Sen a n d 
N . R . D h a r p e p t i z e d c o b a l t o u s ox ide w i t h a lka l i - lye . C. P a a l a n d H . Boe te r s , a n d 
Ka l l e a n d Co. p r e p a r e d col loidal soln. f rom soln . of t h e s u l p h a t e , us ing t h e fission 
p r o d u c t s of a l b u m i n ( p r o t a l b a t e s , l y sa lba t e s , a lka l i a l b u m o s e s , e tc . ) as p r o t e c t i v e 
colloids, a n d d ia lyz ing t h e l iqu id . F . E . L l o y d a n d V . M o r a v e k , a n d W o . O s t w a l d 
a n d K . P o p p o b t a i n e d r h y t h m i c r ings of c o b a l t o u s h y d r o x i d e b y p o u r i n g a q . 
a m m o n i a on a ge l a t in gel c o n t a i n i n g c o b a l t o u s ch lor ide . I n some cases a sp i ra l is 
o b t a i n e d i n s t e a d of r h y t h m i c b a n d s . T h e y were s t u d i e d b y N . G. Cha t t e r j i a n d 
N . R . D h a r . A. a n d E . L o t t e r m o s e r s t u d i e d t h e age ing of t h e h y d r o x i d e . 

T h e properties of coba l tous h y d r o x i d e . — A n a l y s e s of c o b a l t o u s h y d r o x i d e , b y 
J . L . P r o u s t , W . Bee t z , G. C. Winke lb l ech , a n d L . Schaffner, ag ree w i t h t h e fo rmula 
Co(OH) 2 - G. C. Winke lb l ech sa id t h a t coba l t ous h y d r o x i d e is a rose-red p o w d e r , 
a n d W . B e e t z a d d e d t h a t t h e b r o w n i s h t i nge o b s e r v e d b y J . L . P r o u s t is d u e t o 
ae r ia l o x i d a t i o n t o coba l t i c h y d r o x i d e . C. W . St i l l well o b s e r v e d t h a t f reshly-
p r e c i p i t a t e d c o b a l t o u s h y d r o x i d e is g reen t o ye l lowish-green b y t r a n s m i t t e d l igh t , 
a n d is ge la t inous , l a m i n a r , a m o r p h o u s , a n d m e t a s t a b l e . T h e b lue co lour is 
essen t ia l ly a reflected colour ; i t is p r o b a b l y a T y n d a l l b lue s c a t t e r e d b y sma l l 
c r y s t a l nuclei wh ich fo rm wi th in t h e a m o r p h o u s m a t r i x as t h e ge l a t i nous p r e c i p i t a t e 
ages t o t h e c rys t a l l i ne form. T h e f r e sh ly -p rec ip i t a t ed h y d r o x i d e t e n d s t o c h a n g e 
t o t h e rose-coloured h y d r o x i d e , wh ich is g r a n u l a r i n a p p e a r a n c e a n d is t h e s t a b l e , 
c rys ta l l ine fo rm. N o o t h e r c rys ta l l ine fo rms were p r o d u c e d ; t h e l i gh t b lue , a g e d 
p r e c i p i t a t e is c rys ta l l ine , b u t i t h a s t h e s a m e s t r u c t u r e a s t h e rose-coloured 
h y d r o x i d e . T h e b lue of t h e a g e d p r e c i p i t a t e is also s t r u c t u r a l . A d s o r b e d c o b a l t 
ch lor ide i nh ib i t s c r y s t a l g r o w t h , f avour s t h e f o r m a t i o n of t h e g r een p r e c i p i t a t e , 
a n d h i n d e r s t h a t of t h e rose . F r e s h l y - p r e c i p i t a t e d n icke lous h y d r o x i d e is l a m i n a r 
a n d a m o r p h o u s , a n d t e n d s t o s tabi l ize t h e c o r r e s p o n d i n g a m o r p h o u s c o b a l t 
h y d r o x i d e . T h e c h a n g e f rom green t o b lue of f r e sh ly -p rec ip i t a t ed c o b a l t o u s 
h y d r o x i d e is n o t d u e t o ox ida t i on . F o r t h e b lue d u e t o o x i d a t i o n , vide infra, 
h y d r a t e d coba l t i c ox ides . If a soln. of c o b a l t o u s ch lo r ide is a d d e d t o p o t a s h - l y e 
i n a m o u n t s g r e a t e r t h a n t h e mo l . r a t i o 1 : 1*5, a n d t h e p r e c i p i t a t e is a l lowed t o 

. r e m a i n in c o n t a c t w i t h t h e mo the r - l i quo r , age ing occur s a n d t h e co lour of t h e 
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p r e c i p i t a t e c h a n g e s f r o m g reen t o b lue t o rose ; t h e final rose-coloured p r e c i p i t a t e 
is a bas i c sa l t of c o b a l t a n d is t h e o n l y c rys ta l l ine p r o d u c t fo rmed u n d e r t h e expe r i ­
m e n t a l cond i t ions ; t h e b lue is a m i x t u r e of t h e rose a n d t h e g reen ; a n d t h e g reen 
is a m o r p h o u s , c o n t a i n i n g sma l l a m o u n t s of c rys t a l l i ne h y d r o x i d e a n d bas ic s a l t . 

T h e deep-v io le t p o w d e r o b t a i n e d b y A. d e Schu l t en cons is t s of microscopic , 
b rowni sh - r ed , e l o n g a t e d r h o m b i c p r i s m s g r o u p e d in needles ; b u t G. N a t t a a n d 
co -worke r s s h o w e d t h a t t h e c r y s t a l s a r e t r i gona l . A . d e Schu l t en sa id t h a t t h e 
c r y s t a l s a r e p leochro ic , be ing rose- red a long a, rose-yellow a long b, a n d pa le b rown i sh -
yel low a long c. T h e d o u b l e r e f rac t ion is a b o u t 0-04. T h e X - r a d i o g r a m s of t h e 
c rys t a l s were f o u n d b y G. N a t t a a n d co -worke r s t o co r r e spond w i t h a un i ax i a l , 
r h o m b o h e d r a l l a t t i c e h a v i n g a = 3 - 1 9 A. , a n d c = 4 - 6 6 A. , o r a : c = l : 1-46. T h e r e 
is one molecu le p e r u n i t cell. G. N a t t a a n d M. S t r a d a ' s X - r a y spec t r a l l ines of t h e 
h y d r o x i d e a r e s h o w n in F ig . 7 1 . V. M. G o l d s c h m i d t a n d co-workers d iscussed 
t h e sub jec t . 

T h e X - r a d i o g r a m s of coba l t a n d n ickel h y d r o x i d e s s i m u l t a n e o u s l y p r e c i p i t a t e d 
s h o w t h a t t h e t w o c o m p o u n d s a r e i s o m o r p h o u s . T h e sp . gr . c a l c u l a t e d f rom t h e 
space- la t t i ce d a t a is 3-75. A . d e S c h u l t e n f o u n d 
3*597 a t 15°. T h e h y d r o x i d e loses w a t e r w h e n 
h e a t e d over 100°, a n d t h e co lour becomes g reen 
or b l ack . I n a n i n e r t gas , o r in v a c u o , as s h o w n 
b y M. Ie B l a n c a n d J . E . Mobius , C. F . Bucho lz , 
F . G a u h e , J . K. Mobius , G. N a t t a a n d M. S t r a d a , 
W . J . Russe l l , B . M. Tas sae r t , L . J . T h e n a r d , 
a n d G. C Winke lb l ech , c o b a l t o u s ox ide is fo rmed . 
Acco rd ing t o G. F . H u t t i g a n d R . Kass le r , a n d 
R . Kass le r , t h e d e h y d r a t i o n c u r v e s of b lue a n d 
p i n k h y d r a t e d c o b a l t o u s oxides , a t 10 m m . 
press . , F i g . 7O, s h o w t h a t w i t h f reshly-precipi ­
t a t e d m a t e r i a l , t h e w a t e r - c o n t e n t a t first falls r a p i d l y w i t h rise of t e m p , 
u n t i l i t c o n t a i n s a b o u t 1-5 mols . of w a t e r t o e a c h mol . of c o b a l t o u s ox ide , a f te r 
w h i c h i t decreases s lowly w i t h r ise of t e m p , u p t o 168°, w h e n i t h a s t h e compos i t i on 
C o O - H 2 O ( a p p r o x . ) . A t t h i s t e m p , t h e r e is cons iderab le loss of w a t e r a t c o n s t a n t 
t e m p . , t h e c o m p o s i t i o n c h a n g i n g t o a b o u t CoO.0 -4H 2 O, w h i c h a g a i n loses w a t e r 
s t ead i ly w i t h rise i n t e m p . A t 300° , 0-1 mol . of w a t e r is still he ld b y t h e c o b a l t o u s 
o x i d e . T h e difference b e t w e e n t h e rose a n d b lue fo rms of h y d r a t e d c o b a l t o u s 
ox ide is one of fineness of d iv is ion o n l y ; t h e b lue fo rm is m o r e f inely-divided. 
T h e t w o fo rms h a v e iden t i ca l X - r a y spec t r a , d i s t i n c t f rom t h a t of a n h y d r o u s 
c o b a l t o u s ox ide . O n h e a t i n g e i the r fo rm w i t h w a t e r , a m o r e s t ab l e p r o d u c t , con­
t a i n i n g less w a t e r a n d showing t h e a b o v e p h e n o m e n a t o a m u c h less m a r k e d 
e x t e n t , is fo rmed . Th i s s t ab i l i za t ion is m o r e r a p i d w i t h t h e b lue t h a n w i t h t h e rose 
fo rm. T . K a t s u r a i sa id t h a t in a n a u t o c l a v e , u n d e r a p ress , of 20 a t m . , t h e 
h y d r o x i d e is n o t c h a n g e d . J . T h o m s e n g a v e for t h e h e a t of f o r m a t i o n ( C o , 0 , H 2 0 ) 
= 6 3 * 4 CaIs., a n d for t h e h e a t of r eac t ion w i t h h y d r o g e n su lph ide ( C o ( O H ) 2 , H 2 S . H 2 O ) 
= 17*41 CaIs. E . P e t e r s o n found t h e h e a t of n e u t r a l i z a t i o n w i t h hydrof luor ic 
ac id t o be 13-245 CaIs. ; J . T h o m s e n g a v e for t h e h e a t of neu t r a l i z a t i on w i t h 
hyd roch lo r i c acid , 10-57 CaIs. ; w i t h n i t r i c ac id , 10-546 CaIs. ; a n d w i t h su lphur i c 
ac id , ^ H 2 S O 4 aq . , 12-336 CaIs. P . A . F a v r e a n d J . T . S i l b e r m a n n o b t a i n e d r a t h e r 
lower va lues . P . H . E m m e t t a n d J . F . Schu l t z ca l cu la t ed for t h e free ene rgy , M9 
of t h e r eac t ion C o 3 O 4 + H 2 = 3 C o O + H 2 O , a t 370° , 515°, a n d 800° , respec t ive ly , 
—39-197, —36-539, a n d —44-717 CaIs. S t e a m does n o t fo rm cobal tos ic ox ide 
•when p a s s e d ove r c o b a l t o u s ox ide a t 500° . T h e r a t i o s of s t e a m t o h y d r o g e n necessary 
t o oxidize t h e c o b a l t o u s ox ide a t 370°, 515°, a n d 800° , a re , respect ive ly , 2-4 x 10 1 2 , 
1-3 X lO1©, a n d 1-3 X 10». H . W . Vogel s t u d i e d t h e a b s o r p t i o n s p e c t r u m of coba l t ous 
h y d r o x i d e ; F . All ison a n d E . J . M u r p h y , t h e m a g n e t o - o p t i c p rope r t i e s ; a n d 
G. W i e d e m a n n , a n d S. Veil, t h e m a g n e t i c p rope r t i e s . A . Qua r t a ro l i g a v e 40*6 X 10~*6 

m a s s u n i t ; a n d P . H a u s k n e c h t , 140 X 10~~6 m a s s u n i t for t h e m a g n e t i c su scep t ib i l i t y . 
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B o t h the blue and rose-red hydroxides h a v e absorption bands a t 640m/Lt and 585m/x ; 
and there is complete absorption b e y o n d about 675m/x in bo th cases ; a n d there i s 
also a band a t 560m/u, wi th t h e blue and at 520m/i, wi th the rose-red form. Obser­
va t ions -were m a d e b y W . J . Russel l . 

H . Copaux found t h a t cobal tous hydroxide is a t tacked b y hydrogen a t 376° t o 
380° ; and G. F . H i i t t i g a n d R. Kassler, said t h a t the reduction of t h e blue 
hydroxide occurs in 20 hrs. a t 300°, and in 8 hrs. a t 550°. A. de Schulten said t h a t 
the crystals of cobal tous hydroxide are n o t altered b y exposure t o air ; but , as 
observed b y W . Bee tz , A. Bernardi, J . J . Berzelius, F . Feigl , A. Hantzsch , G. F . H u t t i g 
a n d R . Kassler, J . L.. Proust , L,. J . Thenard, G. C. Winkelblech, and J . Ii. C. Zimmer-
mann, t h e fresh precipitate readily oxidizes in air and as the proportion of cobalt ic 
ox ide increases, the colour changes from blue t o green, olive-green, and dirty brown. 
According to R. H . Brett , J. L. Proust , S. Kern, and J . B . Rogojsky , the hydroxide is 
very sparingly soluble, or insoluble in water, but G. A lmkvi s t observed t h a t a litre 
of water dissolves 3-18 mgrms. of cobalt hydroxide. H. T. S. Br i t ton gave for the 
solubil ity product [Co"J[OH']2== 1 -6 X 10~ 1 8 . The ox idat ion of cobaltous hydroxide 
b y hydrogen dioxide was studied b y R. Fischer, A. H . McConnell a n d E . S. H a n e s , 
and P . Pellini and D . Meneghini ; the oxidat ion of cobaltous hydroxide b y lead 
dioxide, b y H . Rose , and O. W . Gibbs ; and b y other agents as indicated in con­
nect ion with the higher ox ides of cobalt . According to C. F . Bucholz , S. Kern, 
J. L. Proust , J . B . Rogojsky , A. de Schulten, C. W . Stillwell, B . M. Tassaert , 
O. F . Tower and M. C. Cooke, G. C. Winkelblech, and C. Winkler, C. Reichard found 
t h a t the freshly-precipitated hydroxide in the cold and in contact w i th barium 
dioxide, turns grey, and finally black. The hydroxide readily dissolves in acids, 
forming salts. 

J . Ii. Proust observed that cobaltous hydroxide is oxidized b y chlorine -water ; 
and the action of electrolytic chlorine in alkaline soln. was s tudied b y E . Hut tner . 
O. RufF and W. Menzel showed tha t fluorine monox ide oxidizes cobaltous hydroxide , 
suspended in water, t o form a peroxide. The act ion of potass ium hypochlori te 
or hypochlorous acid on cobaltous hydroxide was s tudied b y O. Popp , F . Fie ld , 
C. D . Braun, A. Terreil, E . and B . Kl imenko , A. Brochet , E . Mitscherlich, 
R . Bottger , T. F le i tmann, F . Stolba, and E . Hut tner—v ide infra, cobalt d ioxide . 
According to T. Doring, the cobalt hydroxide is oxidized, a n d some o x y g e n as wel l 
as potass ium chloride and chlorate are formed. The proportion of cobal tous 
hydroxide can be made so small tha t the transformation of the hypochlori te cannot 
be effected b y a purely chemical process ; and the proportion of o x y g e n e v o l v e d 
does not depend on the proportion of cobalt ox ide employed . Consequently, t h e 
cobalt hydroxide here acts as a catalyt ic agent . A t 100°, in alkaline soln. , o x y g e n 
and potass ium chloride are formed, but no chlorate is produced. Hypochlorous 
acid a t 100° furnishes oxygen and hydrochloric acid, and the latter m a y be part ly 
oxidized to form chlorine and cobaltous chloride. Wi th chlorine in alkaline soln. in 
the presence of cobalt hydroxide, the reaction is symbol ized: 2 C o ( O H ) 2 + 2 K O H ^ - C l 2 
=2Co(OH) 3 -J -2KCL Temperature is an important factor. W i t h the theoret ical 
proportion of chlorine in potash- lye , T. Doring found t h a t at 100°, or a higher 
t e m p . , o x y g e n and potass ium chloride, free from chlorate, are formed. A t a lower 
t e m p . , on ly part of the o x y g e n of the hypochlorite init ial ly formed is l iberated, a n d 
t h e remaining part is present as hypochlorite m i x e d with chloride. W h e n chlorine 
is bubbled into a soln. of alkali-lye, more hypochlorite m a y be formed t h a n can 
be decomposed b y t h e cata lys t cobalt hydroxide, and when all t h e potash- lye has 
been transformed in to hypochlorite , etc . , F . Forster observed t h a t some chlorate 
m a y be produced. A t 100° or over, the more rapid catalyt ic act ion on t h e h y p o ­
chlorite results in a reduced y ie ld of chlorate. The formation of chlorate b y t h e 
secondary act ion of chlorine on the unconverted hypochlori te w a s discussed b y 
G. Lunge and T1. iLandolt, F . Oettel , F . Forster, and T. Doring. A. J . Balard 
observed t h e ox idat ion of cobaltous hydroxide b y bromine. T. Doring found 
t h a t w h e n bromine or hypobromite acts on alkali-lye in t h e presence of cobal t 
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hydroxide, free o x y g e n and alkali bromate are formed. The primary act ion of 
bromine is to form a mixture of bromide, and hypobromite . W h e n liquid bromine 
is added t o the alkali- lye, the proportion of bromate formed depends on the cone, 
of the lye , whether t h e bromine or alkali-lye is in excess , and on the t e m p . If 
t h e bromine is introduced drop b y drop, or in the state of vapour, a greater pro­
portion of o x y g e n is evo lved t h a n w h e n l iquid bromine is employed. This is 
because the cobalt hydroxide has a greater chance of inducing the decomposit ion 
of the hypobromite t o o x y g e n and bromide t h a n is the case when the liquid bromine 
.acts in a more concentrated form. The act ion of iodine and of hypoiodites was 
s tudied b y R. L». L. Taylor, T. Doring, and E . Hiittner. There is no development 
of oxygen , and the whole of the alkali which reacts wi th t h e iodine forms iodate, 
nor does potass ium hypoiodi te furnish oxygen , and i t is in this respect unlike the 
hypochlorite and hypobromite . S. E . Moody, and S. R. Benedic t found t h a t the 
hydroxide is oxidized b y potass ium iodate in accord wi th the equat ion : 6Co(OH) 2 
- j - K I 0 3 4 - 3 H 2 0 = 6 C o ( O H ) 3 H - K I . 

J . B . Senderens found that when treated with sulphur and water, cobaltous 
hydroxide forms cobalt sulphate and thiosulphate. E . Hi i t tner represented the 
act ion of potass ium persulphate on cobaltous hydroxide b y the equat ion : 
2 C o ( O H ) 2 + K 2 S 2 0 8 + 2 H 2 0 = = 2 C o ( O H ) 3 - l - K 2 S O 4 H - H 2 S O 4 ; and similarly wi th 
a m m o n i u m persulphate. A. de Schulten said t h a t the crystals are insoluble in aq. 
ammonia . R. H . Bret t found t h a t the hydroxide is soluble in soln. of a m m o n i u m 
salts—sulphate , chloride, nitrate, or succinate ; but A. de Schulten found that the 
crystals are insoluble in a cold soln. of a m m o n i u m chloride, but soluble in a warm 
soln. H . Grossmann found t h a t the hydroxide is soluble in a boiling soln. of 
a m m o n i u m thiocyanate . C. A. Wurtz found that the hydroxide is insoluble in 
methy lamine and in amylamine . W. Traube and B. Lowe found t h a t the hydroxide 
dissolves in ethylenediamine, and forms a complex salt. E . Saint-Evre studied 
the transformation of the hydroxide into K 3[Co(NO 2) 6 ] . n H 2 0 , b y the act ion of 
an excess of potass ium nitrite. H . Rose found that hypophosphites , in the cold, 
form cobalt hypophosphite ; and A. Hantzsch added tha t phosphoryl chloride 
reacts vigorously wi th the hydroxide. C. Reichard observed that the hydroxide 
is no t changed b y arsenic trioxide in alkaline soln. 

F . and E . Rodgers found that cobaltous hydroxide is readily dissolved b y a soln. 
of potass ium cyanide. T. Doring observed that when cyanogen acts on alkali-lye 
in the presence of cobalt hydroxide, there is no formation of free oxygen . H e 
showed that neither at ordinary t emp, nor at 100° is there any development of gas 
when cobalt hydroxide acts on a soln. of potass ium cyanate . I n the reaction, 
J . v o n Liebig observed that when precipitated cobalt hydroxide stands in contact 
wi th a soln. of the cyanate , a m m o n i u m and potass ium carbonates are formed. 
C. D . Braun studied the act ion of potass ium ferricyanide ; and D . Bhaduri and 
P . R a y represented the reaction : 3Co(OH) 2 H-2KOH+2K 3 FeCy 6 ===Co 3 0 4 H-4H 2 0 
+ 2 K 4 E e C y 6 . A. de Schulten said that the crystals are soluble in warm dil. acetic 
acid ; J . Spiller observed t h a t the hydroxide is n o t precipitated by potass ium 
hydroxide in the presence of citric acid, or a m m o n i u m citrate. A. Job , and 
W . Wernicke found tha t a soln. "of sodium tartrate forms a violet soln. with cobalt 
hydroxide ; and wi th a boiling soln. of the tartrate, a complex salt is formed. 
H . Rose , and E . Field observed t h a t tartaric acid, and also citric acid hinder the 
precipitation of cobalt hydroxide from soln. of its salts b y alkali hydroxides ; and 
H . Di tz , C. Tubandt , and F . Reichel noted a similar result with glycerol—vide 
supra, colloidal cobaltous hydroxide . A. D u m a n s k y and B . Saprometoff found 
t h a t sodium tartrate is more strongly adsorbed from aq. soln. than is the case wi th 
sodium succinate. According t o N . N . Mittra and N. R. Dhar, the induced reactions 
involv ing the oxidat ion in air of cobalt hydroxide as primary reaction m a y have the 
ox idat ion of nickel hydroxide as a secondary reaction ; and the oxidation of sodium 
sulphite as primary reaction wi th the oxidation of cobaltous hydroxides as secondary 
reaction. R. H . Bret t found the hydroxide to be insoluble in a soln. of potass ium 
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hydroxide ; bu t E . Donath said t h a t it forms a blue soln. with hot soln. containing 
over 30 per cent, of potassium or sodium hydroxide—vide supra. A. de Schulten 
found t ha t when the hot soln. in alkali hydroxide is cooled, microscopic crystals of 
cobaltous hydroxide separate out on cooling. The hydroxide is soluble in a cone, 
soln. of potassium carbonate. A. Hantzsch observed tha t the rose-red hydroxide 
reacts with acetyl chloride and with benzoyl chloride more vigorously t h a n is the 
case with the blue hydroxide. A. Bernardi and G. Piacentini observed t h a t the 
hydroxide forms compounds with nitrophenols. F . Feigl studied the autoxidat ion 
of the rose-red hydroxide, and observed t ha t i t has the power of colouring benzidine 
blue, and the reaction has been used as a test for cobalt ; toluidine behaves like 
benzidine. G. Na t t a and IJ . Passerini observed t h a t cobaltous hydroxide forms a 
complete series of solid soln. with magnesium and manganous hydroxides, and a 
partial series of solid soln. with zinc hydroxide. O. Hahn and O. Miiller studied 
the adsorption of radiothorium by the hydroxide. 
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§ 11 . Cobaltosic Oxide and Intermediate Oxides 
H. Moissan 1 said t h a t cobaltosic oxide is formed by allowing pyrophoric cobalt 

to burn in air. P . Sabatier and J . B . Senderens obtained this oxide by heating 
cobalt in air—S. Burgstaller said a t 300° to 431°, and E . Donath observed t h a t only 
the surface of the compact metal is so oxidized. F . Emich obtained this oxide by 
heating the metal in nitric oxide, bu t P . Sabatier and J . B . Senderens obtained 
cobaltous oxide in this way. W. Beetz, T. Carnelley and J . Walker, H . Hess, 
G. F . Hut t ig and R. Kassler, F . Merck and E . Wedekind, O. F . Rammelsberg, 
G. C. Winkelblech, and J . L. C. Zimmermann obtained cobaltosic oxide, Co8O4, by 
heating cobaltic oxide or hydroxide in air ; and H. Moissan, by heating any of the 
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oxides of cobalt t o 1000°. C. F . Rammelsberg found that the same oxide is formed 
whencoba l tous oxide , hydroxide , carbonate, or oxalate , or, according t o H . Rose , t h e 
basic carbonate, or a hydrated cobaltosic oxide is heated t o redness in air or o x y g e n 
— a t a higher t e m p , the oxide formed corresponds wi th Co 6 O 7 . T h e convers ion of 
cobaltous oxide in to cobaltosic oxide by calcination in air was observed b y W . A . L a m -
padius , W . G. Mixter, W . J . Russel l , and J . L.. C. Z immermann ; H . T . K a l m u s 
recommended a t e m p , of 640° ; H . Moissan, and J . P ionchon , 900° t o 1000°—but , 
added P . Hausknecht , the conversion to cobaltosic ox ide is n o t comple te ; according 
t o Xi. Wohler and O. BaIz, and M. Ie Blanc and J . E . Mobius, the conversion is com­
plete a t 100° t o 400° in an a t m . of oxygen ; and J . Milbauer found t h a t a t 480° , 
and in oxygen at 12 a tm. press., the cobaltosic ox ide contains traces of higher oxides . 
F . E m i c h obtained cobaltosic oxide b y heating cobaltous oxide in nitric ox ide a t 
400°. F . Glaser, S. F . Hermsbtadt , J . L.. Proust , T. W . Richards and G. P . Baxter , 
and Xi. J. Thenard obtained cobaltosic oxide b y roasting cobaltous hydroxide ; and 
C. F . Rammelsberg, H . Hess , W . Beetz , P . H a u s k n e c h t , a n d G. C. Winkelblech 
found that at too high a t emp, some cobaltous oxide is present. J . X. C. Zimmer­
m a n n obtained cobaltous oxide b y calcining the precipitate obta ined b y the act ion 
of mercuric oxide on a soln. of a cobalt salt . C. D . Braun, C. F . Bucholz , 
S. Burgstaller, P . H . E m m e t t and J . F . Schultz , E . Fremy , V. M. Goldschmidt and 
co-workers, W . Hempel and H . Thiele, J . A. Hedval l , G. F . Hi i t t ig and R. Kassler, 
R. Kassler, G. N a t t a and M. Strada, and H . Remmler obtained i t b y calcining 
cobalt nitrate, a t t e m p , between 300° and 800° ; and F . Merck and E . W e d e k i n d 
used a mol ten mixture of potass ium and sodium nitrates a t 300° , and obta ined 
crystals of the ox ide; they found 350° t o be too high a t e m p . A. Schwarzenberg, and 
J . X. C. Zimmermann obtained crystals of cobaltosic oxide b y heat ing a dry mixture 
of a m m o n i u m chloride and cobalt oxalate or chloride in air or o x y g e n , and extract ing 
the product wi th hot , cone, hydrochloric acid. A. Gorgeu obtained cobaltosic 
oxide in crystals b y passing mois t air into mol t en cobaltous chloride a t a bright 
red-heat, for 5 or 6 hrs., and adding more cobalt chloride from t i m e t o t ime t o m a k e 
up for t h a t lost b y volati l ization, etc . The cobaltosic oxide is produced b y moisture 
and oxidizing gases, and not b y mois t carbon dioxide, or b y dry air. K. Jel l inek 
and A. R u d a t passed o x y g e n over cobaltous chloride a t 550° ; and T. Vorster, 
passed a mixture of ammonia and air over t h e heated chloride. Crystals of 
cobaltosic oxide were also made by H . Hess , and S. Holgersson b y heat ing t h e 
chloride wi th sodium carbonate ; A. Schwarzenberg, w i th potass ium chlorite, or 
manganese dioxide ; S. Holgersson, and X. Thompson, w i th potass ium chlorate ; 
and P . Gucci, w i th potass ium nitrate. W . H e m p e l and H . Thiele, and F . Strohmeier 
obtained cobaltosic oxide b y roasting the sulphide ; C. F . Rammelsberg , 
W . X. Dudley , W. G. Mixter, W . J . Russel l , H . W . F o o t e and E . K. Smi th , H . R o s e , 
J. A. Hedval l , and S. Holgersson, b y heat ing the carbonate or basic carbonate ; 
and C F . Rammelsberg, R. Schneider, and H . Hess , b y heat ing t h e oxalate in air 
or o x y g e n — G . Chaudron recommended a t e m p , of 600°. O. W . Gibbs and 
F . A . Genth obtained cobaltosic ox ide in octahedral crystals b y calcining cobalt ic 
aquopentamminochloride , and other complex ammines were found by J . X. Bel l , 
C. D . Braun, H . Copaux, N . W . Fischer, E . Fremy, S. M. Jorgensen, G. v o n Knorre, 
C. Krause, A. Xaugier, J . v o n Xiebig, G. A. Quesneville, J . B . Rogojsky , E . Saint-
Evre , G. Schroeder, A. Schwarzenberg, and X. J. Thenard, similarly, t o y ie ld 
cobaltosic oxide. G. Grube and O. F e u c h t noted t h a t cobaltosic ox ide is formed 
during the anodic ox idat ion of cobalt in potash- lye a t low potentials . 

The products obtained b y calcining the oxides and salts of cobalt in air, is a black, 
or steel-grey, powder . A . Schwarzenberg, O. W. Gibbs and F . A . Genth, a n d 
A. Gorgeu said t h a t t h e crystals are octahedral, and A. Gorgeu added t h a t t h e 
angles are very different from those of hausmannite , so t h a t cobaltosic a n d 
manganos ic ox ides are n o t i somorphous ; but G. N a t t a and M. Strada found t h a t 
t h e crystals of cobaltosic oxide, and of zinc cobalt i te , Zn(CoO2)2* a r e i somorphous ; 
and t h a t the X-radiograms of cobaltosic ox ide correspond w i t h a cubic latt ice of 
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the spinel type, with 8 mols. per uni t lattice, having the parameter a = 8 - 0 5 A., and 
volume 253-61 X lO"2 4 . G. N a t t a and M. Schmid gave a = 8 0 2 A. ; S. Holgersson, 
a = 8 - l l A. ; S. B . Hendricks and W. H . Albrecht, a=8 -04 A. ; and P . P . Ewald 
and C. Hermann, a—8-07 A. The observations of G. Na t ta and M. Strada on the 
X-ray spectral lines are shown in Fig. 71. J . A. Hedvall, and G. Lunde made ob­
servations on the subject. S. B . Hend­
ricks and W. H . Albrecht observed t h a t 
the X-radiograms of cobaltosic oxide re­
semble those of magneti te, bu t the differ­
ences in the lattice dimensions indicate 0 JO 20 30 40 SO 60 70 
t h a t the atoms are closer in cobaltosic F m 7 1 . __ T h e x . r a y Spectral Lines of 
OXlde, b u t t h e S t r u c t u r e IS t h e s a m e i n Cobaltosic Oxide aixci Hydrox ide , 
both cases, as well as in the case of co-
baltous ferrite. The observations of S. Holgersson and A. Karlsson, and G. Na t t a 
and M. Strada on the isomorphism of cobaltosic oxide with the spinels, are discussed 
in connection with the cobaltites. C. F . Rammelsberg obtained 5*833 to 6-296 for 
the sp. gr. G. Na t t a and co-workers calculated 6-21 from the space-lattice da ta ; 
G. Na t t a and !L. Passerini, 6*11 ; S. Holgersson, 6*005 ; and S. B. Hendricks and 
W. H . Albrecht, 6*17. H . H . Stephenson discussed the mol. vol. ; and F . Fischer 
and co-workers, the thermoelectric power. 

C D . Braun found t h a t the black oxide is hygroscopic, and C F . Cross added 
t h a t i t is converted into the hemitrihydrate, when i t is exposed to moist air. When 
heated to bright redness, A. Gorgeu said t h a t cobaltosic oxide is gradually con­
verted into cobaltous oxide, and t h a t the curve for the transformation is continuous. 
i.e. without breaks. When cobalt monoxide is heated in air to dull redness, it 
absorbs oxygen, bu t a t a higher temp, the oxygen is again partially expelled. 
H . Moissan found t h a t cobaltosic oxide is completely transformed into cobaltous 
oxide a t temp, exceeding 1000° ; and L. Wohler and O. BaIz found t ha t in a 
current of carbon dioxide, cobaltosic oxide begins to decompose a t 600°. 
H . W. Foote and E . K. Smith gave for the dissociation press., p mm., of 
cobaltosic oxide : 

800° 850° 900° 910° 950° 970° 
p . . . 10 28 144 183 521 765 m m . 

The dissociation press, of the oxygen, p a tm. , for the reversible reaction : Co3O4 
^ 3 C o O + £ 0 2 , was found by L. Wohler and O. BaIz to be j o = 4 1 6 x 10~28 a t 450° ; 
W. Biltz gave 0 0 4 5 a t 837°, 0-32 a t 937° ; 0-78 a t 977° ; and 1-74 a t 1037° ; and 
M. Ie Blanc and J . E . Mobius, 0-16 a t 880°. J . A. Hedvall obtained 952° for the 
dissociation temp, of cobaltosic oxide made from the ni trate a t 450° ; and when 
prepared from the carbonate a t 450°, the dissociation temp, is 922°. J . Hagenacker 
observed t h a t the dissociation press, of cobaltosic oxide a t 953° is 547 mm., and 
a t 984°, about 1045 mm. G. Kroger studied the thermal dissociation of the oxide. 
J . E . Mobius found t h a t there is a s ta te of equilibrium, Co3O4^SCoO-KgO2 . S. Burg-
staller found t h a t from the dissociation temp, of cobaltic oxide, 372° to 373°, to a 
point between 705-5° and 869°, cobaltosic oxide is stable, and above tha t temp., 
cobaltous oxide is stable. The exact transit ion points cannot be determined 
because, he said, regions of solid soln. of the one oxide in the other must be traversed. 
Cobaltosic oxide is formed between 300° and 431°, and, a t 869°, there is a region 
where there are solid soln. of cobaltosic and cobaltous oxides. The existence of 
these regions of solid soln., and the slow speed of dissociation have misled many 
chemists into assumptions involving the existence of zahlreiche unwahrscheinliche 
Kobaltoxyde. L . Wohler s tated t h a t changes in the dissociation press, of an oxide a t 
a constant temp, are due to the formation of solid soln., and not, as supposed by 
A. J . Allmand, to changes in the sizes of the molecules. M. Watanabe gave for 
t he dissociation press., 23 mm. a t 855° ; 81 mm. a t 897° ; 174 mm. a t 928° ; and 
438 mm. a t 960°. Below 928°, the system is bivariant and the dissociation press, 
depends on the composition;, the system then becomes univariant when two solid 
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soln. of CoO, and Co3O4 are formed. At 960° the system is bivariant. The thermal 
value of t he reaction : C o 8 0 ^ 3 C o 0 4 - £ 0 2 , is 8Q=38,972—0-75T+0-00025T2 ; and 
t h e free energy, SJF=38,972-t-l-73T log T—O00025T2—3607T ; and for t h e 
reac t ion : 3 C o + 2 O 2 = C o 3 O 4 , 8Q=-206,074 cals. a t 25°, and S J ^ = - 1 8 1 , 3 5 5 cals. 
a t 25°. 

J . E . Mobius, and M. Ie Blanc and J . E . Mobius noted t h a t cobaltosic oxide 
absorbs oxygen, forming the system Co 3 0 4 . n0 2 , to such an extent t h a t t he analysis 
makes i t appear as if an oxide higher t han Co2O3 -were formed, al though the latt ice 
of Co3O4 has undergone no change. Although the system C o C m O 2 readily passes 
into Co3O4, t he system Co3O4. w0 2 shows no tendency to form the higher oxide 
Co2O8. Indeed, the so-called dry methods of preparing cobaltic oxide all yield a 
solid soln. of oxygen in cobaltosic oxide. A. A. Read said t h a t -when cobaltosic oxide 
is strongly heated in the oxyhydrogen name, i t yields metallic cobalt, and as the 
metal cools i t becomes tarnished -with a film of oxide. According to W. G. Mixter, 
the heat of formation of cobaltosic oxide from its elements is (3Co,202) =193-4 
Cals. ; and from amorphous cobaltous oxide, (3CoO,0)=41-9 Cals. W. Biltz 
calculated values from observations on the dissociation press. M. Ie Blanc and 
H. Sachse gave 1O-* mho for the electrical conductivity a t 18° ; and K. Friederich 
gave 240,000 ohms per sq. mm. for the resistance. C. C. Bidwell found the thermo­
electric force against lead, a t different temp. , furnishes a linear curve. 
A. Schwarzenberg said tha t , unlike ferrosic oxide, cobaltosic oxide is non-magnetic. 
F . Merck and E . Wedekind gave 32 x 1O - 6 mass uni t for the magnetic susceptibility ; 
P . Hausknecht gave 34-4 x 1O - 6 mass u n i t ; and E . F . Herroun and E . Wilson, 
39-6 X 10-6 to 43*6 X 10 -« mass unit . S. Meyer, and R. H. Weber measured the vol. 
susceptibility. 

When cobaltosic oxide is heated in hydrogen, i t is reduced first to cobaltous 
oxide (q.v.), and then to the metal ; W. Miiller said t h a t the reduction begins a t 
about 200° ; F . Glaser, a t about 207° ; and L.. Wohler and O. BaIz, a t 350°. G. Gallo 
said t h a t the reduction of cobaltosic oxide by hydrogen begins a t about 90°—vide 
infra, cobaltic oxide. L. Wohler and O. BaIz found t ha t the equilibrium constant 
of the reaction : C o 3 0 4 + H 2 ^ 3 C o O + H 2 0 , is 34-4 a t 450°, whilst t h a t for C o O + H 2 
V=^Co+H2O, is 13-5 a t the same t emp. B . Neumann and co-workers discussed the 
catalytic effect of the oxide on the oxidation of carbon monoxide. 

I . L. Bell found t h a t in the presence of water, cobaltosic oxide is a t tacked by 
iodine. G. Gore observed no action by liquid hydrogen fluoride a t —6*6°. 
C. B . Braun, C. F . Bucholz, F . Emich, O. W. Gibbs and F . A. Genth, A. Laugier, 
F . Merck and E . Wedekind, J . L,. Proust , J . B . Richter, E . Saint-Evre, and 
A. Schwarzenberg observed t h a t hydrochloric acid slowly dissolves cobaltosic 
oxide, with the evolution of chlorine ; the solution is a t first green, then blue, and 
in air i t becomes violet, and, on the addition of water, red. O. Brunck observed 
t h a t when heated with potassium chlorate, ozonized oxygen is evolved a t 250°, 
and vigorously a t 300°. M. Ie Blanc and J . E . Mobius found t h a t a hydrochloric 
acid soln. of potassium iodide dissolves cobaltosic oxide a t 60°. 

T. Hiortdahl observed t h a t hydrogen sulphide a t a red-heat converts cobaltosic 
oxide into the sulphide Co4S3 ; and F . Bourion, and C. Matignon and F . Bourion, 
t h a t sulphur monochloride a t tacks cobaltosic oxide below the b.p. of sulphur, 
forming sulphur, sulphur dioxide, and cobaltous chloride. O. W. Gibbs and 
F . A. Genth, J . L . Proust , and A. Schwarzenberg found t h a t cobaltosic oxide 
dissolves only slowly in sulphuric acid, and on heating the mixture, oxygen is 
evolved. 

U. Sborgi and E . Gagliardo found t h a t boron nitride a t 750° to 900° decomposes 
cobaltosic oxide with the formation of nitric oxide, and boric oxide, and -when 
heated in air, cobaltosic oxide is re-formed. C. Winkler observed t h a t ammonia 
gas reduces the heated oxide ; and E . Divers observed t h a t the oxide is soluble in 
an ammoniacal soln. of ammonium nitrate ; with molten ammonium thiocyanate, 
C. D . Braun obtained a blue mass. W. Beetz, C. F . Bucholz, O. W. Gibbs and 



C O B A L T 5 8 1 

F . A . G e n t h , J . H*. P r o u s t , a n d A. S c h w a r z e n b e r g found t h a t n i tr ic ac id d issolves 
t h e o x i d e s lowly, b u t n o t comple t e ly , a n d o x y g e n is evo lved . 

A s i n d i c a t e d i n c o n n e c t i o n w i t h coba l t , carbon r educes t h e ox ide t o t h e m e t a l ; 
a n d l ikewise a lso c a r b o n m o n o x i d e . !E. F r e m y obse rved t h a t ace t i c ac id f o rms 
a g r e e n t o b r o w n soln. G. C. W i n k e l b l e c h , a n d E . S a i n t - E v r e n o t e d t h a t w i t h 
oxa l i c ac id , c a r b o n d iox ide is evo lved , a n d M. Ie B l a n c a n d J . E . Mobius f o u n d 
t h a t t h e r e a c t i o n : C o 3 O 4 - I - H 2 C 2 O 4 - 3 C o O - | - 2 C 0 2 - | - H 2 0 , j s q u a n t i t a t i v e . Accord ing 
t o J . E . Mobius , coba l tos ic ox ide dissolves i n oxa l ic acid, fo rming a c o b a l t o u s 
sa l t , a n d a b s o r b e d o x y g e n oxid izes t h e ac id v e r y slowly, wh i l s t t h e excess o x y g e n 
a b o v e c o b a l t o u s o x i d e oxidizes t h e oxa l ic ac id v e r y qu ick ly . T h e resu l t s s h o w 
t h a t t h e p r o d u c t Co 3 O 4 .w0 2 , o r C o O . m 0 2 , is n o t coba l t i c o x i d e . A. K u t z e l n i g g 
s t u d i e d t h e a d s o r p t i o n of p o t a s s i u m ferrocyanide b y t h e ox ide . T. M. F e l t o n 
o b s e r v e d a e u t e c t i c w i t h s i l i ca a t 1325°, a n d 68 p e r c e n t . Co 3 O 4 . 

J . Li. Gray Liussac a n d I i . J . T h e n a r d f o u n d t h a t m o l t e n s o d i u m or p o t a s s i u m 
r e d u c e s t h e ox ide t o t h e m e t a l ; a n d , a s i n d i c a t e d in c o n n e c t i o n w i t h t h e p r e p a r a ­
t i on of t h e m e t a l , a l u m i n i u m a lso r educes t h e o x i d e t o m e t a l . A c c o r d i n g t o 
A. S c h w a r z e n b e r g , m o l t e n s o d i u m hydrox ide d issolves coba l tos ic ox ide , f o rming a 
b lue m a s s . J . A . H e d v a l l a n d N . v o n Zweigbergk s t u d i e d t h e a c t i o n of b a r i u m 
peroxide . H . H e s s sa id t h a t -with m o l t e n p o t a s s i u m hydrox ide , a b r o w n m a s s is 
f o rmed ; J . L . P r o u s t , t h a t a lka l i - lye i n t h e p r e sence of t i n , fo rms a r e d l iqu id ; 
a n d C. W i n k l e r , a n d E . D o n a t h , t h a t t h e boi l ing lye fo rms a b l u e soln. T . M. F e l t o n 
s t u d i e d t h e r e a c t i o n w i t h a l u m i n a ; a n d S. H o g i n s k y a n d E . Schu l t z , t h e c a t a l y t i c 
a c t i o n of t h e ox ide o n t h e t h e r m a l d e c o m p o s i t i o n of p o t a s s i u m p e r m a n g a n a t e , 
a n d of a m m o n i u m d ichromate . O. W . G i b b s a n d F . A . G e n t h obse rved t h a t 
m o l t e n p o t a s s i u m su lphate d issolves coba l tos ic ox ide . 

C. D . B r a u n f o u n d if bas ic c o b a l t c a r b o n a t e , 3 C o O . 2 C O 2 . 4 H 2 O , be h e a t e d t o 200°, 
t h e b l a c k res idue co r r e sponds w i t h t h e dihydrate, C o 3 O 4 . 2 H 2 O . H e also o b t a i n e d 
a h y d r a t e b y h e a t i n g c o b a l t o u s fe r r i cyan ide w i t h a lka l i - lye ; a n d G. N a t t a a n d 
M. S t r a d a , b y t r e a t i n g a soln. of c o b a l t o u s s u l p h a t e w i t h a lka l i - lye a n d b r o m i n e , 
a n d d r y i n g t h e p r e c i p i t a t e a t a h i g h t e m p , i n a i r . H . R o s e o b t a i n e d -what a p p e a r e d 
t o be 4 C o 3 O 4 . 3 H 2 O , b y t r e a t i n g t h e bas ic c a r b o n a t e , 5 C o O . 2 C O 2 . 4 H 2 O , in a s imi la r 
m a n n e r . E . F r e m y , a n d C. F . Cross, a s i n d i c a t e d p rev ious ly , sa id t h a t w h e n t h e 
a n h y d r o u s ox ide is exposed t o a m o i s t a t m o s p h e r e , t h e c o m p o s i t i o n of t h e p r o d u c t 
a p p r o a c h e s 2 C o 3 O 4 . 3 H 2 O . G. N a t t a a n d M. S t r a d a ' s o b s e r v a t i o n s on t h e X - r a y 
spec t r a l l ines a r e i n d i c a t e d i n F i g . 7 1 . Acco rd ing t o O. W . G i b b s a n d F . A. G e n t h , 
w h e n a soln. of coba l t i c a q u o p e n t a m m i n o s u l p h a t e is boi led , t h e trihydrate, 
C o 3 O 4 . 3 H 2 O , is fo rmed , a n d s imi la r r e su l t s were o b t a i n e d b y A . B . L a m b a n d 
J . W . M a r d e n ; -whilst, a cco rd ing t o F . M a w r o w , t h e s a m e p r o d u c t is o b t a i n e d 
w h e n c o b a l t o u s h y d r o x i d e is t r e a t e d w i t h p o t a s s i u m p e r s u l p h a t e , i n n e u t r a l 
soln. , a n d t h e b l a c k p r o d u c t boi led w i t h di l . n i t r i c ac id (1 : 4) . Accord ing t o 
W . N . H a r t l e y , t h e hexahydrate, C o 3 O 4 . 6 H 2 O , is f o r m e d w h e n a cold soln. of coba l t ous 
ch lor ide is d e c o m p o s e d b y boi l ing i n v a c u o w i t h a n eq . q u a n t i t y of b a r i u m h y d r o x i d e . 
W h e n t h e g reen p r o d u c t is t r e a t e d w i t h ace t i c ac id , coba l tos ic ox ide s e p a r a t e s . 
E . F r e m y p r e p a r e d t h e heptahydrate, C o 3 O 4 . 7 H 2 O , b y t r e a t i n g a soln. of coba l t 
s a l t w i t h a n excess of p o t a s s i u m h y d r o x i d e , a n d a l lowing t h e m i x t u r e t o s t a n d for 
a m o n t h i n a flask c o n t a i n i n g o x y g e n . T h e b r o w n p r o d u c t c o n t a m i n a t e d w i t h 
s o m e p o t a s s i u m sa l t , is d r i ed i n v a c u o . 

G. N a t t a a n d M. S t r a d a sa id t h a t t h e c r y s t a l l a t t i c e of t h e h y d r a t e d coba l tos i c 
o x i d e i s t h e s a m e a s t h a t of coba l tos ic o x i d e . C. D . B r a u n obse rved t h a t t h e 
h y d r a t e c a n b e d e h y d r a t e d o n l y w i t h difficulty ; t r aces of w a t e r a r e r e t a i n e d a t 
200° ; c o b a l t o u s ox ide is f o r m e d a t b r i g h t r ednes s , a n d , o n cooling, a l aye r of 
coba l tos ic ox ide is fo rmed . A c c o r d i n g t o O. W . G i b b s a n d F . A. G e n t h , t h e 
h y d r a t e d ox ide is a d a r k b r o w n p o w d e r , so luble in oxal ic ac id t o fo rm a g r een so ln . 
w h i c h d e c o m p o s e s w h e n h e a t e d . C D . B r a u n , O. W . Gibbs a n d F . A . G e n t h , a n d 
F . M a w r o w o b s e r v e d t h a t hyd roch lo r i c ac id dissolves i t t o fo rm c o b a l t o u s ch lo r ide 
w i t h t h e e v o l u t i o n of ch lor ine ; t h e h y d r a t e d ox ide is a lso soluble in di l . n i t r i c 
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ac id w i t h a p r o t r a c t e d boi l ing, b u t t h e cone , ac id r ead i l y d isso lves t h e h y d r a t e . 
A . H . McConne l l a n d E . S. H a n e s obse rved t h a t c o b a l t a c e t a t e i s f o r m e d w h e n t h e 
h y d r a t e is t r e a t e d w i t h ace t ic ac id , a n d E . F r e m y t h o u g h t t h a t w h e n h y d r a t e d 
coba l tos ic ox ide is t r e a t e d w i t h ace t ic or su lphur i c ac id , coba l tos ic sa l t s a r e f o r m e d . 

Oxides b e t w e e n CoO and Co 3 O 4 .—As i n d i c a t e d a b o v e , S. B u r g s t a l l e r 2 o b s e r v e d 
n o ev idence of t h e fo rma t ion of i n t e r m e d i a t e ox ides b e t w e e n CoO a n d Co 8 O 4 . 
T h e r e is a reg ion of solid soln. of t h e t w o ox ides i n t h e v i c in i t y of 869° . T h e ex i s t ­
ence of t he se solid soln. , a n d t h e fac t t h a t t h e speed of t r a n s f o r m a t i o n f r o m o n e 
ox ide t o t h e o t h e r m a y be very slow, e x p l a i n s w h y n u m e r o u s "workers h a v e o b t a i n e d 
i n t e r m e d i a t e ox ides . Aga in , J . E . M o b i u s , a n d M. Ie B l a n c a n d J . E . M d b i u s 
obse rved t h a t c o b a l t ox ide r ead i ly fo rms solid soln . w i t h o x y g e n C o C m O 2 w h e r e 
t h e o x y g e n is n o t a p a r t of t h e l a t t i c e s t r u c t u r e . Th i s u n s t a b l e s y s t e m w h e n 
a n n e a l e d m a y fo rm C o 3 O 4 . n 0 2 . T h e a b s o r b e d o x y g e n in c o b a l t o u s ox ide a t t a c k s 
oxal ic ac id slowly, w h e r e a s if t h e excess o x y g e n w e r e p r e s e n t a s a h ighe r ox ide t h e 
a t t a c k "would be r a p i d . 

C R. A . Wright a n d A . P . Luff reported an ox ide C o 1 6 O 1 7 . G. C. Winke lb lech , H . H o s e , 
and W . B e e t z reported Co 6O 7 t o b e formed b y b e a t i n g coba l tous h y d r o x i d e in air ; 
W . Bee tz , b y heat ing cobal tous chloride or carbonate in air ; a n d H . R o s e , a n d J . M. K r o k , 
b y heat ing t h e basic carbonate in air. Observat ions on t h e C o 6 0 7 - o x i d e were m a d e b y 
C. Z>. Braun, O. W . Gibbs a n d F . A . Genth , H . H e s s , S. M. JOrgensen, H . T . K a l m u s , 
C. F . Rammelsberg , W . J . Russel l , A . Sieverts , JS. v o n Somraaruga, a n d A . Weis senborn . 
C D . Braun , and H . R o s e reported Co 4 O 5 to be formed b y heat ing t h e basic carbonate in 
air a t 100°, and P . Saba tier a n d J . B . Senderens, b y burning reduced cobal t i n n i trous 
ox ide . Observat ions were also m a d e b y G. G alio, E . Hut tner , A . Sieverts , a n d 
A. Weissenborn. 

L . V. Brugnatel l i , and J . G. Gentele reported Co 8 O 8 t o be formed as an octohydrate, 
Co 8 O 9 . 8H 8 O, w h e n t h e freshly-precipitated cobal tous hydrox ide is h e a t e d w i t h soln . of 
potass ium hydroxide \ intil i t forms a dark brown product . W . N . H a r t l e y o b t a i n e d a 
buff-coloured hertahydrate, C o 8 O 9 - I l H 2 O , b y the ac t ion of an exces s of bar ium h y d r o x i d e 
on a boil ing soln. of cobalt n i trate in v a c u o . G. C. Winkelb lech , C. D . Braun , a n d 
J . G. Gentele obta ined the icoaihydrate, Co 8 O 9 . 20H 8 O, b y expos ing t h e blue a m m o n i a 
precipitate of cobal tous hydrox ide t o air unt i l i t b e c o m e s ye l low, or b y adding p o t a s s i u m 
hydrox ide to a mix ture of cobalt su lphate a n d a m m o n i a , a n d -warming t h e green prec ip i ta te 
a t 30° unti l it becomes yel low. E . J . Mills reported t h e h y d r a t e d ox ide , C o t O ? . n H g O , t o be 
formed b y heat ing cobalt ic hexamminochlor ide w i t h 30 t o 40 t i m e s i t s w e i g h t of w a t e r 
in a sealed tube a t 70° t o 100°. 

B e t w e e n 372°, t h e d issoc ia t ion t e m p , of coba l t i c ox ide , a n d a t e m p , b e t w e e n 705*5° 
a n d 869°, coba l t ous ox ide is s t ab l e . T h e t r a n s f o r m a t i o n t e m p , a r e difficult t o 
d e t e r m i n e because of t h e f o r m a t i o n of solid soln. of one ox ide i n t h e o t h e r . 
J . E . Mobius , a n d M. Ie B l a n c a n d J . E . Mobius obse rved t h a t coba l tos ic ox ide c a n 
f o r m a solid soln. w i t h oxygen , C o 3 O 4 . n 0 2 , e v e n t o t h e case w h e r e t h e coba l tos i c 
o x i d e dissolves more oxygen t h a n co r r e sponds w i t h coba l t i c ox ide , w i t h o u t f o r m i n g 
t h a t ox ide . I n d e e d , J . E . Mobius sa id t h a t al l t h e desc r ibed processes for p r e p a r i n g 
coba l t i c ox ide rea l ly furnish solid soln. of C o 3 0 4 . w 0 2 . W h e n t h e solid soln . is 
t r e a t e d w i t h oxal ic ac id , t h e excess of o x y g e n c o r r e s p o n d i n g w i t h coba l to s i c o x i d e 
r a p i d l y oxidizes t h e ac id whi l s t t h e free o x y g e n r e a c t s o n l y s lowly , t h u s s h o w i n g 
t h a t t h e solid soln . is cobal tos ic a n d n o t coba l t i c ox ide . G. N a t t a a n d M. S t r a d a 
cou ld n o t p r e p a r e ox ides o r h y d r o x i d e s of c o b a l t b e t w e e n C o 2 O 3 a n d C o 3 O 4 a s 
chemica l i n d i v i d u a l s . T h e X - r a d i o g r a m s showed t h a t t h e p r o d u c t s w e r e a l l 
m i x t u r e s . 

E . J . Mills reported t h e C o 5 0 7 - o x i d e , and also Co 7 O 1 0 , formed b y h e a t i n g cobal t i c 
hexamminochlor ide or chloropentamminodichloride w i t h 2 mol s . of cobal t chloride a n d 
w a t e r in a sealed t u b e a t 100° ; a n d R . L . Taylor, b y treat ing a neutra l so ln . of 
cobal t chloride w i t h bromine a n d a n alkaline earth carbonate , obta ined ox ides ranging 
from C o 7 O 1 1 t o Co 9 O 1 4 . T . B a y l e y reported C o 1 2 0 1 9 - o x i d e ; a n d T . B a y l e y , G. Schroeder , 
and G. Rousseau , t h e C o , 0 6 - o x i d e . N . McCulloch reported a n ox ide , Co 1 3 O 1 9 , t o be formed 
b y the act ion of h y d r o g e n d iox ide , in t h e presence of free alkali , o n a boil ing so ln . of a 
cobal t sa l t . C. R . A . Wright a n d A . P . Luff, and N. McCulloch reported t h e h y d r a t e , 
C 1 9 O 1 9 . n H . O , t o be formed b y boi l ing a cobal tous sa l t w i t h a n e x c e s s of po tash- lye a n d 
bromine, or w i t h a strongly-alkal ine so ln . of hydrogen d iox ide . R . L . Tay lor l ikewise 

file:///intil


COBALT 583 
o b t a i n e d C o » H 1 4 . » i H 2 0 ; C. R . A . W r i g h t a n d A . P . Luff, T . B a y l e y , E . H i i t t n e r , R . F i s c h e r , 
a n d G. Sohroede r , C o I S 0 1 9 . n H t O ; A . C a r n o t , E . H i i t t n e r , A . B . L a m b a n d c o - w o r k e r s , 
a n d G . S c h r o e d e r , C o d O s . w H a O ; T . B a y l e y , K . A . H o f m a n n a n d H . H i e n d l m a i e r , 
G . N a t t a a n d M . S t r a d a , O . S c h r o e d e r , a n d G . C. W i n k e l b l e c h , C o s 0 6 . w H 2 0 ; a n d 
J . T h o r o s e n , C o 4 O 7 . 7 H 2 O . 
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Kenntnis des Systems Kobalt (2), oxyd und Wasser, P r a g , 1929 ; G. von Knor r e , Zeit. angew. 
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AtH Accad. Lincei, (6), 4 . 145, 1926 ; G. N a t t a a n d M. S t r ada , Oazz. Chim. Ital., 58 . 419, 1928 ; 
Atti Accad. Lincei, (6), 7 . 1024, 1928 ; B . N e u m a n n , C. Kroger a n d R . Iwanowsky , Zeit. Elektro­
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T . W . R i c h a r d s a n d G. P . B a x t e r , ib., 22 . 225, 19OO; Proc. Amer. Acad., 35 . 64, 1 8 9 9 ; 
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1 .̂ Wohle r a n d O. BaIz, ib., 27. 406, 1921 ; J . L. C. Z i m m e r m a m i , Liebig's Ann., 232. 335, 1886. 

2 T . Bayley, Chem. News, 39. 82, 1879 ; W . Bee tz , JPogg. Ann., 6 1 . 472, 1844 ; M. Ie Blano 
a n d J . E . Mobius, Zeit. phys. Chem., 142. 151, 1929 ; C. I>. B r a u n , ZAebig's Ann., 125. 164, 1863 ; 
Zeit .anal. Chem., 7. 336, 1868 ; L. V. Brugnatel l i , Nicholson's Journ., 4 . 37 , 1856 ; S. Burgs ta l ler , 
Lotos, 8. 83, 147, 241, 1912 ; Untersuchungen liber die Bestdndigkeit der Kobalt oxyde im Intervalle 
von Co9O3 bis CoO, P r a g , 1912 ; A. Carno t , Compt. Rend., 108. 611 , 1889 ; R . F ischer , Beitrage 
zur Trennung des Nickels vom Kobalt und zur Bestimmung beider als Sesquioxyde, Berlin, 1888 ; 
Berg. Ililtt. Ztg., 47. 453 , 1888 ; G. Gallo, Ann. Chim. Applicata, 17. 645 , 1927 ; J . G . Gente le , 
Journ. prakt. Chem., (1), 69 . 131, 1856 ; O. W . Gibbs a n d F . A. G e n t h , Amer. Journ. Science, (2), 
2 3 . 238, 1857 ; Liebig's Ann., 104. 152, 1857 ; W . N . H a r t l e y , JProc. Chem. Soc., 15 . 202, 1899 ; 
H . Hess , JPogg. Ann., 26. 543 , 1832 ; K . A. Hofmaim a n d H . Hiendlmaier , Ber., 39. 3189, 1906 ; 
E . H i i t t ne r , Zeit. anorg. Chem., 27 . 82, 1901 ; S. M. Jorgensen , ib., 2 . 286, 1892 ; H . T . K a l m u s , 
Rept. Canada Dept. Mines, 259, 1 9 1 3 ; Journ. lnd. Eng. Chem., 6. 116, 1914; J. M. Krok, 
Acta Univ. Lund, 7. 5, 1870 ; A. B . L a m b , W . C. B r a y a n d J . C. W . Frazer , Journ. Ind. Eng. 
Chem., 12. 217, 1920 ; N . McCulloch, Chem. News, 56 . 27, 1887 ; 59 . 205, 1889 ; E . J . Mills, 
Phil. Mag., (4), 35 . 245, 1868 ; Journ. prakt. Chem., (1), 105. 349, 1868 ; J . E . Mobius , Unter­
suchungen ilber Cobaltoxyde und der en Systeme mit Sauerstoff, Leipzig, 1929 ; G. N a t t a and 
M. S t r a d a , Oazz. Chim. ItaL, 58 . 419, 1928 ; AttiAccad. Lincei, (6), 7. 1024, 1928 ; C. F . R a m m e l s -
berg, Pogg. Ann., 78 . 93 , 1849 ; H . Rose , ib., 84. 560, 1851 ; G. Rousseau , Compt. Rend., 109. 
64, 1 8 8 9 ; W. J . Russel l , Journ. Chem. Soc., 16. 6 1 , 1 8 6 3 ; Liebig's Ann., 126. 322, 1 8 6 3 ; 
P . Saba t ie r a n d J . B . Senderens , Compt. Rend., 115. 237, 1892 ; Ann. Chim. Phys., (7), 7. 395, 
1896 ; G. Schroeder, Beitrage zur Kenntnis der Kobalt- und Nickel-oxyde, Berlin, 1889 ; A. Sieverts, 
Zeit. phys. Chem., 60. 176, 1907 ; E . von S o m m a r u g a , Journ. prakt. Chem., (1), 100. 109, 1867 ; 
AV. Stein, ib., (2), 3 . 428, 1871 ; R . L,. Taylor , Chem. News, 85 . 269, 1902 ; 88 . 184, 1 9 0 3 ; Mem. 
Manchester Lit. Phil. Soc., (4), 12. 1, 1903 ; J. Thomson, Journ. prakt. Chem., (2), 14. 419, 1876 ; 
A. Weissenborn, Metallborse, 17. 182, 1927 ; G. C. Winkelblech, Journ. prakt. Chem., (1), 6 . 
62, 1836 ; Liebig's Ann., 13 . 148, 253, 1835 ; C. R . A. W r i g h t a n d A. P . Luff, Chem. News, 38 . 
239, 1878 ; Journ. Chem. Soc., 33 . 534, 1878. 

§ 12. Cobaltic Oxide and its Hydrates 
Ii. V. Brugnatelli noted the formation of a salt of a higher cobalt oxide when 

the yellow soln. of cobaltous hydroxide in aq. ammonia is exposed to air. The 
liquid becomes red. The product was studied by J . B . TrommsdorfE.1 J . L. Prous t 
thought t ha t cobaltic oxide, Co2O3, is formed when cobaltous ni t ra te is calcined 
a t a low enough temp, in air ; and G. C. Winkelblech added t h a t to expel all the 
nitric acid, the product, calcined a t about 184°, should be finely ground, and 
gently heated in a porcelain crucible unti l red vapours are no longer evolved. 
H . Hess recommended decomposing cobaltous chloride in the dry way with sodium 
carbonate, and washing the residue with water. If the cobaltic oxide be prepared 
a t too high a temp. , i t passes into cobaltosic oxide. According to L. Thompson, the 
oxide is formed when a cone. soln. of cobaltous chloride, mixed, with 1 to 1-5 par t s 
of potassium chlorate, is evaporated to dryness, heated to dull redness and then 
extracted with water. 

The brown, or brownish-black powder, according to the analyses of G. C. Winkel­
blech, J . L. Proust , E . Rothoff, and W. Beetz, corresponds with Co2O3, bu t 
J . E . Mobius, and M. Ie Blanc and J . E . Mobius doubt very much if cobaltic oxide 
can be produced in the dry way, although the hydrated oxide can be readily 
prepared. The alleged cobaltic oxide is considered to be a solid soln. of oxygen in 
cobaltosic oxide—vide supra. N . A. Held observed t h a t cobaltic oxide forms a 
colloidal solution in alcohol, when hydrochloric acid is used as peptizing agent. 
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G. N a t t a a n d M. S t r a d a e x a m i n e d t h e X- rad iog rams of w h a t t h e y cons idered 
t o b e cobal t ic ox ide a n d i t s h y d r a t e s , F ig . 72 ; a n d t h e y concluded t h a t cobal t ic 
ox ide h a s p r o b a b l y a hexagona l o r r hombohed r a l s t ruc tu re w i t h a cell h a v i n g t h e 
edge a==4-64 A. , a n d c = 5 - 7 5 A. , so t h a t a : c = l : 1-24. The re a re t w o molecules 
p e r u n i t cell. G. L u n d e , a n d V. M. Goldschmid t a n d co-workers found t h a t t h e 
X - r a d i o g r a m s of cobal t ic oxide corre­
sponded w i t h those of cobal tosic oxide, 
a n d said t h a t i t is doub t fu l if cobal t ic 
ox ide h a s been p r e p a r e d . T h e X - r a y 
s p e c t r u m of cobal tos ic ox ide (Fig . 71), 
however , differs f rom t h a t of cobal t ic 
oxide . T h e ca lcu la ted sp . gr . is 5-34 ; 
W . H e r a p a t h r epo r t ed 5-322 a t 16-5° ; 
P . F . G. Boul lay , 5-6OO ; a n d L . P l ay -
fair a n d J . P . Jou le , 4-814. H . Hess , 
a n d G. C. Winkelb lech observed t h a t 
cobal t ic oxide passes i n t o cobal tosic oxide 
J . Li. P r o u s t observed t h a t a t a higher 
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w h e n h e a t e d t o dul l redness , a n d 
— _ — 0 t e m p . , coba l tous oxide is formed. 

.S. BurgstaIIer found t h a t t h e dissociat ion t e m p , of cobal t ic oxide is 372° t o 373° 
a t 760 m m . F r o m th i s t e m p , u p t o 705-5° t o 869, cobaltosic oxide is t h e s t ab le 
form, a n d b e y o n d t h a t , coba l tous oxide . As ind ica t ed above , G. N a t t a a n d 
M. S t r a d a sa id t h a t cobal t ic oxide forms cobal tosic oxide a t 265°. According t o 
V. M. Goldschmid t a n d co-workers , G. Xrunde, M. Ie B lanc a n d J . E . Mobius , a n d 
S. Holgersson, t h e oxide former ly considered t o be cobal t ic oxide , ob t a ined b y 
calcining coba l tous c o m p o u n d s in air , or t r e a t i n g t h e m w i t h oxidizing agen t s , is 
rea l ly cobal tosic oxide , Co3O4 . G. F . H i i t t i g a n d R . Kass le r sa id t h a t t h e p r o d u c t 
o b t a i n e d b y d e h y d r a t i n g h y d r a t e d cobal t ic oxide is also cobal tosic ox ide , b u t 
G. N a t t a a n d M. S t r a d a p repa red cobal t ic oxide b y hea t ing one of t h e h y d r a t e d 
forms, a n d a d d e d t h a t n o k n o w n process of p r e p a r a t i o n furnishes cobal t ic ox ide if 
t h e t e m p , employed exceeds 250° ; since a t t e m p , above 265°, t h e p r o d u c t is 
cobal tosic oxide. W . W . Coblentz s tud ied t h e reflecting power of t h e oxide ; 
a n d A. H . B a r n e s , t h e X - r a y spec t rum. K . Fr ieder ich gave 194,000 o h m s per 
sq. m m . for t h e electr ical res is tance ; a n d H . R e y n o l d s found for t h e res is tance, R3 
of pencils m a d e b y compress ing powdered cobal t ic oxide : 

H 

a n d t h e electrical conduc t iv i t y of a n o t h e r s ample exhib i ted a t r a n s f o r m a t i o n in 
t h e v ic in i ty of 900°, F ig . 73 . This was t h o u g h t t o be due to t h e change of cobal t ic 
i n t o cobaltosic oxide—from t h e above , i t is more 
l ikely t o h a v e been Co 3 O 4 - ^CoO. The conduct iv i t ies 
of m i x t u r e s of ferric a n d cobal t ic oxides were also 
measu red . 

According to W . Muller, h y d r o g e n reduces co­
bal t ic oxide a t 125° t o cobal tosic oxide , whi l s t co­
b a l t o u s oxide is r educed a t 320° ;s H . Moissan sa id 
t h a t cobal t ic oxide is r educed t o coba l tous oxide a t 
190° t o 200°, a n d a t 250°, t o c o b a l t ; S. H a u s e r sa id 
t h a t hyd rogen begins t o r educe cobal t ic oxide a t 
225° t o 240° ; C. R . A. W r i g h t a n d A. P . Luff, a t Fia. 
110° ; a n d F . Glaser, a t 182°. G. Gallo sa id t h a t 
t h e r e is a n inc ip ien t r educ t ion of cobal t ic oxide b y 
h y d r o g e n a t 80° t o 85° ; a n d a t a h igher t e m p , t he re is a t r ans ien t fo rmat ion 
of cobal tos ic oxide -which begins t o be reduced t o cobal tous oxide a t a b o u t 90°. 
I n t h e presence of w a t e r v a p o u r , a t 70 m m . press. , t h e reduc t ion of cobal t ic 
ox ide b y h y d r o g e n begins a t 95°, a n d a t 110° if t h e v a p . press , of w a t e r is 
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92 m m . O. B r u n c k f o u n d t h a t w h e n cobal t io ox ide is h e a t e d i n o x y g e n t o 4O0°, 
o r t h e beg inn ing of a r ed -hea t , s o m e ozone is fo rmed . I n t h e d r y s t a t e , 
cobaltic ox ide c a n n o t b e oxid ized t o coba l t d iox ide . Acco rd ing t o C. IT. Cross , 
w h e n coba l t i c ox ide is exposed t o a m o i s t a t m o s p h e r e , i t g r a d u a l l y f o r m s 
C o 2 0 8 . 2 H 2 0 , o r 2 C o 2 0 3 . 5 H 2 0 , a n d t h e n C o 2 0 3 . 3 H 2 0 ; t h e sub j ec t w a s d i s ­
cussed b y W . Mi i l le r -Erzbach . Cobal t ic ox ide is d e c o m p o s e d b y m o s t ac id s i n 
t h e cold w i t h t h e fo rma t ion of coba l tous sa l t s . Chlor ine is evo lved w h e n t h e 
ox ide is d iges ted w i t h hydroch lor ic acid , a n d t h e r eac t i on w a s s t u d i e d b y 
R . F i n k e n e r . A. Coehn a n d M. Glaser sa id t h a t i n consequence of t h e d e v e l o p m e n t 
of ch lor ine w h e n cobal t ic oxide is t r e a t e d w i t h hyd roch lo r i c ac id , t h i s ox ide b e h a v e s 
m o r e l ike lead a n d m a n g a n e s e d ioxides t h a n does ferr ic o x i d e — a s s u m i n g , of course , 
t h a t coba l t ic oxide is a t r u e sesquioxide l ike ferr ic ox ide . G. J . F o w l e r a n d 
J . G r a n t observed t h a t w h e n h e a t e d w i t h p o t a s s i u m ch lo r a t e , a t a b o u t 250° , t h e 
oxygen which is evo lved is a c c o m p a n i e d b y s o m e chlor ine . A . F . B e n t o n s t u d i e d 
t h e adso rp t i on of oxygen , a n d c a r b o n m o n o x i d e , a n d d iox ide b y coba l t i c ox ide a t 
0° a n d a t —79°. W h e n h e a t e d w i t h s u l p h u r a n d w a t e r , J . B . Sende rens o b s e r v e d 
t h a t coba l t s u l p h a t e a n d t h i o s u l p h a t e a r e fo rmed . C. Dufra isse a n d D . N a k a o 
s tud ied t h e c a t a l y t i c o x i d a t i o n of soln. of s o d i u m su lph i t e . T . Vor s t e r o b s e r v e d 
t h a t w h e n cobal t ic ox ide is h e a t e d i n d r y a m m o n i a , c o b a l t o u s ox ide is fo rmed , a n d 
a f t e rwards coba l t . F . N e u m a n n , a n d O. B r u n c k e x a m i n e d t h e a c t i o n of coba l t i c 
ox ide on c a r b o n ; a n d K . I w a s e a n d M. F u k u s h i m a obse rved t h a t t h e r e d u c t i o n 
is f a v o u r e d b y t h e p resence of l ime . C. R . A. W r i g h t a n d A. P . Luf i o b s e r v e d 
t h a t c a r b o n begins t o r educe coba l t i c ox ide a t 260°, a n d c a r b o n m o n o x i d e a t —11° . 
F . B u l l n h e i m e r obse rved t h a t glycerol does n o t r educe coba l t i c ox ide . A. B o n n e t 
said t h a t coba l t i c ox ide is t a k e n u p f rom a m m o n i a c a l soln. b y p l a n t fibres. Coba l t i c 
ox ide dissolves in ace t ic ac id w i t h o u t i m m e d i a t e decompos i t i on . G. R a u t e r 
obse rved t h a t silicon t e t r a c h l o r i d e is d e c o m p o s e d b y t h i s ox ide , fo rming silica, 
chlor ine , a n d coba l tous chlor ide . C. Dufra isse a n d D . N a k a e s t u d i e d t h e c a t a l y t i c 
o x i d a t i o n of a c r a l d e h y d e , p h e n y l a l d e h y d e , fu r fu ra ldehyde , s t y r e n e , a n d t u r p e n t i n e . 
S. B . H e n d r i c k s a n d W . H . A l b r e c h t p r e p a r e d w h a t m a y be cobal t ic ferrite , 
Co 2 O 3 .Fe 2 O 3 —v ide t h e ferr i tes . 

Hydrated CObaltie OXides.—A n u m b e r of i m p u r e fo rms of h y d r a t e d coba l t i c o x i d e h a s 
been^ r e p o r t e d t o occu r in n a t u r e ; t h e m i n e r a l t ransvaal i te , desc r ibed b y T . B . M c G h i e 
a n d J . C la rk , i s a n o x i d a t i o n p r o d u c t of c o b a l t a r s e n i d e , a n d i t occu r s i n b l a c k , n o d u l a r 
m a s s e s i n v e i n s in t h e q u a r t z i t e n e a r M i d d l e b u r g , T r a n s v a a l . I t is a n i m p u r e hydrated 
CObaltie ferric OXide. I t d issolves in h y d r o c h l o r i c ac id w i t h t h e l i b e r a t i o n of ch lo r ine . 
I t s s p . g r . is 3-846, a n d i t s h a r d n e s s , 4-0. 

T h e m i n e r a l heterogenite , desc r ibed b y A . F r e n z e l , occurs in t h e v e i n s of c o b a l t a n d 
n i c k e l o re s a t Schneebe rg , a n d a t H e u b a c h n e a r W i t t i c h e n , B o d e n . I t is a d e c o m p o s i t i o n 
p r o d u c t of s m a l t i t e . I t is a m o r p h o u s , a n d occur s in b l a c k o r r e d d i s h - b r o w n , g l o b u l a r o r 
r e n i f o r m m a s s e s -with "litt le l u s t r e . I t s c o m p o s i t i o n a p p r o x i m a t e s t h e hydrated cobaltic 
oxide, CJoO.2Co 2O 3 .6H 2O. I t s s p . g r . is 3-44, a n d i t s h a r d n e s s , 3 . J . Morozewicz d e s c r i b e d 
lubeckite, Cu0.m(Mn,Co) a 0 8 .w:H. a O, a b l a c k , co l lo ida l m i n e r a l o c c u r r i n g a t M i e d z i a n k a ; 
t h e s p . g r . is 4-8, a n d t h e h a r d n e s s , 2 t o 3 . 

T h e b l a c k m i n e r a l heubaohite occur s i n t h i n , soot - l ike i n c r u s t a t i o n s , o r in d e n d r i t i c o r 
s m a l l s p h e r i c a l a g g r e g a t e s , a s a s e c o n d a r y p r o d u c t i n m i n e s n e a r H e u b a c h t a l , B a d e n ; n e a r 
A l p i r s b a c h , W u r t e m b e r g ; a n d in Cop iapo , Chil i . I t w a s desc r ibed b y F . S a n d b e r g e r , 
w h o s h o w e d t h a t i t i s a hydrated cobaltic nickellc ferric oxide, 3 (Fe ,Co ,Ni ) 2 O s . 4H: a O. I t s 
s p . g r . i s 3-76, a n d i t s h a r d n e s s , 2-5. I t is so lub le in cone , h y d r o c h l o r i c a c i d w i t h t h e 
e v o l u t i o n of c h l o r i n e ; t h e so ln . i s b lu i sh-green , a n d i t b e c o m e s ro se - r ed w h e n d i l u t e d w i t h 
w a t e r . 

A . S c h o e p a n d V . Cuvel ier , a n d V . Cuvel ier desc r ibed a m i n e r a l f rom M i n d i n g i , K a t a n g a , 
B e l g i a n Congo . T h e a n a l y s i s a p p r o x i m a t e s hydrated aluminium cobaltic oxide, ( F e , 
A l , C o ) a 0 8 . H 2 0 . I t w a s ca l led stainierite. I t is b l a c k , c o m p a c t , a n d o p a q u e , w i t h a 
g r a n u l a r o r b a n d e d , c o n c e n t r i c t e x t u r e . I t is b i re f r ingen t a n d p l eoch ro i c . I t s s p . g r . 
i s 4-137, a n d i t s h a r d n e s s , 4-5 . I t r e a d i l y dissolves in h y d r o c h l o r i c a c i d w i t h t h e e v o l u t i o n 
of ch lo r ine . I t is pos s ib ly i s o m o r p h o u s w i t h g o e t h i t e . 

T h e o x i d a t i o n of c o b a l t o u s sa l t s i n acidic or a lka l ine soln. furnishes h y d r a t e d 
coba l t i c ox ide . T h e compos i t i on of t h e h y d r a t e d e p e n d s on t h e c o n c e n t r a t i o n 
of t h e soln. , t h e t e m p . , t h e ox id iz ing a g e n t , e t c . Qu i t e a n u m b e r h a v e r e p o r t e d 
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the formation of the hydrated oxide without specifying clearly the composition of 
the product, presumably because t h a t -was a secondary consideration to the main 
purpose of the work. The brown product obtained when precipitated cobaltous 
hydroxide is exposed to air, was shown by G. F . Hut t ig and R. Kassler, and 
A. Remele to contain cobaltous hydroxide, and does not consist wholly of cobaltic 
hydroxide. Various oxidizing agents have been recommended for converting 
hydrated cobaltous oxide into hydrated cobaltic oxide : 

A . Carnot, R . G. Durrant , R . Fischer, Q. F . H u t t i g and R . Kassler, C. Krause . 
A . H . McConnell and E . S. H a n e s , N . McCulloch, C. Paa l a n d M. Boetors, A . Sieverts . 
a n d S. Veil oxidized so ln . of cobal t sa l t s -with, hydrogen dioxide ; O. Brunck, S. W . Parr, 
S. R . Benedic t , and O. N a t t a a n d M. Strada, w i t h sod ium dioxide ; C. Reichard, w i th 
bar ium dioxide ; O. W . Gibbs, F . Gauhe, C. Krause , a n d H . Rose , w i t h lead dioxide ; 
W . Be e tz , P . Berthier, C D . Braun, T . Carnolley and J . Walker, C F . Cross, E . F r e m y , 
P . Hausknecht , E . Hut tner , W . A . Lampadius , A . H . McConnell a n d E . S. H a n e s , T. Moore, 
J . L . Proust , A . Quartaroli , C F . Rammelsberg , H . Rose , C L . Taylor , J . Thomson, 
T . Vorster, a n d G. C Winkelblech, -with chlorine in alkaline soln . ; G. C Winkelblech, 
W . Bee tz , C D. Braun, BI. Rose , A . Weissenborn, A . F . B e n t o n , E . D o n a t h , F . Meidert, 
HL H e s s , W . Muller, E . Fleischer, E . and B . Kl imenko , S. Veil , a n d J . Thomson, -with 
sod ium hypochlori te . According t o G. C Winkelblech, if alkali be n o t added to t h e so ln . 
of cobalt nitrate after t h e addit ion of sod ium hypochlori te , the cobal t forms soluble cobalt ic 
ni trate . E . M. Dingier thought i t w a s present in soln. as sod ium cobalt i te . H . H e s s , 
and R . Bot tger oxidized t h e cobalt salt w i t h bleaching powder ; G. N a t t a and M. Strada, 
w i t h potass ium chlorate a t 150° ; G. N a t t a a n d M. Strada, H . Remmler , E . D o n a t h , 
C Krause , A . Jorissen, E . Fleischer, G. F . Hi i t t ig a n d R . Kassler, R . Kassler, F . Merck 
and E . Wedekind , A . J . Balard, T . Moore, and G. Schroder, w i t h bromine ; E . Hut tnor , 
a n d E . D o n a t h , w i t h iodine ; S. E . Moody, w i t h iodates ; E . Hi i t tner , L . D e d e , and 
F . Mawrow, w i t h a m m o n i u m or potass ium persulphate ; D . Bhaduri and P . R a y , w i th 
potass ium ferricyanide ; F . Gauhe , T . W . Richards and G. P . Bax ter , C Krause , and 
C Winkler, w i t h potass ium permanganate ; S. Ki tash ima , sod ium b i smuthate ; and 
N . W . Fischer, W . Wernicke, A . Coehn a n d Y . Osaka, A . Coehn a n d M. Glaser, F . Forster 
and E . Miiller, F . Forster and A . P iguet , H . G. Byers , R . Saxon , E . Miiller and F . Spitzer, 
E . Hut tner , C Thieme-Wiedtmarckter , G. Grube a n d O. F e u c h t , G. Grube, a n d 
F . W . Skirrow, b y anodic ox idat ion . 

M. Ie Blanc and J . E . Mobius obtained hydrated cobaltic oxide by adding potash-
lye to a soln. of anodically oxidized cobalt sulphate in 8AT-H2SO4 ; C D . Braun, 
A. Carnot, E . Fremy, J . G. Gentele, O. W. Gibbs and F . A. Genth, L.. Gmelin, 
C. Kiinzel, E . J . Mills, J . B . Rogojsky, and G. C. Winkelblech, by boiling aq. 
soln. of cobaltic ammines, or by treating them with alkali-lye. Other complex 
cobaltic salts have been employed by S. R. Benedict, H. Colin and A. Senechal, 
E . Fleischer, C. Friedheim and F . Keller, R. Kassler, C. Krause, H . Rose, 
E . Saint-Evre, A. Stromeyer, and G. F . Hut t ig and R. Kassler. G. F . Hut t ig and 
R. Kassler recommended the following process : 

A d d a soln. of 18 grms . of po tas s ium hydroxide in 50 grms . of 'water to a soln. of 
10 grms. of cobalt ic hexamminochlor ide (or chloropentamminochloride) in 30O grms. of 
water a t 60° ; wash, the precipitate b y decantat ion w i t h 5 litres of water , and filter b y 
suct ion w i t h t h e exc lus ion of air ; t h e n w a s h it w i t h another 5 l itres of water ; and dry 
t h e product over sulphuric acid in v a c u o . 

According to W. Beetz, C. F . Bucholz, E . Donath , E . Donath and J. Mayrhofer, 
L. Gmelin, J . !L. Proust , L. J . Thenard, O. Volker, and C. Winkler, cobaltous oxide 
dissolves in fused potassium hydroxide to form a clear, blue liquid, which with a 
more prolonged heating turns brown, and cobaltic oxide separates out in brown 
flakes. The blue liquid solidifies to a blue glass. The formation of the blue soln. 
by the action of alkali-lye on cobalt was discussed by C. D . Braun, E . Donath, 
G. Grube, G. Grube and O. Feucht , C. Tubandt , and C. Winkler. Again, 
J . Ti. Proust observed t h a t when a soln. of a cobalt salt is dropped into boiling, cone, 
potash-lye, a blue precipitate is formed, t h a t changes to a red hydrate, and after­
wards dissolves to form a blue soln. When the blue soln. is sufficiently diluted with 
water , cobaltous hydroxide is deposited, bu t if air has access to the liquor, brown, 
hydra ted cobaltic oxide is precipitated. Similar observations were made by 
O. Volker, and W. Beetz added t h a t the soln. of cobaltous hydroxide in potassium 
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hydroxide is colourless if air be rigorously excluded; the blue coloration develops 
only when air has access to the liquor. C. Winkler showed t h a t the blue soln. is 
developed when potassium hydroxide acts on reduced cobalt, or on cobaltouB oxide, 
in air. The blue soln. gives reactions characteristic of cobaltic oxide, and he 
assumed t h a t the blue colour is produced by a Kobalteaure. W. Schulze, and 
E . Donath showed tha t a higher oxide is present when the blue colour is developed. 
The subject was studied by A. Remote, G. C. Winkelblech, F . Reichel, E . Donath, 
G. Grube and O. Feucht, W. J . Russell, H . Ditz, and C. Tubandt . For C. W. Still-
weirs observations, vide supra, cobaltous hydroxide. 

G. Grube and O. Feucht observed tha t in cone. soln. of potassium hydroxide, 
anodic cobalt dissolves a t high current-densities with the formation of a deep blue 
soln. of potassium cobaltite, C o + 2 ® = C o " ; and Co* + 4 O H ' ^ C o O 2 " + 2 H 2 O ; 
or C o * ' + 3 O H ' ^ H C o O 2 ' + H 2 O . The electrode potentials of cobalt against blue 
soln. containing different amounts of cobalt in 8 ^ - K O H , show tha t the blue soln. 
is potassium cobaltite, and not colloidal Co(OH)2, as suggested by C. Tubandt . 
The normal potential of cobalt against potassium cobaltite is —0-52 volt. The 
anodic oxidation of potassium cobaltite a t a plat inum anode takes place in 3 stages : 
(i) a t low potentials, cobaltosic oxide is formed ; (ii) a t medium potentials, cobaltic 
oxide is produced; and (iii) a t high potentials, there results a solid soln. of cobalt 
dioxide in a lower oxide, and oxygen is evolved. The evolution of oxygen a t a 
cobalt anode in alkali-lye involves the formation of cobalt dioxide and its subse­
quent decomposition into molecular oxygen and cobaltic oxide. 

J . L. Proust, A. de Schulten, and C. Tubandt observed t h a t the blue soln. is 
fairly stable in air, and deposits cobaltous hydroxide only slowly. I t can be 
evaporated very far without decomposition, bu t -when dried, C. Winkler observed 
the separation of a black oxide ; and C. Winkler, and J . L. C. Zimmermann also 
noted tha t cobaltous hydroxide is deposited when the soln. is diluted. - The soln. was 
found by C. D. Braun, E . Donath, E . Donath and J . Mayrhofer, J . Li. Proust, and 
J . "Lt. C. Zimmermann to be readily oxidized by air with the separation of cobaltic 
hydroxide. E . Donath, and C. Winkler also said t h a t the soln. is readily oxidized 
to cobaltic hydroxide by hydrogen dioxide, and by chlorine. C. Winkler said t h a t 
the soln. oxidizes potassium iodide, sulphur dioxide, potassium ferrocyanide and 
indigo, bu t E . Donath could not confirm this. C. Winkler found t h a t with phos­
phorus, the blue soln. forms cobalt phosphide ; and t h a t carbon dioxide precipitates 
cobalt carbonate ; E . Donath observed t h a t ammonium sulphide precipitates 
cobalt sulphide ; C. D. Braun, and E . Donath, t h a t an excess of potassium cyanide 
forms potassium cobalticyanide ; C. Winkler, t h a t zinc precipitates crystalline 
cobalt ; and C. Tubandt, tha t barium sulphate precipitates cobaltous hydroxide. 

When equal vols, of a soln. of sodium ta r t ra te (5O per cent.), cobalt sulphate 
(30 per cent.), and sodium hydroxide (30 per cent.) are mixed, a violet-red soln. is 
obtained, and this on exposure to air develops a green colour which slowly becomes 
more intense. The green soln. was investigated by F . Field, F . Kehrmann, 
J . Gibson, H . Marshall, and R. G. Durrant . A. H . McConnell and E . S. Hanes 
showed tha t the soln. possibly contain percobaltites of the alkali metals in which 
CoO2 takes the place of MnO2 in the permanganites. A. Job found the at . ratio 
of Co : O in the green soln. is 2 : 3 , i.e. 2 C o O + 0 = C o 2 0 3 . R. G. Durran t sug­
gested t ha t derivatives of cobaltic acid, H2CoO4, are present, since the green soln. 
is also produced by the action of hydrogen dioxide on soln. of cobalt salts in t he 
presence of an excess of alkali hydrocarbonate. A. Job found t h a t with the 
ta r t ra te soln. just indicated, the amount of oxygen absorbed increases indefinitely 
under these conditions, bu t if a quant i ty of glycerol is added, i t reaches a maximum, 
equivalent to one a tom of oxygen for each a tom of cobalt present. The cobaltic 
compound formed requires merely the absorption of an a tom of oxygen for every 
two atoms of cobalt present, and i t is suggested t h a t the reaction which takes 
place may be represented b y one of the two following sets of equations : (i) 2CoO 
+ O a = 2 C o 0 2 , followed by 2CoO2+(X)=Co2O3+(X)O; or else (ii) 2 C o O + H 2 0 
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= C o 2 O s 4 - H 2 , a n d H 2 H - O 2 = H 2 O 2 , followed b y H 2 O 2 H-(S)=(S)O-J -H 2 O, w h e r e (Q 
d e n o t e s t h e a c c e p t o r w h i c h is a n ox id izab le c o m p o u n d — i n t h e p r e s e n t case , t a r t a r i c 
ac id . T h e second e x p l a n a t i o n w a s sugges t ed b y W . M a n c h o t a n d co -worke r s ; 
a n d t h e first e x p l a n a t i o n b y A . J o b , C. E n g l e r , a n d E . B a u r . I n conf i rma t ion , 
A . J o b found t h a t m a n g a n o u s h y d r o x i d e , d isso lved i n a n a lka l ine soln. of a t a r t r a t e , 
pa s ses first i n t o m a n g a n e s e d iox ide a n d finally i n t o t h e sesquioxide . B o t h c o b a l t o u s 
a n d m a n g a n o u s h y d r o x i d e s u n d e r t h e s e cond i t i ons also a b s o r b n i t rosy l , b u t w h e r e a s 
t h e m a n g a n e s e soln. a b s o r b s o x y g e n fifty t i m e s a s qu i ck ly a s t h e coba l t soln. , t h e 
l a t t e r a b s o r b s n i t r o s y l a t l ea s t t e n t i m e s as r a p i d l y a s t h e m a n g a n e s e so lu t ion . 

The preparation of definite hydrates of cobaltic oxide.—A number of 
h y d r a t e d coba l t i c ox ides h a s b e e n r e p o r t e d . T h u s , E . J . Mills sa id t h a t t h e 
tritadikydrate, 3 C o 2 O 3 . 2 H 2 O , is f o r m e d w h e n a m o l a r p r o p o r t i o n of coba l t i c ch loro-
p e n t a m m i n o d i c h l o r i d e a n d t w o m o l a r p r o p o r t i o n s of c o b a l t o u s ch lor ide a r e h e a t e d 
w i t h w a t e r whi le e x p o s e d t o t h e a i r . T h e hemitrihydrate, 2 C o 2 O 3 . 3 H 2 O , w a s 
r e p o r t e d b y E . H u t t n e r t o be f o r m e d b y d r y i n g t h e t r i t a p e n t a h y d r a t e o v e r cone , 
s u l p h u r i c ac id ; b y t r e a t i n g a soln. of c o b a l t s u l p h a t e w i t h p o t a s s i u m h y d r o x i d e 
a n d oxid iz ing t h e p r o d u c t w i t h p o t a s s i u m p e r s u l p h a t e , or w i t h ch lor ine . C. E . Cross 
a lso r e c o m m e n d e d ch lor ine for ox id iz ing c o b a l t o u s h y d r o x i d e s u s p e n d e d i n p o t a s h -
lye , a n d d r y i n g t h e p r o d u c t a t 100° t o a c o n s t a n t we igh t . G. E . H i i t t i g a n d 
R . Kas s l e r s h o w e d t h a t t h e d e h y d r a t i o n c u r v e s i n d i c a t e t h e ex i s t ence of a mono-
/iydrate, Co 2 O 3 -H 2 O—v ide infra. Accord ing t o E . M a w r o w , if 4 g r m s . of c o b a l t o u s 
h y d r o x i d e be s u s p e n d e d in a soln. of 1OO g r m s . of p o t a s s i u m h y d r o x i d e of s p . gr . 
1*12, a n d w a r m e d w i t h a n excess of p o t a s s i u m p e r s u l p h a t e , t h e r e is fo rmed a 
ye l low p r e c i p i t a t e w h i c h t u r n s b r o w n , a n d t h e n b lack . I t is w a s h e d w i t h h o t 
w a t e r , a n d d r i ed ove r s u l p h u r i c ac id . W h e n t h i s is t r e a t e d w i t h w a r m n i t r i c ac id , 
t h e r e r e m a i n s a b r o w n i s h - b l a c k m a s s wh ich w h e n d r i ed a p p r o x i m a t e s 2 C o 2 O 3 . 3 H 2 O 
— a n d i t is sa id t h a t t h e p r o d u c t is poss ib ly a m i x t u r e of C o 2 O 3 a n d C o 2 0 3 . 3 H 2 0 . 
E . H u t t n e r r e p o r t e d t h a t t h e tritapentahydrate, 3 C o 2 O 3 . 5 H 2 O , is fo rmed w h e n a 
soln . of IO g r m s . of c o b a l t o u s s u l p h a t e in a l i t t l e w a t e r is t r e a t e d w i t h 20O c.c. 
of a s a t . soln. of p o t a s s i u m p e r s u l p h a t e ; a n d also w h e n a n a m m o n i a c a l so ln . 
of c o b a l t a n d a m m o n i u m s u l p h a t e s is t r e a t e d w i t h p o t a s s i u m p e r s u l p h a t e . 

Acco rd ing t o E . H u t t n e r , w h e n t h e t r i t a p e n t a h y d r a t e is e x p o s e d for 9 d a y s o v e r 
s u l p h u r i c ac id , t h e p r o d u c t pas ses i n t o t h e dihydrate, C o 2 O 3 . 2 H 2 O . H . H e s s , a n d 
C. D . B r a u n also o b t a i n e d t h e d i h y d r a t e b y d r y i n g t h e t r i h y d r a t c for a w e e k o v e r 
cone , s u l p h u r i c ac id . E . H u t t n e r o b t a i n e d t h e d i h y d r a t e b y t r e a t i n g 10 g r m s . of 
c o b a l t s u l p h a t e w i t h a n excess of p o t a s h - l y e , a n d a h o t soln. of 20 g r m s . of p o t a s ­
s i u m p e r s u l p h a t e i n 100 c.c. of w a t e r ; o r b y t r e a t i n g a soln. of 5 g r m s . of c o b a l t 
s u l p h a t e i n 150 c.c. of w a t e r w i t h 1OO c.c. of 2O p e r cen t , p o t a s h - l y e , a n d s a t u r a t i n g 
t h e cold m i x t u r e w i t h ch lor ine . A . R e m e l e o b t a i n e d t h e d i h y d r a t e b y a d d i n g 
p o t a s h - l y e t o a n a lcohol ic soln . of c o b a l t o u s n i t r a t e a t 60° t o 80° . W . W e r n i c k e , 
a n d A. Coehn a n d M . Glaser a lso o b t a i n e d t h e d i h y d r a t e b y t h e electrolysis of 
a soln . of p o t a s s i u m c o b a l t t a r t r a t e i n p o t a s h - l y e , a n d d r y i n g t h e p r o d u c t i n v a c u o . 

A c c o r d i n g t o G. C. W i n k e l b l e c h , a n d J . !L. P r o u s t , t h e trihydrate, Co 2 O 3 . 3H 2 O, 
o r coba l t i c hydroxide , Co(OH) 3 , c a n b e o b t a i n e d b y t r e a t i n g coba l t ous h y d r o x i d e 
o r c a r b o n a t e s u s p e n d e d in w a t e r , w i t h ch lo r ine—C. D . B r a u n s u s p e n d e d t h e 
h y d r o x i d e i n a boi l ing soln . of s o d i u m h y d r o x i d e ; H . H e s s , a n d R . B o t t g e r u s e d 
b l each ing p o w d e r a s t h e ox id iz ing a g e n t ; G. C. Winke lb lech , a n d G. Schroder , 
s o d i u m h y p o c h l o r i t e ; a n d A. J . B a l a r d , b r o m i n e — R . B e r n a r d a n d P . J o b sa id 
t h a t p r o b a b l y c o b a l t d iox ide is f o r m e d a s a n i n t e r m e d i a t e p r o d u c t i n t h e o x i d a t i o n 
of c o b a l t o u s t o coba l t i c ox ide . G. C. W i n k e l b l e c h exposed a soln. of a coba l t ous 
sa l t , s a t u r a t e d w i t h a m m o n i a , i n a i r , u n t i l i t f o r m e d a b r o w n l iquid , h e t h e n prec ip i ­
t a t e d t h e p r o d u c t w i t h p o t a s h - l y e . E . F r e m y boi led soln. of t h e coba l t a m m i n e s 
w i t h p o t a s h - l y e . Accord ing t o E . M a w r o w , w h e n a soln. of c o b a l t s u l p h a t e or n i t r a t e 
is w a r m e d w i t h a n excess of p o t a s s i u m p e r s u l p h a t e , a d a r k b r o w n p r e c i p i t a t e , 
c o n t a i n i n g C o 2 0 3 . 3 H 2 0 m i x e d w i t h s u l p h a t e s , is fo rmed . T h e t r i h y d r a t e i s 
p r o d u c e d b y w a r m i n g c o b a l t o u s h y d r o x i d e w i t h p o t a s s i u m p e r s u l p h a t e , a n d , a f t e r 
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w a s h i n g w i t h w a t e r , h e a t i n g t h e p r o d u c t a t 100° w i t h dil . n i t r i c ac id . A b o u t one -
t h i r d of t h e c o b a l t o u s h y d r o x i d e is c o n v e r t e d t o h y d r a t e d coba l t i c o x i d e . 
S. E . M o o d y t r e a t e d a soln. of coba l t s u l p h a t e w i t h potass ium, iod ide a n d i o d a t e . 
A. C o e h n a n d M. Glaser o b t a i n e d t h e t r i h y d r a t e b y t h e a n o d i c o x i d a t i o n of a n 
a lka l ine soln. of c o b a l t t a r t r a t e . J . E . R o o t obse rved t h a t w i t h a soln. of 0-0870 
g r m . of coba l t in a n a lkal ine soln. of t a r t r a t e , 0-0802 grm. of c o b a l t w a s d e p o s i t e d 
a s m e t a l on t h e c a t h o d e , a n d 0 0 1 2 2 g r m . of C o 2 0 8 . 3 H 2 0 w a s d e p o s i t e d on t h e a n o d e . 
C. F . Cross obse rved t h a t w h e n t h e h y d r a t e d ox ide , w h i c h h a s b e e n d r i ed a t 100°, 
is exposed t o a i r s a t u r a t e d w i t h mo i s tu re , for a few d a y s , i t fo rms e i t he r a tetra-
hydrate o r a penlahydrate. 

G. Schroder , G. F . H i i t t i g a n d R . Kass le r , a n d F . Merck a n d E . W e d e k i n d 
obse rved t h a t p rec ip i t a t ed h y d r a t e d cobal t ic ox ide is r ead i ly p e p t i z e d w h e n i t is 
w a s h e d wi th w a t e r . C. P a a l a n d H . Boe te r s , a n d Ka l l e a n d Co. p r e p a r e d co l lo idal 
so lu t ions of cobal t ic h y d r o x i d e -with s o d i u m p r o t a l b a t e o r l y s a l b a t e as p r o t e c t i v e 
a g e n t . D u r i n g dialysis , t h e coba l t ous h y d r o x i d e is ox id ized t o t h e coba l t i c s t a t e . 
B y e v a p o r a t i n g t h e d ia lyzed soln. , t h e p r o d u c t is soluble a n d t h e r e su l t i ng col loidal 
soln. con ta ins less t h a n 10 p e r cen t , of coba l t . If t h e colloidal coba l t i c h y d r o x i d e 
be p r e p a r e d in t h e presence of h y d r o g e n d iox ide , a s t ab l e , soluble colloid c a n b e 
o b t a i n e d w i t h over 20 p e r cen t , of coba l t . F . G. T r y h o r n a n d G. J e s s o p o b t a i n e d 
t h e colloid b y a d d i n g a m m o n i a t o a m i x t u r e of h y d r o g e n d iox ide a n d c o b a l t ch lor ide 
soln. T h e b r o w n sol soon coagu la t ed . L . H u g o u n e n q a n d J . Loise leur u s e d 
g lycogen as a p r o t e c t i v e colloid ; a n d A. V. D u m a n s k y a n d B . G. Zaprometoff , 
s o d i u m t a r t r a t e a n d m a n n i t o l . 

T h e properties of hydrated cobalt ic o x i d e s . — T h e s e h y d r a t e s a r e desc r ibed 
b y G. C. Winke lb lech , a n d o t h e r s as d a r k b r o w n p o w d e r s ; a n d H . H e r r e n s c h m i d t 
a n d E . Capelle a d d e d t h a t if p u r e , t h e colour is l igh t b r o w n . O n t h e o t h e r h a n d , 
G. F . H i i t t i g a n d R . Kass le r sa id t h a t coba l t i c h y d r o x i d e is b lack , a n d t h a t b r o w n 
p r e p a r a t i o n s c o n t a i n coba l t ous h y d r o x i d e . G. N a t t a a n d M. S t r a d a ' s o b s e r v a t i o n s 
on t h e X - r a y spec t r a l l ines a re s u m m a r i z e d i n F i g . 72. T h e h y d r a t e cou ld n o t be 
o b t a i n e d in a definite c rys ta l l ine form, a n d t h e X - r a d i o g r a m s s h o w t h e l ines of 
coba l t i c ox ide wh ich is f o rmed on d e h y d r a t i o n . G. N a t t a a n d M. S t r a d a , 
G. F . H i i t t i g a n d R . Kass le r , a n d F . Merck a n d E . W e d e k i n d f o u n d t h a t a l l p r e ­
p a r a t i o n s b e t w e e n Co 2 O 3 a n d C o 2 O 3 . 3 H 2 O h a v e t h e s a m e C o 2 O 3 l ines. A. Coehn 
a n d M. Glaser , a n d W . Wern i cke gave va lues for t h e sp . gr . of t h e h y d r a t e . G. N a t t a 
a n d M. S t r a d a found 4-29 t o 4-90 for t h e sp . gr . of C o 2 0 3 . 2 H 2 0 , a n d 4-46 t o 4-47 
for 2CoO 3 . 3H 2 O. Accord ing t o G. C. Winke lb lech , -when t h e h y d r a t e s a r e h e a t e d , 
w a t e r is first evolved , t h e n o x y g e n a n d wa te r , u n t i l cobal tos ic ox ide is fo rmed w h i c h 
does n o t p a r t w i t h t h e r e m a i n i n g w a t e r un t i l a r e d - h e a t is a t t a i n e d . G. N a t t a a n d 
M. S t r a d a said t h a t t h e h y d r a t e passes i n t o a n h y d r o u s Co 2 O 3 if i t be h e a t e d be low 
250°—vide supra. Accord ing t o T . Carnel ley a n d J . W a l k e r , t h e a i r -d r ied p rec i ­
p i t a t e h a s t h e c o m p o s i t i o n : 5 C o 2 O 3 . 8 H 2 O , a n d i t r e t a i n e d t h i s compos i t i on w h e n 
h e a t e d for 6 h r s . a t t e m p , r ang ing u p t o 74°. W h e n h e a t e d b e y o n d t h i s , i t g r a d u a l l y 
los t "water, a n d a t 100°, i t h a d t h e compos i t ion : 2 C o 2 0 3 . 3 H 2 0 . Th i s , howeve r , 
r e p r e s e n t e d a c h a n c e s t age in a con t inuous process , for t h e "water w a s los t c o n t i n u o u s l y 
u p t o 260° w i t h o u t a n y ev idence of t h e fo rma t ion of a s t ab l e h y d r a t e . T h e loss 
of w a t e r w a s n o w r a p i d , a n d t h e compos i t ion a t 270° a p p r o x i m a t e d 10Co 2 O 3 -H 2 O, 
a n d r e m a i n e d a l m o s t c o n s t a n t b e t w e e n 280° a n d 360°, w h e n a f u r t h e r loss o c c u r r e d . 
D e h y d r a t i o n w a s c o m p l e t e a t 385° , b u t , a s t h e l a s t t r a ce s of w a t e r w e r e expe l led , 
t h e r e w a s also a s l ight loss of o x y g e n w i t h t h e co r re spond ing f o r m a t i o n of coba l tos i c 
o x i d e . G. F . H i i t t i g a n d R . Kas s l e r o b t a i n e d t h e d e h y d r a t i o n c u r v e s of t h e 
h y d r a t e d coba l t i c ox ides , a t 10 m m . press . , w h e n t h e ox ides were p r e p a r e d i n 
different w a y s . T h e resu l t s , F i g . 74 , show t h a t w h e n t h e mol . r a t i o of w a t e r t o 
ox ide is less t h a n 3 , t h e w a t e r is he ld m o r e t enac ious ly t h a n w o u l d b e e x p e c t e d o n 
t h e a s s u m p t i o n of a d h e s i o n or cap i l l a r i ty . D e h y d r a t i o n b e t w e e n t h e l imi t s 3 : 1 
a n d 1 : 1 increases s m o o t h l y w i t h r ise of t e m p e r a t u r e , a n d t h e ease w i t h w h i c h 
t h e w a t e r c an b e r e m o v e d v a r i e s w i t h t h e mode of p r e p a r a t i o n . N o ev idence of t h e 
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ex i s t ence of a def ini te c o m p o u n d i n t e r m e d i a t e b e t w e e n a m o n o - a n d a t r i h y d r a t e 
h a s b e e n o b t a i n e d . !Removal of "water f rom a p r o d u c t h a v i n g t h e c o m p o s i t i o n 
C o 2 O 3 - H 2 O t a k e s p l ace a t c o n s t a n t t e m p e r a t u r e , a n d is u s u a l l y a c c o m p a n i e d b y 
t h e f o r m a t i o n of coba l t o - coba l t i c o x i d e . T h e ex i s t ence of a def ini te m o n o h y d r a t e 
is i n d i c a t e d , a n d t h i s is s u p p o r t e d b y t h e X - r a d i o g r a m s . T h e l a s t 0-3 m o l . of 
w a t e r r e q u i r e s a t e m p , o v e r 300° before i t is expe l l ed . 
T . Carne l l ey a n d J . W a l k e r o b s e r v e d t h a t t h e d e - 5? 
h y d r a t i o n is a l m o s t c o m p l e t e a t 280° , a n d C F . Cross , •>§ 
a n d G. C. W i n k e l b l e c h f o u n d t h a t a r e d - h e a t is J 
n e c e s s a r y t o d r i v e off al l t h e w a t e r . A c c o r d i n g t o Si. 
t h e f .p . d e t e r m i n a t i o n s of G. U r b a i n a n d A . D e - i& 
b ie rne , t h e f o r m u l a of c o b a l t a c e t y l a c e t o n a t e , S 
Co{CH(COCH 3) 2> 3 , c o r r e s p o n d s w i t h C o ( O H ) 3 r a t h e r ^ 
t h a n w i t h C o 2 ( O H ) 6 . J . T h o m s e n f o u n d t h e h e a t ^ 
of f o r m a t i o n ( 2 C o , 3 0 , 3 H 2 0 ) = 1 4 9 - 3 CaIs. ; a n d 
( 2 C o ( O H ) 2 , 0 , H 2 0 ) = 2 2 - 5 8 CaIs. A . H . B a r n e s 1 ^ - 7 ^ - I ^ y t o t i c m Curve 
V j * j /if -v- i_ J.' A. / ^ / - X i - of H y d r a t e d Cobaltic Ox ide . 
s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m . G. G r u b e J 

a n d O. F e u c h t g a v e O-109 v o l t for t h e p o t e n t i a l in 8.ZV-KOH a t 2 5 ° ; a n d 
E . Miiller a n d F . Sp i t ze r , 0-4 v o l t for a n a n o d e covered w i t h C o 2 O 3 . w H 2 0 in 
a m m o n i a c a l soda- lye . E . H . W i l l i a m s sa id t h a t t h e ox ide is p a r a m a g n e t i c . 
A . Q u a r t a r o l i f o u n d t h e m a g n e t i c suscep t ib i l i t y t o be 7 X 10"~6 t o 25 x 10~~6 m a s s 
u n i t ; F . Merck a n d E . W e d e k i n d g a v e 7-95 x 1 O - 6 m a s s u n i t for C o 2 0 3 . 2 H 2 0 , 
a n d ze ro for C o 2 O 3 - H 2 O ; a n d P . H a u s k n e c h t g a v e 2-7 X I O " 6 m a s s u n i t for 
2 C o 2 O 3 . 3 H 2 O . S. Vei l f o u n d t h a t t h e m o l . coeff. of m a g n e t i z a t i o n rises t o a 
m a x i m u m as t h e coba l t i c h y d r o x i d e is r e p e a t e d l y re-dissolved a n d r e -p rec ip i t a t ed , 
o r t r e a t e d "with h o t w a t e r ; F . Merck a n d E . W e d e k i n d s t u d i e d t h e c h a n g e i n 
t h e m a g n e t i c su scep t ib i l i t y "which occur s o n h e a t i n g different p r e p a r a t i o n s of t h e 
h y d r a t e d ox ide . 

A . F . B e n t o n o b s e r v e d t h a t h e l i u m is n o t a b s o r b e d b y t h e h y d r o x i d e ; b u t a t 
—79° a g r a m of t h e ox ide a b s o r b s 0-325 c.c. of h y d r o g e n a t n . p . 6. H . Moissan 
o b s e r v e d t h a t w h e n h y d r a t e d coba l t i c ox ide is h e a t e d in h y d r o g e n , i t loses w a t e r 
b e t w e e n 100° a n d 200° , a n d r e d u c t i o n t o c o b a l t beg ins a t a b o u t 250° . 
C. R . A . W r i g h t a n d A . P . Luff sa id t h a t t h e r e d u c t i o n beg ins a t 110°. A. F . B e n t o n 
f o u n d t h a t 0-325 vol . of h y d r o g e n a t n . p . 9 is a b s o r b e d b y coba l t i c ox ide a t —79° ; 
a n d of o x y g e n , 0-264 a t 0° ; 0 1 1 6 a t 56-5° ; a n d 0-073 a t 110°. G. S c h r o d e r 
f o u n d t h a t o x y g e n a t a r e d - h e a t h a s n o a c t i o n o n coba l t i c o x i d e . A . Coehn a n d 
M. Glaser , C F . Cross, a n d G. N a t t a a n d M. S t r a d a n o t e d t h e g r e a t h y g r o s c o p i c i t y 
of t h e h y d r a t e d ox ide i n a ir . E . S a i n t - E v r e o b s e r v e d t h a t t h e h y d r o x i d e is s l igh t ly 
soluble i n h o t w a t e r ; a n d a t 20° , G. A l m k v i s t f o u n d t h a t w a t e r c o n t a i n i n g c a r b o n 
d i o x i d e dissolves 3-18 m g r m s . p e r l i t re . F . G. T r y h o r n a n d G. J e s s o p s t u d i e d t h e 
a c t i o n of t h e colloid o n h y d r o g e n d iox ide . O b s e r v a t i o n s o n t h e effect of ac ids 
h a v e b e e n m a d e b y W . Bee t z , M. Ie B l a n c a n d J . E . Mob ius , C. D . B r a u n , A. Coehn 
a n d M. Glaser , E . D o n a t h , E . D o n a t h a n d J . Mayrho fe r , W . H e m p e l a n d H . Thiele , 
E . H u t t n e r , F . M a w r o w , S. W . P a r r , J . !L. P r o u s t , A. R e m e l e , J . B . R o g o j s k y , 
E . S a i n t - E v r e , F . W . Sk i r row , F . G. T r y h o r n a n d G. J e s s o p , W. Wern i cke , a n d 
G. C. W i n k e l b l e c h . T h e h y d r a t e d o x i d e is r e a d i l y d issolved b y hydrof luoric ac id . 
A s i n d i c a t e d b y J . L*. P r o u s t , t h e h y d r a t e s d isso lve i n h o t hydrochlor ic ac id , w i t h 
t h e e v o l u t i o n of ch lo r ine ; a n d G. C. W i n k e l b l e c h n o t e d t h a t t h e h y d r a t e dissolves 
i n cold hyd roch lo r i c ac id i n t h e d a r k , b u t o n e x p o s u r e t o l igh t , o r h e a t , ch lor ine 
g a s is e v o l v e d a n d c o b a l t o u s ch lo r ide is f o rmed . G. C. Winke lb l ech obse rved t h a t 
w h e n t h e h y d r a t e d o x i d e is w a r m e d w i t h a hypoch lor i t e , o x y g e n is evo lved . 
O . R . H o w e l l s t u d i e d t h e r e a c t i o n . T h e h y d r a t e is d issolved b y hydriodic ac id 
w i t h t h e s e p a r a t i o n of iod ine ; a n d G. C. W i n k e l b l e c h found t h a t i t fo rms a r edd i sh -
ye l low l iqu id w i t h a so ln . of s o d i u m iodide . J . L . P r o u s t sa id t h a t c o b a l t i c ox ide 
d issolves i n s u l p h u r o u s ac id , w i t h t h e f o r m a t i o n of coba l t ous s u l p h a t e . A . G e u t h e r 
f o u n d t h a t t h e f r e sh ly -p rec ip i t a t ed h y d r a t e dissolves i n a w a r m soln. of a m m o n i u m 
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su lph i t e , with, t h e evo lu t ion of a m m o n i a , a n d t h e f o r m a t i o n of a soln. of coba l t -
a m m i n e ; a n d s imi la r ly w i t h soln. of p o t a s s i u m or s o d i u m su lph i t e . S. R . B e n e d i c t 
s a id t h a t soln. of p o t a s s i u m hydrosu lphate r e d u c e t h e ox ide . J . L . P r o u s t a l so 
o b s e r v e d t h a t t h e h y d r a t e dissolves i n w a r m su lphur ic ac id , w i t h t h e e v o l u t i o n of 
o x y g e n . G. C. Winke lb lech obse rved t h a t in t h e d a r k , t h e o x i d e m a y be d i sso lved 
i n cold su lphur i c ac id , b u t o n exposu re t o l i gh t o r h e a t , d e c o m p o s i t i o n occurs , w i t h 
t h e evo lu t ion of oxygen a n d t h e f o r m a t i o n of a soln. of c o b a l t o u s s u l p h a t e . 
J . I J . P r o u s t , a n d G. C. Winke lb lech obse rved t h a t h y d r a t e d coba l t i c ox ide is n o t 
d e c o m p o s e d b y a q . a m m o n i a , even w h e n w a r m e d , a n d d i sso lu t ion occurs o n l y i n 
t h e p resence of a piece of t i n . T h e r e su l t i ng l iqu id is r ed . E . D o n a t h a n d 
J . Mayrhofer , E . Fle ischer , E . H u t t n e r , H . R o s e , L . J . T h e n a r d , T . Vors t e r , a n d 
G. C. Winke lb l ech sa id t h a t t h e h y d r o x i d e is inso lub le i n a q . a m m o n i a ; o n t h e 
o t h e r h a n d , O. W . Gibbs a n d F . A . G e n t h , a n d H . R e m m l e r sa id t h a t t h e h y d r a t e 
is soluble in a q . a m m o n i a — v i d e infra, a m m i n o h y d r o x i d e s . T . V o r s t e r f o u n d t h a t 
t h e h y d r a t e is n o t c h a n g e d w h e n i t is h e a t e d w i t h a q . o r a lcohol ic a m m o n i a in a 
sealed t u b e , o r h e a t e d in t h e d r y gas , a t 170°. E . D o n a t h a n d J . Mayrhofe r obse rved 
t h a t t h e h y d r o x i d e is insoluble i n a n a q . soln. of a m m o n i u m chlor ide , b u t if a m m o n i a 
is a d d e d a n d t h e m i x t u r e is w a r m e d , C. D . B r a u n sa id t h a t t h e h y d r a t e d ox ide 
dissolves ; a n d E . J . Mills, a n d O. W . G ibbs a n d F . A . G e n t h o b s e r v e d t h a t i n a 
sealed t u b e a t 70° , a m m i n e s a r e fo rmed . A. G e u t h e r n o t e d t h a t t h e h y d r a t e d 
ox ide dissolves s lowly in a soln. of a m m o n i u m sulphi te i n t h e cold, a n d if h e a t e d , 
a n a m m i n e is fo rmed . J . Mai a n d M. Si lberberg sa id t h a t h y d r a t e d coba l t i c ox ide 
is m o r e s t ab le t o w a r d s h y d r o x y l a m i n e t h a n is t h e case w i t h nickel ic ox ide . 
A. G e u t h e r obse rved t h a t a n e u t r a l soln. of p o t a s s i u m nitr i te does n o t c h a n g e 
h y d r a t e d coba l t i c ox ide , b u t if a few d r o p s of ac id a re a d d e d , yel low p o t a s s i u m 
coba l t i c n i t r i t e is fo rmed . J . !L. P r o u s t obse rved t h a t t h e h y d r a t e d ox ide dissolves 
in fuming n i tr ic ac id , fo rming coba l tous n i t r a t e , a n d i t dissolves i n w a r m n i t r i c 
ac id , w i t h t h e evo lu t i on of o x y g e n . G. C. Winke lb l ech sa id t h a t t h e d i sso lu t ion of 
t h e h y d r a t e in cold n i t r i c ac id i n t h e d a r k is s low, a n d on e x p o s u r e t o l igh t o r h e a t , 
o x y g e n is evo lved ; a n d a s imi lar o b s e r v a t i o n w a s m a d e w i t h r e spec t t o phosphor ic 
ac id . G. C. W i n k e l b l e c h sa id t h a t w i t h soln. of a lka l i phosphate , a b r o w n prec i ­
p i t a t e is fo rmed . C. R e i c h a r d found t h a t a soln. of arsenic tr ioxide i n soda- lye 
t u r n s h y d r a t e d coba l t i c ox ide ye l lowish-brown in t h e cold, a n d w h e n h e a t e d , 
g rey i sh -b rown , a n d finally d a r k b lue ; a n a m m o n i a c a l soln. of a r sen ic t r i ox ide 
r e d u c e s h y d r a t e d coba l t i c ox ide , a n d s imi lar ly w i t h a n a q . soln. G. C. W i n k e l b l e c h 
sa id t h a t w i t h soln. of a lkal i arseni te , a b r o w n p r e c i p i t a t e is fo rmed . W i t h a lka l i 
o x a l a t e , G. C. Winke lb lech obse rved t h a t a g reen soln. is fo rmed ; a n d F . K e h r m a n n , 
t h a t in t h e p resence of free acid , a c o m p l e x sa l t is p r o d u c e d . C. R . A . W r i g h t a n d 
A. P . Luff obse rved t h a t carbon begins t o r educe t h e h y d r a t e d ox ide a t 260°, a n d 
carbon m o n o x i d e , a t —11°. F . Merck a n d E . W e d e k i n d found t h a t whi l s t h y d r a t e d 
coba l t i c o x i d e — p r e s u m a b l y Co 3 O 4 - I -CoO(OH)—is a l m o s t i n e r t in t h e c a t a l y t i c 
o x i d a t i o n of c a r b o n m o n o x i d e a t o r d i n a r y t e m p . , t h e ox ide is a c t i v a t e d b y t h e 
a d d i t i o n of m a n g a n e s e d ioxide , a n d t h e y e x a m i n e d t h e m a g n e t i c p r o p e r t i e s of t h e 
m i x t u r e s . A . F . B e n t o n found t h a t a g r a m of ox ide a t —79° a b s o r b s 6 c .c . of 
c a r b o n m o n o x i d e . C. J . E n g e l d e r a n d M. B l u m e r s t u d i e d t h e c a t a l y t i c a c t i v i t y 
of m i x t u r e s of coba l t i c a n d ferric oxides in t h e o x i d a t i o n of c a r b o n m o n o x i d e . 
A . F . B e n t o n o b s e r v e d t h a t a t 0 ° , 56-5°, a n d 100°, 1 g r a m of t h e ox ide a d s o r b s , 
r e spec t ive ly , 10-21, 5*09, a n d 2-46 c.c. of carbon dioxide, a t n . p . 6. W . P . Y a n t 
a n d C. O. H a w k s t u d i e d t h e c a t a l y t i c effect of t h e ox ide on t h e o x i d a t i o n of m e t h a n e . 
A. Jo r i s sen , a n d C. R e i c h a r d found h y d r a t e d coba l t i c ox ide does n o t dissolve in a 
so ln . of p o t a s s i u m c y a n i d e ; b u t C. K r a u s e , a n d E . F le i scher sa id t h a t d i s so lu t ion 
d o e s t a k e p l a c e . G. C. W i n k e l b l e c h sa id t h a t w i t h soln. of p o t a s s i u m ferro-
c y a n i d e , a d a r k r e d p r e c i p i t a t e is fo rmed . J . Mai a n d M. S i lbe rberg o b s e r v e d t h a t 
t h e h y d r a t e d ox ide i s m o r e s t a b l e t h a n nickel ic ox ide when i n c o n t a c t w i t h p o t a s s i u m 
o r a m m o n i u m t h i o c y a n a t e . T h e so lub i l i ty of t h e h y d r a t e d o x i d e i n o rgan ic ac id s 
w a s s t u d i e d b y W . B e e t z , M. Ie B l a n c a n d J . E . Mobius , E . F le i scher , E . H u t t n e r , 
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F . K e h r m a n n , F . M a w r o w , A. R e m e l e , E . S a i n t - E v r e , A. S t r o m e y e r , a n d 
G. C. W i n k e l b l e c h . A. R e m e l e o b s e r v e d t h a t cone , ace t i c ac id d issolves h y d r a t e d 
c o b a l t i c ox ide "without i m m e d i a t e decompos i t i on , fo rming a b r o w n soln. ; a n d i n 
oxa l ic ac id , a g r e e n soln . is f o r m e d a n d c a r b o n d iox ide is evo lved . G. C. W i n k e l ­
b lech o b s e r v e d t h a t t h e h y d r a t e d ox ide is soluble i n r a c e m i c , tartaric , oxalic* or 
Citric ac ids , f o rming c o b a l t o u s sa l t s . N . Orloff o b s e r v e d t h a t t h e soln. of h y d r a t e d 
c o b a l t i c ox ide i n o r g a n i c ac ids—e .g . , ace t i c o r oxal ic a c id—soon decompose . A 
m i x t u r e of oxa l ic ac id a n d a m m o n i u m a c e t a t e fo rms a m m o n i u m coba l t i c o x a l a t e . 
G. C. W i n k e l b l e c h f o u n d t h a t w i t h a h o t , a q . soln . of oxal ic ac id , c o b a l t o u s o x a l a t e 
is f o rmed , w i t h t h e e v o l u t i o n of c a r b o n d iox ide ; a n d if t h e mois t , fresh h y d r a t e d 
o x i d e is h e a t e d w i t h a soln. of a m m o n i u m o x a l a t e , a m m o n i a is evo lved , a n d a 
g r e e n so ln . of coba l tos i c o x a l a t e is f o r m e d . A . H . Al len found t h a t t h e h y d r a t e d 
o x i d e is s t a b l e i n c o n t a c t w i t h g lycero l ; a n d E . D o n a t h o b s e r v e d t h a t freshly-
p r e c i p i t a t e d h y d r a t e d coba l t i c ox ide is v e r y s lowly d e c o m p o s e d b y a soln. of g lycero l 
a n d soda- lye , o r of g lycerol , a n d a m m o n i a , wh i l s t w i t h n ickel ic ox ide u n d e r 
s imi la r c o n d i t i o n s a b l u e soln. is q u i c k l y fo rmed , a n d t h e r e a c t i o n c a n b e u t i l i zed 
t o d e t e c t c o b a l t i n t h e p r e sence of n icke l . 

H . H e s s f o u n d t h a t m o l t e n p o t a s s i u m hydrox ide d issolves t h e h y d r a t e d ox ide , 
f o r m i n g a n i n t e n s e b r o w n m a s s , b u t E . H u t t n e r s a id t h a t t h e h y d r a t e d ox ide is n o t 
a t t a c k e d b y a lka l i - lye . G. S c h r o d e r o b s e r v e d t h a t w i t h soln. of m a n g a n e s e sa l t s , 
or of ferric sa l t s , a bas ic sa l t is p r o d u c e d . P . L o u y e t , a n d E . F i s c h e r f o u n d t h a t 
w i t h soln . of f errous sa l t s , t h e h y d r a t e d coba l t i c ox ide is r e d u c e d t o c o b a l t o u s 
ox ide , a n d h y d r a t e d ferr ic o x i d e is p r e c i p i t a t e d . 

T h e sa l t s Of coba l t i c o x i d e . — C o b a l t i c ox ide is a n a m p h o t e r i c ox ide , fo rming 
u n s t a b l e sa l t s w i t h ac ids , a n d w i t h ba se s . So lu t ions of t h e h y d r a t e d ox ide i n ac ids 
m a y n o t d e c o m p o s e i m m e d i a t e l y , a n d t h e y t h e n c o n t a i n , p r e s u m a b l y , cobal t ic sa l t s , 
b u t t h e soln . q u i c k l y decomposes , f o rming c o b a l t o u s sa l t s w i t h t h e e v o l u t i o n of 
o x y g e n . T h i s w a s s h o w n b y G. C. W i n k e l b l e c h t o be t h e case w i t h cold p h o s p h o r i c , 
s u l p h u r i c , n i t r i c , a n d h y d r o c h l o r i c ac ids , b u t b e s t of al l w i t h cold ace t i c ac id . 
W . B e e t z , a n d N . Orloff a lso o b t a i n e d s imi lar r e su l t s w i t h ace t i c a n d oxa l ic ac ids . 
G. C. W i n k e l b l e c h o b s e r v e d t h a t t h e colour of a c o b a l t o u s s a l t a p p e a r s d a r k e r if 
s o m e coba l t i c sa l t is p r e s e n t . T h e b r o w n soln . of coba l t i c a c e t a t e gives a b r o w n 
p r e c i p i t a t e w i t h p o t a s s i u m h y d r o x i d e or c a r b o n a t e , o r w i t h a m m o n i u m c a r b o n a t e ; 
t h e p r e c i p i t a t i o n is i n c o m p l e t e w i t h a q . a m m o n i a — p e r h a p s owing t o t h e f o r m a t i o n 
of a n ammonium cobaltite, (NH 4 J 2 O-Co 2 O 3 , o r ( N H 4 ) C o O 2 . S o d i u m iod ide g ives a 
r edd i sh -ye l low soln. , a n d a lka l i o x a l a t e s , a ye l low soln. H y d r o g e n su lph ide , a n d 
a m m o n i u m s u l p h i d e g ive b l a c k p r e c i p i t a t e s ; a lka l i p h o s p h a t e s , a n d a r s e n a t e s , 
b r o w n p r e c i p i t a t e s ; a n d p o t a s s i u m f e r rocyan ide g ives a d a r k r e d p rec ip i t a t e—if 
t h e p r e c i p i t a n t is i n excess , p o t a s s i u m fe r r i cyan ide a n d g reen c o b a l t f e r r i cyan ide 
m a y b e fo rmed . T h e f e r rocyan ide p r e c i p i t a t e w a s s t u d i e d b y C. D . B r a u n , a n d 
A. R e m e l e . F o r O. F e u c h t a n d G. G r u b e ' s , a n d G. G r u b e ' s o b s e r v a t i o n s o n 
p o t a s s i u m cobal t i te , El 2GoO 2 , vide supra, a n o d i c b e h a v i o u r of c o b a l t . 

T h e r e is a series of c o m p o u n d s of t h e sp ine l t y p e f o r m e d b y t h e . un ion of a 
b i v a l e n t m e t a l ox ide , w h i c h a c t s a s a base , w i t h o x i d e of a t e r v a l e n t metal—-e.g., 
a l u m i n i u m , c h r o m i u m , a n d ferr ic i r o n — w h i c h a c t s a s a n acidic oxide , t o fo rm 
R " O . R 2 ' " 0 3 , o r R " ( R " ' 0 2 ) 2 ' . Coba l t i c o x i d e also fo rms ana logous sp inels . 
S. H o l g e r s s o n a n d A . K a r l s s o n p r e p a r e d a ser ies of cobalt i tes b y e v a p o r a t i n g t o 
d r y n e s s m i x e d soln . of c o b a l t n i t r a t e a n d a n i t r a t e of t h e b i v a l e n t m e t a l , a n d 
h e a t i n g t h e m i x t u r e t o 850° for 1£ h r s . 

W . G. M i x t e r w a s n o t ab le t o i so la te s o d i u m cobal t i te , Na 2 O-Co 2 O 3 , o r N a C o O 2 , 
b u t h e s u p p o s e d t h a t i t is p r e s e n t i n t h e p r o d u c t o b t a i n e d b y fusing coba l t ox ide 
w i t h a n excess of s o d i u m d iox ide . T h e b l u e soln. of s o d i u m coba l t i t e o b t a i n e d b y 
d i sso lv ing c o b a l t o u s ox ide , o r h y d r o x i d e , in cone , soda- lye , b e h a v e s j u s t l ike a soln . 
of p o t a s s i u m coba l t i t e—v ide supra, i n c o n n e c t i o n w i t h cobal t ic ox ide . R . Scholder 
a n d H . W e b e r p r e p a r e d s o d i u m c o b a l t i t e f rom so lu t ions of c o b a l t n i t r a t e 
a n d s o d i u m h y d r o x i d e . T h e p r o d u c t w a s N a 2 [ C o ( O H ) 4 ] , o r N a 2 C o O 2 . 2 H 2 O . 
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A. C. Becquerel, I . Bellucci and F . Dominiei, H . Hess, W. Mayer, Ii. Pebal , and 
A. Sehwarzenberg noted the formation of potassium cobaltite, say in the ideal 
case, K2CoO2 , by melting potassium hydroxide with a cobalt salt. A. Schwarzen-
berg gave K 2 0 .3Co 8 0 6 . 3H 2 0 ; L. Pebal, K2O.2C03O5 ; I . Bellucci and F . Dominiei, 
K 2 Co 4 O 8 ; and W. Mayer added tha t the alkali is not present in stoichiometrical 
proportions. I . Bellucci and F . Dominiei noted t h a t the product is hydrolyzed 
by -water, so t ha t by repeated washing, A. H . McConnell and E . S. Hanes, and 
O. Brunck obtained cobaltosic oxide, Co3O4, as a residue. Ii . E . R. Dufau, and 
J . A. Hedvall observed no formation of a calcium cobaltite when mixtures of 
cobaltic and calcium oxides are heated together ; and similarly with strontium 
cobaltite. R. Scholder and H. Weber also obtained Sr2[Co(OH)6]. J . A. Hedvall 
and N. von Zweigbergk obtained barium cobaltite by the action of barium dioxide 
on cobalt oxide. G. Rousseau obtained crystalline products, BaO.2CoO2, and 
BaCCoO2—vide infra, percobaltites. R. Scholder and H. Weber also obtained 
Ba2[Co(OH)6]. 

S. Holgersson and A. Karlsson obtained copper cobaltite, Cu(CoO2)2. The 
X-radiograms show tha t the spinel lattice has 8 mols. per uni t cell, and t h a t the 
edge of unit cell is 8-039 A., and the sp. gr. 6-28. I t showed no ferromagnetism. 
The corresponding magnesium cobaltite, Mg(Co02)2 , has a spinel lattice with 
edge 8*107 A., and sp. gr. 4-96. I t shows no ferromagnetic properties. J . A. Hed­
vall, S. Holgersson and A. !Karlsson, L. Passerini, G. Na t t a and L. Passerini, and 
L. E . R. Dufau, H . J . Witteveen and E . JP. F a i n a u also prepared this salt. 

G. Nat ta and M. Strada prepared zinc cobaltite, ZnCCo 2O 3 , or Zn(CoOg)2, 
by evaporating a soln. of mixed zinc and cobalt nitrates to dryness, and calcining 
the product a t 800°. G. Na t t a and Li. Passerini found t h a t cobaltous and zinc 
oxide form solid soln. a t temp, exceeding 1000°, bu t below tha t temp. , in an oxidizing 
atm., zinc cobaltite, Zn(Co02)2 , is formed. I t was studied by J . A. Hedvall and 
co-workers, and G. Na t t a and co-workers, and S. Holgersson and co-workers—vide 
supra, Rinman's green, cobaltous and zinc oxides. S. Holgersson and A. Karlsson 
gave for the zinc cobaltite lattice «=8*108 A., and the sp. gr. 5-94. G. N a t t a and 
M. Strada gave a=8*06 A., and sp. gr. 6-11. The salt showed no ferromagnetism. 
S. Holgersson and A. Karlsson also prepared a manganous cobaltite, Mn(Co02)2 , 
but in which some cobalt took the place of bivalent manganese, and some man­
ganese in place of tervalent cobalt. The lattice constant is of the spinel type with 
«=8*268 A. I t did not exhibit ferromagnetism. A. Serres measured the magnetic 
susceptibility between —182*7° and 549*4° ; the Curie point is —164*5° ; the Curie 
constant, 4*261 ; and the magnetic moment for quadrivalent cobalt, 29. The 
cobaltites are isomorphous with cobaltosic oxide, which can accordingly be regarded 
as cobaltous cobaltite, Co(CoO2) 2 . The cubic lattice of this salt is of the spinel 
type with the parameter «=8*06 A. The calculated density is 6*27. S. Holgersson 
and A. Karlsson gave «==8108 A., and S. Holgersson, a=8*110 A. The correspond­
ing nickel cobaltite, Ni(Co02)2 , has a cubic lattice of the sodium chloride type , 
with a=8*112 A. Bivalent cobalt may replace some of the nickel, and tervalent 
nickel, some of the cobalt. The compound is strongly ferromagnetic. 

The cobaltic amminohydroxides.—E. Fremy 2 obtained an aq. soln. of cobaltic 
hexamminohydroxide, [Co(NHs)6^(OH)3, by the action of bar ium hydroxide on a 
soln. of the sulphate. O. W. Gibbs and F . A. Genth, and Ii. Jacobsen prepared 
the compound by similar processes. The compound cannot be isolated by 
evaporating the yellowish-brown liquid, since decomposition with the evolution of 
ammonia sets in. A. B . Lamb and co-workers gave for the molecular conductivity, 
(JL9 and percentage ionization, a, of soln. with C mols. per litre a t 0° and 25° : 

o° 

C . 33*23 6*662 1*336 0*2678 
/* 347*5 396-9 431*1 4 6 9 0 
a 72*2 82*4 89*5 97*4 

25° 

33*23 6*662 1*336 0-2678 
591*3 675*3 739*0 8 4 3 0 

65*5 74*8 81*8 93*4 



COBAJJT 6 9 5 

S. M . J o r g e n s e n p r e p a r e d oobal t ic tr isethylenediajninehydroxide , [Co en 3 ] (OH) 8 , 
w h e r e e n is e m p l o y e d for C 2 H 4 ( N H g ) 2 . T h e c o m p o u n d i s o b t a i n e d b y s h a k i n g 
f r e s h l y - p r e c i p i t a t e d s i lver ox ide w i t h t h e co r r e spond ing chlor ide , a n d e v a p o r a t i n g 
t h e soln. , f inally, o v e r s u l p h u r i c ac id . T h e d a r k ye l low m a s s of de l iquescen t c r y s t a l s 
fu rn i shes a n o range -ye l low l i qu id . A . B . L a m b a n d co-workers m e a s u r e d t h e m o l . 
c o n d u c t i v i t y , a n d f o u n d for so ln . w i t h 33*29 a n d 0-2683 m o l . p e r l i t r e , t h e r e spec t i ve 
c o n d u c t i v i t i e s 304-2 a n d 706*8 a t 0 ° , a n d 394-4 a n d 519-1 a t 25° ; t h e co r r e spond ing 
p e r c e n t a g e degrees of i o n i z a t i o n a r e 67 a n d 93 a t 0 ° , a n d 66-4 a n d 90-4 a t 25° . 
P . Ffeiffer a n d T . G a s s m a n n o b t a i n e d cobal t ic tr i spropylenediaminehydroxide , 
[Co p n 3 ] ( O H ) 3 , i n a q . so ln . b y s h a k i n g t h e iod ide of t h e series w i t h f reshly-precipi ­
t a t e d s i lver o x i d e i n w a t e r . T h e h y d r o x i d e -was n o t i so la ted . S imi la r ly also w i t h 
cobaltic ethylenediaminebispropylenediaminehydroxide, [Co en2pn](OH)3 . 

O. W . G i b b s a n d F . A . G e n t h o b t a i n e d coba l t i c a q u o p e n t a m m i n o n y d r o x i d e , 
[ C o ( N H s ) 5 ( H 2 O ) ] ( O H ) 3 , b y t r e a t i n g a soln. of t h e ch lor ide of t h e series w i t h s i lver 
ox ide , o r t h e s u l p h a t e w i t h b a r i u m h y d r o x i d e . T h e c o m p o u n d is k n o w n o n l y i n 
a q . so ln . S. M. J o r g e n s e n p r e p a r e d i t b y t r e a t i n g c h l o r o p e n t a m m i n o c h l o r i d e w i t h 
s i lver ox ide , o r c h l o r o p e n t a m m i n o s u l p h a t e w i t h b a r i u m h y d r o x i d e . N . R . D h a r 
u s e d a s imi la r p rocess . A . B . L a m b a n d co-workers m e a s u r e d t h e m o l . c o n d u c t i v i t y , 
//., of a q . soln. of C mo l s . of t h e c o m p o u n d p e r l i t r e , a n d ca l cu l a t ed a , t h e p e r c e n t a g e 
i on i za t i on o n t h e a s s u m p t i o n t h a t t h e c o m p l e x c o n t a i n s H 2 O , a n d a/ , for t h e a s s u m p ­
t i o n t h a t t h e c o m p l e x c o n t a i n s O H : 

c x i o 8 . 
ix . 
a . 
of . 

a t t h e limit/X0 0 = 296 a t 0° . T h e y infer red t h a t t h e c o m p o u n d is m o r e l ike ly t o be 
a h y d r o x y p e n t a m m i n e t h a n a n a q u o p e n t a m m i n e . H . J . S. K i n g also s t u d i e d 
t h i s c o m p o u n d . A . B . 3L«amb a n d co-workers , a n d H . J . S. K i n g o b t a i n e d a soln . 
of cobal t i c d i a q u o t e t r a m m i n o h y d r o x i d e , [Co(H 2 O) 2 (NHg) 4 ] (OH) 3 , b u t n o t t h e 
sol id. T h e m o l . c o n d u c t i v i t y , /JL, a t 0 ° , a n d t h e p e r c e n t a g e ion iza t ion , a, o n t h e 
a s s u m p t i o n t h a t t h e c o m p l e x c o n t a i n s 2 H 2 0 - g r o u p s , a n d a.', on t h e a s s u m p t i o n t h a t 
i t c o n t a i n s 2 0 H - g r o u p s , for soln. w i t h C mols . p e r l i t re , a r e : 

O x i o 3 

33-21 
223-4 
45-7 
70-8 

6-66 
244-7 

5 5 0 
77-9 

1-335 
261-8 

53-5 
82-9 

0-2683 
286-8 

58-6 
92-7 

6-59 
116-4 

24-8 
74-7 

3-321 
115-4 

24-5 
7 4 0 

0-265 
102-7 

21-8 
65-9 

w h e r e a t t h e l im i t /x — 469-0 a t 0° for t h e a q u o - c o m p l e x , a n d 154-0 for t h e h y d r o x i d e 
Complex . T h e r e su l t s f a v o u r t h e a s s u m p t i o n t h a t t h e c o m p o u n d is n o t a d i a q u o -
t e t r a m m i n e , b u t a h y d r o x y t e t r a m m i n e . 

A. B . L a m b and co-workers found, t h a t cobaltic dlaquobisethylene dlaminehydroxide, 
[Co en a(H aO) a](OH)3 , is stable only in aq. soln., and t h a t the mol. conductivity, /J., of soln. 
wi th G mols per litre, and the percentage ionization calculated a on the assumption t h a t 
t h e complex contains 2H aO-groups, and a' on the assumption t h a t it contains 20H-groups, 
are : 

c x i o 3 . 
fj, a t 25° . 
a a t 25° . 
fjL a t 0° . 
a a t 0° . 
a ' 

33-2 
. 185-O 

22-7 
. 107-6 

24-6 
73-7 

6-674 
197-4 

25-2 
113-9 

26-6 
79-8 

1-338 
2 0 9 0 

26-7 
116-8 

27-3 
81-8 

0-2683 
269-4 

34-5 
143-1 

33-4 
100-3 

where t h e limiting value of ft=430 a t 0° on the assumption t h a t 2HO-groups are present 
in t h e complex ion, and 115*0 on the assumption t h a t the complex ion contains 2 H aO-groups. 
The results favour the assumption t h a t the compound is a dihydroxy-salt not a diaquo-salt. 
The subject was discussed by H . J . S. King . 

F . J o b prepared a soln. of cobaltic hydrozypentamminohydroxide, 
[ C O ( N H S ) 5 ( O H ) O ( O H ) 2 , by t reat ing the corresponding sulphate with the theoretical 
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proportion of barium hydroxide. The hydroxide is not precipitated by 
alcohol. 

A. Job, and H. J . B. King prepared cobaltic dihydxoxytetrairiininohydroxide, 
[Co(NHa)4(OH)2](OH), and found for the eq. conductivity, A, at 0°, of soln. with 
an eq. of the salt in v litres : 

« . . . 31-23 «.5-96 125-0 263-8 511-O 1002 oo 
A 1 1 8 0 120-6 122-2 123-6 1 2 3 0 116-6 126-6 
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§ 13. The Higher Oxides of Cobalt—Cobalt Dioxide 
G. C. W i n k e l b l e c h , ! E . F r e m y , O. B r u n c k , G. Schroder , a n d G. N a t t a a n d 

M. S t r a d a were n o t ab le t o p r e p a r e cobal t d iox ide , CoO 2 , in t h e d r y w a y ; a n d 
J . A. H e d v a l l a n d N . v o n Zweigbergk n o t e d t h e f o r m a t i o n of a p e r o x i d e w h e n 
c o b a l t ox ide is h e a t e d w i t h b a r i u m d iox ide . T h e d iox ide a p p e a r s a s soc ia t ed -with 
m o r e o r less c o b a l t o u s ox ide , so t h a t t h e v a r i o u s ox ides b e t w e e n coba l t i c ox ide , 
Co 2 O 3 , o r poss ib ly c o b a l t o u s ox ide , CoO, a n d c o b a l t d iox ide , CoO 2 , w h i c h h a v e 
b e e n r e p o r t e d , a r e p r o b a b l y m i x t u r e s o r solid soln. of c o b a l t o u s ox ide a n d c o b a l t 
d iox ide . I n d e e d , coba l t i c ox ide , a s r e p o r t e d i n s o m e cases , m a y be a m i x t u r e of 
t h e t w o oxides , CoO.CoO 2 , or poss ib ly cobaltous jyercobaltite, Co(CoO 3) . T h e m e t h o d s 
e m p l o y e d for p r e p a r i n g t h e d iox ide h a v e a m a r k e d inf luence o n t h e c o m p o s i t i o n 
of t h e final p r o d u c t . I n s o m e cases t h e ox ide , m C o 0 . w C o 0 2 , a c t u a l l y o b t a i n e d , 
p r o b a b l y r e p r e s e n t s a n a r r e s t e d r e a c t i o n (4 . 3 1 , 33) , a n a c c i d e n t a l s t age i n t h e 
d e g r a d a t i o n of c o b a l t d iox ide t o c o b a l t o u s ox ide . O u r k n o w l e d g e of t h e h i g h e r 
ox ides of c o b a l t is n o t i n a sa t i s f ac to ry s t a t e . A . Q u a r t a r o l i in fe r red t h e ex i s t ence 
of h i g h e r ox ides f rom m e a s u r e m e n t s of t h e m a g n e t i c suscept ib i l i t ies of t h e ox id ized 
p r o d u c t s . R . B e r n a r d a n d P . J o b be l ieved t h a t t h e d iox ide is f o r m e d a s a n in t e r ­
m e d i a t e s t a g e i n t h e o x i d a t i o n of c o b a l t o u s t o coba l t i c ox ide . 

E . H u t t n e r o b s e r v e d t h a t w h e n c o b a l t s u l p h a t e is ox id ized b y p o t a s s i u m pe r ­
s u l p h a t e i n ac idic or a lka l ine soln. , b y a m m o n i u m p e r s u l p h a t e i n a lka l ine soln . , 
b y ch lor ine gas , o r b y anod ic ch lor ine f rom a soln. of c o b a l t s u l p h a t e c o n t a i n i n g a 
l a rge excess of p o t a s s i u m chlor ide , t h e p r o d u c t a l w a y s a p p r o x i m a t e s t o coba l t i c 
o x i d e , Co 2 O 3 , b u t b y t h e d i rec t app l i ca t i on of hypoch lo r i t e s , a h ighe r ox ide c a n b e 
o b t a i n e d . T h u s , J . T h o m s e n p r e p a r e d a h y d r a t e a p p r o x i m a t e l y Co 3 O 5 , o r C o O 1 . 7 0 , 
b y t h e a c t i o n of e qu i m o l a r p a r t s of s o d i u m h y p o c h l o r i t e a n d c o b a l t o u s ch lo r ide , 
a n d if t h e a c t i o n b e a l lowed t o c o n t i n u e for a long t i m e , t h e p r o d u c t a p p r o x i m a t e s 
C o 4 O 7 , o r C o O 1 . 7 5 . T . B a y l e y o b t a i n e d , i n a n a n a l o g o u s m a n n e r , a p r e c i p i t a t e 
a p p r o x i m a t i n g Co 3 O 5 , a n d w i t h h o t soln. , t h e p r o d u c t h a d r a t h e r less o x y g e n , 
C o 1 2 O 1 0 , o r C o O 1 . 6 ; u s ing boi l ing soln. , G*. S c h r o d e r o b t a i n e d C o 5 0 8 . l l H 2 0 , t h a t 
is , h y d r a t e d C o O 1 . 6 . A . C a r n o t , w i t h hypoch lo r i t e s in a lka l ine soln . , o b t a i n e d ox ides 
r a n g i n g f r o m CoO1-O0 t o C o O ^ 6 2 5 ; a n d E . H u t t n e r , u s ing a d i l . so ln . of a c o b a l t 
s a l t a n d a n excess of ox id iz ing a g e n t , f ound t h a t t h e p r o d u c t fell f r o m C o O 1 ^ t o 
CoO 1 8 5 7 6 . A n a l o g o u s o x i d a t i o n p r o d u c t s , exceed ing C o 2 O 8 , w e r e o b t a i n e d b y 
C. Krause, O. R . Howe l l , H . McLeod , E . F le ischer , G. Sch rode r , O. P o p p , T . B a y l e y , 
R . F i sche r , 6 . V o r t m a n n , a n d A . Metz l , w i t h a h y p o c h l o r i t e a s ox id iz ing a g e n t . 
T h e ex i s tence of a h y p o t h e t i c a l ac id , H 2 C o O 8 , w a s a s s u m e d b y H . C o p a u x , 
R . Gt. D u r r a n t , A . J o b , A . H . McConnel l a n d E . S. Hanes , a n d C. W i n k l e r . 

O . R . H o w e l l s t u d i e d t h e a c t i o n of h y p o c h l o r i t e s o n soln. of c o b a l t s u l p h a t e , a n d 
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f o u n d t h a t h y p o c h l o r i t e s free f rom a lkal i i m m e d i a t e l y p r e c i p i t a t e f rom a q . soln. 
of c o b a l t s u l p h a t e a s l igh t ly pe rox id i zed c o b a l t sesquioxide of c o n s t a n t compos i t i on ; 
b u t s ince t h e p e r o x i d e c a t a l y t i c a l l y decomposes t h e hypoch lo r i t e , t h e p r e c i p i t a t i o n 
is fa r f rom q u a n t i t a t i v e . W h e n less t h a n half a n eq . of h y p o c h l o r i t e is u s e d w i t h 
a n excess of a lka l i , m o r e ava i l ab l e o x y g e n is f ound in t h e p r e c i p i t a t e t h a n w a s u s e d 
i n t h e h y p o c h l o r i t e ; t h i s is a t t r i b u t e d t o a t m . o x i d a t i o n of t h e p r e c i p i t a t e d 
h y d r o x i d e . A h i g h e r deg ree of o x i d a t i o n is r e a c h e d w i t h h y p o c h l o r i t e a n d a lka l i 
t h a n w i t h h y p o c h l o r i t e a lone . T h i s i s a t t r i b u t e d t o t h e f o r m a t i o n of a h y d r o x y l a t e d 
p e r o x i d e , b y t h e d i r e c t o x i d a t i o n of c o b a l t o u s h y d r o x i d e . T h e t e m p , h a s n o i m ­
p o r t a n t inf luence o n t h e c o m p o s i t i o n of t h e p r e c i p i t a t e . T h e ox ide is v e r y s t a b l e , 
s ince i t c a n b e k e p t indef ini te ly , a n d p r o l o n g e d boi l ing causes n o loss of ava i l ab l e 
o x y g e n . T h e c o n c e n t r a t i o n of t h e r e a c t i n g so lu t ions l ikewise h a s p rac t i ca l ly n o 
inf luence o n t h e c o m p o s i t i o n of t h e p r e c i p i t a t e . 

A ful ly-oxidized precipi tate w a s obta ined b y precipi tat ing cobal t su lphate w i t h sod ium 
hydrox ide and hypochlor i te , us ing 1-5 eq . of alkali hydrox ide per e q . of hypochlor i te ; 
w h e n t h e decompos i t ion of t h e excess of hypochlor i te w a s complete , another eq. -was 
a d d e d ; a n d after t h e decompos i t ion of th i s , another O-5 eq . w a s added . T h e prec ip i tate 
w a s a l lowed to se t t le , w a s h e d b y decanta t ion three t imes , filtered a n d w a s h e d o n a B u c h n e r 
funnel unt i l t h e filtrate w a s a lmost free from alkali . T h e depos i t w a s t h e n shaken u p 
w i t h water and al lowed t o s t a n d in contac t w i t h water 3 m o n t h s before use . 

C R . H o w e l l c o m p a r e d t h e o x i d a t i o n of n icke l a n d c o b a l t s a l t s b y hypoch lo r i t e s , 
a n d f o u n d t h a t t h e p e r o x i d i z e d p r e c i p i t a t e o b t a i n e d w i t h c o b a l t is s t ab l e ; i t c a n 
b e k e p t for a l ong t i m e , or t h e suspens ion boi led w i t h o u t loss of o x y g e n . W i t h 
n icke l , t h e p r e c i p i t a t e d e c o m p o s e s w i t h e v o l u t i o n of o x y g e n e v e n in suspens ion 
a t t h e o r d i n a r y t e m p e r a t u r e , a n d t h e o x y g e n c o n t e n t falls c o n t i n u o u s l y be low t h a t 
c o r r e s p o n d i n g t o t h e sesqu iox ide ; d e c o m p o s i t i o n is a cce l e r a t ed b y h e a t a n d 
r e t a r d e d b y a lka l i . H y p o c h l o r i t e s free f rom a lka l i r e a c t i m m e d i a t e l y w i t h c o b a l t 
so lu t ions , y ie ld ing a p e r o x i d i z e d p r e c i p i t a t e , t h e r a t e of t h e r e a c t i o n be ing com­
p a r a b l e w i t h t h a t of p r e c i p i t a t i o n of t h e h y d r o x i d e b y a lka l i a n d i t s o x i d a t i o n 
b y h y p o c h l o r i t e . W i t h nickel , t h e a c t i o n is d e l a y e d a n d is negl ig ib ly s low c o m p a r e d 
w i t h t h e ac t i on i n t h e p resence of a lka l i . I n t h e p re sence of a lka l i , t h e h y d r o x i d e s 
a r e pe rox id ized . W i t h coba l t , excess of h y p o c h l o r i t e causes a decrease in t h e 
o x y g e n - c o n t e n t owing t o i t s f u r t h e r ox id iz ing a c t i o n . W i t h coba l t , excess of a lkal i 
causes a sma l l inc rease i n t h e o x y g e n - c o n t e n t owing t o inc reased p r e c i p i t a t i o n a s 
h y d r o x i d e ; w i t h n icke l , i t c auses a la rge inc rease owing t o i t s r e t a r d i n g decom­
pos i t i on of t h e p r e c i p i t a t e . P r e c i p i t a t e d w i t h s o d i u m c a r b o n a t e a n d h y p o c h l o r i t e , 
c o b a l t s a l t s y ie ld a pe rox id i zed c a r b o n a t e ; in t h e case of n ickel , howeve r , t h e 
p r e c i p i t a t e d c a r b o n a t e is ox id ized t o t h e p e r o x i d e w i t h a loss of c a r b o n d iox ide , 
w h i c h y ie lds t h e b i c a r b o n a t e . 

R . F i sche r ox id ized c o b a l t s a l t s w i t h b r o m i n e i n t h e p r e sence of a n a lka l i , a n d 
o b t a i n e d p r o d u c t s s imi la r t o t h o s e o b t a i n e d w i t h t h e h y p o c h l o r i t e s . Ana logous 
r e su l t s were o b t a i n e d b y E . F le i scher , A. C a r n o t , E . D o n a t h a n d J . Mayrhofer , 
a n d R . F i sche r , b y u s ing iod ine o r b r o m i n e a s ox id iz ing a g e n t in a lka l ine soln. 
G. V o r t m a n n ox id ized a soln. of c o b a l t s u l p h a t e w i t h iod ine a n d a lkal i - lye , a n d 
o b t a i n e d p r o d u c t s r a n g i n g f rom C o O 1 . 7 t o CoO1-Q. E . H i i t t n e r obse rved t h a t 
w h e n a n a lka l ine soln . of p o t a s s i u m c o b a l t s u l p h a t e is ox id ized w i t h a n excess of 
iod ine , t h e b l a c k p r e c i p i t a t e a p p r o x i m a t e s closely t o CoO 2 . If less iod ine b e 
e m p l o y e d , a less h igh ly -ox id i zed p r o d u c t is o b t a i n e d . A . Metz l o b s e r v e d t h a t 
c o b a l t d iox ide c a n b e p r e p a r e d b y m i x i n g c o b a l t s u l p h a t e , iod ine , a n d a lkal i - lye , 
washing t h e p r e c i p i t a t e b y d e c a n t a t i o n , a n d f i l ter ing t h r o u g h a sbes to s in o rde r t o 
a v o i d r e d u c t i o n b y t h e f i l te r -paper . T h e s a m e c o m p o u n d w a s o b t a i n e d b y us ing 
s i lver n i t r a t e a n d a lka l i - lye a s ox id iz ing a g e n t , a s d i d H . R o s e , in 1857. T h e s i lver 
w h i c h is p r e c i p i t a t e d — p o s s i b l y a s Ag 4 O-Co 2 O 3 ( H . R o s e ) — c a n be r e m o v e d b y w a s h ­
i n g w i t h p e r m a n g a n a t e a n d n i t r i c ac id . 

C. T u b a n d t ox id ized a b lue soln . of c o b a l t o u s h y d r o x i d e in po t a sh - lye , u s i n g a 
porous diaphragm, a n d o b t a i n e d a b o u t t h e a n o d e , a b lu i sh -b lack ox ide a p p r o x i -
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m a t i n g CoOi - 6 . T h e a n o d i c o x i d a t i o n of c o b a l t in p o t a s h - l y e a t h igh c u r r e n t -
dens i t i e s w a s s h o w n b y G. G r u b e a n d O. F e u c h t , A. Coehn a n d E . S a l o m o n , 
H . N . H o l m e s , N . Isgarischeff, a n d E . MUller a n d F . Sp i tze r t o fu rn i sh a solid so ln . 
of c o b a l t d iox ide i n o n e of t h e lower oxides—vide supra, h y d r a t e d coba l t i c ox ide . 
K . A . H o f m a n n a n d H . H i e n d l m a i e r fused c o b a l t o u s ox ide w i t h p o t a s s i u m d i o x i d e , 
w a s h e d t h e p r o d u c t w i t h w a t e r for severa l d a y s , d iges ted i t w i t h cold , 10 p e r c e n t , 
s u l p h u r i c ac id , a g a i n w a s h e d t h e p r o d u c t w i t h w a t e r , a n d t h e n d r i ed i t ove r p h o s ­
p h o r u s p e n t o x i d e . T h e t a b u l a r c rys t a l s h a d a compos i t ion co r r e spond ing w i t h 
C o 3 0 B . 2 H 2 0 , o r h y d r a t e d C o O ^ 6 7 . A. H . McConnel l a n d E . S. H a n e s sa id t h a t 
t h e monohydrate, C o O 2 - H 2 O , or H 2 C o O 3 , is fo rmed b y t h e a c t i o n of h y d r o g e n d iox ide 
on c o b a l t o u s h y d r o x i d e s u s p e n d e d in w a t e r , b u t R . G. D u r r a n t cou ld n o t conf i rm 
t h i s . A . Metz l observed t h a t t h e o x i d a t i o n of a c o b a l t sa l t soln. b y h y d r o g e n d iox ide 
a n d s o d i u m h y d r o c a r b o n a t e furn ishes a green p r e c i p i t a t e , wh ich , w h e n a n a l y z e d in 
t h e m o i s t s t a t e , h a s t h e compos i t ion Co 2O 3-CoCO 3 , or Co(CoO 3) .CoCO 3 . B . B r a u n e r 
used p o t a s s i u m p e r m a n g a n a t e a s oxid iz ing a g e n t ; D . B h a d u r i a n d P . R a y , 
p o t a s s i u m fer r icyanide ; a n d F . F i c h t e r a n d A. R . y Miro , p o t a s s i u m p e r p h o s p h a t e . 

G. Schroder o b t a i n e d a col loidal soln . of C o 3 O 5 b y d iges t ing t h e f reshly-prec ip i ­
t a t e d ox ide w i t h n i t r i c ac id for s o m e d a y s , a n d t h e n w a s h i n g w i t h w a t e r . T h e 
p r e c i p i t a t e is pep t i zed , a n d a clear , d a r k b r o w n soln. is fo rmed . T h e sol. c o a g u l a t e s 
a n d becomes t u r b i d af ter s t a n d i n g for 10 d a y s . T h e sol. is also c o a g u l a t e d b y t h e 
a d d i t i o n of a lka l i sa l t s . 

T h e p r o d u c t o b t a i n e d b y p r e c i p i t a t i o n m e t h o d s is u sua l l y b l a c k ; t h a t o b t a i n e d 
b y K . A. H o f m a n n a n d H . H i e n d l m a i e r a p p e a r e d i n 6-sided p l a t e s , s o m e t i m e s 
a r r a n g e d in rose t t e s . S. Veil s t u d i e d t h e m a g n e t i c p r o p e r t i e s of c o b a l t h y d r o x i d e 
which h a d been t r e a t e d w i t h h y d r o g e n d iox ide . T h e genera l p r o p e r t i e s of t h e s e 
ox ides resemble t hose of h y d r a t e d coba l t i c ox ide . W i t h h y d r o c h l o r i c ac id , ch lor ine 
is g iven off, a n d -with su lphur i c ac id , o x y g e n . A c c o r d i n g t o O . R . Howel l , t h e r a t e 
of decompos i t ion of s o d i u m h y p o c h l o r i t e b y c o b a l t p e r o x i d e h a s b e e n i n v e s t i g a t e d 
a t 25° a n d 50° u n d e r va r ious cond i t i ons . I t h a s s h o w n t h a t t h e r a t e of decompos i ­
t i on is d i rec t ly p r o p o r t i o n a l t o t h e q u a n t i t y of c o b a l t p e r o x i d e p r e s e n t . T h e r a t e 
of decompos i t i on is acce le ra t ed b y t h e p re sence of s o d i u m sa l t s ; i n t h e case of 
sod ium chlor ide i t is d i r ec t ly p r o p o r t i o n a l t o t h e s q u a r e r o o t of t h e c o n c e n t r a t i o n 
of sod ium- ions p r e s e n t . T h i s is exp l a ined b y a s s u m i n g t h e m e c h a n i s m of t h e 
r e a c t i o n t o consis t i n t h e l ink ing of hypoch lo r i t e - ions t o t h e pos i t i ve o x y g e n , a n d 
sod ium- ions t o t h e n e g a t i v e o x y g e n of t h e pe r ox ide , w i t h s u b s e q u e n t i m m e d i a t e 
decompos i t ion of t h e q u a d r i v a l e n t o x y g e n c o m p o u n d . I n t h e p resence of a f ixed 
a m o u n t of hypoch lo r i t e , t h e r a t e is t h e n p r o p o r t i o n a l t o t h e deg ree of a d s o r p t i o n 
of t h e sodium-ions . T h e r a t e is r e t a r d e d b y a lka l i , a n d t h e r e t a r d a t i o n is p r o ­
p o r t i o n a l t o t h e a d s o r p t i o n of h y d r o x y l - i o n s . T h i s is a t t r i b u t e d t o t h e h y d r o x y l -
ions be ing a t t r a c t e d b y t h e pos i t ive o x y g e n of t h e pe rox ide , y i e ld ing a n i n a c t i v e 
c o m p o u n d t o t h e exclus ion of hypoch lo r i t e - ions . T h e a v e r a g e t e m p , coeff. of t h e 
r e a c t i o n b e t w e e n 25° a n d 50° is 2-37. T h e c a t a l y s t is n o t " po i soned " b y h y d r o g e n 
su lph ide , p o t a s s i u m cyan ide , mercu r i c ch lor ide , o r a r sen ic t r i o x i d e . E . C h i r n o a g a 

r e p r e s e n t e d t h e r e a c t i o n b y — d C / d t ~ k C " 9 w h e r e C d e n o t e s t h e c o n c e n t r a t i o n of 
t h e h y p o c h l o r i t e ; n is a c o n s t a n t ; a n d Jc is p r o p o r t i o n a l t o t h e surface a r e a of t h e 
c a t a l y s t . T h e o r d e r of a c t i v i t y of t h e ox ides is N i > C o ^ > C u > F e > > M n > H g . 
C. R . ~A. W r i g h t a n d A. P . Luff f ound t h a t t h e r e d u c t i o n w i t h h y d r o g e n beg ins a t 
a b o u t 1 1 0 ° ; b u t w i t h c a r b o n , a t 2 6 0 ° ; a n d w i t h c a r b o n m o n o x i d e , a t — 1 1 ° . 
T . B a y l e y sa id t h a t t h e p r o d u c t C o 3 O 6 is s t ab l e a t a du l l r e d - h e a t . H . A . J . P i e t e r s 
f o u n d t h a t m i x t u r e s of c a r b o n m o n o x i d e a n d a i r beg in t o ox id ize a t 40° i n t h e 
p resence of c o b a l t d iox ide . 

Percobal t i t i e s .—A. S c h w a r z e n b e r g o b s e r v e d t h a t w h e n p o t a s s i u m h y d r o x i d e i s 
fused in a i r w i t h c o b a l t o u s o r coba l tos ic ox ide , o r c o b a l t o u s c a r b o n a t e , a t a h i g h 
t e m p . , c ry s t a l s a r e f o r m e d w h i c h c a n be s e p a r a t e d b y w a s h i n g a w a y t h e excess 
of a lka l i . A s imi la r p r o d u c t w a s o b t a i n e d b y E . Becque re l , a n d L . P e b a l . W . M a y e r 
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o b t a i n e d i t b y m i x i n g some c h l o r a t e o r n i t r a t e w i t h t h e p o t a s s i u m h y d r o x i d e . 
Accord ing t o Li. P e b a l , t h e b lack , t h i n , 6-sided p l a t e s h a v e a meta l l i c l u s t r e n o t 
un l ike a fe r rug inous mica . T h e y d o n o t r e a c t a lka l ine t o l i t m u s . W h e n d r i e d a t 
100°, t h e y d o n o t lose w e i g h t w h e n h e a t e d t o 200° . A. S c h w a r z e n b e r g , a n d 
W . M a y e r o b s e r v e d t h a t t h e c ry s t a l s r e a c t a lka l ine after ' be ing s t r o n g l y h e a t e d , 
a n d t h e y t h e n g ive u p p o t a s s i u m h y d r o x i d e w h e n e x t r a c t e d w i t h w a t e r , a n d 
cobal tos ic ox ide r e m a i n s . T h e y lose a lka l i s lowly w h e n t r e a t e d for a long t i m e 
w i t h cold w a t e r , a n d r a p i d l y w h e n t r e a t e d w i t h boi l ing w a t e r . Cold, di l . h y d r o ­
chlor ic ac id e x t r a c t s v e r y l i t t l e a lka l i , a n d h a s n o apprec iab le so lven t ac t ion , b u t 
w i t h cone , hyd roch lo r i c acid , t h e sa l t dissolves w i th t h e evo lu t ion of ch lor ine . T h e 
sa l t is d issolved b y o t h e r cone , ac ids ; w i t h di l . n i t r i c acid, c o b a l t o u s ox ide passes 
i n t o soln. a n d o x y g e n is evo lved . 

L . P e b a l ass igned t o t h i s p r o d u c t a fo rmula K 2 0 . 2 C o 3 O 5 , b u t A. S c h w a r z e n b e r g , 
a n d W . M a y e r g a v e K 2 O . C o 9 0 1 5 . 3 H 2 0 , o r K 2 0 . 3 C o 3 0 5 . 3 H 2 0 . I . Bellucci a n d 
F . Domin ic i cons idered t h a t a m i s t a k e w a s m a d e owing t o t h e c o n t a m i n a t i o n of 
t h e p r o d u c t s w i t h si lver d u e t o t h e a t t a c k of t h e si lver crucibles b y t h e fused 
p o t a s s i u m h y d r o x i d e , a n d t o t h e hydro lys i s of t h e c o m p o u n d w h e n i t w a s w a s h e d 
w i t h w a t e r . T h e y sa id t h a t t h e b lack , sh in ing , h e x a g o n a l p l a t e s a r e rea l ly 
p o t a s s i u m coba l tous percobalt i te , K 2 O . C o O . 3 C o O 2 ; a n d a d d e d : 

T h e b e s t m e t h o d of p r e p a r i n g t h e c o b a l t o u s p o t a s s i u m c o b a l t i t e in a p u r e s t a t e is t o 
fill a n icke l c ruc ib le w i t h a l t e r n a t e l a y e r s of p o t a s s i u m h y d r o x i d e a n d of e i t h e r c o b a l t o u s 
c a r b o n a t e or a n y o x i d e of c o b a l t , a n d t o fuse t h e m a s s b y g e n t l y h e a t i n g i t , a f t e r w a r d s 
h e a t i n g m o r e s t r o n g l y w i t h a B u n s e n f lame for 3 h o u r s . Af te r cool ing in a d r y v a c u u m , 
t h e m a s s is i n t r o d u c e d i n t o 12 p e r c e n t , p o t a s s i u m h y d r o x i d e so ln . well cooled 'with ico. 
T h e a lka l i is r e n e w e d seve ra l t i m e s , t h e c r y s t a l s b e i n g filtered off b y m e a n s of a p u m p , 
w a s h e d r e p e a t e d l y w i t h a lcohol , a n d d r i e d . 

T h e s lender , h e x a g o n a l p l a t e s so o b t a i n e d h a v e a s tee l -grey lu s t r e a n d t h e y a r e 
r a p i d l y h y d r o l y z e d b y w a t e r . T h e 6-sided p l a t e s of C o 3 O 5 . 2 H 2 O , o b t a i n e d b y 
K . A. H o f m a n n a n d H . H i e n d l m a i e r , were p r o b a b l y p r o d u c e d b y t h e h y d r o l y s i s 
of p o t a s s i u m coba l tous p e r c o b a l t i t e . W . G. M i x t e r o b t a i n e d s o d i u m p e r c o b a l t i t e , 
N a 2 C o O 3 , b y fusing coba l t ox ide w i t h s o d i u m d iox ide , a n d he found t h e h e a t of 
f o r m a t i o n (Co ,O 2 ,Na 2 O)=:100-2 CaIs. 

G. R o u s s e a u p r e p a r e d b a r i u m p e r d i c o b a l t i t e , B a O . 2 C o O 2 , b y h e a t i n g t o redness , 
in a n o p e n p l a t i n u m crucib le , a m i x t u r e of 15 g r m s . of h y d r a t e d b a r i u m chlor ide 
o r b r o m i d e a n d 5 t o 6 g r m s . of p o w d e r e d b a r i u m oxide , t h e n a d d i n g a g r a m of 
coba l t i c ox ide in sma l l q u a n t i t i e s a t a t i m e . E a c h a d d i t i o n of t h e coba l t i c ox ide 
is a t t e n d e d b y t h e e v o l u t i o n of o x y g e n , b u t t h e m i x t u r e soon e n t e r s i n t o q u i e t 
fusion. T h e cold p r o d u c t is l i x iv i a t ed w i t h w a t e r a n d , finally, ace t ic ac id . T h e 
sh in ing , b lack , h e x a g o n a l p l a t e s dissolve in cone , hyd roch lo r i c ac id w i t h evo lu t ion 
of ch lor ine . T h e q u a n t i t y of c ry s t a l s fo rmed , a t first increases , b u t a f t e r w a r d s 
d imin i shes owing t o d e c o m p o s i t i o n wh ich is a c c o m p a n i e d b y s low evo lu t ion of 
o x y g e n . Af ter p r o l o n g e d h e a t i n g , c ry s t a l s of c o b a l t oxide a re ob t a ined , wh ich 
a r e free f rom b a r i u m . If, h o w e v e r , t h e superficial l aye r of c rys t a l s is con t inua l ly 
p re s sed d o w n i n t o t h e fused m a s s b e n e a t h , t h e p r o p o r t i o n of b a r i u m oxide in t h e 
p r o d u c t increases , a n d t h e c o m p o s i t i o n of t h e c rys ta l s a p p r o x i m a t e s t o b a r i u m 
percobaltite* B a O . C o O 2 , o r Ba (CoO 3 ) . If t h e fusion is c o n d u c t e d a t a h ighe r 
t e m p . , la rge , i r idescent , b l a c k p r i s m s of b a r i u m pe rcoba l t i t e a r e fo rmed a n d they 
a l w a y s c o n t a i n a smal l p r o p o r t i o n of b a r i u m p l a t i n a t e as a n i m p u r i t y . T h e y d i s ­
solve i n cold hydroch lo r i c a c i d w i t h evo lu t i on of chlor ine , a n d in n i t r ic ac id w i t h 
effervescence. T h e c ry s t a l s d e c o m p o s e a t a t e m p e r a t u r e s o m e w h a t h ighe r t h a n 
t h a t a t w h i c h t h e y a r e fo rmed , a n d a t a n o range - r ed h e a t decompos i t ion i s^very 
r a p i d . T h e t e m p , of f o r m a t i o n of t h e n o r m a l coba l t i t e lies be tween 1000° a n d 
1100°. A s o m e w h a t s imi lar p h e n o m e n o n h a s a l r e a d y been observed in t h e case 
of b a r i u m a n d s t r o n t i u m p e r m a n g a n i t e s , b u t i n t he se ins t ances t h e n o r m a l m a n -
g a n i t e w a s f o r m e d a t t h e lower t e m p . , a n d t h e ac id p e r m a n g a n i t e a t a h ighe r t e m p . 
L. E R. Dufau could no t prepare strontium percobaltite* or calcium percobaltite, 
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by heating the respective oxides "with cobalt in an electric-arc furnace, as in the 
case of magnesium percobaltite—vide supra, cobaltites. 

According to J . J . Berzelius, magnesia, or magnesian minerals-—free from 
alumina, or a heavy metal oxide—take on a pale rose-colour when ignited with 
cobalt ni t ra te . When ammonia is added to a mixture of neutral magnesium and 
cobaltous chlorides, a green precipitate is formed. The precipitate does no t t u r n 
brown during the subsequent washing; i t is insoluble in aq. ammonia and 
ammonium carbonate, bu t i t readily forms a yellow liquid when t reated with a 
soln. of ammonium chloride, and i t is again precipitated from the yellow soln. by 
the addition of potassium hydroxide. The green product becomes greyish-black 
when ignited. According to 1». E . R . Dufau, when an in t imate mixture of 150 
grms. of cobaltic oxide and 75 grms. of magnesium oxide is heated for 10 mins. 
in an electric-arc furnace, magnesium percobaltite, MgCCoO 2 , or Mg(CoO3), is 
obtained as a very deep, garnet-red, crystalline mass of sp. gr. 5*06 a t 20°. "Its 
hardness is between 4 and 5. The cobaltite is dissolved by hydrofluoric acid, by 
hydrochloric acid with evolution of chlorine, and by nitric and sulphuric acids with 
evolution of gas, and it is also decomposed and partially dissolved by ammonia. 
Oxygen is without action on i t a t a red-heat, bu t sulphur converts i t into cobalt 
sulphide a t a lower t emp. Chlorine a t tacks i t with production of cobaltous chloride, 
which sublimes, and bromine behaves similarly, bu t iodine seems to have no action. 
Dry hydrogen fluoride and dry hydrogen chloride also decompose i t readily, b u t 
fused oxidizing agents have no action on it. A. Serres discussed the magnetic 
susceptibility, and the magnetic moment. The Curie constant is 4-261, and the 
Curie temp. , 164-5° K. 

The so-called !tinman's green,2 zinc green, or cobalt green, obtained by calcining 
a mixture of cobalt and zinc oxides, may contain some zinc percobaltite. Cobaltic 
oxide, Co2O3,* is sometimes considered to be cobaltous percobaltite, Co(CoO3), 
and the compound, Co3O5, to be cobaltous perdicobaltite, CoO.2CoO2. T. Bayley 3 

described the monohydrate, Co3O5-H2O ; K. A. Hofmann and H . Hiendlmaier, the 
dihydrate, Co3O5 .2H2O ; and T. Bayley, the trihydrate, C o 3 0 5 . 3 H 2 0 , and the 
tetrahydrate, C o 3 0 5 . 4 H 2 0 . 
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§ 14. Cobalt Fluorides 
O. Ruff and E . Ascher 1 observed t ha t the action of fluorine on finely-divided 

cobalt begins a t about 500°, and a mixture of cobaltous and cobaltic fluorides is 
formed ; and if the product is heated in hydrogen a t 200° to 300°, the cobaltic 
fluoride is reduced to cobaltous fluoride, CoF2 . Other reducing agents act similarly. 
C. Poulenc prepared cobaltous fluoride by treating cobaltous chloride with gaseous 
hydrogen fluoride a t ordinary temp. ; E . Birk and W. Biltz, by heating the tetra-
hydrate in vacuo over sulphuric acid for 10 hrs. a t 150°, and in vacuo over phos­
phorus pentoxide for 20 hrs. a t 300°, finally, heating the product up to the softening 
temp, of glass. C. Poulenc observed tha t when cobaltous oxide or hydroxide is 
t reated with hydrogen fluoride a t 400° to 500°, i t is converted into amorphous 
cobaltous fluoride, which becomes crystalline if the temp, is raised. C. Poulenc 
melted anhydrous cobalt chloride with an excess of ammonium fluoride, washing 
the cold product with alcohol, and heating to redness the resulting ammonium 
cobalt fluoride in a current of an indifferent gas, say, carbon dioxide. The pul­
verulent cobalt fluoride so obtained can be converted into a crystalline mass by 
melting i t in a current of hydrogen fluoride. G. L. Clark and H . K. Buckner said 
t h a t the oxide is formed by this process, bu t O. Ruff, and E . Birk and W. Biltz 
verified C. Poulenc's results. K. Jellinek and R. Koop purified the salt by mixing 
i t intimately with ammonium fluoride, and heating the mixture a t 400° to 500°, 
and subliming off the ammonium fluoride in a current of hydrogen fluoride con­
taining a small proportion of hydrogen. 

Cobaltous fluoride, according to C. Poulenc, furnishes rose-red, monoclinic 
prisms ; bu t A. de Schulten said tha t the crystals are optically positive tetragonal 
prisms. O. R. Howell, A. Ferrari, and P . P . Ewald and Q. Hermann said tha t 
the tetragonal crystals have the rutile type of lattice. The X-radiograms of the 
ruby-red crystals, measured by A. Ferrari , show t h a t the space-lattice is tetragonal 
and of the rutile type, with the lattice dimensions a=4*695 A., c=3-193 A., and 
a : e=l*0680. The vol. of the lattice is 70*38 X Kr*** c . c . W. Zachariasen and 
V. M. Goldschmidt observed a=4*70 A., and c=3*18 A. The shortest distance 
between the cobalt and fluorine atoms is 2*04 A. Observations were made by 
V. M. Goldschmidt, and J . W. Gruner. O. Ruff and E . Ascher calculated from the 
lattice constants the sp. gr. 4*55 ; and A. Ferrari, 4*574—C. Poulenc observed 
4*43 ; and E . Birk and W. Biltz, and W. Biltz and E. Rahlfs, 4*460 a t 25°/4°, 
for the sp. gr. E . Birk and W. Biltz calculated 21*74 for the mol. vol. ; and 
G. I J . Clark and H . K. Buckner gave 23-0, and showed tha t there is a 27*5 per cent, 
contraction in the formation of the compound from its elements. A. Ruda t gave 
for the heats of formation, 160*7 CaIs. a t 300° to 500°; and for the press., p, of the 
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fluorine a t 300°, 400°, 500°, and 600°, respectively, 3-55 X K)-*"*, 2 - 4 5 x l O - * 6 , 
9 - 3 3 x 1 0 - 3 9 , and 2-09 x 10-33. C. Poulenc said t h a t the salt mel ts be tween 1100° 
and 1 2 0 0 ° — E . Birk and W. Bi l tz said over 1000°. K. Jell inek and R. K o o p g a v e 
for t h e heat of formation (Co,F2) = 160-7 CaIs.; E . Petersen, ( C o , F 2 , A q . ) = 1 2 5 - 4 CaIs.; 
H . v o n Wartenberg and O. Fitzner, (Co,F2 ,Aq.) = 172-8 CaIs. ; E . Petersen found the 
heat of neutral ization of 2 Co(OH) 2 b y H F a q . to be 13-245 CaIs. G. Beck s tudied the 
energy of the molecule. R. A. Hous toun and co-workers, and G. Deniges measured 
the absorption spectra of the red aq. soln. ; and M. Kimura and M. Takewaki 
measured the ultra-violet absorption spectrum. N . Costachescu found t h e mol . 
conduct iv i ty of soln. with a mol of the salt in IOO, 500, and 10OO litres to be, respec­
t ive ly , 158-7, 184-O, and 191-9 mhos . The tetrahydrate in aq. soln. is hydrolyzed . 
G. Gore obtained a black powder on the cathode on electrolyzing a soln. of cobal t 
fluoride in dil. hydrofluoric acid. O. Liebknecht and A. P . Wil ls found the mol . 
magnetic susceptibil ity of an aq. soln. to be 10,370 X10~~° mass uni t w h e n the 
sp. susceptibil ity for water a t 18° is —0-75 X 1O - 6 mass unit . B . Cabrera and 
A. Duperier, and P . Henkel and W . K l e m m measured the magnet ic susceptibi l i ty 
of the anhydrous salt. 

C. Poulenc observed that the reduction of cobaltous fluoride b y hydrogen begins 
a t a dull red-heat. K. Jellinek and co-workers studied the equil ibrium C o F 2 - f -H 2 
^ C o + 2 H F approached from the hydrogen side, because of the s low rate of diffusion 
of hydrogen fluoride through the film of fluoride, first formed on the surface of the 
metal , when an approach is made from the other side. The equil ibrium constants 
K=P*llF/pM2 a t 300°, 400°, 500°, and 600° are, respectively, 0-00029, 0-01096, 
0-1698, and 2-754. O. Ruff found t h a t the salt is stable in cold water ; and 
C. Poulenc showed tha t the salt is rather more soluble in water than is the nickel 
salt, and with s team, a t a dull red-heat, i t is decomposed into hydrogen fluoride 
and cobaltous oxide. R. H . Carter found t h a t 100 c.c. of a sat . soln. a t 25° con­
tained 1-415 grms. of CoF 2 . 

J . Li. Gay Lussac and L. J . Thenard evaporated a soln. of cobaltous carbonate 
in an excess of hydrofluoric acid, and obtained rose-red crystals which, according 
t o J . J . Berzelius, are the dihydrate, CoF 2 . 2H 2 O. The dihydrate was also prepared 
b y I. Tananajeff. G. L . Clark and H . K.. Buckner reported the trihydrate, 
CoF 2 . 3H 2 O, t o be formed in rose-red crystals from a soln. of cobalt carbonate in 
hydrofluoric acid. I t s sp. gr. is 2-583 ; and it loses all i ts water of crystal l ization 
a t 300°. E . Birk and W. Bi l tz could not confirm the trihydrate ; t h e y a lways 
obtained the tetrahydrate. N . Costachescu could not prepare the hexahydrate, 
C o F 2 . 6 H 2 0 , or [Co(H 2O) 6 ]F 2 , bu t he obtained the tetrahydrate, C o F 2 . 4 H 2 0 , or 
[Co(H 2O) 4 ]F 2 , in t w o isomeric forms. The a-form was obtained in large, garnet-
red, rhombic octahedra b y dissolving freshly-prepared cobalt hydroxide in 4 0 per 
cent , hydrofluoric acid, diluting the resulting solut ion w i t h a n equal v o l u m e of 
the acid, and allowing i t to crystallize in a v a c u u m over cone, sulphuric acid. The 
/?-salt is produced when the above solution is precipitated w i t h 96 per cent , alcohol ; 
i t forms small , rose-coloured crystals, and is i somorphous w i t h t h e corresponding 
nickel salt . The /3-salt is more soluble in water (the saturated solut ion a t room 
t e m p , is 2-3203 per cent . , whilst t h a t of the a-salt is 2-2328 per cent.) and hydro­
fluoric acid than the a-salt ; i t also loses water more readily, a t 60° losing 37*10 
per cent . H 2 O , whilst the a-salt loses only 9-35 per cent . , and is m o t e react ive t h a n 
the a-salt . B o t h salts g ive identical solutions in water, as shown b y measurement 
of the electrical conduct iv i ty . I t is probable t h a t the solids are stereoisomerides, 
in the a-form t h e fluorine a toms being s i tuated at the opposi te ends of one of t h e 
a x e s of t h e octahedron, whi lst in the /?-f orm t h e y are a t the opposite ends of one 
of the sides. A. Kurtenacker and co-workers could n o t dehydrate t h e tetra­
hydrate wi thout loss of fluorine. W . Bi l tz and E . Rahlfs g a v e 2-192 for t h e sp . gr. 
of the /?-tetrahydrate a t 25°/4°. J . J . Berzelius found t h a t the hydrate dissolves 
wi thout decomposit ion in cold water , and in water acidified w i t h hydrofluoric 
acid, b u t wi th hot water, hydrolys is occurs, and a soluble basic salt is formed as 
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cobal t Oily fluoride, 2CoO. 2 C o F 2 . H 2 O , a n d t h e s a m e p r o d u c t a p p e a r s w h e n h y d r o ­
fluoric ac id is d iges t ed w i t h a n excess of c o b a l t c a r b o n a t e . N . Cos tachescu a lso 
o b s e r v e d t h e h y d r o l y s i s of t h e s a l t in a q . soln., a n d h e gave for t h e w a t e r so lub i l i ty 
1*33 p e r c e n t . C o F 2 a t 20° ; R . H . Car te r , 1-415 g r m s . C o F 2 in 100 c.c. w a t e r a t 
25°, a n d A . K u r t e n a c k e r g a v e 1*36 g r m s . of C o F 2 p e r 1OO c.c. of so lu t ion a t 20° . 
T h e s a l t is h y d r o l y z e d a t h ighe r t e m p e r a t u r e s . 

O. Ruff a n d E . A s c h e r sa id t h e b r o m i n e v a p o u r h a s n o pe rcep t ib l e a c t i on o n 
c o b a l t o u s fluoride, a n d s imi la r ly w i t h iod ine . C. P o u l e n c sa id t h a t t h e a n h y d r o u s 
s a l t is inso luble i n hydrof luor ic ac id , b u t O. Ruff a n d E . Asche r obse rved t h a t 
w h e n t h e soln. in 4O p e r cen t , hydrof luor ic ac id is e v a p o r a t e d , i t furnishes soluble 
c r y s t a l s of a h y d r a t e . Acco rd ing t o E . B o h m , a n excess of hydrof luor ic ac id 
a c t s o n c o b a l t o u s fluoride fo rming a soln. , wh ich , w h e n e v a p o r a t e d ove r s u l p h u r i c 
ac id , i n v a c u o , fo rms a n oi ly l iqu id f rom w h i c h red , p r i s m a t i c c ry s t a l s of c o b a l t 
h y d r o f l u o r i d e , C o F 2 . 5 H F . 6 H 2 O , a re depos i t ed . T h e c rys t a l s a r e i s o m o r p h o u s w i t h 
t h e co r r e spond ing nickel sa l t (q.v.), a n d B . Gossner sa id t h a t t h e c ry s t a l s a r e t r i gona l , 
a n d h a v e a s p . g r . of 2*086. T h e s a l t is s t a b l e if a i r be exc luded , b u t i t d e c o m p o s e s 
w h e n h e a t e d . I t is soluble i n w a t e r , a n d di l . ac id . N . Cos tachescu w a s u n a b l e t o 
p r e p a r e t h i s o r t h e co r r e spond ing n icke l sa l t . O b s e r v a t i o n s o n t h e hydro f luor ide 
were also m a d e b y F . F i c h t e r a n d H . W o l f m a n n , F . H . E d m i n s t e r a n d H . C. Cooper , 
a n d E . B i rk . A . K u r t e n a c k e r a n d co-workers f ound t h e so lub i l i ty of c o b a l t 
fluoride in 3 p e r c en t , hydrof luor ic ac id t o b e : 

20° 40° 50° 80° 90° 100° 

CoF 8 . . 3-35 3-48 3-60 3-90 4-61 5-43 
T h e solid p h a s e is C o F 2 . 4 H 2 O ; t h e r e is n o b r e a k i n t h e c u r v e . T h e so lubi l i ty 
inc reases r a p i d l y w i t h inc reas ing c o n c e n t r a t i o n s of t h e ac id , for, a t 20°, 11*5 p e r 
cen t , hydrof luor ic ac id d issolved 5*9 p e r cen t . C o F 2 ; a n d 13-5 p e r c en t , hydrof luor ic 
ac id , 9-6 p e r c e n t . C o F 2 . C. P o u l e n c obse rved t h a t a t a du l l r e d - h e a t , h y d r o g e n 
ch lo r ide fo rms c o b a l t o u s chlor ide ; a n d a t o r d i n a r y t e m p . , h y d r o g e n fluoride c o n v e r t s 
c o b a l t ch lor ide t o fluoride. K . J e l l i nek a n d R . K o o p g a v e for t h e e q u i l i b r i u m 
c o n s t a n t T J T = [ H F ] / [ H C l ] of t h e r e a c t i o n C o F 2 + 2 H C l = C o C l 2 - + - 2 H F , 0-4 a t 315° , 
a n d 0-73 a t 532°, a n d for t h e t h e r m a l v a l u e of t h e r e a c t i o n —5-19 CaIs. Accord ing 
t o C. P o u l e n c , cone , hyd roch lo r i c ac id i n t h e cold dissolves v e r y l i t t l e fluoride, b u t 
t h e sa l t is r ead i ly so luble in t h e h o t ac id . C. P o u l e n c found t h a t w h e n t h e fluoride 
is m e l t e d w i t h s u l p h u r , a b l a c k p r o d u c t is f o r m e d w h i c h gives off h y d r o g e n su lph ide 
w h e n t r e a t e d w i t h hyd roch lo r i c ac id . O. Ruff a n d E . Ascher o b s e r v e d t h a t s u l p h u r 
h a s v e r y l i t t l e a c t i o n , t h o u g h a t r a c e of coba l t su lph ide m a y be fo rmed ; a t a red-
h e a t , h y d r o g e n s u l p h i d e fo rms c o b a l t su lph ide ; a n d O. Ruff a n d E . Ascher obse rved 
t h a t t h e fluoride is d a r k e n e d b y s u l p h u r d iox ide a t a r e d - h e a t . C. P o u l e n c found 
t h a t cone , su lphu r i c ac id a t t a c k s t h e sa l t v e r y s lowly in t h e cold, b u t r a p i d l y w h e n 
h e a t e d . O. Ruff a n d E . Asche r obse rved t h a t w h e n h e a t e d in a m m o n i a , t h e sa l t 
is r e d u c e d t o m e t a l . 

G. Gore found t h a t t h e fluoride is inso luble i n l iqu id a m m o n i a ; a n d w h e n t h e sa l t 
is h e a t e d s t r o n g l y in gaseous ammonia3 O. Ruff a n d E . A s c h e r o b s e r v e d t h a t metallic 
c o b a l t is fo rmed. T h e r e is a gene ra l t e n d e n c y for a m m o n i a c a l soln. of coba l tous 
sa l t s t o oxidize t o coba l t i c s a l t s o n e x p o s u r e t o a i r , a n d t o fo rm c o b a l t a m m i n e s . 
T h e r e su l t s d e p e n d t o s o m e e x t e n t o n t h e n a t u r e of t h e an ion . W. Bi l t z a n d 
co -worke r s a t t r i b u t e d t h e i n e r t n e s s of t h e fluoride t o a h igh l a t t i ce e n e r g y ; t h i s 
s te r ic h i n d r a n c e , a s i t i s cal led, enab l e s i t t o res is t t h e e n t r y of o t h e r molecules . 
T h e y sa id t h a t t h e a n h y d r o u s ch lor ide does n o t r e a c t w i t h gaseous a m m o n i a 
n o r y e t w i t h l iqu id a m m o n i a a t —78*5°, n o r w i t h a m m o n i a u n d e r press , a t r o o m 
t e m p . I t is, h o w e v e r , poss ib le t o p r e p a r e a m m i n e s i n which w a t e r is p resen t , a n d 
w h e r e , i t is supposed , t h e w a t e r is a s soc ia t ed w i t h t h e l a t t i ce . T h e y were u n a b l e 
t o conf i rm t h e r e p o r t of G. L . C la rk a n d H . K . B u c k n e r t h a t c o b a l t o u s t r i a m m i n o -
fluoride, C o ( N H g ) 3 F 2 , is f o r m e d a s a p i n k p o w d e r , w h e n t h e h e x a m m i n e is k e p t in 
d r y a i r . I t loses a l l i t s a m m o n i a a t 40° . N o r could t h e y p r e p a r e cob a l t ou s 
h e x a m m i n o f l u o r i d e , C o ( N H 3 ) 6 F 2 , r e p o r t e d b y G. L . Clark a n d H . K . B u c k n e r t o 
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be formed by passing ammonia over dry cobalt fluoride, and allowing the reddish-
brown liquid to solidify. Its sp. gr. is 1-744 ; and it dissolves in water without 
hydrolysis. The vap. press, of each ammine is said to be 100 mm. at 50°. E. Rohm 
also showed that the results with fluorides are exceptional, for when a soln. of 
cobalt hydroxide in hydrofluoric acid is treated with ammonia, and exposed 
to air for four weeks, a pale yellow crust of ammonium cobaltous fluoride, 
(NHa)2CoF4^H2O, was formed. W. Biltz and E. Rahlfs cooled in solid carbon 
dioxide a soln. of 6 grms. of tetrahydrated cobalt fluoride in 25 c.c. of cone. aq. 
ammonia, and mixed with 40 c.c. of alcohol freed from dissolved air by boiling. 
Rose-red crystals of cobaltous aquopentamminofluoride, [Co(H2O)(NHs)5]F2, are 
formed. The sp. gr. is 1*593 at 25°/*° ; the mol. vol. is 125-6 ; the mol. vol. of 
the water is 13-6; and the mol. vol. of the ammonia, 18-1. E. Birk and W. Biltz 
obtained 1*595 at 0°/4° for the sp. gr. The heat of formation is 10-5 CaIs. per 
mol. of ammonia. The vap. press, curves at different temp, are shown in 
Fig. 75, and : 

_no Oo 1 0 o 1 8 o 2 6 o 
p . . . 14-5 32-3 65-5 HO-5 175-5 m m . 

By reducing the press., cobaltous aquomonamminofluoride, CoF2-H2O.NH3, is 
formed with a sp. gr. 2*471 at 25°/4° ; mol. vol., 53*43 ; mol. vol. of the water, 13-6 ; 

and the mol. vol. of the ammonia, 18*1. The vap. 
press, at 34°, 46*5°, and 61*5° were, respectively, 13*8, 
31*5, and 76*4 mm.—Fig. 75. The heat of formation 
is 12*5 CaIs. per mol. of ammonia. There is also formed 
a t 61-5°, cobaltous aquohemiamminofliioride, CoF2 . 
H2O-INH3. N. Costachescu observed that if cobalt 
tetrahydrate is dissolved in warm pyridine, and the 
filtered soln. allowed to crystallize, brick-red, acicular 
crystals of cobaltous diaquotetrapyridine fluoride, 
[Co(H2O)2Py4]F2-H2O, are formed. The salt loses 
pyridine on exposure to air, absorbs some moisture 
from the atmosphere, and leaves behind tetrahydrated 

cobalt fluoride. The same salt remains when the soln. of the complex salt in 
water or alcohol is evaporated. O. Hassel and co-workers found that the com­
pound formed with boron trifluoride, namely, cobaltous hexamminofluoborate, 
[Co(NH3)6](BF4)2, has a space lattice with a=ll*31 A. ; and G. B. Naess and 
O. Hassel, cobaltous hexamminofluosulphonate, [Co(NH3)6](SO sF)2 . 

C. Poulenc observed that cobaltous fluoride is slowly attacked by cone, nitric 
acid in the cold, but more quickly when heated. Red phosphorus has no perceptible 
action ; and similarly with arsenic and with carbon. C. Poulenc found that the 
salt is insoluble in benzene, alcohol, and ether. According to O. Ruff and E. Ascher, 
12 per cent, acetic acid attacks the salt slowly in the cold, but when heated the salt 
dissolves freely. N. Costachescu said that cobaltous fluoride is insoluble in pyridine. 
Crystalline silicon reacts with the fluoride when heated below redness ; sodium, mag­
nesium, aluminium, and zinc react vigorously when heated with the fluoride, but 
no reaction was observed with iron or with copper. "When heated with 33 per cent, 
soda-lye, a blue soln. containing cobalt is formed. C. Poulenc obtained cobaltosic 
oxide and sodium fluoride by melting cobaltous fluoride with sodium carbonate. 

Complex salts of cobaltous fluoride.—C. Poulenc prepared ammonium cobalt 
tetrafluoride, (NH4)2CoF4, by fusing cobaltous chloride with an excess of ammonium 
fluoride, and treating the slowly-cooled mass with boiling alcohol. A. Kurtenacker 
and co-workers studied the equilibrium conditions in the system : CoF2-NH4F-H2O 
at 20°, and found the solubility curve, S grms. per 100 grms. of soln., to be : 

S 4 3 
MoIs oT NH3 

TPxa. 7 5 . — T h e Di s soc i a t i on 
P r e s s u r e s of t h e C o b a l t 
Amminof luor id .es . 

N H 4 F 
IS(CoF8) 
Solid phase 

2 0 
0-34 

9-7 
0-21 

12-4 
0-08 

18-4 
0-02 

20*8 
0-015 

24-1 
0 0 1 0 

3 4 3 
0 0 0 9 

CoFj. 4H1.0 2NH4F.CoF».2HaO 

Amminofluorid.es
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corresponding with the formation of (NH^)2CoF4 .2H2O. Analogous results were 
obtained a t 50°. C. Poulenc observed t h a t the violet crystalline powder is 
freely soluble in water, and acids, bu t insoluble in alcohol. I t decomposes a t 
a red-heat, giving off ammonium fluoride, and leaving cobalt fluoride behind. 
The dihydrale, (NH4)2CoF4.2H20, was obtained by H . von Helmolt, by boiling 
freshly-precipitated cobaltous hydroxide with a neutral soln. of ammonium 
fluoride ; R. Wagner, from a mixed soln. of the component sa l t s ; and, as 
indicated above, by E . Bohm, from a soln. of cobaltous hydroxide in. 43 per cent, 
hydrofluoric acid, sa tura ted wi th ammonia. J . J . Berzelius said t h a t the salt 
furnishes a pale red, crystalline mass, slightly soluble in water. E . Bohm said t h a t 
the pale red crystals are microscopic cubes, and BE. von Helmolt, 4-sided 
tetragonal plates, sparingly soluble in water . E . Bohm found the salt is soluble 
in dil. acids, and with cone, hydrochloric acid forms cobaltous chloride. C. Poulenc 
also prepared potassium cobalt tetrafluoride, K 2CoF 4 , by heating cobalt chloride 
with potassium hydrofluoride for some hours a t 220°, and then a t the m.p . The 
slowly-cooled mass is to be washed with boiling 97 per cent, of alcohol. The 
garnet-red, quadrat ic plates have a sp. gr. 3*22 ; they are sparingly soluble in water, 
almost insoluble in alcohol, ether, and benzene ; freely soluble in hydrofluoric, 
hydrochloric, and nitric acids ; decomposed when heated with sulphuric acid, or 
with alkali-lye, or alkali carbonate. Ammonia gradually colours the crystals red. 
The salt is decomposed by hea t , with the formation of cobaltic oxide, and the 
volatilization of potassium fluoride. The salt dissolves in molten alkali silicates, 
to form a blue glass. J . J. Berzelius prepared a rose-red hydra te from a soln. of 
the component salts ; and, according to R. Wagner, the product is potassium cobalt 
trifluoride, K F . C o F 2 . H 2 0 . A. Kurtenacker and co-workers studied the equilibrium 
conditions in t he system : C o F 2 - K F - H 2 O a t 20°, and found the solubility curve, 
S grins, per 100 grms. of soln., to be : 

K F . . . . . 1-2 1-6 2-3 13-8 20-8 
^ ( C o F 8 ) . . . . 0-86 O-18 O i l O-13 0-005 

corresponding with the existence of KCoF3 , and similarly a t 50°. R. Wagner also 
prepared crystals of sodium cobalt trifluoride, NaF .CoF 2 .H 2 0 , from a mixed 
soln. of the component salts. The composition of this complex fluoride is not 
well established. A. Kurtenacker and co-workers found t h a t after 2 months ' 
shaking of the system C o F 2 - N a F - H 2 O a t 20° and a t 50°, only an incomplete 
formation of CoF.NaF takes place. 

N . N . B a y prepared cobalt fluoberyllate, CoBeF 4 .7H 2 0, by the action of cobalt 
ni tr i te on the theoretical quan t i ty of ammonium fluoberyllate. The pale violet 
crystals of the Jieplahydrate have a sp. gr. 1-867 a t 30°/4°, and a mol. vol. 144-6. 
I t loses a mol. of water in air a t 30° to 35°, 4 mols. in vacuo over sulphuric acid, and 
5 mols. a t 100°. R. F . Weinland and O. Koppen evaporated a soln. of aluminium 
hydroxide and of cobalt hydroxide or carbonate in hydrofluoric acid,- a t ordinary 
temp. , over lime, and obtained reddish-white crystals of aluminium cobalt 
pentafluoride, AlF 3 .CoF 2 .7H 2 0, sparingly soluble in dil. and cone, hydrofluoric 
acid. F . Bimbach and H . F . C. Kilian obtained eerie cobalt decafluoride, 
2CeF 4 .CoF 2 .7H 20, in pale pink crystals from a mixed soln. of eerie and cobalt 
hydroxides in hydrofluoric acid. B . Gossner, and P . Engelskirchen prepared 
cobaltous fluotitanate, CoTiF 6 .6H 2 0 ; H . Topsoe, and B . Gossner, cobaltous 
ftuostanate, CoSnF e . 6H 2 0 ; B . Santesson, and A. Streng, cobaltous fluocolum 
bate* Co5H5Cb8F8 0 .28H2O, which is insoluble in and decomposed by water. 
E . Petersen prepared cobalt fluovanadate, VF 3 .CoF 2 .7H 2 0, by allowing a mixed 
soln. of the component salts t o evaporate slowly, or to s tand for some time ; and 
A. Piccini a n d G. Georgis obtained i t by the prolonged electrolysis of a soln. of a 
vanadic oxide and cobalt carbonate in hydrofluoric acid. The crystals are dark 
green 'when moist, brownish-green when dry ; they are probably monoclinic, and 
are stable a t 100°, b u t lose water a t 170°. A. Piccini and G. Georgis prepared 
cobalt fluoxyvanadate, VOF2 .CoF2 .7H2Q, by reducing electrolytically a soln. of 
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v a n a d i c ac id a n d a l i t t l e less t h a n t h e r e q u i r e d mo l . p r o p o r t i o n of c o b a l t c a r b o n a t e 
i n hydrof luor ic ac id . W h e n t h e so ln . is i n t e n s e l y b lue , i t is filtered a n d e v a p o r a t e d . 
T h e b o t t l e - g r e e n p r i s m s h a v e a v io le t reflex ; a n d t h e y b e g i n t o lose -water a t 80° , 
b e c o m i n g a n h y d r o u s a t 160°. E . P e t e r s e n p r e p a r e d d a r k g r een c r y s t a l s of c h r o m i c 
cobal t pentaf luoride , C r F 3 . C o F 2 . 7 H 2 0 , b y a l lowing a m i x e d soln . of t h e c o m p o n e n t 
s a l t s t o s t a n d for s o m e t i m e , o r t o e v a p o r a t e v e r y s lowly. T h e d a r k g r een c r y s t a l s 
a r e i s o m o r p h o u s w i t h t h e co r r e spond ing v a n a d i u m sa l t . T h e y a r e s t a b l e a t 100°, 
b u t lose w a t e r a t 200° . M. De la fon ta ine o b t a i n e d c r y s t a l s of coba l t o x y f l u o -
m o l y b d a t e , MoO 2 E 2 -CoF 2 -OH 2 O, b y e v a p o r a t i n g a soln. of e q . p r o p o r t i o n s of 
c o b a l t h y d r o x i d e o r c a r b o n a t e , a n d m o l y b d i c ox ide i n hydrof luor ic ac id . A c c o r d i n g 
t o B . Gossner , t h e d a r k green , h e x a g o n a l c ry s t a l s a r e i s o m o r p h o u s w i t h t h e cor re ­
s p o n d i n g fluosilicate—6. 4O, 56 ; t h e y a re s t a b l e i n d r y a i r , b u t t h e y d e c o m p o s e 
w h e n h e a t e d . O. T . Chr i s tensen p r e p a r e d m a n g a n i c CObaltous pentafluoride* 
M n F 3 . C o F 2 . 4 H 2 O , soluble in w a t e r ; a n d R . F . W e i n l a n d a n d O. K o p p e n p r e p a r e d 
ferric cobal tous pentafluoride, F e C l 3 . C o C l 2 . 7 H 2 0 , i n rose - red c ry s t a l s , b y e v a p o ­
r a t i n g a m i x e d soln. of t h e c o m p o n e n t sa l t s i n di l . hydrof luor ic ac id o v e r c a l c i u m 
chlor ide a t o r d i n a r y t e m p . 

Cobaltic fluoride.—O. Ruff, a n d O. Ruff a n d E . Asche r p r e p a r e d t h e a n h y d r o u s 
t r i f luor ide b y t h e a c t i o n of fluorine o n c o b a l t d ich lor ide i n a q u a r t z t u b e a t 150° . 
F . F i c h t e r a n d H . W o l f m a n n , a n d N . C. J o n e s f o u n d t h a t s o m e coba l t i c fluoride, 
C o F 3 , is f o r m e d in a q . soln. w h e n a soln. of c o b a l t o u s fluoride is t r e a t e d w i t h 
fluorine. Acco rd ing t o G. A. B a r b i e r i a n d F . Calzolar i , w h e n a s a t . soln. of c o b a l t o u s 
fluoride, in 40 p e r cen t , hydrof luor ic ac id , is e lec t ro lyzed in a p l a t i n u m d i sh a s a n o d e , 
a n d a p l a t i n u m wire a s c a t h o d e , w i t h a n o d i c c u r r e n t d e n s i t y of 1 a m p e r e p e r sq . 
d m . , coba l t i c fluoride, C o F 3 . ^ H 2 O , is depos i t ed a s a g reen p o w d e r w h i c h does n o t 
re-dissolve w h e n t h e c u r r e n t is c u t off. A c c o r d i n g t o E . B i rk , G. A . B a r b i e r i a n d 
F . Calzolari , t h e sa l t is t h e hemihcptaliydrate, 2 C o F 3 . 7 H 2 O , a n d h e n c e i t s f o r m u l a 
m a y be : F e 2 F 6 . 7 H 2 O , b y a n a l o g y w i t h C r 2 F 6 . 7 H 2 0 , F e 2 F 6 . 9 H 2 0 , a n d A l 2 F 6 ; o r i t 
m a y be w r i t t e n [ C o F 3 ( H 2 O ) 3 - H 2 O , a n a l o g o u s w i t h t h e c o r r e s p o n d i n g h y d r a t e s of 
ferric, ch romic , a n d a l u m i n i u m fluorides. T h e X - r a d i o g r a m shows t h a t t h e 
h y d r a t e be longs t o t h e b imolecu la r t y p e c h a r a c t e r i s t i c of C r 2 F 6 . 7 H 2 O . O. Ruff 
a n d E . Ascher found t h a t t h e a n h y d r o u s fluoride fo rms l igh t b r o w n , hyg roscop ic 
c rys t a l s be longing t o t h e h e x a g o n a l s y s t e m . T h e l a t t i c e d i m e n s i o n s a r e a=7-64 A. , 
c = 3 - 6 6 A. ; a : c = l : 0-508 ; t h e v o l . of t h e l a t t i c e is 185 X 1O - 2 * c.c. ; a n d t h e r e 
a r e 4 mols . p e r u n i t cell. F . E b e r t f o u n d t h a t t h e X - r a d i o g r a m s of t h e c r y s t a l s 
h a v e t h e p a r a m e t e r , if r h o m b o h e d r a l , a=3*664, a n d a , = 8 7 ° 2 0 ' ; a n d if h e x a g o n a l , 
« = 5 - 0 6 1 A., a n d c —6-63 , a n d a : c=l : 1-31. T h e vol . of t h e e l e m e n t a r y r h o m ­
b o h e d r a l cell is 49-05 X 1 O - 2 4 c .c. p e r m o l . T h e s h o r t e s t d i s t a n c e b e t w e e n t h e 
c o b a l t a n d fluorine a t o m s is 2*02 A. T h e ca l cu l a t ed sp . gr . is 3*89—O. Ruff a n d 
E . Asche r o b t a i n e d 4-14— a n d t h e o b s e r v e d v a l u e is 3*88. J . A . A . K e t e l a a r f o u n d 
t h a t t h e c rys t a l s a r e h e x a g o n a l , a n d i s o m o r p h o u s w i t h t h o s e of i ron , a l u m i n i u m , 
p a l l a d i u m , a n d r h o d i u m . W . N o w a c k i s t u d i e d t h e l a t t i c e s t r u c t u r e . T h e s p . gr . 
is 3-88, a n d t h a t c a l cu l a t ed f rom t h e X - r a d i o g r a m is 4*14. E . B i r k f o u n d t h e s p . gr . 
of t h e h e m i h e p t a h y d r a t e t o be 2-314 a t 25°/4° ; a n d t h e c a l c u l a t e d mo l . vo l . , 154-7. 
A c c o r d i n g t o O. Ruff a n d E . Ascher , w h e n t h e t r i f luor ide is h e a t e d i n a n i n e r t gas , 
i t f o rms c o b a l t o u s fluoride a t 350° . K . J e l l i nek a n d R . K o o p f o u n d for t h e 
p a r t i a l p ress , of t h e fluorine in coba l t i c fluoride, 3-8 X 10~"«5 a t 197° ; 3-5 x 1 0 ~ 5 7 

a t 254° ; a n d 1-3 X 10~*» a t 322° . T h e h e a t of f o r m a t i o n of t h e a n h y d r o u s fluoride 
is a b o u t 240 CaIs. K . J e l l i nek a n d R . K o o p g a v e for ( 2 C o F 2 , F 2 ) = 1 5 9 - 2 CaIs • 
for (Co,F 2 ) = 1 6 0 - 7 Ca I s . ; a n d for ( C o , l £ F 2 ) =-240-3 CaIs. P . H e n k e l a n d W . K l e m m 
s t u d i e d t h e m a g n e t i c p r o p e r t i e s . 

A c c o r d i n g t o O. Ruff a n d E . Ascher , coba l t i c fluoride i n h y d r o g e n a t 200° 
a n d 250° is r e d u c e d t o c o b a l t o u s fluoride, a n d t h e r e d u c t i o n is c o m p l e t e a t a r ed -
h e a t . K . J e l l i nek a n d R . K o o p f o u n d for t h e equ i l i b r i um c o n s t a n t K=-P2TTWJPvro 
of t h e r e a c t i o n : 2 C o F 3 - f H 2 ^ 2 C o F 2 + 2 H F , ^ = 0 - 0 0 0 1 6 2 2 a t 197° ; 0 0 0 4 9 0 a t 
254° ; a n d 0-1698 a t 322° ; o r , P H F = 1 * 2 7 , 6 -81 , a n d 33-75, r e spec t ive ly . A c c o r d i n g 
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t o O. Ruff a n d E . Ascher , w h e n coba l t i c fluoride is h e a t e d in air , i t becomes rose-
co loured a t 250° t o 300° , fo rming c o b a l t o u s fluoride or a bas ic sa l t , a n d i t is con­
v e r t e d i n t o t h e b l ack ox ide a t 450° t o 500° . G. A. Barb ie r i a n d F . Calzolari sa id t h a t 
t h e h y d r a t e d sa l t r e m a i n s u n c h a n g e d for severa l d a y s in a des icca tor , b u t i n a i r i t 
g r a d u a l l y b e c o m e s g r e y a n d t h e n r e d i n colour . W h e n t h e a n h y d r o u s sa l t is t r e a t e d 
•with -water, O. Ruff a n d E . A s c h e r f ound t h a t o x y g e n is evolved , w i t h t h e f o r m a t i o n 
of a r e d so In. a n d b l a c k p r e c i p i t a t e ; w a t e r v a p o u r r a p i d l y d a r k e n s t h e colour of 
t h e s a l t a t o r d i n a r y t e m p . Gr. A. B a r b i e r i a n d F . Calzolar i obse rved t h a t t h e a d d i t i o n 
of a few d r o p s of w a t e r t o t h e h y d r a t e b l a c k e n s t h e sa l t , owing t o t h e f o r m a t i o n 
of coba l t i c h y d r o x i d e ; h y d r o g e n d iox ide r educes t h e su lphur i c ac id soln. of t h e 
h y d r a t e i m m e d i a t e l y . 

O. Ruff a n d E . Ascher f o u n d t h a t b r o m i n e v a p o u r a b o v e 100° r e a c t s w i t h t h e 
a n h y d r o u s sa l t , f o rming a b romi fe rous i n t e r m e d i a t e p r o d u c t , a n d c o b a l t o u s fluoride 
a s e n d - p r o d u c t ; w h e n h e a t e d w i t h iodine , t h e r e is a v igo rous r eac t i on , a n d 
c o b a l t o u s fluoride be ing fo rmed . W h e n t h e t r i f luor ide is h e a t e d i n h y d r o g e n ch lor ide , 
c o b a l t o u s chlor ide is fo rmed . F o r t y p e r cen t , hydrof luor ic ac id a c t s o n t h e 
a n h y d r o u s sa l t , o x y g e n is evo lved , a n d t h e r e d soln . becomes green , a r e s i d u e — 
poss ib ly t h e h y d r a t e d s a l t — r e m a i n s . W i t h cone , hyd roch lo r i c acid , ch lor ine is 
evo lved , a n d a soln. of c o b a l t o u s ch lor ide is fo rmed . 

Accord ing t o J . F i s c h e r a n d W . J a e n c k n e r , t h e r e is a d e t o n a t i o n w h e n a m i x t u r e 
of s u l p h u r a n d t h e a n h y d r o u s t r i f luor ide is w a r m e d , s u l p h u r t e t r a f luor ide a n d 
c o b a l t o u s fluoride is fo rmed . O. Ruff a n d E . Ascher obse rved t h a t w i t h h y d r o g e n 
s u l p h i d e a t o r d i n a r y t e m p . , c o b a l t o u s fluoride is fo rmed, "with evo lu t ion of h e a t , 
a n d c o b a l t su lph ide is p r o d u c e d w h e n t h e m i x t u r e is h e a t e d . W h e n t h e t r i f luoride 
is h e a t e d t o 200° in c o n t a c t w i t h s u l p h u r d iox ide , c o b a l t o u s fluoride is fo rmed . 
W h e n t h e t r i f luor ide is h e a t e d w i t h cone , su lphu r i c ac id , o x y g e n a n d h y d r o g e n 
fluoride a r e g iven off, a n d c o b a l t o u s s u l p h a t e r e m a i n s i n soln. G. A. Ba rb i e r i a n d 
F . Calzolar i o b s e r v e d t h a t t h e h y d r a t e fo rms a b r o w n soln. w i t h su lphu r i c acid , 
w h i c h , w h e n d i lu t ed , t u r n s g reen . 

O. Ruff a n d E . Ascher f ound t h a t w h e n h e a t e d be low 100° i n a m m o n i a , t h e 
m i x t u r e r e a c t s v io len t ly , fo rming c o b a l t o u s fluoride a n d a w h i t e s u b l i m a t e of 
a m m o n i u m fluoride. E . B i r k o b s e r v e d t h a t t h e h y d r a t e d t r i f luoride t a k e s u p 
a m m o n i a a t 70° t o 80°, w i t h t h e loss of w a t e r , a n d t h e f o r m a t i o n of l u t eo - a n d 
purpureo- f luor ides . G. A . B a r b i e r i a n d F . Calzolar i f ound t h a t t h e su lphur i c ac id 
soln. of t h e h y d r a t e d s a l t t u r n s r e d w h e n g e n t l y h e a t e d , o r -when t r e a t e d w i t h a 
r e d u c i n g a g e n t l ike a n i t r i t e , h y d r o x y l a m i n e , h y d r a z i n e , or h y d r o g e n d iox ide . 
O. Ruff a n d E . Asche r o b s e r v e d t h a t cone , n i t r i c ac id in t h e cold forms a d a r k 
g r een soln. w h i c h , w h e n h e a t e d , g ives off o x y g e n a n d fo rms a r ed soln. of 
c o b a l t o u s n i t r a t e . R e d p h o s p h o r u s r e a c t s w h e n w a r m e d w i t h t h e a n h y d r o u s 
fluoride, a n d c o b a l t o u s fluoride is p r o d u c e d ; s imi la r ly w i t h a r sen ic . 

O. Ruff a n d E . Asche r f o u n d t h a t c a r b o n also r eac t s w h e n w a r m e d w i t h t h e 
t r i f luor ide , f o rming c o b a l t o u s fluoride. T h e a n h y d r o u s fluoride is insoluble in 
b e n z e n e , a lcohol , a n d e t h e r . W h e n a lcohol is a d d e d t o t h e b r o w n su lphur ic ac id 
soln . of t h e h y d r a t e , G. A . B a r b i e r i a n d F . Calzolar i obse rved t h a t i t s colour changes 
t o r e d . O. Ruff a n d E . Ascher f o u n d t h a t 12 p e r cen t , ace t ic ac id in t h e cold fo rms 
a b r o w n soln. "which, -when w a r m e d , g ives off o x y g e n -with t h e s epa ra t i on of a b l ack 
p r e c i p i t a t e . T h e t r i f luor ide r e a c t s v igo rous ly w h e n i t is h e a t e d w i t h c rys ta l l ine 
si l icon, a n d c o b a l t o u s fluoride i s f o r m e d . 

A c c o r d i n g t o O . Ruff a n d E . Ascher , t h e t r i f luoride r e a c t s v igorous ly w h e n 
h e a t e d w i t h s o d i u m , m a g n e s i u m , a l u m i n i u m , z inc , copper , i ron , a n d coba l t—in t h e 
l a t t e r case , 2 C o F 8 - J - C o = S C o F 2 . A 4O p e r c e n t . soln. of s o d i u m h y d r o x i d e r eac t s 
w i t h t h e t r i f luor ide , g iv ing off o x y g e n in t h e cold, a n d depos i t ing a b lack p r e c i p i t a t e . 
W h e n t h e t r i f luor ide is m e l t e d w i t h s o d i u m c a r b o n a t e , cobal tos ic ox ide a n d s o d i u m 
fluoride a r e p r o d u c e d . 

E . B o h m p r e p a r e d t h e n o r m a l cobal t ic hexamminof luor ide , [Co(NHs) 6 ]F 3 , a long 
w i t h t h e fluochloride, b y t r e a t i n g t h e h e x a m m i n o c h l o r i d e w i t h hydrof luor ic 
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acid. The yellow, prismatic crystals are sparingly soluble in cold water, and 
almost insoluble in acids. H . Drawe gave 2-072 for the sp. gr., and 80*65 for the 
mol. vol. A. Miolati and G. Rossi obtained cobaltic hexamminohydrofluoride, 
[Co(NHs)6]F6H8 , or [Co(NHg)6]F3-SHF, by treating cobaltic hexamminocarbonate 
with an excess of hydrofluoric acid, and silver fluoride. The orange-yellow crystals 
lose 3 mols. of hydrogen fluoride a t 105°. The salt is freely soluble in water, and 
the eq. conductivity, A soln. of an eq. of the salt, 4[Co(NHs)6]F6H3 , in v litres of 
water a t 25°, is : 

« . . . 32 64 128 256 512 1024 
A . . . 110-4 123-4 1 4 2 0 167-3 2 0 5 1 263-6 

W. Biltz, E . Birk, and E . Birk and W. Biltz prepared cobaltic hexammino-
hydrofluoride, [Co(NHg)6]F8^HF, by precipitation from an aq. soln. of the neutral 
fluoride and 50 per cent, hydrofluoric acid, and subsequent crystallization from 0*1 
per cent, hydrofluoric acid. The sp. gr. of the crystals is 1*938 a t 25°/4°, and 
the mol. vol. is 174*5. A litre of hot 0-1 per cent, hydrofluoric acid dissolves about 
1-5 grms. of the salt. H. Seibt obtained yellow cobaltic trisethylenediamino-
fluoride, [Co en3]F3 , by treating a soln. of the bromide with silver fluoride. J . Anger-
stein studied the absorption spectra of the soln. 

A. Hiendlmayr, W. Biltz, and E . Birk and W. Biltz prepared cobaltic aquo-
pentamminofluoride, [Co(H2O) (NH3)5]F3 , by neutralizing the aq. soln. of the 
hydroxide with 40 per cent, hydrofluoric acid, cooled by ice. The wine-red crystals 
are very soluble in water ; their sp. gr. is 1-748 a t 25°/4°, and the mol. vol. is 125-4. 
If an excess of hydrofluoric acid is employed, cobaltic aquopentamminotrifluoro-
hexahydrofluoride, [Co(H2O)(NH3)B]F3 .6HF, is formed. The sp. gr. is 1-976 
a t 25°/4°, and the mol. vol. 171-7. C. S. Borzekowsky prepared the dextro-
and leevo-forms of cobaltic hydroxylaminebisethylenediamineamjiiinoliydroxide, 
[Co(NH3)(NH2OH)en2](OH)3 . 

A. Hiendlmayr, and F . Birk prepared cobaltic fluopentamminofluoride, 
[Co(NH3)5F]F2 , by the action of ammonia on hemiheptahydrated cobaltous fluoride 
a t 70° to 80° ; and a par t of the salt—possibly hexamminofluoride—dissolves in 
ice-water, forming a yellow liquid, the remainder—the fluopentamminofluoride— 
forms a red soln. with warm water acidified with hydrofluoric acid. 

H. Seibt prepared cobaltic cis-fluobisethylenediamineammlnofluoride, [Co(NH8)en2F]F2, 
a s a r e d , c rys t a l l ine p o w d e r b y s h a k i n g a n a q . so ln . of coba l t i c c i s - a q u o b i s e t h y l e n e d i a m i n e -
a m m i n o b r o m i d e , w i t h a n excess of f r e sh ly -p r ec ip i t a t ed s i lver o x i d e , a d d i n g 40 p e r c e n t , 
hydrof luor ic ac id , a n d e v a p o r a t i n g t o d r y n e s s . M. L . E r n s b e r g e r a n d W . R . B r o d e s t u d i e d 
t h e a b s o r p t i o n s p e c t r u m . H . S e i b t o b t a i n e d t h e c o r r e s p o n d i n g cobaltic trans-aquobis-
ethylenediamineamminofluoride b y s imi l a r ly t r e a t i n g t r a n s - a q u o b i s e t h y l e n e d i a m i n e a m m i n o -
b r o m i d e . H . Se ib t p r e p a r e d cobaltic trans-dlfluorobisethylenedlaminefluoride, [Co e n a F g ] F , 
i n d a r k g reen c ry s t a l s , b y t h e a c t i o n of hydrof luor ic a c i d o n c a r b o n a t o b i s e t h y l e n e d i a m i n e -
h y d r o x i d e . 

A. Miolati and Gr. Rossi also prepared a series of complex salts, t h u s : a soln. 
of boric acid in an excess of hydrofluoric acid converts cobaltic hexamminocarbonate 
into cobaltic boron hexamminofluoride, [Co(NHg)6]F3-SBF3-HF, which appears 
as a yellow, crystalline powder. By replacing the boric acid with fluosilicic acid, 
cobaltic silicon hexamminofluoride, [Co(NHg)6]F3^SiF4 , is formed as a yellow, 
crystalline powder ; with ti tanic acid, cobaltic titanium hexamminofluoride, 
[Co(NHg)6]F3-TiF4^HF, is formed as a yellow, crystalline powder; with ammonium 
metavanadate , cobaltic vanadyl hexamminofluoride, [Co(NH3)6]F3 .5V02F2 .7HF ; 
with molybdenum dioxyfluoride, cobaltic molybdenyl hexamminofluoride, 
[Co(NHg)6]F3^MoO2F2 , as a yellow, crystalline powder ; with tungsten dioxydi-
fluoride, cobaltic tungstyl hexamminofluoride, [Co(NHs)6]Fg^WO2F2 , as a yellow, 
crystalline powder ; and with ammonium uranyl fluoride, cobaltic uranyl 
hexamminofluoride, [Co(NHg) 6]Fg^O 2F 2 , as a yellow powder. 
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§ 15. Cobaltous Chloride 
H . Davy x obtained cobaltous chloride, CoCl2, by heating finely-divided cobalt 

in a current of chlorine, and H . Hose observed t h a t finely-divided cobalt takes fire 
in a current of chlorine, producing blue, crystalline scales of the anhydrous chloride. 
When the chloride is strongly heated in a retort , or in a current of chlorine, cobalt 
chloride sublimes to form crystalline spangles which are slippery to the touch. 
G. C. Winkelblech obtained the chloride in this manner. According to R. Weber, 
cobalt oxide is not a t tacked by chlorine so readily as is the case with nickel oxide ; 
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and R. Wasmuth observed t h a t a t 500°, about half the oxide is converted 
into chloride. A. Michael and A. Murphy obtained the chloride by the action of 
carbon tetrachloride on cobalt oxide in a sealed tube a t 10^°*. ^ - Quantin also 
used carbon tetrachloride vapour, or a mixture of carbon dioxide and chlorine a t 
a red-heat. • A. Camboulives found tha t the reaction with carbon tetrachloride 
begins a t 550°. F . Bourion obtained the chloride by heating the oxide in t h e 
vapour of sulphur monochloride. The reaction begins a t about 250°, and t h e 
temp, was gradually raised to 500° during 3 hrs., and the product cooled in hydrogen 
chloride. The product is not pure. A. Hantzsch heated cobalt hydroxide in 
the vapour of acetyl or benzoyl chloride and obtained a quant i ta t ive yield of 
cobalt chloride. G. N. Wyrouboff obtained the anhydrous salt b y dehydrat ing 
the hydrate a t 135° to 140° ; J . Bersch, and W. Biltz and B . Fetkenheuer recom­
mended a temp, exceeding 140° ; and G. L. Clark and co-workers, 160° to 170°. 
A. Li. Potilitzin found t h a t the salt dried a t 110° to 120° for 13 hrs. is not completely 
soluble in water, and to avoid the formation of insoluble basic salt, he recommended 
drying the hydrate first over sulphuric acid, then heating i t a t 100°, and finally 
gently warming the product in a current of hydrogen chloride mixed with chlorine. 
G. P. Baxter and co-workers obtained the chloride of a high degree of pur i ty by 
heating the hydrate in quartz vessels in a current of hydrogen chloride. F . W. O. de 
Coninck obtained the anhydrous salt by heating one of the hydrates with glycol 
under pressure. W. G. Leison, F . Rose, H . Copaux, and W. Biltz prepared the 
salt by heating cobaltic chloropentamminochloride. G. P . Baxter and F . B . Coffin, 
and T. W. Richards and G. P . Baxter observed t h a t the product is of a high degree 
of puri ty if the ammine be heated in a quartz vessel, and the ammonium chloride 
be expelled by heating the product in a current of nitrogen and hydrogen chloride. 

According to R. Engel, the rnonohydrate, CoCl2-H2O, is formed when a soln. of 
the hexahydrate is evaporated to dryness a t 100°. A. Di t te obtained it b y passing 
hydrogen chloride through a soln. of the hexahydrate in hydrochloric acid a t 35° ; 
and G. N. Wyrouboff obtained i t by warming the hexahydrate a t 80° to 90°— 
A. Hantzsch and F . Schlegel said 90°, and A. L. Potilitzin, 100°. A. L: Potilitzin 
observed t ha t when the dihydrate is heated t o 100°, dark violet spots appear on 
the rose-red hydrate in about 1 hour, they do not disappear on cooling, and they 
increase in size when the hydra te is kept a t 100° ; until , in 4J hrs., all is converted 
into violet monohydrate. The product obtained by dehydrat ing the higher 
hydrates is said to be amorphous, and A. !L. Potilitzin found t h a t needle-like 
crystals can be produced by heating a higher hydra te dissolved in absolute alcohol 
a t 90° to 95°, on an air-bath, unti l all the alcohol is removed. A. Di t te said t h a t 
a hemitrihydrate, CoCl2.1 ̂ H 2 O, is produced when hydrogen chloride is passed slowly 
through a soln. of cobalt chloride saturated a t 12° ; bu t A. Hantzsch could no t 
confirm the existence of these salts by observations on the dehydrat ion of the 
higher hydrate. The dihydrate, CoCl2.2H2O, was prepared by J . Bersch, and 
E . J . Mills by heating a higher hydrate ; by drying the higher hydra te in a desiccator 
over sulphuric acid ; or, according to P . Sabatier, by drying the higher hydra te in 
vacuo—A. L.. Potilitzin added t ha t 4 or 5 days are needed for t he operation, bu t 
H . Lescoour found t h a t about 24 hrs. are needed if the salt be kept over cone, 
sulphuric acid a t 30° to 40° ; and A. L. Potilitzin found t h a t only 4 hrs. are 
necessary a t 45° to 52°. A. Neuhaus, and G. L. Clark and co-workers recommended 
keeping the hexahydrate over cone, sulphuric acid for 36 hrs. a t 50°. According 
to A. Etard , the dihydrate is the solid phase in sat. aq. soln. a t t emp, exceeding 
50°. A. Hantzsch reported a blue, unstable form of the dihydrate analogous with 
a blue, unstable cobaltous bispyridinochloride, CoCl2.2C6H5N. J . Bersch reported 
the tetrahydrate, CoCl2 .4H20, to be formed by heating the hexahydrate a t 116°. 
I t was also mentioned by A. Neuhaus, and F . W. O. de Coninck; and H . Benrath 
found t ha t the monoclinic crystals are stable between 46° and 48° approximately. 
A. Hantzsch 's works on the dehydration, and H . Lescoeur's observations on t h e 
vapour press, of the hydrates of cobalt chloride gave no evidence of the existence 
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of t h e t e t r a l i y d r a t e . I . H . D e r b y a n d V. Y n g v e , a n d G. L . C la rk a n d co -worke r s 
a l so fa i led t o p r e p a r e t h e t e t r a h y d r a t e . W . S t o r t e n b e k e r obse rved t h a t t h e t e t r a -
h y d r a t e fo rms solid soln . w i t h t h e t e t r a h y d r a t e of m a n g a n o u s chlor ide , a n d t h a t 
t h e r e a r e t w o fo rms , a - t e t r a h y d r a t e a n d / J - t e t r a h y d r a t e . A . B e n r a t h ' s o b s e r v a t i o n s 
o n t h e so lub i l i t y of c o b a l t o u s ch lo r ide a r e s u m ­
m a r i z e d in F i g . 76 . T h e d i a g r a m shows t h e 
e q u i l i b r i u m c o n d i t i o n s of t h e t h r e e h y d r a t e s . 

T h e a q . soln . is o b t a i n e d b y d isso lv ing one of 
t h e h y d r a t e s i n w a t e r . A c c o r d i n g t o J . L . P r o u s t , 
C. F . Bucho lz , a n d L . R . v o n Fe l l enbe rg , w h e n 
t h e s u b l i m e d , b l u e ch lo r ide is e x p o s e d t o a i r , i t 
a c q u i r e s a r e d colour , a n d i t t h e n r e a d i l y d i sso lves 
i n w a t e r , b u t if t h e s a l t h a s n o t b e e n p r e v i o u s l y 
e x p o s e d t o a i r , i t r equ i r e s 12 h r s . o r m o r e t o g e t 
i t i n t o soln. T h e a q . soln. of c o b a l t ch lor ide is 
r e a d i l y f o r m e d b y dissolving t h e ox ide , h y d r o x i d e 
o r c a r b o n a t e i n hyd roch lo r i c ac id , or b y dissolving 
t h e m e t a l in hyd roch lo r i c ac id , o r i n a q u a reg ia . If t h e a q . soln. be e v a p o r a t e d 
for c rys t a l l i za t ion , t h e hexahydrate, C o C l 2 . 6 H 2 O , is fo rmed . T h e s a l t w a s p r e p a r e d 
b y H . C o p a u x , R . E n g e l , L . R . v o n Fe l l enbe rg , F . Fe ig l a n d co-workers , 
H . J . K a p u l i t z a s , a n d A . L . Po t i l i t z in . E . J . Mills o b t a i n e d t h e a q . soln. b y 
r e p e a t e d l y d iges t ing coba l t i c c h l o r o p e n t a m m i n o d i c h l o r i d e -with hyd roch lo r i c ac id . 
T h e octohydrate, C o C l 2 . 8 H 2 O , m e n t i o n e d b y C. F . R a m m e l s b e r g , a n d H . J . B r o o k e , 
cou ld n o t be p r e p a r e d b y J . C. G. d e M a r i g n a c , a n d n o one else h a s recognized i t s 
ex i s t ence . T h e p r o d u c t is t h e h e x a h y d r a t e . 

P h y s i c a l propert ies of cobal t ch lor ide .—Accord ing t o J . L . P r o u s t , t h e co lour 
of t h e s u b l i m e d ch lo r ide is flax-flower b lue , a c c o r d i n g t o C. F . Bucho lz , b lue ; a n d 
a c c o r d i n g t o I J . R . v o n Fe l l enbe rg , b lu i sh-green . R . E n g e l sa id t h a t t h e c ry s t a l s 
of t h e a n h y d r o u s s a l t a r e p a l e b lue , a n d t h a t a lso i s t h e co lour of t h e loose ly-coheren t 
m a s s o b t a i n e d b y d e h y d r a t i o n . F . G. D o n n a n a n d H . B a s s e t t obse rved t h a t t h e 
co lour of t h e a n h y d r o u s sa l t is pa l e b lue a t o r d i n a r y t e m p . , a n d redd i sh-v io le t a t 
t h e b . p . of l iqu id a i r . T h e m o n o h y d r a t e w a s also s t a t e d - b y R . E n g e l , A. D i t t e , a n d 
A. Li. Po t i l i t z i n , e t c . , t o b e v io le t o r b lu ish-v io le t ; t h e h e m i t r i h y d r a t e , a cco rd ing 
t o A . D i t t e , is a lso b lu i sh -v io le t ; t h e d i h y d r a t e , a c c o r d i n g t o J . Ber sch , is 
d e e p v i o l e t - b l u e ; if n o t c o m p l e t e l y d e h y d r a t e d , t h e co lour is rose- red t i n g e d 
w i t h v io le t . J . Bersc l j , a n d A. N e u h a u s sa id t h a t t h e t e t r a h y d r a t e is p e a c h -
red , o r r e d ; W . S t o r t e n b e k e r s t u d i e d t h e sol id soln. of c o b a l t a n d m a n g a n o u s 
ch lor ides , a n d f rom t h e r e su l t s in fe r red t h e ex i s t ence of i somer ic fo rms , a-tetrahydrate 
a n d /3-tetrahydrate, a n d t h e co lours d e d u c e d f rom t h e i r sol id soln. a r e , r espec t ive ly , 
v io le t , a n d v io l e t - r ed . A c c o r d i n g t o A . N e u h a u s , a n d O. Miigge, t h e ca rmine - r ed , 
o r r e d c r y s t a l s of t h e h e x a h y d r a t e a r e p leochro ic , h a v i n g a , u l t r a m a r i n e t o p russ i an -
b l u e ; /J, a pa l e c a r m i n e - r e d ; a n d y , a c lear c a r m i n e - r e d . 

O b s e r v a t i o n s o n t h e c h a n g e s i n t h e co lour of soln. of c o b a l t o u s chlor ide were 
m a d e b y J . He l lo t , P . J . M a c q u e r , a n d J . IL. P r o u s t . Accord ing t o J . Bersch , a n d 
A . Vogel , t h e c a r m i n e - r e d o r p i n k a q . soln. of c o b a l t ch lor ide t u r n v io le t -b lue w h e n 
h e a t e d , a n d t h i s is t h e case e v e n w i t h v e r y d i l u t e soln. T h e changes i n colour of 
t h e r e d soln . o n h e a t i n g c o r r e s p o n d w i t h t h e c h a n g e s i n colour in pass ing f rom t h e 
h e x a h y d r a t e t o t h e a n h y d r o u s ch lo r ide , a n d , r ough ly , w i t h t h e zones of s t ab i l i t y of 
t h e dif ferent h y d r a t e s o n t h e so lub i l i ty c u r v e s . T h e a q . soln. a lso t u r n s b lue w h e n 
m i x e d w i t h a lcohol , o r w i t h cone , hyd roch lo r i c o r su lphur i c ac id , a n d t h i s t h e 
m o r e r ead i ly , t h e lower t h e t e m p . T h e r e d co lour c a n be r e s to red b y d i lu t ing t h e 
soln . w i t h w a t e r , a n d i n s o m e cases b y cool ing t h e b lue l iquid . T h e m o r e d i l u t e 
so ln . , if i t c o n t a i n s free ac id , a l so t u r n s blue w h e n i t is c o n c e n t r a t e d b y h e a t , o r b y 
s t a n d i n g ove r s u l p h u r i c ac id u n d e r r e d u c e d p re s su re . T h e b lue soln. in a lcohol 
o n d i l u t i o n w i t h w a t e r , b e c o m e s first v io le t a n d t h e n red, a n d i t a lso becomes r e d 
w h e n cooled m u c h be low 0° . Acco rd ing t o R . E n g e l , a n d J . KaIUr, t h e r e d , a q . 
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soln. also turns blue "when i t is treated wi th the chlorides of zinc, t in (ous) , 
mercury (ic), and l i thium. F . W . O. de Coninck also found t h a t the red soln. becomes 
v io le t in sunlight. For the application of the facts t o t h e preparation of a n in­
vis ible or sympathet ic ink, vide supra, uses of cobalt . 

One of the earliest guesses made t o explain these colour-changes was t o assume 
t h a t the red colour is due to the existence of the hexahydrate in soln. , and t h a t t h e 
blue colour is due t o the formation of a lower hydrate . The hydration hypothesis was 
discussed b y C. H . L. v o n Babo, A. Benrath, M. Berthelot , A. R. Brown, Or. Chancel, 
G. Charpy, F . Clowes, A. Btard, J . H . Gladstone, R. Godeffroy, W . N . Hart ley , 
N . S. Kurnakoff, B . E . Moore, A. L. Poti l i tz in, W . J . Russel l , W . J . Russel l and 
W . J . Orsman, H . Schiff, C. R. C. Tichborne, M. S. Wrewsky , and G. N . Wyrouboff, 
The hypothesis , though plausible, does n o t expla in all t h e phenomena , as , for 
example , the different effects produced b y anhydrous ca lc ium and zinc chlorides. 
Accordingly, R. Engel elaborated the molecular compound hypothesis ; he assumed 
that the various colours are produced b y the presence of double salts in soln. H e 
supposed that when the aq. soln. is heated, the salt is part ial ly hydrolyzed, t h e 
liberated hydrochloric acid then unites "with the unchanged cobalt chloride t o form 
a blue chlorohydrate—vide infra. The change from blue t o red on adding zinc 
or mercuric chloride, is attr ibuted t o the formation of chlorohydrates b y these salts 
in preference t o the chlorohydrate of the cobalt salt , whereas t h e blue coloration 
produced by calcium, and l i thium chlorides, is due to the formation of double salts 
—e.g., A. Chassevant's CoCl2 .LiCl.3H2O. The subject w a s discussed b y H . Ie 
Chatelier, G. N . Wyrouboff, and J . Kallir. W . Hardt , as a result of his s t u d y of 
the spectra and electrical conduct iv i t ies of alcoholic soln., concluded t h a t electrically 
neutral molecules of cobalt chloride are not present, but rather does the salt form 
with alcohol Molehulkomplexen. The hypothes is fits in w i th some of t h e facts , 
but i t has to be supported b y too m a n y unproved subsidiary hypotheses t o be 
satisfactory. 

J . Bersch postulated an isomeric hypothesis, for he said t h a t there is a change 
from red hexahydrate t o blue hexahydrate be tween 30° and 35°, and he t h u s 
attr ibuted the different colours t o t h e presence of different isomers. Ne i ther 
A . IJ. Poti l i tz in, nor H . !Lescoeur could confirm this conclusion, and t h e y showed 
t h a t J. Bersch was probably misled b y the hexahydrate , a t i t s transit ion point , 
mel t ing in its water of crystal l ization and producing a small proportion of a blue, 
saturated soln. I . R o h d e and E . V o g t found t h a t the absorption spectra of soln. 
of cobaltous chloride in pyridine, shifts from the red t o the» blue between about 10° 
t o 50°. The absorption spectrum is n o t due t o a cont inuous change in the absorp­
t ion curve for one molecular species, but is due to t h e displacement of equil ibrium 
between t w o kinds of molecules as the t e m p , changes . There is a unimolecular 
reaction, Co r e d ^Co b i l i e , which has a thermal va lue of 11*7 CaIs. I n a soln. wh ich 
is blue a t 50°, there is present 9O per cent, of Co r e d , and a t 90°, t h e Co r e d a m o u n t s 
t o 5 0 per cent. A. Hantzsch and co-workers, and F . Schlegel pos tu lated the 
exis tence of red and blue, w h a t he called pseudo-salts , e.g., [Co(H2O)n]Cl2 , and 
blue true-salts, e.g., CoCl 2 .wH 2 0, and suggested t h a t the solid, purple d ihydrate 
g ives a blue form i n soln. which is unstable in the solid s tate . H e assumed t h a t 
hydrat ion is t h e primary cause of the variat ions of colour. The c o m p o u n d 
CoCl 2(H 2O) 4 is red ; [Co(H2O)6]Cl2 is rose-red ; and the solid CoCl 2 (H 2 O) 2 i s blue 
or violet , since i t is supposed to ex i s t in cis or trans modif ications : 

H 2 O ^ 0 0 X C l Cl / 0 0 V H 2 O 

W . Ostwald suggested an explanat ion based on the ionic hypothesis. H e sa id : 
The colours of salt soln. are essentially the colours of the parts of molecules or ions 

contained therein, and all salt soln. which contain a certain ion, must exhibit the character­
istic colour of that ion. Should the expected colour not appear, we may conclude that the 
corresponding ion is absent. The red colour of dil. so£a. of cobalt salts, for instance, 
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indicates t h e presence of cobal t ions . T h e sulphate , ni trate , chloride, e t c . , h a v e t h e s a m e 
colour in so ln . , a n d t h e colour i s independent of t h e nature of t h e negat ive ion. If one of 
these so ln . be boi led w i t h a n exces s of po tas s ium cyanide , i t is decolorized, a n d t h e colour­
less so ln . n o longer s h o w s t h e react ions of cobal t . T h e c o m p o u n d potass ium cobalt ioyanide, 
IC3CoCy6, h a s been formed, a n d free coba l t ions are n o longer present . T h e green colour 
of a so ln . of a nickel sa l t i s c h a n g e d under t h e same condit ions, t o ye l low, w h i c h shows 
t h a t t h e nickel ions h a v e entered in to combinat ion . If t h e foregoing s t a t e m e n t is correct, 
t h e in tens i ty of t h e colorat ion of those sal ts whose ions are coloured m u s t b e propor­
t ional t o t h e q u a n t i t y of those ions , suppos ing t h a t t h e part of t h e salt w h i c h is n o t 
separated into ions is itself colourless . . . . Special relations are observed "when t h e non-
ionized sal t is itself coloured. F o r ins tance , anhydrous cupric chloride, or a soln. of th i s 
sa l t in inert s o l v e n t s , where i t is n o t separated in to ions , i s coloured intense ly yel low. 
Therefore a so ln . of th i s sa l t , -which conta ins m a n y free ions of copper a n d chlorine, b u t also 
a certain a m o u n t of non- ionized molecu les of cupric chloride, wil l s h o w t h e colour -which 
results from m i x i n g t h e blue of t h e copper ions w i t h t h e ye l low of cupric chloride. 
Agreeab ly w i t h th i s conclusion, i t is found t h a t v e r y dil . so ln . of cupric chlor ide—which 
conta in b u t l i t t le non- ionized sa l t—are b lue , l ike so ln . of other cupric sa l t s , b u t t h e more 
concentra ted t h e so ln . b e c o m e a n d therefore the greater b e c o m e s t h e n u m b e r of non- ionized 
molecules , t h e more does t h e colour incl ine to green. T h e addi t ion of hydrochloric acid, 
or t h e raising of t h e t e m p . , acts in the same w a y as increasing t h e concentrat ion ; in b o t h 
cases , t h e n u m b e r of copper ions decreases , and t h e n u m b e r of undecomposed molecules of 
cupric chloride increases. 

The hypothes i s was favoured b y W . C. D . W h e t h a m . This hypothes is requires 
t h a t the blue colour produced b y a rise in t e m p , is a t tended b y a marked decrease 
in ionization, and t h a t the addit ion of other chlorides makes the soln. blue b y 
decreasing the ionizat ion of cobalt chloride. This is n o t in accord wi th the obser­
va t ions of R. Salvadori, for F . G. D o n n a n and H . Basse t t showed t h a t t h e y indicate 
t h a t cobal t chloride in aq. soln. is less ionized a t 0° than a t 100°. N . Tarugi and 
G. Bombardini 's observat ions a t t h e b.p. , and F . G. D o n n a n and H . Basset t ' s 
observat ions a t t h e f.p. The former conclude t h a t complete non-ionized cobalt 
chloride can ex i s t in red soln. 

F . G. D o n n a n and H . Basse t t ex tended the ionic hypothes i s t o include t h e 
formation of complex ions. The complex-ion hypothesis assumes t h a t in addit ion 
t o the s imple Co**-ions and Cl'-ions, there are also complex anions, say CoCl3" and 
CoCl", in equil ibrium such t h a t the simple process of ionization CoCl 2 ^Co* *-}-2Cr is 
fol lowed b y CoCl 2 -h2Cl"^CoCI 4 ", or b y C o C l 2 + C l ' ^ C o C l 3 ' . The non-ionized salt 
in soln. is supposed t o be blue, and the complex anion in soln. is also blue, whilst 
t h e colour due t o the cobalt a t o m w h e n outside the immediate sphere of the chlorine 
a toms , appears t o be red. Thus , the colour produced b y the free cobalt cations in 
aqueous soln. is red ; whilst the red colour of t h e solid hexahydrate is doubtless 
due t o t h e fact t h a t the water molecules intervene between t h e cobalt and chlorine 
a toms . This is in accord w i t h A. Werner's co-ordination theory. The colours 
exhib i ted b y the double chlorides are attr ibuted in the case of zinc chloride to the 
greater t e n d e n c y of z inc to enter into negat ive complex groups, the zinc double 
chloride will h a v e the cons t i tu t ion : Co-(ZnCl4), whi lst the calc ium double chloride 
will h a v e the const i tut ion : Ca-(CoCl4), since cobalt has a greater tendency to form 
negat ive complexes than calcium. I n agreement wi th this , the former double 
sal t is red, whilst the latter is blue. I t is suggested t h a t anhydrous, solid cobaltous 
chloride m a y n o t possess the s imple formula CoCl2, but m a y correspond t o some 
polymeric complex form such as Co-(CoCI4), i t s colour being determined b y the 
s trong absorption in the red produced b y t h e complex grouping, CoCl4. I t is, at 
all event s , a curious fact t h a t the pale blue, anhydrous chloride becomes reddish-
v io le t a t t h e t e m p , of boiling l iquid air. A s in the case of the soln. in alcohol and 
in cone , hydrochloric acid, th is change of colour m a y be due t o the breaking up of 
t h e complex grouping o n lowering the t e m p , b y an exothermic process. The work 
of H . G. D e n h a m a n d co-workers, o n transport numbers, of B . E . Moore, P . Job , 
J. Groh, and J . G r o h a n d R. Schmidt , on absorption spectra, and of H . Basset t and 
H . H . Croucher, o n the equilibria of the complex salt of cobalt chloride wi th hydro­
chloric acid, and mercuric, magnes ium, and zinc chlorides, favours the complex ion 
hypothes i s . A . Benrath's determination of the b.p. of aq. soln. indicates t h a t 
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salts which form complexes w i t h cobalt chloride favour the formation of red so In., 
a n d those which favour the blue colour do n o t form complexes . 

P . Vai l lant concluded from his observations on the absorption spectra of soln. 
of cobalt salts , t h a t the cobalt ion possesses i t s own colour independent ly of t h e 
molecule, and t h e addit ion of a colourless electrolyte m a y modify t h e colour of a 
solution containing an electrolyte with a coloured ion, bo th b y changing t h e ioniza­
t ion and b y causing dehydration. These t w o act ions are independent of each 
other, and the latter depends on the t endency of the added electrolyte t o form 
hydrates . I n organic solvents , the molecule is in a definite s tate of hydrat ion, -which 
is generally lower t h a n that in which i t exists in aq . soln. The organic so lvent , 
like an added electrolyte, exerts a dehydrating act ion. I t is assumed t h a t t h e 
phenomena are best interpreted b y the ionic hypothes i s coupled wi th some form 
of the hydrat ion theory, which, alone, does n o t adequate ly expla in the observed 
facts. G. N . Lewis also concluded with F . G. D o n n a n and H . Basse t t , t h a t c o m p l e x 
anions are formed in blue cobalt soln., but emphasized the need for the a s sumpt ion 
that the change from blue to red is also a t tended b y hydrat ion. C. Mazzett i , a n d 
H . C. Jones and co-workers advocated the same hypothes is . This is a form of 
the solvation theory—1. 15, 11—where the cat ions are supposed t o be loaded wi th 
water molecules. Water is produced or consumed in the format ion of t h e c o m p l e x 
ions : CoCl 2 (H 2 O) n + C1'(H20)TO ^ CoCl3(H2O)3 , -+- (n-\-m-^)H2O. The so lvat ion 
hypothes is was also discussed b y H . C. Jones and H . P . Basset t , and E . O. Hulber t 
and co-workers. A. Kot schubey found t h a t in these soln., the degree of so lvat ion 
or hydrat ion of the ions, and of the non-ionized salt, increases w i th di lution, a n d 
decreases wi th a rise of t emp. A. Kot schubey did not accept t h e evidence t h a t 
complex ions are formed in soln. of cobalt chloride, a l though he assumed t h a t in 
red soln. containing mercuric, zinc, cadmium, stannous, or a n t i m o n y chlorides, 
there are present complex ions of the t y p e [CoCl4( ZnCl 2 ) 2 ]", and [CoCl4(HgCl2)2] , b u t 
t h a t the evidence for the formation of complexes of CoCl4" b y t h e act ion of hydro­
chloric acid, or of the chlorides of ammonium, potass ium, magnes ium, or a luminium, 
wi th cobalt chloride soln. is no t definitely established. More recent work, however , 
has in general favoured the complex ion hypothes is . A. K o t s c h u b e y at tr ibuted 
the change in colour, n o t t o the formation of CoCl4', but rather t o the passage 
from the Co(H 2 O) 6 "-ion to the (Co(H 2 O) 4 *-ion t o [Co(H 2O) 2Cl 2 ] . 

R . Hi l l and O. R. Howel l , and O. R. Howel l suggested t h a t t h e colour of cobal t 
compounds—red or b lue—depends on the s tate of co-ordination of the cobal t a t o m s . 
If t h e a t o m is surrounded b y six other groups or a toms , t h e colour is r e d ; a n d if 
only four groups or atoms, the colour is blue—e.g. , in crystals of magnes ium ox ide , 
where each magnes ium a t o m is surrounded b y s ix o x y g e n a toms , if some of t h e 
magnes ium are replaced b y cobalt a toms, the colour is pink. This hypothes i s does 
n o t agree -with tha t of L. Paul ing on the structure of the crystal latt ice of t h e 
blue salt. I n red, aq. soln., each cobalt a t o m is supposed, b y R. Hi l l a n d 
O. R. Howel l , t o be surrounded b y s ix water mols . H . Basse t t and H . H . Croucher 
conclude t h a t red, aq. soln. of cobalt chloride m a y contain one or more of the red 
cat ions, Co(H 2 O) 6 ", Co(H 2O) 4", Co2(H2O)10*"", or C o 2 ( H 2 O ) 6 " " ; a n d blue, aq. soln. 
of cobalt chloride m a y contain the blue anions, CoCl4", or [Co(H2O)Cl3] ' . Other 
ions are also theoretical ly possible. The simple Co "-ion is red, b u t is n o t l ike ly 
t o ex is t in aq. soln. W h e n the chlorides of b ivalent metals are dehydrated b e y o n d 
the tetrahydrate, t h e y generally become complex, and the c o m p l e x i t y increases w i t h 
increasing dehydration. Accordingly, dihydrated cobalt chloride is n o t s imply 
C o C l 2 . 2 H 2 0 , but rather (CoCl 2 . 2H 2 0) 2 , which m a y be either [Co(H 2O) 4 ]"!CoCl 4 ]" 
or else [Co(H2O)3Cl] [CoCl3(H2O)]' . 

The colour of the ion does not appear to depend on its co-ordination, but only on its 
ionic state ; nor do the number of charges carried by the ions appear to affect the colour 
appreciably. The manifestation of colour in compounds of metals like cobalt, is deter­
mined by the possibility of electron transference bet-ween different quantum levels. In 
the case of cobaltous compounds there are three electrons which may be considered to be 
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fa i r ly m o b i l e , b u t of t h e s e , t w o a r e o n t h e o u t e r m o s t s h e a t h a n d o n e o n t h e n e x t i n n e r 
she l l . I f o n e o r b o t h of t h e t w o o u t e r e l ec t rons h a v e b e e n los t (as i n pos i t i ve o o b a l t o u s 
i o n s -with o n e o r t w o p o s i t i v e cha rges ) , t h e n t h e t h i r d e l ec t ron c a n m o v e freely b e t w e e n t h e 
i n n e r a n d o u t e r she l l s , b u t , t h e t w o o u t e r pos i t i ons b e i n g s imi lar , i t m a k e s l i t t l e difference 
t o t h e co lour 'whe the r o n e o r b o t h p o s i t i o n s a r e e m p t y . T h i s s t a t e of affairs c o r r e s p o n d s t o 
t h a t of t h e r e d , p o s i t i v e i o n s . T h e a c c u m u l a t i o n of e l ec t rons a r o u n d t h e c o b a l t a t o m , a s 
i n [ C O ( I I 2 O ) C I 8 ] a n d CoCl4 , t e n d s t o m a k e o n e of t h e o u t e r e l ec t rons m o v e i n t o a n i n n e r 
p o s i t i o n , w h i c h is poss ib le , s ince t h e t h i r d q u a n t u m g r o u p in t h e c o b a l t a t o m is n o t c o m ­
p l e t e l y filled. T h e d e e p b l u e co lou r of t h e c o m p l e x c o b a l t a n i o n s a p p e a r s t o ar ise i n t h i s 
w a y . 

T h e b e h a v i o u r of t h e non - ion i c c o b a l t o u s c o m p o u n d s is r a t h e r m o r e difficult t o foresee. 
I n a g e n e r a l w a y , s ince e a c h v a l e n c y e l e c t r o n of t h e m e t a l is n o w r e p l a c e d b y a p a i r of s h a r e d 
e l e c t r o n s , t h e effect m i g h t b e s i m i l a r t o t h a t c a u s e d b y t h e p i l ing u p of e l ec t rons i n ions 
s u c h a s CoCl 4 " , a n d i n m a n y c o b a l t o u s c o m p o u n d s t h i s a c t u a l l y s e e m s t o b e t h e c a s e . 
A n h y d r o u s c o b a l t ch lo r ide , c o n s i d e r e d b y u s t o b e non- ion ic , i s p a l e b l u e , a n d w e s h o u l d 
e x p e c t t h e non- ion ic [ C o ( H , O ) 8 C l 8 ] a l so t o b e p a l e b l u e . T h e t w o s h a r e d e l ec t rons of a 
c o - o r d i n a t i o n c o v a l e n c y , w h e n t h e c o - o r d i n a t i o n is t o a n e u t r a l a t o m o r mo lecu le , c l ea r ly 
d o n o t h a v e t h i s effect-—doubtless b e c a u s e t h e y a r e t o o f i rmly h e l d b y t h e a t o m t o w h i c h 
t h e y p r o p e r l y b e l o n g . I n t h e c o b a l t o u s c o m p o u n d s t h e y s e e m t o e x e r t l i t t l e effect of a n y 
k i n d o n t h e co lour . I n gene ra l , h o w e v e r , s o m e effect w o u l d b e e x p e c t e d , for t h e e l ec t ron i c 
e n v i r o n m e n t , i n w h i c h a n y e l ec t ron - sh i f t s o c c u r i n t h e o u t e r l eve l s of t h e ion , m u s t d e p e n d 
t o s o m e e x t e n t o n t h e n u m b e r a n d n a t u r e of t h e a t o m s c o - o r d i n a t e d w i t h t h e i on . 

If t h e e lec t ron-sh i f t -which g i v e s r i se t o t h e c o l o u r i s t h a t of a n u n s h a r e d e l e c t r o n — 
p a s s i n g f rom t h e t h i r d t o t h e f o u r t h q u a n t u m leve l , o r vice versa—then t h e c o m p o u n d in 
q u e s t i o n h a s a r e d co lour . If, h o w e v e r , t h e e l e c t r o n w h i c h m o v e s b e t w e e n t h e t w o leve l s 
is o n e -which is s h a r e d b e t w e e n t h e c o b a l t a n d a n o t h e r a t o m , i .e . a c o v a l e n c y e l ec t ron , 
t h e n a b l u e c o l o u r a r i s e s . I t s e e m s l ike ly , h o w e v e r , t h a t i t is o n l y i n d i r e c t l y of i m p o r t a n c e 
w h e t h e r t h e m o v i n g e l e c t r o n i s s h a r e d o r u n s h a r e d . T h e i m p o r t a n t p o i n t , i n a l l p r o b a b i l i t y , 
is t h a t w h e n a n u n s h a r e d e l e c t r o n i s c o n c e r n e d , i t i s a 3 8 e l e c t r o n of t h e t h i r d q u a n t u m leve l 
w h i c h m o v e s b e t w e e n t h e t h i r d a n d f o u r t h q u a n t u m leve l s , -whereas w h e n a s h a r e d e l e c t r o n 
is c o n c e r n e d , i t is a I 1 e l e c t r o n of t h e f o u r t h q u a n t u m leve l w h i c h m a k e s t h e s a m e j u m p . 

The anhydrous salt when sublimed furnishes blue, loosely-coherent, crystalline 
spangles which feel like mica. W. Biltz reported the crystals to be hexagonal 
plates optically uniaxial, and with a negative birefringence. A. Ferrari said 
t h a t the X-radiograms indicate t h a t the pseudo-cubic lattice of the crystals 
is rhombohedral of the magnesium chloride type, having <z=7-08 A., and 
e = 1 7 ' 3 5 A., and a : c—1 : 2*45, -with 16 molecules per unit lattice. P . Niggli and 
W. Nowacki, R. J . Macwalter and S. Barrat t , H . Grime and J . A. Santos, and 
V. M. Goldschmidt and co-workers discussed the subject. I J . Pauling gave 
a = 6 - 1 4 A., and added t h a t each cobalt a tom is probably surrounded by six chlorine 
a toms approximately a t the corners of a regular octahedron, six edges of which 
are shared with other octahedra so as to form a layer. The cadmium chloride 
s tructure appears to be the stable one for substances of the type MX2 , where M 
has the co-ordination number 6, and the anion has a small polarizability. H . Bassett 
and H . H . Croucher assumed t h a t the chlorine atoms are not ionized bu t are 
a t tached to the cobalt a toms b y covalencies, the existence of the crystals being 
maintained by the six-co-ordinated condition of the metal a tom. !Each layer of 
octahedra in the crystals of cobalt can be regarded as a single, very complex mole­
cule. The structure assumed by !L. Pauling could result from the knitt ing together 
of a series of 

Cl-- Cl^, Cl^ 
Cl 0 0 Cl 0 0 Cl 0 0 

chains containing four-co-ordinated cobalt. A. L. Potilitzin said tha t the mono-
hydra te furnishes violet-blue, needle-like crysta ls ; A. Dit te , t ha t the hemitri-
hydra te furnishes dark bluish-violet, needle-like crystals ; and J . Bersch, t ha t the 
dihydrate furnishes a deep violet, crystalline powder, and the tetrahydrate peach-
red crystals. H . Bassett and H . H . Croucher obtained the dihydrate as slender, 
purple prisms with oblique ends. A. Neuhaus said tha t the pseudo-rectangular 
crystals are monoclinic or triclinic. The twinning of the crystals of the dihydrate 
was studied by O. Lehmann. The hexahydrate furnishes red crystals, which, 
according to H . J . Brooke, belong to the monoclinic system having the axial 
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ra t i o s a : b : c = l - 4 7 8 8 : 1 : 0-9452, a n d / 3 = 1 2 2 ° 19 ' . O. Miigge g a v e aib : c 
=1-4:73 : 1 : 0-9445, a n d / 5 = 5 7 ° 4 6 ' . T h e (001)-cleavage is perfec t , a n d t h e (HO)-
c leavage imper fec t . T h e c ry s t a l s -were also e x a m i n e d b y P . G r o t h , a n d J . C. G. d e 
Mar ignac . O. L e h m a n n s t u d i e d t h e t w i n n i n g of t h e c rys t a l s ; a n d O. Miigge, t h e 
p leochro i sm. T h e f o r m a t i o n of l a rge c rys t a l s in t h e m a g n e t i c field w a s o b s e r v e d 
b y G. Roas io , a n d D . S a m u r a c a s . 

T h e specific grav i ty of t h e a n h y d r o u s sa l t w a s found b y L . P l ay fa i r a n d 
J . P . J o u l e t o b e 2-937 ; b y A. N e u h a u s , a b o u t 3-0O; b y G. P . B a x t e r a n d 
F . B . Coffin, 3-348 a t 25°/4° ; b y G. L . Cla rk a n d co-workers , 3-356 a t 25°/4° ; 
a n d W . Bi l t z a n d E . B i rk , 3-367 a t 25°/4°. A. F e r r a r i ca l cu la t ed 3-43 f r o m t h e 
X - r a d i o g r a m d a t a . C. H . D . B o d e k e r gave 1-84 a t 13° for t h e sp . gr . of t h e h e x a -
h y d r a t e ; A. N e u h a u s g a v e 2-42 ; B . Gossner, 1-917 ; P . A. F a v r e a n d C. A . Va l son , 
1-898 a t 2 3 - 9 ° ; a n d G. L . Clark a n d co-workers , 1-924 a t 25°/4° . A. N e u h a u s 
also g a v e 2-216 for t h e sp . gr . of t h e t e t r a h y d r a t e , a n d 2-42 for t h e d i h y d r a t e . 
G. L . Clark a n d co-workers g a v e 2-479 a t 25°/4° for t h e s p . gr . of t h e d i h y d r a t e . 
The sp . gr . of soln. of coba l t chlor ide were m e a s u r e d b y B . F r a n z , G. T . Ger lach , 
R . W a g n e r , P . A. F a v r e a n d C. A. Valson, G. Quincke , W . Bi l t z , R . E n g e l , 
P . F . Gaehr , O. R . Howel l , J . T r o t s c h , W . W . J . Nicol , A. E . Oxley , J . W a g n e r , 
J . Grai l ich, P . Saba t i e r , H . C. J o n e s a n d co-workers , A. Heydwei l l e r , L . B r a n t , 
G. Dreye r , S. L u s s a n a a n d G. Bozzola , P . M o r e t t o , a n d R . W e r n i c k e . T h e r e su l t s 
i n d i c a t e t h e sp . gr . of soln. w i t h : 

CoCl, . 
1 18°/4° 

Sp . gr.J 20°/4° 
( 25°/4° 

Franz's va lues a r c : 

CoCl2 . 
Sp . gr. a t 17-5° 

1 
. 1 0 0 7 6 
. 1 0 0 7 3 

1 0 0 6 9 

1 
1-0099 

2 
1 0 1 6 8 
1 0 1 6 5 
1 0 1 5 0 

5 
1 0 4 9 6 

4 
1 0 3 5 6 
1 0 3 5 0 
1-0335 

IO 
1 0 9 9 7 

6 
1 0 5 4 9 
1 0 5 3 8 
1-0525 

12 
1 1 5 7 9 

8 
1 0 7 4 7 
1-0735 

2O 
1-2245 

IO per cent. 
1 0 9 4 9 
1 0 9 4 0 

25 per cen t 
1-3002 

R . W a g n e r gave for t h e sp . gr . of N-3 ^iV-, JiV-, a n d ^iV-CoCl2, t h e r e spec t ive v a l u e s 
1-0571, 1-0286, 1-0144, a n d 1-0058. P . A. F a v r e a n d C. A. Valson, a n d G. G. a n d 
1. N . Long inescu discussed t h e ca lcu la ted a n d obse rved sp . gr . of soln. B . Cab re r a 
a n d co-workers gave for t h e sp . gr . of soln. w i t h 0-1065 g r m . of CoCl2 p e r g r a m of 
soln. a t 6, 1-1018(1— 0-00025(0—20)} ; a n d for soln. w i t h 0-3206 g r m . of CoCl2 
p e r g r a m of soln. , 1-3630(1—0-0003(0—20)}. C. Wink l e r sa id t h a t t h e sa t . soln. 
in a lcohol of sp . gr . 0-792 h a s a sp . gr . of 1-0107, a n d con ta in s 23-66 p e r cen t . CoCl2 . 
P . More t t o , a n d S. L u s s a n a a n d G. Bozzola discussed t h e t e m p , of m a x i m u m 
dens i ty ; a n d G. D r e y e r gave for soln. w i t h 0-883, 1-828, a n d 1-859 p e r cen t . CoCl2 , 
t h e lower ing of t h e t e m p , of m a x i m u m dens i ty of w a t e r (3-96), r espec t ive ly 1-09°, 
2-36°, a n d P . A. F a v r e a n d C. A . Valson found t h a t w i t h N g r a m - e q u i v a l e n t of 
c o b a l t chlor ide p e r k g r m . of w a t e r , t h e sp . gr . of soln. a t 23-9° ; t h e vol . o b t a i n e d 
b y d iv id ing t h e t o t a l we igh t of w a t e r a n d sa l t b y t h e sp . gr . ; a n d t h e successive 
i n c r e m e n t s in vo l . p r o d u c e d b y a d d i n g a n o t h e r eq . of sa l t , were a s follows :— 

N gram-equiva lents 
Sp . gr. 
Tota l v o l u m e 
Increments in v o l u m e 

R . E n g e l , O. R . Howel l , a n d J . K e n d a l l a n d K . P . Monroe m e a s u r e d t h e s p . gr . of 
soln. i n hydroch lo r i c a c id ; C. Wink le r , i n e t h y l a l c o h o l ; a n d A. N a u m a n n a n d 
E . Vog t , in a ce tone . G. Li. C la rk a n d co-workers g a v e 38-70 for t h e m o l e c u l a r 
v o l u m e of t h e a n h y d r o u s sa l t a t 25° ; a n d W . Bi l t z a n d E . B i rk , 38-58 a t 25° . 
W . Bi l t z , E . Moles, 1. I . Sas l awsky , a n d U . P a n i c h i s t u d i e d t h e obse rved a n d 
ca lcu la ted mol . vo l . H . H . S t e p h e n s o n ca lcu la t ed a 32 p e r cen t , c o n t r a c t i o n , a n d 
G. Li. Clark a n d H . K . B u c k n e r , a 25-86 p e r cen t , c o n t r a c t i o n . G. L . C la rk a n d 
co-workers g a v e 123-69 for t h e m o l . vo l . of t h e h e x a h y d r a t e ; a n d G. L . C la rk a n d 

1 
1 0 5 5 
1061 

6 1 

2 
1 1 0 1 
1124 

6 3 

3 
1 1 4 1 
1189 

6 5 

4 
1 1 7 7 
1254 

6 5 

5 
1-209 
1319 

6 5 

6 
1-238 
1384 

6 5 

9 
1-309 
1582 

6 6 
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. O-251 
0-01278 
0-00821 
0-00662 
000516 

O-752 
0-01346 
000881 
0-00725 
000570 

1-504 
001515 
0-00975 
0-00796 
000636 

2 0 0 6 
OO1648 
001044 
000850 
000675 

7-631 
005983 
0-03303 
0-02548 
001911 

H . K . B u c k n e r , 15-9 p e r cen t , for t h e c o n t r a c t i o n in t h e r eac t ion : C o C l 2 4 - 6 H 2 O 
= C o C l 2 . 6 H 2 0 . A . B a l a n d i n m a d e o b s e r v a t i o n s o n t h e s u b j e c t ; a n d E . N . G a p o n 
s t u d i e d t h e r e l a t i on b e t w e e n t h e m . p . a n d sp . gr . of t h e h e x a h y d r a t e . Gr. L . C la rk 
a n d co -worke r s o b s e r v e d a 20*91 p e r cen t , c o n t r a c t i o n in t h e r eac t i on : CoCl2 
4 - 2 H 2 0 = C o C l 2 . 2 H 2 0 . F . E p h r a i m , R . Re in icke , a n d W . F i sche r s t u d i e d t h e 
m o l . vo l . of t h e s a l t ; a n d W . W . J , Nicol d iscussed t h e mol . vol . of t h e soln. 
P . V inas sa d i scussed t h e mo l . n u m b e r ; a n d G. T a m m a n n , t h e inner pressure of 
so ln . T h e coeff. of d i f fusion of so ln . in a g a r - a g a r w i t h 4-72 m g r m s . pe r c . c , w e r e 
f o u n d b y F . V o i g t l a n d e r t o be 0*443, 0-83, a n d 1-33 sq . c m . p e r d a y respec t ive ly , 
a t 0° , 20° , a n d 40° . O b s e r v a t i o n s were also m a d e b y E . f tona , J . H . Long , M. T o r r e , 
a n d J . S c h u h m e i s t e r ; t h e l a s t - n a m e d g a v e for a soln. w i t h 1-5 g r a m - e q u i v a l e n t s p e r 
l i t r e a t 18°, 0*46 g r m . p e r sq . c m . p e r d a y . E . B o n a m e a s u r e d t h e r a t e of diffusion 
i n h y d r o c h l o r i c ac id soln. O. R . Howe l l f o u n d t h e sur face t e n s i o n of a soln. of 
12O g r m s . of t h e h e x a h y d r a t e p e r l i t re a t 20° t o be 74-36 d y n e s p e r c m . Z. H . S k r a u p 
a n d co -worke r s s t u d i e d t h e cap i l l a ry rise in filter-paper ; M. P a d o a a n d G. Tabel l in i , 
t h e d r o p w e i g h t of m o l a r soln. a t different t e m p . ; a n d H . Auer , t h e effect of 
a m a g n e t i c field of 20,000 g a u s s o n t h e surface t ens ion . O. R . H o w e l l m e a s u r e d 
t h e sur face t e n s i o n of soln. i n hyd roch lo r i c a c id ; a n d P . P . a n d N . S. KLosakewitsch, 
i n a lcohol ic soln . R . W a g n e r g a v e for t h e v i s cos i ty of N-, \-N, ^N-, a n d ^N-soln.. 
a t 25° , r e spec t i ve ly 1-2041, 1-0975, 1-0482, a n d 1-0078—water u n i t y . Measure­
m e n t s w e r e m a d e b y O. R . H o w e l l , a n d M. R . S c h m i d t a n d H . C. J o n e s . C. Mazze t t i 
g a v e for t h e coeff. of v i scos i ty , rj, of soln. w i t h C g r a m - e q u i v a l e n t of coba l t chlor ide 
p e r l i t r e : 

C 
f 13° t o 14° 
J 34° t o 35° 

** I 45° t o 46° 
I 59° t o 60° 

O. R . Howe l l , J . K e n d a l l a n d K . P . Monroe , G. M a t s u o a n d co-workers , a n d 
N . A . Y a j n i k a n d R . L . U b e r o y m e a s u r e d t h e v iscos i ty of soln. in hyd roch lo r i c 
ac id ; M. R . S c h m i d t a n d H . C. J o n e s , of soln. in m e t h y l a lcohol , in e t h y l a lcohol , 
a n d in glycerol . G. Nage l d iscussed t h e surface p h e n o m e n a of soln. of t h e sa l t . 

H . F e u d t f o u n d t h a t t h e specific h e a t of soln. c o n t a i n i n g 16-4 p e r cen t , of CoCl2 
is 0-767 b e t w e e n 15° a n d 49°, a n d 0-787 b e t w e e n 18° a n d 89° ; a n d soln. w i t h 8-9 
p e r c en t , of CoCl2 , t h e s p . h t . is 0-865 b e t w e e n 15° a n d 49°, a n d 0-896 b e t w e e n 19° 
a n d 90° . T h e s u b j e c t w a s s t u d i e d b y K . J a u c h . W . W r e w s k y m e a s u r e d t h e sp . h t . 
of so ln . in e t h y l a lcohol . Li. R . v o n Fe l l enbe rg , a n d C. S a n d o n n i n i sa id t h a t coba l t 
ch lor ide sub l imes w i t h o u t fusing, a n d J . L . P r o u s t , a f ter fusing. A . F e r r a r i a n d 
co -worke r s g a v e 724° for t h e m e l t i n g - p o i n t of a n h y d r o u s coba l t chlor ide , in a 
c u r r e n t of h y d r o g e n ch lor ide ; H . B a s s e t t a n d W . Li. Bedwel l g a v e 735° ; a n d 
A . F e r r a r i , a n d A. F e r r a r i a n d A . B a r o n i n o t e d t h a t t h e p resence of n ickel ch lor ide 
ra ises t h e m . p . W . H e m p e l a n d H . Thie le w e r e u n a b l e t o vola t i l ize coba l tous 
ch lo r ide a t o r d i n a r y p res s , o r i n v a c u o ; b u t W . Bi l t z a n d E . B i r k found t h a t t h e 
ch lo r ide first m e l t s a n d t h e n boils t o furn ish a pa l e b lue s u b l i m a t e , a n d t h e subl i ­
m a t i o n of c o b a l t ch lo r ide w a s d i scussed b y A . Gorgeu , W . Spr ing , R . R i e t h , a n d 
C. W i n k l e r . A c c o r d i n g t o L . R . v o n Fe l l enbe rg , coba l t chlor ide is vola t i le a t a 
r e d - h e a t i n a c u r r e n t o t h y d r o g e n ch lor ide ; a n d G. L . Clark a n d co-workers f ound 
t h a t s u b l i m a t i o n occur s be low 500° i n t h e p resence of a l i t t le h y d r o g e n chlor ide . 
C. G. Ma ie r o b t a i n e d 1049° for t h e bo i l ing-po int of t h e a n h y d r o u s c h l o r i d e ; a n d 
for t h e h e a t Of vapor iza t ion , i n CaIs. p e r mol . , b y e x t r a p o l a t i o n of t h e v a p . press . : 

1049° 1017° 972-4° 900-2° 805-2° 730-0° 
H e a t of vaporizat ion . . 30-61 29-7O 28-52 25-75 22-41 20« 19 

K . Jel l inek a n d R . U l o t h ca l cu l a t ed t h e dissocia t ion pressure of coba l t ch lor ide , 
C o C l 2 ^ C o - J - C l 2 , a n d o b t a i n e d for t h e p a r t i a l press , of t h e chlor ine, p m m . : 

2 6 ° 400° 500° 600° 
p . . . . 4 - 5 7 x 1 0 - " 9 - 5 5 X l O - 1 8 2-34 X I Q - " 6-61 X IO"1 2 
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J . Bersch sa id t h a t a t 30° t h e r e d h e x a h y d r a t e beg ins t o t u r n b l u e in p l aces , a t 
35° t h e whole m a s s a p p e a r s d a r k b l u e , a n d a t 35° t o 39° i t loses i t s l u s t r e , a n d b r e a k s 
u p t o fo rm a m a s s of ac i cu l a r c r y s t a l s ; if t h e p r o d u c t b e m e l t e d a n d cooled, t h e 
or ig ina l r e d m a s s of c r y s t a l s is f o r m e d . J . B e r s c h g a v e 86-75° for t h e m . p . of t h e 
h e x a h y d r a t e ; t h i s t e m p , a p p e a r s t o b e t o o h igh , because W . S t o r t e n b e k e r , a n d 
A . Li. Po t i l i t z in f o u n d t h a t d r y c r y s t a l s m e l t a t a b o u t 54° , a l i t t l e h i g h e r t h a n t h e 
t r a n s i t i o n t e m p , of t h e h e x a h y d r a t e t o t h e d i h y d r a t e . J . B e r s c h sa id t h a t t h e 
m e l t m a y b e u n d e r c o o l e d t o 50° w i t h o u t solidif icat ion. A . H a n t z s c h o b s e r v e d a n 
i n c o n g r u e n t m . p . a t 35° . G. N . Wyroubof f s t u d i e d t h e dehydrat ion of t h e s a l t ; 
h e o b s e r v e d t h a t t h e s a l t p a r t i a l l y m e l t s a t 60° a n d t h e n a p p e a r s b l u e . If k e p t 
m a n y h o u r s a t t h i s t e m p . , i t g r a d u a l l y loses w a t e r , a n d b e c o m e s d e e p e r b l u e . 
U n d e r t h e microscope t h e sa l t t h e n a p p e a r s a s a m i x t u r e of r e d c r y s t a l s w h i c h h a v e 
n o t m e l t e d , a n d o p a q u e c rys t a l s of a lower h y d r a t e , s w i m m i n g in a soln. i n t e n s e l y 
b lue . If t h e t e m p , r ises t o 80°, m o r e w a t e r is g i v e n off, a n d w h e n t h e w e i g h t is 
c o n s t a n t a t t h i s t e m p . , t h e d e e p v io le t s a l t a p p e a r s h o m o g e n e o u s , a n d i t c o r r e s p o n d s 
a p p r o x i m a t e l y w i t h t h e m o n o h y d r a t e , a n d loses w a t e r o n l y w h e n t h e t e m p , r i ses 
t o 135° t o 140°. Accord ing t o A . !L. Po t i l i t z in , t h e h e x a h y d r a t e loses n o p e r c e p t i b l e 
q u a n t i t y of w a t e r in* a n o p e n t u b e , b u t i t b e c o m e s t u r b i d a t 30° t o 40° , a n d a t 45° 
t o 52° i t r a p i d l y effloresces, a n d a f t e r be ing k e p t 4 h r s . a t t h i s t e m p , i t s c o m p o s i t i o n 
a p p r o x i m a t e s t o t h e rose- red d i h y d r a t e . I n d r y air , o v e r s u l p h u r i c ac id , a t 
o r d i n a r y t e m p . , t h e s a l t also passes s lowly i n t o t h e d i h y d r a t e . J . B e r s c h f o u n d 
t h a t t h e red h e x a h y d r a t e a p p r o x i m a t e s t o t h e t e t r a h y d r a t e a t 11°, a n d t o t h e 
d i h y d r a t e a t 121°. Accord ing t o A . H a n t z s c h a n d F . Schlegel , J . Be r sch , P . S a b a t i e r , 
a n d E . J . Mills, t h e h e x a h y d r a t e loses 4 mols . of w a t e r in a des icca to r ove r s u l p h u r i c 
ac id . H . Liescceur, a n d W . Mi i l l e r -Erzbach m a d e o b s e r v a t i o n s o n t h e v a p . p res s , 
of t h e h y d r a t e s , a n d o b s e r v e d t h a t n o h y d r a t e b e t w e e n t h e d i - a n d h e x a - h y d r a t e 
ex i s t s a t 20° . H . Ijescoeur g a v e 4-O mm. for t h e v a p . p ress , of t h e h e x a h y d r a t e 
a t 20°, a n d 14*9 m m . a t 40° . Acco rd ing t o H . "Wessels, if a t u b e of compres sed , 
p o w d e r e d h e x a h y d r a t e b e w a r m e d t o 63° a t o n e e n d , c lear l aye r s of t h e a n h y d r o u s 
sa l t , t h e d i h y d r a t e , a n d t h e h e x a h y d r a t e , a n d w a t e r t r a v e l t o t h e co ld p a r t of t h e 
t u b e . 

C. G. Ma ie r m e a s u r e d t h e v a p o u r pressure of t h e a n h y d r o u s ch lo r ide , p m m . , 
a t different t e m p . , a n d found a t : 

633-3° 600-2° 799-1° 915-7° 957-7° 991-4° 1010-4° 1024-5° 10351° 1091-2° 
p . 1 2 1 - 4 1 4 5 - 9 2 1 1 - 4 3 6 4 - 9 4 8 4 - 4 6 0 4 - 1 6 8 5 - 4 7 6 4 - 8 8 2 9 - 6 1 2 5 6 - 7 

G. T a m m a n n g a v e for t h e lower ing of t h e v a p . p res s , of a q . soln. b y t h e dissolu­
t i o n of 6-05, 24-04, 41-47, a n d 57-69 g r m s . of s a l t p e r 100 g r m s . of w a t e r , r e spec t ive ly , 
13*9, 75-2, 146-3, a n d 207-5 m m . G. C h a r p y o b t a i n e d for t h e v a p . p ress . , p m m . , of 
a 32 p e r cen t . soln. of c o b a l t o u s ch lor ide : 

21° 35° 40° 59° 70° 80° 88° 
P . . 7 1 5 1 9 3 9 5 9 9 3 1 2 0 m m . 

G. C h a r p y a d d e d t h a t t h e co r r e spond ing c u r v e inc ludes t o a l m o s t l i nea r p a r t s one 
r a n g i n g f rom 20° t o 40° co r r e spond ing w i t h t h e r e d soln. , a n d t h e o t h e r , r a n g i n g 
a b o v e 75° , w i t h t h e b lue soln. T h e i n t e r m e d i a t e p a r t is c u r v e d . T h e c u r v e s t h u s 
i n d i c a t e t h e ex i s t ence of t w o s t a b l e modi f ica t ions of t h e s a l t — h y d r a t e s o r o t h e r 
mo lecu l a r a g g r e g a t e s . T h e c u r v e i s s imi lar t o t h e so lub i l i ty c u r v e of A . I§ ta rd , 
b u t t h e cr i t ica l p o i n t s d o n o t coincide . M e a s u r e m e n t s w e r e a lso m a d e b y 
R . E . Wi l son , K . J e l l i n e k a n d R . U l o t h , R . U l o t h , W . Geller, a n d N . T a r u g i a n d 
G. B o m b a r d i n i . M. P r a d ' h o m m e s t u d i e d t h e r e l a t i on b e t w e e n t h e m o l . w t . a n d 
t h e lower ing of t h e v a p . p r e s s , of a q . soln. I . H . D e r b y a n d V. Y n g v e , a n d 
C. Die te r ic i m e a s u r e d t h e v a p . p re s s , of t h e h y d r a t e d ch lor ide , a n d of i t s s a t . so ln . , 
a n d t h e r e su l t s s h o w t h a t for s a t . so ln . of c o n c e n t r a t i o n , C, t h e v a p . p ress . , p mm*, 
a t 0, a r e : 

24-19° 28-68° 39-47° 49-23° 62-25° 56-44° 68-26° 78-87° 
P . . 1 4 - 7 1 8 - 4 3 0 - 5 4 4 - 8 4 8 - 6 5 8 - 7 1 0 5 - 1 1 7 0 - 9 

* w ' ^ M / 
CoCla.6H,0 0001,.2HgO 
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The results are plot ted in Fig. 77. The transition t emp, for CoCl2 .6H20 
-^CoCl2 .2H2OH-4H20 is 52*25°. No evidence of the existence of a te t rahydra te 
was observed ; nor did the observations of H . Lescceur, on the vap. press, during 
the dehydrat ion of the hexahydrate , show any evidence 
of the existence of t h e te t rahydra te . 

F . Rudorff gave for the cryohydrates—the ice-line on 
t h e solubility curve, Fig. 78—for soln. with 15-3 and 22-5 
per cent, of CoCl2, respectively, —10-0°, and —20*0°. 
This does not fit F . Guthrie 's value —15-3° for the 
eutectic, since the extrapolated value from the da ta of 
F . Rudorif, and A. E ta rd , is —22-5° for soln. with 24 per 
cent. CoCl2. The molecular weight determinations of 
cobalt chloride in boiling pyridine, and piperidine, by 
A. Werner ; in boiling quinoline, by E . Beckmann ; and 
in boiling bismuth chloride, by L. Riigheimer, agree with the simple formula, 
CoCl2 ; bu t in freezing u re thane, N. Castoro found t ha t the results agreed with 
the doubled formula, Co2Cl4; bu t G. Bruni and A. Manuelli could not confirm 
this. The lowering of the freezing-point of aq. soln. was measured by R. E . Hall 
and W. D. Harkins, W. Biltz, A. Benrath, N. Tarugi and G. Bombardini, and 
H . C. Jones and co-workers. The results showed that*a soln. with G grm. of CoCl2 
per 1OO grms. of water had a f.p. of : 

F i o . 7 7 .—V a p o u r Pres­
sures of H y d r a t e s a n d 
S a t u r a t e d Solut ions of 
Cobalt ic Chloride. 

O . 0 0 2 2 5 0 1 1 5 9 
F . p . .—0-00930° — 0 0 4 5 7 5 ° 

0-831 3-601 
— 0-325° —1-3934° 

5-4775 11-691 
2-1900° — 5-420° 

25-98 
-19-000° 

The raising of the boiling-point of aq. soln., measured by R. Salvadori, N. Tarugi 
and G. Bombardini, and A. Benrath, showed t h a t soln. with 0-8O, 2-23, and 7-88 
grms. of CoCl2 in 1OO grms. of water, raised the b.p. respectively, O-ll, 0-30°, and 
1-0°. R. Salvadori, and O. E . Frivold measured the raising of the b.p. in methyl 
alcohol ; A. Benrath, and O. E. Frivold, in ethyl alcohol ; A. L. Robinson, in 

E . Beckmann, in quinoline ; and Li. Riigheimer, acetone ; A. Werner, in pyridine 
in bismuth chloride. 

The heat of formation of 
J . Thomsen, (Co,Cl2) =76-48 CaIs 

anhydrous cobaltous chloride is, according to 
and, according to W. Biltz and W. Holverscheit, 

74*8 CaIs. The subject was studied by E. Rabinowitsch and E. Thilo, O. Schiitz 
and F . Ephraim, F . Ephraim, and G. Devoto and A. Guzzi. J . Thomsen gave 
(Co,Cl2,Aq.) =94-824 CaIs. ; (Co,2HCl,Aq.)=16-184 CaIs. ; and for the heat of 
neutralization, {Co(OH)2 ,2HCl,Aq.}=21-14Cals.; M. Berthelotgave(CoO,2HCl,Aq.) 
= 21-1 CaIs.; W. Biltz and W. Holverscheit, (Co,2HCl,8-8H20) = 13-4 CaIs. ; and 
F . Bourion, 4CoO+4S 2 Cl 2 =4CoCl 2 - f -2S0 2 +6S + 124 CaIs. J . Bersch noted t ha t 
cooling occurs when the hexahydrate is dissolved in water ; and F . G. Donnan and 
H . Bassett , t h a t hea t is developed when a cone. aq. soln. is diluted. J . Thomsen 
gave for the heat of solution of the hexahydrate in 4OO mols. of water a t 18°, —2-85 
CaIs. ; and P . Saba tier gave for the dihydrate, 9-85 CaIs ; and J . Thomsen, for the 
anhydrous chloride, 18-3 CaIs. a t 21-5° ; and J . Thomsen gave for the heat of 
hydrat ion (CoCl2,6H2G) = 2 1 19CaIs. ; P . Sabatier, (CoCl 2 .2H 20,4H 20)=6-95 CaIs.; 
and (CoCl2 ,2H20)=5-7 CaIs. G. Devoto and A. Guzzi calculated 41,900 cals. for the 
free energy of formation of the molten s a l t ; and G. Beck, 255,000 cals. for the 
to ta l energy of the reacting electrons. W. KIemm studied the relation between 
the lattice energy and the heat of formation. 

A. Neuhaus gave for the indices of refraction of the dihydrate, a=1-625 , 
/3=1-671, a n d y = 1 6 7 0 . H . C. Jones and F . H . Getman found the refractive indices 
of soln. with M mol. of the salt per litre : 

JM . 
H-

00969 
1-32735 

O-1279 
1-33005 

01918 
1-33151 

0*3197 
1-33518 

0-4475 
1 33910 

0-5114 
1-34064 

O 6393 
1-34415 

A. Bromer gave for soln. with P per cent, of cobaltous chloride, with the C-, Z)-, 
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and .F-lines, a t 20°, and the mol. refraction, JR, with the /z2-formula, and the 
ZMine: 

JP . . . . fjto ptj> Pr & 
5-784 - 1 34473 1-34738 1-34801 17-94 
0-082 . . 1-33120 1-33345 1-33431 16-20 

Observations were also made by J . Grailich, A. Heydweiller, L. R. Ingersoll, 
P . Vaillant, O. R. Howell, and G. Limann. A. Heydweiller made observations 
on the dispersion. J . H . Gladstone and W. Hibbert found the molecular refraction, 
with the /x formula, for soln. having 4-97, 9-47, 17*49, and 27-86 per cent, of cobalt 
chloride, to be respectively, 32-86, 32-77, 32-84, and 32-71 for the H0-line, and 33-53, 
32-99, 33-12, and 32-97 for the D-line. F . W. O. de Coninck found t ha t the red, aq. 
soln. becomes violet on exposure to sunlight; and tha t only six-tenths of the 
light transmitted by the red soln. is transmitted by the blue soln. At tempts to 
isolate the blue product were not successful. 

R. A. Houstoun, and H. M. Vernon discussed the changes of colour which occur 
when aq. soln. of the salt are diluted, and the temp, is raised—vide supra, the colour 
of cobalt chloride. The anhydrous chloride is blue, like all co-ordinated, unsaturated 
cobalt salts ; whereas co-ordinated, saturated salts are red. E . N . da C. Andrade 
observed tha t cobalt chloride in a flame containing chlorine, gives a molecular 
spectrum with bands in the green and blue. H. Fesefeldt studied the absorption 
spectrum of the thin layers of anhydrous chloride and observed characteristic 
bands between 200 and 240m/x. The absorption spectrum of aq. soln.—vide supra, 
the absorption spectrum of cobalt chloride—was observed by W. V. Bhagwat 
and N. R. Dhar, R. Brdicka, W. R. Brode, W. R. Erode and R. A. Morton, 
A. R. Brown, W. W. Coblentz and co-workers, E. Li. Cooper, A. Cotton, G-. Deniges, 
G. J . Elias, A. lStard, J . Formanek, J . Groh, A. Hantzsch, W. Hardt , W. N. Hart ley, 
R. Hill and O. R. Howell, S. M. Karim and R. Samuel, R. A. Houstoun and co­
workers, E. O. Hulbert and co-workers, T. Inoue, H . C. Jones and co-workers, 
J . von Koczkas, R. J . Macwalter and S. Barrat t , C. Mazzetti, M. G. Mellon, 
B . E . Moore, A. Rosenheim and V. J . Meyer, W. J . Russell, S. B. Schwezoft" and 
A. M. Tanchilewitsch, Y. Shibata and T. Inoue, G. Spacu and J . G. Murgulescu, 
O. Specchia, P . Vaillant, and H. W. Vogel. O. Stelling, and S. Aoyama and 
co-workers studied the X-ray absorption spectrum. O. Gossmann observed 
no emission of ions by cobaltous chloride a t 450°. R. Robl observed no 
luminescence in ultra-violet l ight ; and M. Trautz detected neither crystallo-
luminescence nor triboluminescence, with the anhydrous salt nor with the 
hexahydrate. 

R. W. Roberts and co-workers, F . Allison and E . J . Murphy, and E . Miescher 
found tha t the magnet ic rota t ion of cobalt chloride is positive. R. Wasmuht 
gave 0*8224 for the sp. rotation, and 5-9215 for the mol. rotation of cobalt chloride 
in soln. containing 14-603 grms. of chloride per 100 c.c. with Na-light. G. J . Elias 
studied the results with hydrochloric acid soln. L. R. Ingersoll gave for Verdet's 
constant, with layers 1 cm. thick per gauss, with a soln. of sp. gr. 1-296 a t 23°, 0-0096 
and 0-0066 for light of wave-length, respectively, 0-8 and 1-0/LC. Observations 
were also made by E . Miescher, O. Schonrock, and M. Scherer. P . Krishnamurt i 
studied the Raman effect. 

W. Hampe found tha t the electrical Conductivity of molten cobaltous chloride 
is very good—chlorine is evolved a t the anode, and crystalline cobalt is deposited a t 
the cathode. E . Franke gave for the mol. electrical conductivity, /Lt, of a soln. of a 
mol. of cobaltous chloride in v litres of water a t 25° : 

v . . . 3 2 64 128 256 612 1024 
fi. . . . 100-5 105-3 110-3 1 1 4 0 116-8 118-7 

Observations were also made by W. Althammer, W. Hard t , A. Heydweiller, 
H . C. Jones and co-workers, C. Mazzetti, A. Rosenheim and V. J . Meyer, M. R. Schmidt 
and H . C. Jones, N. Tarugi and G. Bombardini, O. R. Howell, and J . Trotsch. The 
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l imi t ing v a l u e of t h e c o n d u c t i v i t y a t 18°, f ound b y A. Heydwei l l e r , is A00 = 1 0 8 ; 
W . A l t h a m m e r g a v e 125-6 t o 126-9 a t 25° ; a n d C. Mazze t t i , 102 a t 10° ; 143 a t 
20° ; 184 a t 30° ; 224 a t 40° ; 260 a t 50° ; a n d 289 a t 60° . Acco rd ing t o 
O. Mazze t t i , if C d e n o t e s t h e n u m b e r of g r a m - e q u i v a l e n t s of c o b a l t ch lor ide p e r 
l i t re , t h e eq . c o n d u c t i v i t y , A, a r e : 

C • 

13° t o 14° . 
34° to 35° . 
45° to 46° . 
59° to 60° . 

. 0-251 

. 0-0705 

. 0 1 0 5 8 

. O-1252 

. 0 1 4 6 5 

0-752 
0-0605 
0 0 8 8 6 
0 1 0 4 0 
0 1 2 0 9 

1-504 
0 0 5 1 1 
0-0742 
0 0 8 6 9 
0 1 0 1 2 

2-006 
0-0460 
0-0665 
0 0 7 7 7 
0 0 9 0 4 

7-631 
0 0 1 1 2 
0 0 1 7 4 
0 0 2 0 8 
0 0 2 4 9 

Curves showing t h e r e l a t ion b e t w e e n eq . c o n d u c t i v i t y s h o w a p o i n t of inflexion 
w h i c h i n d i c a t e s t h a t t w o d i s t i n c t c u r v e s a r e i n v o l v e d , a n d t h a t t h e p h e n o m e n o n 
is d u e t o a r e d u c t i o n in t h e degree of h y d r a t i o n of t h e ions a s t h e c o n c e n t r a t i o n 
increases , so t h a t t h e eq . c o n d u c t i v i t y falls less r a p i d l y t h a n w o u l d o the rwise b e 
a n t i c i p a t e d . T h e r e su l t s w i t h m i x e d soln. of b a r i u m a n d c o b a l t ch lor ides a r e 
a t t r i b u t e d t o a dec rease i n t h e h y d r a t i o n of t h e ions a s t h e c o n c e n t r a t i o n inc reases , 
a n d t o t h e f o r m a t i o n of c o m p l e x a n i o n s . H . C. J o n e s a n d co-workers , J . T r o t s c h , 
K. R i m b a c h a n d K . Wei tze l , a n d F . G. D o n n a n a n d H . B a s s e t t s t u d i e d t h e t e m p , 
coeif. of t h e c o n d u c t i v i t y . 

T h e effect of t e m p e r a t u r e o n t h e c o n d u c t i v i t y of t h e soln . of c o b a l t ch lor ide 
w a s also s t u d i e d b y G. D i c k h a u s , a n d J . H a m a c h e r ; t h e r e su l t s s h o w b r e a k s i n 
t h e r e g u l a r i t y of t h e c u r v e b e t w e e n 31-4° a n d 31*5°, b e t w e e n 40-9° a n d 41-0°, a n d 
47-6° a n d 47-7°. W . Geller, a n d G. C h a r p y also obse rved b r e a k s in t h e c u r v e s 
for t h e v a p o u r p ress , of t h e soln. H . F . H a w o r t h s t u d i e d t h e c o n d u c t i v i t y w i t h 
a l t e r n a t i n g c u r r e n t s . O. R . H o w e l l m e a s u r e d t h e e lec t r ica l c o n d u c t i v i t y of soln . 
in hyd roch lo r i c ac id ; P . B . D a v i s a n d co-workers , soln. i n f o r m a m i d e ; W . H a r d t , 
E . R i m b a c h a n d K . Wei t ze l , H . R . K r e i d e r a n d H . C. J o n e s , a n d H . C. J o n e s a n d 
I i . McMas te r , soln . in m e t h y l a lcohol ; a n d E . R i m b a c h a n d K . Wei tze l , H . C. J o n e s 
a n d Li. McMas te r , A. R o s e n h e i m a n d V. J . Meyer , B . Vol lmer , M. R . S c h m i d t a n d 
H . C. J o n e s , a n d H . R . K r e i d e r a n d H . C. J o n e s , soln. in e t h y l a lcohol . W . H a r d t 
m e a s u r e d t h e e q u i v a l e n t c o n d u c t i v i t y , A, of a n eq . of c o b a l t ch lor ide in v l i t res of 
a lcohol a t 20° , a n d o b t a i n e d t h e r e su l t s s u m m a r i z e d in T a b l e I V . H e also 

T A B L E I V . — E Q U I V A L E N T 

V 

1 
2 
4 
8 

1 6 
3 2 
6 4 

1 2 8 
2 5 6 
5 1 2 

1024 
2048 
4096 

C O N D U C T I V I T I E S O F M I X E D S O L U T I O N S O P C O B A L T O U S 
C H L O B I D E I N E T H Y L A L C O H O L A N D W A T E R . 

1 0 0 

2 0 
2-3 
2-7 
3-15 
3 - 8 
4 - 7 
6-O 
7-5 
9 - 2 

10-7 
13-3 
16-6 
20-0 

8 5 

6-5 
8 -8 

1 1 1 
1 3 1 
1 5 1 
17-1 
19-2 
2 1 0 
22-6 
23-8 
25-2 
26-1 
2 7 

Percentage proportion of ethyl alcohol 

7O 

10-7 
13-7 
16-7 
19-2 
21-7 
2 4 0 
26-1 
27-8 
29-1 
30-2 
31-2 
31-8 
32-4 

r>o 

17-6 
2O-5 
23-2 
25-6 
27-9 
30-5 
31-7 
33 1 
34-3 
35-3 
36-1 
36-7 
3 7 1 

4 0 

21-0 
24-5 
27-9 
30-9 
33-4 
35-7 
37-2 
38-4 
39-6 
4O-4 
41-2 
41-8 
42-2 

3 0 

24-8 
3O-7 
35-6 
39-7 
43-2 
45-3 

I 47-2 
48-9 
50-3 
51-2 
51-9 
52-5 
52-7 

0 

I 63-2 
72-5 
8O 
87-2 
92-8 
96-8 

102-0 
105-6 
107-6 
109-8 
HO-6 
110-8 
H l O 

o b t a i n e d r e su l t s for m e t h y l a n d a m y l a lcohols . T h e eq . c o n d u c t i v i t y of soln. i n 
m e t h y l a lcohol is 32-2 ; in e t h y l a lcohol , 4-9 ; a n d i n a m y l alcohol , 0-057 u n d e r 
a n a l o g o u s cond i t i ons . F . B a u r , E . R i m b a c h a n d K . Wei tze l , H . C. J o n e s a n d 
Li. McMas te r , a n d M. W i e n m e a s u r e d t h e electr ical c o n d u c t i v i t y of soln. in a c e t o n e ; 
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A. Hantzsch, S. von Laszczynsky and S. von Gorsky, A. T. Lincoln, and 
J . N. Pearce, of soln. in pyridine ; and J . N. Pearce, of soln. in quinoline. 

The transport numbers of the anion were found by W. Althammer for dilutions 
of a mol. of the salt, in v litres, a t 18°, to be 0-6067 for v=49-73,O-6010 for «==98-19, 
and 0*6016 for «=193-4. Observations were also made by W. Bein, E . Rona, and 
A. Kotschubey. C. Mazzetti found t ha t the ratio of the mobility of t he cobalt 
ion to the fluidity of water a t the same temp, increases as the temp, rises from 10° 
to about 30°, and then diminishes regularly with rise of temp. This divergence is 
a t t r ibuted to an independent increase in the value of the eq. conductivity, owing 
to the de-solvation of the cobalt ion. The increase in the t ransport number of the 
anion with increased concentration of the soln., is a t t r ibuted in par t to the for­
mation of complex anions. H . G. Denham found the transport numbers, n, of cobalt, 
Co"*, in soln. of the chloride with C mols. CoBr2 per litre, to be : 

C . . 0-090 0-459 1-345 2-448 3-106 4-731 5-554 
n 0-409 0-413 0-340 0-322 0-215 O-005 — 0-444 

The decreasing values and the negative value correspond with the formation of 
complexes CoBr3 ' and CoBr4" as increasing amounts of cobalt are transferred to 
the anode. 

H . C. Jones and co-workers, and P . Vaillant calculated the degree of ionization 
of the salt in aq. soln. from electrical conductivity measurements. A. Giinther-
Schulze inferred t h a t in cone, soln., the ionization proceeds: CoCl2^CoCr-f-Cl' ; 
and in soln. with less than normal concentration, CoCl2^Co"-J-2Cr. For the factor 
i calculated from the lowering of the b.p., for soln. with C eq. of the salt per litre, 
R. E . Hall and W. D. Harkins observed : 

O . 0-005 0 0 1 0 0 2 0 0 5 1 0 0 
i 2-858 2-802 2-749 2-687 2-650 

Observations were also made by R. Salvadori ; N . Tarugi and G. Bombardini 
calculated values from the lowering of the vap. press., and the ionization of the salt 
in aq. soln. was discussed by W. H . Banks and co-workers. G. N. Lewis and 
G. A. Linhart calculated the activity coeff. from observations on the f.p. of aq. 
soln. of C mol. of the salt in a litre of water and found for O = I O - 2 ; 0-00943 for 
O = I O - * ; a n d 000995 for O=IO^*. H . Ley inferred t ha t the hydrolysis of aq. 
soln. is very smal l ; and L. Bruner observed no hydrolysis a t 40° by the method of 
sugar inversion. I t . Engel observed some hydrolysis, and W. Althammer said t h a t 
a t 25° the hydrolysis : CoCl24-H2O^CoCl(OH) + H C l occurs to the extent of 0-12 
per cent, for soln. with 0-05 mol. per litre, and 0-53 per cent, for soln. with 0-01 mol. 
per litre. C. Kullgren gave for soln. with w=16 and 64, a percentage hydrolysis 
of 00173 and 00147, respectively a t 85-5°, and a t 100°, of 00172 and 0-0196, 
respectively. H . G. Denham obtained a hydrolysis of 0-11 per cent, a t 25° for 
v = 1 6 , and 0-17 per cent, for v = 3 2 . Observations were made by T. Katsurai , 
H . M. Vernon, and R. Brdicka. H . G. Denham measured the e.m.f. of the cell 
(Pt)H2 |CoCl2 soln., NH 4 NO 3 sat. soln. IiV-KCl, Hg2Cl2-electrode for a soln. of a 
mol of cobalt chloride in 0-5 litre of water, and calculated for the corresponding 
H'-ion concentration : 

26° 48° 67° 84-5° 01° 100° 
E l e c t r o m o t i v e force . . . 0-4996 0-4917 0-4834 0-4659 0-4566 0-4382 
H ' - i o n c o n c e n t r a t i o n X 10 a . 0-213 0-523 1-064 2-612 3-945 7-943 

The solvation of the salt in soln. was discussed in connection with the colour. 
H . C. Jones and co-workers calculated the degree of solvation, i.e. the degree of 
hydrat ion of the salt, expressed as the number of mols. of water in combination 
with a mol. of the salt a t the given concentration of Id mols per litre when a litre 
of the soln., a t t h a t concentration contained 100O grms. of water ; and found : 

Af 0-025 0-075 0-100 O-5OO 1-00 1-5O 2-00 
H y d r a t i o n . . 152-88 33*68 34-13 27-86 24-14 21-1 17-88 
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H . J . B l iks lage r s t u d i e d t h e f o r m a t i o n of c o m p l e x ions i n t h e e lec t rolys is of 
so ln . of t h e c o b a l t ch lo r ide in fused a lka l i ch lor ides ; a n d R . B o t t g e r , a n d G-. Gore , 
t h e e l ec trodepos i t ion of c o b a l t f rom soln. of c o b a l t sa l t s—vide supra. G. D e v o t o 
a n d A . Guzz i f o u n d t h a t t h e d e c o m p o s i t i o n potent ia l s . E vo l t , of t h e m o l t e n sa l t , 
a t different t e m p . , a r e : 

750° 800° 850° 900° 
E . . . . . 0-948 0-914 0-882 0-860 

M. Ie B l a n c f o u n d t h e d e c o m p o s i t i o n t e n s i o n of iV-CoCl2 i s 1*78 vo l t . B,. B r d i c k a 
f o u n d t h e d e c o m p o s i t i o n p o t e n t i a l of c o b a l t f rom b l u e soln .—vide supra, depos i t ion 
p o t e n t i a l of c o b a l t — i s g r e a t e r t h a n w i t h p i n k soln. , i n d i c a t i n g a g r ea t e r a c t i v i t y 
of t h e Co " - ions in b l u e soln . W . A l t h a m m e r found t h e e l ec tromot ive force of t h e 
cell ( P t ) H 2 | C o C l 2 soln . |KCl 8 a t . 80i„. |O-IiV-KCl, H g 2 C l 2 J H g t o be c o n s t a n t 
a f t e r a b o u t ha l f a n h o u r , a n d t o be 0*579 v o l t w i t h 0-05Af-CoCl2 , a n d 0-583 vo l t 
w i t h 0-01M-CoCl 2 . T . Svensson s t u d i e d t h e cell P t |O-1 M-CoCl2 |2V-KC1, | H g ; 
a n d H . G. D e n h a m , t h e cell i n d i c a t e d a b o v e . G. T a m m a n n a n d H . O. v o n S a m s o n -
H i m m e l s j e r n a s t u d i e d t h e p o t e n t i a l of c o b a l t soln. of t h e ch lo r ide . T h e e lec t ro lys is 
of cone . a q . soln. of c o b a l t o u s ch lo r ide w i t h p l a t i n u m e lec t rodes w a s f o u n d b y 
J . H . P a t e r s o n t o fu rn i sh c o b a l t m e t a l , a n d w i t h di l . soln. , a n d low c u r r e n t dens i t i es , 
c o b a l t h y d r o x i d e ; a n d M. Ie B l a n c found t h a t w i t h 2V-CoCl2, a n d a c u r r e n t of 1-78 
v o l t s , t h e p l a t i n u m a n o d e a c q u i r e s a film of c o b a l t p e r o x i d e . C. Schal l s t u d i e d 
t h e a n o d i c o x i d a t i o n of soln. of c o b a l t o u s sa l t s—v ide supra, t h e e lec t rodepos i t ion 
of c o b a l t ; a n d G. N . Lewis a n d G. A . L i n h a r t , a n d K . H e s s a n d K . Je l l i nek , t h e 
a c t i v i t y coeff. H . N . H o l m e s s t u d i e d t h e e lec trostenolys i s of soln . of c o b a l t 
ch lo r ide ; a n d A. L . T . Moesve ld a n d H . J . H a r d o n , t h e e l e c t r o s t r i c t i o n of a q . soln. 
of c o b a l t sa l t s . 

G. W i e d e m a n n m e a s u r e d t h e m a g n e t i c suscept ibi l i ty , x m a s s u n i t , of a n h y d r o u s 
c o b a l t ch lo r ide . T h e sa l t is p a r a m a g n e t i c . P . T h e o d o r i d e s g a v e 9 6 - 2 9 X l O - 6 

w h e n co r r ec t ed for t h e d i a m a g n e t i s m of t h e Cl"-ions ; a n d T . I s h i w a r a , a n d 
K . H o n d a a n d T . I s h i w a r a g a v e for a f ie ld-s t rength of 20OO g r m s . : 

— 81-4° —16-7° 1 5 0 ° 90-6° 157-3° 308-4° 527-2° 686-1° 
X X 10« . . 151-1 108-9 95-3 72-9 60-4 43-5 30-3 24-7 

O b s e r v a t i o n s w e r e also m a d e b y R . Mercier , L . A. WeIo , S. S. B h a t n a g a r a n d 
A. N . K a p u r , H . R . W o l t j e r a n d H . K . O n n e s , a n d A. Cha t i l lon . H . R . W o l t j e r 
e x t r a p o l a t e d t h e c u r v e a n d g a v e —253° for t h e Curie p o i n t ; P . Theodor ides , 
— 225-8° ; a n d T . I s h i w a r a , a n d K . H o n d a a n d T . I s h i w a r a , —240° . T h e effect of 
field-strength w a s m e a s u r e d b y H . R . Wol t j e r , M. W i e n , a n d H . R . W o l t j e r a n d 
H . K . Onnes , w h o found t h e m a g n e t i z a t i o n c u r v e a t low field-strength is conver se 
t o w a r d s t h e H - a x i s , a n d a t h i g h field-strengths, i t i s l inear . O b s e r v a t i o n s were a lso 
m a d e b y P . T h e o d o r i d e s , a n d B . C a b r e r a . A . C o t t o n s t u d i e d t h e m a g n e t i c d i ch ro i sm. 

A . Cha t i l lon f o u n d t h a t t h e h e x a h y d r a t e is p a r a m a g n e t i c ; a n d t h a t t h e sus­
c e p t i b i l i t y a t different t e m p , is : 

— 79° 0° 15" 40° 135-2° 153-5° 183 5° 208-5° 
X X 10« . . . 59-58 43-85 41-75 38-68 30-55 29-23 2 7 1 6 6 25-73 

« w * w ' 
Solid Molten 

T h e r e is a n a b r u p t r ise of a b o u t 10 p e r cen t , a t a b o u t 55°, w h e n t h e h e x a h y d r a t e 
c h a n g e s i n t o t h e d i h y d r a t e . T h e Cur ie p o i n t w i t h t h e h e x a h y d r a t e is a b o u t —260° . 
W . K l e m m a n d W . S c h u t h f o u n d t h e m a g n e t i c suscep t ib i l i ty a t 293° K . , 493° K. , 
a n d 673° K . t o b e , r e spec t ive ly , x > < 1 0 6 = 9 5 , 52 , a n d 37. S. Meyer obse rved n o 
r e m a n e n t m a g n e t i z a t i o n ; a n d G-. R o a s i o f o u n d t h a t t h e c rys t a l s g r o w n in a 
m a g n e t i c field a r e o r ien t i ed , so t h a t t h e C- a x e s a r e in t h e d i rec t ion of t h e l ines of 
force ; a n d D . S a m u r a c a s , t h a t t h e c ry s t a l l i z a t i on of t h e sa l t in a q . soln . is 
a c c e l e r a t e d i n a m a g n e t i c field. 

M. !Fa raday n o t e d t h a t a q . so ln . of m o d e r a t e c o n c e n t r a t i o n a r e p a r a m a g n e t i c ; 
a n d A* Quartaroli s h o w e d t h a t so ln . w i t h 8-596 g r m s . of CoCl2 p e r l i t r e , a r e 
. vox*, x i v . 2 8 
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non-magnetic, and with greater dilutions, the diamagnetism of the water pre­
dominates. O. Liebknecht and A. P . Wills gave 81X 1O - 6 mass unit for the 
magnetic susceptibility of soln. of cobalt chloride ; G. Quincke, 101 X 1O -6 a t 18° 
to 22° ; G. Jager and S. Meyer, 81-5 X 10~6 a t 18° ; and G. Falckenberg, 79-4 X10"-«. 
Observations were also made by L#. Brant , S. Dat ta , G. Falckenberg and 
R. Oppermann, H . Fahlenbrach, G. Foex, A. Lallemand, P . Pascal, P . Vaillant, 
G. Wiedemann, and E . C. Wiersma. According to A. Chatillon, the sp. magnetic 
susceptibility of a 19*94 per cent. soln. of cobalt chloride is Xaoin. mass unit , and the 
calculated value for the contained CoCl2 is x '• 

12-8° 33-6° 61-8° 90-8° 116-1° 135-6° 
X 8 Oi n XlO- 8 . 15-734 14-650 13*428 1 2 0 2 7 11-514 10-941 
X X 10-« . 81-80 76-35 70-23 63-20 60-63 57-81 

B. Cabrera and co-workers found with C grms. of CoCl2 per gram of soln., the mol. 
susceptibility a t about 22° to 23° : 

C . . . 0-3206 0 0 4 9 0 3 0 0 2 9 0 5 0 0 1 0 9 5 0 0 0 6 2 8 0-00525 
Xmol. x 10-« . 10,141 10,163 10,263 10,374 10,191 10,026 

A. E. Oxley gave for soln. with C grm. OfCoCl2 per c.c. a t 17-4° the vol. susceptibility, 
K vol. unit : 

C . . . 0 0 0 6 2 2 0 0 0 4 6 5 0 0 0 3 1 1 0 0 0 2 0 7 0 0 0 1 5 5 0 0 0 0 3 9 
* f X l 0 - « . . —0-251 —0-37O —0-500 —0-630 —0-630 —0-772 

G. Wiedemann, G. Quincke, and G. Jager and S. Meyer studied the influence of 
temp, on the susceptibility. The observations of Li. Brant , G. Falckenberg and 
R. Oppermann, G. Jager and S. Meyer, and A. E. Oxley show tha t the variation 
of the susceptibility with the cone, is linear ; B. Cabrera and co-workers observed 
an increase with dilution up to a maxima with 0-00931 grm. per c .c , and then a 
decrease. P . Vaillant, and A. Quartaroli also noted a deviation from the linear 
relation. A. Triimpler, and A. Lallemand observed t ha t the magnetic susceptibility 
of soln. of cobaltous chloride varies -with concentration, and t ha t the Curie points 
for concentration 0*072 to 0*0125 grm. of CoCl2 per gram of soln. rise from —18° 
to —7°. A. Chatillon found tha t the ageing of the soln. altered the susceptibility, 
but not so with A. Triimpler, and P . Weiss. B . Cabrera and co-workers observed 
t ha t soln. prepared in the cold give different values from soln. prepared hot. 
P . Vaillant, and B. Cabrera and co-workers at t r ibuted the increase of susceptibility 
with dilution to the increasing ionization. A. Chatillon suggested t h a t the 
change is due to an unstable magnetic state of the cobalt ions, and tha t the stable 
state is acquired only after the lapse of some 5 months. G. Quincke's s tatement 
t ha t the susceptibility depends on the field-strength is, according to H. E. J . G. du 
Bois, based on an experimental error. G. Jager and S. Meyer observed t h a t the 
susceptibility is independent of the field-strength between 10,000 and 18,000 gauss ; 
and Li. Brant, between 3000 and 14,000 gauss for dil. soln., and 3000 and 10,000 
gauss for cone. soln. P . Weiss, L. Brant , B. Cabrera and co-workers, A. Chatillon, 
G. Foex, A. Quartaroli, and P . Weiss and G. Foex discussed the magneton numbers ; 
P . Pascal, A. E. Oxley, A. Chatillon, and B. Cabrera and co-workers studied the 
magnetic properties of soln. in hydrochloric acid ; A. Quartaroli, in methyl alcohol ; 
A. Quartaroli, and A. Chatillon, in ethyl alcohol ; A. Chatillon, and W. Hardt , 
in normal amyl alcohol ; A. Quartaroli, H. A. Curtis and R. M. Burns, and 
R. E . Wilson, in iso-amyl alcohol; and A. Quartaroli, in acetone. W. Sucksmith 
studied the gyromagnetic effect. 

Chemical properties of cobalt chloride.—W. Spring observed t ha t moist 
hydrogen reduces the red-hot chloride to me ta l ; dry hydrogen does not reduce 
the chloride so readily, and there is* then a partial sublimation of cobalt chloride— 
vide supra, the preparation of cobalt. F . de Carli compared the reducibility of 
the chloride with t h a t of other metal chlorides. EL. F . Bonhoeffer did not detect 
the reduction of cobaltous chloride by activated hydrogen. K. Jellinek and 
R. Uloth observed t ha t a t a tm. press., the values for K~Puol/Piiz a t 400°, 500°, 
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a n d 600°, a r e , r e spec t ive ly , 0:110, 0*800, a n d 4-40. G. C r u t f ound t h a t t h e r e a c t i o n 
w i t h h y d r o g e n is r evers ib le : CoCl 2 - f - H 2 ^ C o + 2 H C l , a n d t h e e q u i l i b r i u m c o n s t a n t , 
K==Q/4z'571T-i- log^o-f- log [HC1] 2 / [H 2 ] , w h e r e p is t h e e q u i l i b r i u m p res su re , a n d 
Q t h e h e a t of r e a c t i o n , w h i c h is 32-0 ca ls . a t 15°. A t 445°, i T = 1 0 - 9 . J . H . W e i b e l 
s t u d i e d t h e r e a c t i o n . S. M i y a m o t o n o t e d t h e ch lor ide is r e d u c e d b y h y d r o g e n i n 
t h e s i l en t d i s c h a r g e . A c c o r d i n g t o L . R . v o n Fe l l enbe rg , a n h y d r o u s c o b a l t ch lo r ide 
t u r n s r e d a few m i n u t e s a f t e r e x p o s u r e t o air , owing t o t h e a b s o r p t i o n of m o i s t u r e 
a n d t h e c o n s e q u e n t f o r m a t i o n of r e d h e x a h y d r a t e . I t is n o t affected b y d r y 
a i r . „The b l u e h y d r a t e s a lso b e c o m e r e d o n e x p o s u r e t o a ir , a n d p a s s i n t o t h e r e d 
h e x a h y d r a t e s . T h e r e d h e x a h y d r a t e s " d o n o t de l iquesce o n e x p o s u r e t o a i r . 
A. I J . P o t i l i t z i n s u g g e s t e d t h a t t h e c o b a l t o u s ch lo r ide i n m o i s t a i r passes first i n t o 
t h e d i h y d r a t e , a n d m o r e s lowly i n t o t h e h e x a h y d r a t e ; a n d F . W . O. d e Coninck , 
t h a t t h e t e t r a h y d r a t e is f o r m e d a t a n i n t e r m e d i a t e s t age in t h e h y d r a t i o n . J . Be r sch 
sa id t h a t t h e h e x a h y d r a t e is s t a b l e i n m o i s t a i r ; a n d A. L . Po t i l i t z in , t h a t i t does 
n o t lose w a t e r i n a i r a t o r d i n a r y t e m p . ; P . S a b a t i e r , a n d J . C. G. d e M a r i g n a c , 
t h a t i t de l iquesces in m o i s t a i r . A . Li. P o t i l i t z i n f ound t h e d i h y d r a t e a n d t h e 
m o n o h y d r a t e a r e v e r y hygroscop ic . A . D i t t e sa id t h a t t h e c r y s t a l s of t h e m o n o -
h y d r a t e b e c o m e c l o u d y on e x p o s u r e t o a i r a n d b r e a k u p i n t o a rose- red p o w d e r . 
W . N . H a r t l e y s t u d i e d t h e de l iquescence of t h e sa l t ; a n d M. A. R a z u k i n , t h e 
efflorescence of t h e h y d r a t e s . H . Schulze obse rved t h a t w h e n ca lc ined in o x y g e n , 
o r in a ir , b l ack , c rys t a l l i ne coba l tos ic ch lo r ide is fo rmed . H . Lescc»ur sa id t h a t 
t h e f o r m a t i o n of a bas ic ch lo r ide beg ins be low 180°. K . J e l l i nek a n d A. H u d a t 
o b s e r v e d t h a t t h e a c t i o n of o x y g e n o n c o b a l t o u s ch lo r ide furn ishes coba l tos ic ox ide 
free f rom ch lor ine : 3 C o C l 2 + 2 0 2 ^ C o 3 0 4 + 3 C l 2 . T h e vol . p e r c e n t a g e s of ch lor ine 
o b t a i n e d a t different t e m p , a r e : 

300° 350° 400° 500° 600° 
CI2 1 1 2 1-0 1-9 

/2<f\ 

11*3 47-0 per cent , b y vo l . 
A. Mailfort s t u d i e d t h e a c t i o n of OZOne. A n h y d r o u s c o b a l t ch lor ide d issolves 

i n w a t e r v e r y s lowly, b u t , a s i n d i c a t e d a b o v e , t h e ch lor ide wh ich h a s been e x p o s e d 
t o a i r qu i ck ly d issolves i n -water. O b s e r v a t i o n s on t h e so lub i l i ty of t h e sa l t in w a t e r 
were m a d e b y JR. E n g e l , A. D i t t e , Li. R . v o n Fe l l enbe rg , D . N . B h a t t a c h a r y y a a n d 
N . R . D h a r , C. F . Bucho lz , P . S a b a t i e r , B . F r a n z , W . S t o r t e n b e k e r , J . Be r sch , e t c . 
A. Jfitard f o u n d for t h e p e r c e n t a g e so lub i l i ty : 

— 20° —10° 0° 10° 20° 40° 50° 60° 80° 100° 120° 
S . 25-1 27-O 28-8 3 1 0 33-3 39-4 48-3 48-4 4 9 0 50-7 53-5 

* ^ /N ^ f 

CoCl8.6HaO CoCla.2IT20 
T h e c r y o h y d r a t e s a n d e u t e c t i c s h a v e been p r ev ious ly d iscussed . T h e co r r e spond ing 
so lub i l i ty c u r v e is s h o w n in F i g . 7 8 . A. L . P o t i l i t z i n g a v e 50° for t h e t r a n s i t i o n 
p o i n t C o C l 2 . 6 H 2 0 ^ C o C l 2 . 2 H 2 O 4 - 4 H 2 0 ; A . Cha t i l lon g a v e 
55° ; a n d I . H . D e r b y a n d V. Y n g v e , 52-25°. H . W . F o o t e 
f o u n d t h a t a s a t . soln. of t h e h e x a h y d r a t e a t 0° h a s 31*66 
p e r cen t , of CoCl2 , a n d a t 25°, 35*67 p e r cen t . ; C. M a z z e t t i 
g a v e 34-98 p e r cen t , a t 20°, a n d 51-93 p e r c e n t , a t 98° ; 
A . B e n r a t h gave 34*86 p e r cen t , a t 20° , a n d 36*30 p e r cen t . 
a t 25° ; a n d Y . O s a k a a n d T . Y a g i n u m a , 36*08 p e r c e n t . 
a t 25° . W . W . Liucasse a n d H . J . A b r a h a m s s t u d i e d t h e 
a c t i o n of t h e so lven t s glycol , p y r i d i n e , a n d m e t h y l a lcohol 
o n t h e t r a n s i t i o n p o i n t s . 

T h e o b s e r v a t i o n s of H . G. D e n h a m , R . B r d i c k a , a n d 
C. KLullgren o n t h e h y d r o l y s i s of t h e ch lo r ide i n a q . soln . 
h a v e b e e n a l r e a d y d iscussed . B a s i c sa l t s h a v e b e e n r e ­
p o r t e d . J . Habermann d r o p p e d di l . a q . a m m o n i a i n t o a 
bo i l ing soln. of n e u t r a l c o b a l t ch lo r ide a n d o b t a i n e d a 
p e a c h - r e d p r e c i p i t a t e of cobal t hexahydroxydichlor ide , 

X> 2O 3O 4O SO 6O 
Per cent. CoCl2 

F i o . 78. The Solubi l i ty 
Curve of Cobal tous 
Chloride. 

3Co(OH) 2 .CoCl 2 o r 
Co 2 (OH) 3 Cl ,* w h i c h , a f t e r d r y i n g , w a s r a t h e r hygroscopic b u t s p a r i n g l y so luble 
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in w a t e r . W . F e i t k n e c h t sa id t h a t t h e X - r a d i o g r a m s show t h a t t h e l a t t i c e 
c o n t a i n s a l t e r n a t e l a y e r s of h y d r o x i d e a n d n o r m a l sa l t . J . C. Duff a n d E . J . Bil ls 
o b t a i n e d t h e sa l t b y t h e a c t i o n of h e x a m e t h y l e n e t e t r a m i n e on a soln. of c o b a l t o u s 
chlor ide . E . H a y e k o b t a i n e d cobal t hydroxychloride , Co(OH)Cl . W . Meigen 
p r e p a r e d t h e pentahydrate, 3 C o ( O H ) 2 . C o C l 2 . 5 H 2 0 , b y t h e p ro longed a c t i o n of 
ca lc i te or a r a g o n i t e o n a soln. of c o b a l t ch lor ide . A. W e r n e r d iscussed t h e con­
s t i t u t i o n of t h i s sa l t . C. W . Sti l lwell o b t a i n e d a sa l t w i t h a def ini te X - r a d i o g r a m 
b y t r e a t i n g a n excess of a soln. of coba l t ch lor ide w i t h po t a sh - lye , a n d a l lowing 
t h e m i x t u r e t o s t a n d some t i m e . A. Li. Po t i l i t z in o b t a i n e d a bas ic ch lo r ide b y 
h e a t i n g t h e h y d r a t e d chlor ide in a i r a t 100° t o 120°, a n d H . Lescoeur, a t 120° ; 
a n d F . R e i t z e n s t e i n o b t a i n e d cobal t oxydichloride , C o C C o C l 2 , b y h e a t i n g CoCl2 . 
C 5 H 5 N . C 5 H 6 C 1 in a n a i r - b a t h a t 150°. F . Reiff desc r ibed t h e oxych lo r ide 
[ C o C l 2 ( H 2 O ) ( H O ) ] H C 4 H 8 O 2 . Accord ing t o A. B e r n a r d i , w i t h cold, d i l . soln. of 
c o b a l t o u s ch lor ide a n d s o d i u m h y d r o x i d e , a b lue bas ic sa l t is p r e c i p i t a t e d wh ich 
soon t u r n s green. T h e fo rma t ion of t h e green sa l t d e p e n d s on t h e p r o p o r t i o n s of 
t h e coba l tous sa l t a n d s o d i u m h y d r o x i d e , a n d is f o rmed o n l y w h e n t h e mo l . r a t i o 
N a O H : CoCl 2 . 6H 2 O is b e t w e e n t h e l imi t s 0*02 t o 0*44. T h e p h e n o m e n o n d e p e n d s 
on t h e fo rma t ion of a n o x i d a t i o n p r o d u c t . A. C. R o b e r t s o n , a n d A. v o n K i s s a n d 
F . E . Liederer s t u d i e d t h e c a t a l y t i c decompos i t i on of hydrogen dioxide b y c o b a l t 
ch lor ide . 

O. Ruff obse rved t h a t fluorine a t o r d i n a r y t e m p , c o n v e r t s t h e ch lor ide i n t o 
fluoride ; A. Classen a n d B . Z a h o r s k y , t h a t l iqu id ch lor ine h a s n o a c t i o n on t h e 
a n h y d r o u s chlor ide ; a n d A. L . Po t i l i t z in , t h a t w h e n t h e ch lor ide is h e a t e d w i t h 
a n e q u i v a l e n t of b r o m i n e i n a sea led t u b e a t 400°, a p p r o x i m a t e l y 3*82 p e r cen t , 
of ch lor ine is d isp laced . R . W e i n l a n d a n d F . Schlegelmilch p r e p a r e d o range- red 
c rys t a l s of h y d r a t e d cobal tous bis iodotrichloro-chloxide, CoCl 2 . 2 ICl 3 . 8H 2 O, b y 
t h e ac t ion of iod ine trichloride on a soln. of c o b a l t ch lor ide . C. P o u l e n c found 
t h a t coba l t chlor ide is d e c o m p o s e d b y h y d r o g e n fluoride a t r o o m t e m p . , a n d 
G. Gore said t h a t t h e sa l t is inso luble in l iquid h y d r o g e n fluoride. A. D i t t e r e p o r t e d 
t h a t when hydrogen chloride is pa s sed i n t o cone . soln. of c o b a l t ch lor ide , t h e 
m o n o h y d r a t e o r t h e h e m i t r i h y d r a t e (g.v.) m a y b e fo rmed . R . E n g e l sa id t h a t t h e 
d i h y d r a t e is c o n v e r t e d i n t o t h e a n h y d r o u s sa l t b y h y d r o g e n ch lor ide a t o r d i n a r y 
t e m p . N . Isgarischeff, a n d S. Schap i ro s t u d i e d t h e acce le ra t ing a c t i o n of t h e 
chlor ide w h e n hydrochloric acid a c t s on m a r b l e . P . S a b a t i e r found t h a t w i t h inc reas ­
ing p r o p o r t i o n s of hydroch lo r i c ac id in a q . soln. , t h e so lubi l i ty of c o b a l t chlor ide first 
decreases a n d t h e n increases . E x p r e s s i n g solubil i t ies in eq . of ac id a n d sa l t pe r 
100 eq. of wa te r , h e found, a t 19° : 

HCl . . O 1-99 9 1 6 12-41 16-24 
CoCl2 . . . . 7-777 6 1 3 3-29 4-57 4-7O 
Sp . gr. . .„ . 1-397 1-307 1-256 1-290 1-314 

T h e l a s t soln. evolves h y d r o g e n chlor ide w h e n exposed t o air , a n d d e p o s i t s a m e t h y s t -
b lue needles of a lower h y d r a t e , a n d -when cooled i t depos i t ed a b lue , g r a n u l a r p r e ­
c i p i t a t e w h i c h decomposed so read i ly t h a t i t could n o t b e a n a l y z e d . I t w a s t h o u g h t 
t o be a cobal t hydrochloride. R . !Engel also o b t a i n e d b lue , de l iquescen t c r y s t a l s 
of w h a t w a s t h o u g h t t o be a hydroch lo r ide , b y cool ing t o —23° a soln. s a t u r a t e d 
w i t h h y d r o g e n ch lor ide a n d coba l t chlor ide . H e t h o u g h t t h a t t h e u n s t a b l e p r o d u c t 
m i g h t be CoCl2-HC1.2(or 3 ) H 2 0 . H . W . F o o t e s t ud i ed t h e t e r n a r y s y s t e m : 
C o C l 2 - H C l - H 2 O a t 0° , a n d found t h a t on ly t h e h e x a - a n d d i h y d r a t e s were p r e s e n t 
a s s t a b l e solid phase s . T h e r e w a s n o ev idence of t h e f o r m a t i o n of a h y d r o ­
chloride* E x p r e s s i n g c o n c e n t r a t i o n s in g r a m s p e r 100 g r m s . of s a t . soln. a t 0° , 
he found : 

C o C l 2 . 3 1 - 6 6 25*58 5 - 9 7 2 - 6 9 1 1 - 5 8 1 2 - 4 2 1 2 - 6 6 1 5 - 1 2 
H C l . . O-OO 3 - 2 6 1 9 - 0 1 2 5 - 6 6 2 8 - 9 7 2 9 - 8 4 3 0 - 2 7 3 3 - 8 6 

» W » v ' 

Solid phase 0o018 .6HaO Co01a .2Ha0 
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The results are plotted in Fig. 79. H. Bassett and H. H. Croucher were unable to 
obtain any compound with hydrogen chloride, even at temp, down to —20° with 
soln sat. with the gas at atm. press., though with higher gas pressures a compound 
of the type CoCI2.HCl.3H2O might be formed, analogous with the lithium salt of 
A. Chassevant, CoCl2.LiCl.3H2O, and in accord with the work of F. G. Donnan 
»n<l H. Bassett o n t n e complex anions in soln.—vide supra—the lithium salt might 

, L^(11ZO)2]TCo(H2O)Cl3]', which would agree with the further assumption that 
the blue anion is [Co(H2O)Cl3)'. H. Bassett and H. H. Croucher found at 25° : 

C o C l 2 . . 3 5 8 7 2 8 - 5 4 1 2 - 7 7 1 5 - 5 0 1 8 - 5 0 1 8 1 8 1 7 - 5 5 2 1 O O 
H C l . . OOO 5 - 2 9 2 0 - 5 0 2 2 - 5 1 2 2 - 8 5 2 3 - 4 5 2 6 7 2 31 IO 

Solid phase CoCl2 .6HaO CoCl2.-2H20 

They represent the hexahydrate, [Co(H2O)6]Cl2, and the dihydrate, [Co(H2O)4]CoCl4. 
K. Engel, and J. Kendall and K. P. Monroe measured the sp. gr. of hydro­
chloric acid soln. of cobaltous chloride ; 
O. R. Howell, J. Kendall and 
K. P. Monroe, and N. A. Yajnik and 
R. Li. Uberoy, the viscosity ; E. Rona, 
the diffusion ; O. R. Howell, the surface 
tension, and the indices of refraction ; 
G. J. Elias, the magnetic rotation of the 
plane of polarization ; W. R. Brode, 
G. Deniges, R. Engel, and O. R. Howell, / \ / \ / ^ / ^ \ ^ ^ ^ ^ \ o C l 2 ' e / / 2 0 

the colour, and absorption spectrum ; 
F. G. Donnan and H. Bassett, and /v—yr— r̂—7̂ —ysr—TV—y\ v^\^v Un 

H. Bassett and H. H. Croucher, the jp / \ / \ / X / \ / \ / \ / \ / ^ j ^ 2 ^ 0 

constitution of the soln. ; O. R. Howell, ^H CoCh 
the electrical conductivity ; A. E. Oxley, Via, 79.—Ternary System : 
P. Pascal, A. Chatillon, and B. Cabrera CoCl2-HCl H2O, at 0» and 25°. 
and co-workers, the magnetic properties ; and B. Cabrera and co-workers, and 
A. Chatillon, the magneton numbers. 

According to A. J. Balard, and E. and B. Klimenko, anhydrous cobalt chloride 
with hydrochlorous acid gives a precipitate of hydrated cobalt ic oxide, and chlorine 
is evolved. A. W. Ralston and J. A. Wilkinson, W. Biltz, and E. Keunecke 
found that anhydrous cobalt chloride is insoluble in liquid hydrogen sulphide. 
J. Myers said that when cobalt chloride is heated with potassium sulphide, cobalt, 
and alkali polysulphide are formed. C. Dufraisse and D. Nakae studied the effect 
on the oxidation of a soln. of sodium sulphite. H. L. Haken studied the action 
of hyposulphites on cobalt salt soln. A. Vogel observed that when cobalt chloride 
is treated with sulphuric acid, oxygen is evolved even in the cold. F. Ephraim 
said that with cone, sulphuric acid, hydrogen chloride is evolved at ordinary temp. 
A. Hantzsch and H. Carlsohn studied the action of dil. sulphuric acid. P. J. Faktor 
observed that when triturated with sodium thiosulphate, cobaltous chloride 
becomes green, and when the mixture is heated, molten sodium cobalt sulphide, 
Na2Co4S6, is formed. C. R. Wise found that 100 grms. of a sat. soln. in selenium 
oxychloride contain 0-17 grm. of CoCl2 at 25°. 

G. Gore, and E. C. Franklin and C. A. Kraus noted that anhydrous cobalt 
chloride is insoluble in liquid ammonia ; and E. Divers, that it swells up in a soln. 
of ammonium nitrate in ammonia. T. Vorster observed that when cobalt chloride 
is heated in ammonia gas, it is reduced to metal, but H. Rose, and F. Rose, etc., 
observed that at ordinary temp, the anhydrous chloride absorbs ammonia gas, 
producing a voluminous, pale pink powder of an ammine. The existence of four 
amminochlorides have been definitely established—the deca-, hexa-, and di-, and 
mono-. am mines—and G. L. Clark and co-workers announced a yellowish-red 
cobaltous pentamminochloride, CoCl2.5NHa, of sp. gr. 1-580, to be formed by 
passing ammonia into a soln. of cobalt chloride in absolute alcohol; a rose-red 
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cobaltous aquopentamminochloride, CoCl2 .5NH3 .H20, of sp. gr. 1*559, by passing 
ammonia into an aq. soln. of cobalt chloride at —10° ; and a cobaltous tetrammino-
chloride, CoCl2.4NH8, of sp. gr. 1*593, by H. Rose, by passing ammonia over dry 
cobalt chloride, and by G. Li. Clark and co-workers, by keeping the hexammine in 
vacuo at room temp., or over sulphuric acid at 50° for 36 hrs., or by heating the 

aquopentammine at 150° over potassium 
hydroxide, in a closed vessel. J. Bersch 
obtained only the hexammine by the 
process of H. Rose ; and W. Biltz and 
B. Fetkenheuer could not prepare the 

__ penta- and tetra-ammines. They found, 
FIG. 80.—The"" Hewing" and Cooling however that a series of solid soln. is 

Curves of Cobaltous Hexammino- formed between the hexa- and di-ammmes. 
chloride. The composition of the products obtained 

by heating and cooling the hexammine or 
the anhydrous chloride respectively in ammonia at 1 atm. press, is indicated 
in Fig. 80. The irreversibility of the composition-temperature curves in the 
region between the diammine and the hexammine is taken to be the result of the 
formation of solid soln. by the decomposing hexammine. The co-ordination and 
structure were discussed by P. C. Ray. 

G. L. Clark and co-workers obtained cobaltous decam rmnochloride, 
CoCl2-IONH3, by the action of ammonia gas on flocculent cobaltous chloride at a 
low temp. The brown product has a sp. gr. of 1*71, and on standing it passes into 
the hexammine. This may be the same as the pale rose-red decammine prepared 
by W. Biltz and C. Messerknecht. The crystalline hexammine takes up very little 
ammonia under the same conditions. W. Biltz found the dissociation press, of 
the decammine to be 25-5 mm. at —78-5°, 560 mm. at —70°, 87-O mm. at —65°, 
131-5 mm. at —60°, and 190 mm. at —55°. The heat of formation from the 
hexammine is 7-20 CaIs. per mol. of NH3, and from CoCl2, 12-02 CaIs. per mol. of 
ammonia. 

E. Fremy prepared cobaltous hexamminochloride, CoCl2.6NH3, by dissolving 
the greenish-blue precipitate produced by ammonia on cone. soln. of cobalt chloride 
in an excess of ammonia, and with the exclusion of air. The soln. furnishes pale 
rose-red octahedra of the hexammine. F. Rose recommended pouring the cone, 
soln. of cobalt chloride into cone. aq. ammonia, dissolving the precipitate by heating 
the soln., and allowing the filtered soln. to stand for some hours, when crystals of 
the hexammine are formed. A. Naumann and J. Rill obtained the salt in an 
analogous manner, and also by passing dry ammonia into a soln. of cobalt chloride 
in methyl acetate. A. Naumann and E. Vogt used acetone as solvent ; and 
G. L.. Clark and co-workers, and W. Biltz and B. Fetkenheuer, alcohol. J. Bersch, 

W. Peters, F. Ephraim, and W. Biltz and B. Fetkenheuer 
obtained the hexammine by passing ammonia over dry 
cobalt chloride. The octahedral crystals vary from flesh-red 
to red, according to the mode of preparation ; P. Stoll 
found that the X-radiograms corresponded with a cubic 
lattice of the calcium fluoride type. The lattice para­
meter «=9-87A. There are 4 mols. in the elementary cell. 
The cobalt atoms are located at the corners and the centres 
of the faces of a cube. Each cobalt atom is surrounded by 

© Co <2>W3 

FiO. 8 1 . — T h e Arrange . 
ment of Atoms about six NH3-groups arranged at the corners of an octahedron, 
Each Cobalt Atom the cobalt atoms are at the corners of an octahedron, and 
•LW^SSSSSH^ 1 0** t h e cnl°rine atoms at the corners of a cube. W. Biltz and ammxnochlonde. E B i r k g f t v e a = = K ) . 1 2 A . ftnd Q B N f t e s s & n d Q H a s s e l j 

10-10 A., and 4*37 A. for the distance between the Co and Cl atoms. The 
arrangement about each cobalt atom is shown in Fig. 81. G. L. Clark and 
co-workers found the sp. gr. to be 1*497 at 25°/4°, and W. Biltz and co-workers 
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g a v e 1*479 a t 25°/4° ; mol . vol . , 156-9 ; mol . vol . of e ach of t h e s ix a m m o n i a 
mols . , 19*67. Gr. B e c k s t ud i ed t h e sub jec t . T h e decompos i t ion of t h e sa l t p r e ­
v e n t s a d e t e r m i n a t i o n of t h e m . p . T h e dissocia t ion press . , p m m . , is : 

%> 
82-5° 

75 
92-5° 
101 

101-5° 
156 

1110° 
231 

118° 
305 

126° 
425 

132° 
538 

136° 
620 

139-5° 
703 

40(T 

Fia. 82 .—Dissoc ia t ion Pres­
sures of t h e Cobaltous A m -
miixochlorides. 

These r e su l t s b y F . E p h r a i m a r e cons idered b y W . Bi l tz a n d B . F e t k e n h e u e r t o be 
t o o low. W . B i l t z g a v e t h e r e su l t s s u m m a r i z e d in F ig . 82 , for t h e s t ab i l i t y r anges 
of t h e a m m i n e s . W . P e t e r s a lso m a d e some obser­
v a t i o n s on t h e sub jec t . F . !Ephra im m e a s u r e d t h e 
d issoc ia t ion press , of m i x t u r e s of coba l t a n d n ickel 
h e x a m m i n o c h l o r i d e s . G. B e c k g a v e 323 cals . for t h e 
h e a t of f o r m a t i o n . W . Bi l t z a n d B . F e t k e n h e u e r 
c a l c u l a t e d t h e h e a t of fo rma t ion of t h e h e x a m m i n e 
f rom t h e d i a m m i n o c h l o r i d e t o be 14*5 Cals. p e r mol . 
of N H 3 ; a n d W . B i l t z a n d G. F . H i i t t i g , 12-9 Cals. 
p e r m o l . of N H 3 ; a n d W . Bi l t z o b t a i n e d n e a r l y 15*5 
Cals. p e r mol . of N H 3 for t h e h e a t of f o rma t ion f rom coba l t ch lor ide a n d a m m o n i a . 
L . P a u l i n g and M. L . H u g g i n s i n v e s t i g a t e d t h e magne t i c p rope r t i e s . T h e sub jec t 
w a s s t u d i e d b y G. L . Clark, H . v o n S a n d e n , W . H i e b e r a n d B . L e v y , a n d 
W . H i e b e r a n d F . M u h l b a u e r . A. B . L a m b a n d A. T . L a r s o n found t h e equ i l i b r ium 
c o n s t a n t for t h e ion iza t ion : [ C o ( N H 3 ) 6 ] " ^ C o " " + 6 ( N H 3 ) is l - 2 5 x l 0 _ r > . F . R o s e 
n o t e d t h a t t h e h e x a m m i n e oxid izes w h e n e x p o s e d t o a i r , a n d p a r t i c u l a r l y so if 
t h e h e x a m m i n e is m o i s t . W . G l u u d a n d co-workers s t u d i e d t h e o x i d a t i o n of t h e 
h e x a m m i n e . E . F r e m y found t h a t t h e h e x a m m i n e is h y d r o l y z e d b y -water, t o form 
a g reen , bas ic sa l t , b u t i t d issolves w i t h o u t decompos i t i on i n cone . aq . a m m o n i a . 
F . R o s e a d d e d t h a t t h e sa l t is freely soluble i n di l . aq . a m m o n i a , less soluble in 
cone . a q . a m m o n i a , a n d insoluble in a lcohol . N . S. KurnakofE obse rved t h a t a 
c o m p l e x sa l t is fo rmed w i t h p l a t i n o u s chlor ide , Co(NH 3 ) 6 C1 2 .P tCl 2 . 

F . R o s e p r e p a r e d cobal tous d iamminoch lor ide , CoCl 2 . 2NH 3 , b y h e a t i n g t h e 
h e x a m m i n e t o 120° ; G. L . Clark a n d co-workers , a n d W . Bi l t z a n d B . F e t k e n h e u e r , 
b y expos ing t h e h e x a m m i n e in v a c u o over cone , su lphur i c acid , a t 65° t o 67° ; 
A. N a u m a n n a n d E . Vog t , b y pas s ing a m m o n i a i n t o a soln. of coba l t chlor ide in 
a c e t o n e , or, a cco rd ing t o A. N a u m a n n a n d J . Ri l l , i n t o a soln. of t h e chlor ide in 
m e t h y l a c e t a t e . T h e r e a r e t w o fo rms of t h e d i a m m i n e . T h e bluish-viole t one 
j u s t i n d i c a t e d is t h e unstable or fS-form, or t h e trans-form. T h e rose-red s a l t — 
t h e stable or a-form o r t h e cis-form—was o b t a i n e d b y W . B i l t z a n d B . F e t k e n h e u e r 
b y pas s ing d r y a m m o n i a over t h e h e x a m m i n e a t a b o u t 137° ; a n d b y G. L . Clark 
a n d co-workers b y pas s ing d r y a m m o n i a i n t o a boi l ing soln. of coba l t ch lor ide in 
d r y a m y l a lcohol . Accord ing t o G. L . Cla rk a n d co-workers , t h e pa le rose-red 
p r o d u c t h a s a sp . gr . of 2 0 9 7 a t 25°/4° , a mo l . vo l . of 78-25, a n d t h e mol . vol . of 
t h e a m m o n i a is 19*77. W . Bi l t z a n d B . F e t k e n h e u e r gave 273° for t h e m . p . , a n d 
for t h e d i ssoc ia t ion p ress . , p m m . : 

136-5° 
6-9 

153-5° 
13-3 

1680° 
2 7 0 

183-5° 
42-5 

230° 
82-4 

234° 
85-2 

236° 
89-9 P 

T h e h e a t of fo rma t ion f rom t h e m o n a m m i n e , ca l cu la t ed b y W . Bi l t z a n d B . F e t k e n ­
heuer , is 18*67 Cals. , a n d f rom c o b a l t chlor ide , i t is 19*88 Cals. pe r mol . of N H 3 . 
T h e sub jec t w a s d iscussed b y G. L . Clark, a n d W . H i e b e r a n d E . L e v y . W . Bi l t z 
f o u n d t h a t t h e sp . m a g n e t i c suscep t ib i l i ty of t h e a- form is 7 6 X l O - 6 m a s s un i t , 
a n d of t h e £- form, 74 X 1 O - 6 m a s s u n i t . W h e n t h e £-form is h e a t e d t o 210° in 
d r y a m m o n i a , i t pas ses i n t o t h e a - fo rm ; t h e dissociat ion press , of t h e /3-form 
a t 216° is 14*5 m m . lower t h a n t h a t of t h e a- form. T h e a - form is rose-pink, t h e 
/J-form is b lue . T h e /3-form is m o r e sens i t ive t h a n t h e a- form t o wa te r , a n d w a t e r 
v a p o u r . W . K l e m m a n d W . Sch i i t h s t ud i ed t h e m a g n e t i c suscept ib i l i ty . T h e 
s t r u c t u r e w a s d i scussed b y A. H a n t z s c h . W . Bi l t z a n d B . F e t k e n h e u e r a s s u m e 
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t h a t t h e a - fo rm is c o b a l t o u s c i s -d i amminoch lo r ide , a n d t h e /3-form i s c o b a l t o u s 
t r a n s - d i a m m i n o c h l o r i d e : 

N H 8 s ^ ° \ C 1 Cl / ^ 0 X N H a 
Cis- or a-form Trans- or /3-form 

G. L . C la rk a n d co -worke r s h e a t e d a m i x t u r e of c o b a l t ch lor ide a n d i t s 
h e x a m m i n e i n t h e o r e t i c a l p r o p o r t i o n s in a sealed t u b e a t 230°, a n d o b t a i n e d 
c o b a l t o u s m o n a m m i n o c h l o r i d e , CoCl 2 -NH 3 . W . B i l t z a n d B . F e t k e n h e u e r o b t a i n e d 
i t b y h e a t i n g t h e h e x a m m i n e in v a c u o a t 230°. T h e v io le t -b lue p o w d e r m e l t s a t 
321° , i t s d i s soc ia t ion press , a t 208° , 215°, a n d 210° a re , r e spec t ive ly , 2-86, 3-76, 
a n d 8-05 m m . T h e h e a t of f o r m a t i o n f rom a m m o n i a a n d c o b a l t ch lor ide is a b o u t 
21-2 CaIs. 

F . W . B e r g s t r o m obse rved t h a t n o defini te p r o d u c t is fo rmed b y t h e ac t i on of 
p o t a s s i u m a m i d e on a soln. of c o b a l t o u s ch lor ide in l i qu id a m m o n i a . T . W . B . W e l s h 
a n d H . J . B r o d e r s o n found t h a t 1OO g r m s . of a n h y d r o u s hydraz ine d issolve a b o u t 
a g r a m of a n h y d r o u s coba l t ch lor ide a t a b o u t 15° ; a n d C. P a a l a n d L . F r i ede r i c i 
obse rved n o r e d u c t i o n a t 100°. H . F r a n z e n a n d O. v o n M a y e r p r e p a r e d cob a l t ou s 
d ihydrazinochlor ide , CoCl 2 . 2N 2 H 4 , b y h e a t i n g a m i x t u r e of coba l t i c c h l o r o p e n t -
a m m i n o c h l o r i d e , h e x a m m i n o c h l o r i d e , o r a q u o p e n t a m m i n o c h l o r i d e a n d 50 p e r c e n t , 
h y d r a z i n e h y d r a t e o n a w a t e r - b a t h . T . C u r t i u s a n d L . G u t t m a n n o b t a i n e d t h e 
c o m p l e x sa l t b y t r e a t i n g a soln. of t h o r o u g h l y d r i ed coba l t ch lor ide i n a b s o l u t e 
a lcohol w i t h a n h y d r o u s h y d r a z i n e ; o r h y d r a z i n e h y d r a t e . W . H i e b e r a n d co-workers 
s t u d i e d t h e e n e r g y of f o r m a t i o n . Accord ing t o H . F r a n z e n a n d O. v o n M a y e r , 
t h e rose-red p o w d e r is insoluble in cold w a t e r , b u t i t is h y d r o l y z e d b y boi l ing w a t e r ; 
i t is soluble in di l . ac ids a n d in a q . a m m o n i a ; a n d w h e n h e a t e d i n a n a t m . of c a r b o n 
d iox ide , i t fo rms a n h y d r o u s c o b a l t o u s ch lor ide . P . C. R a y a n d H . B h a r f ound t h e 
m a g n e t i c suscep t ib i l i ty t o be 48*7 X 10~~6 m a s s u n i t ; a n d D . M. Bose d iscussed t h e 
m a g n e t i c p r o p e r t i e s of t h e c o m p l e x sa l t s . A. F e r r a t i n i o b t a i n e d c o b a l t o u s p e n t a -
hydraz inoctochlor ide , 2 C o C l 2 . 4 N 2 H 5 C L N 2 H 4 , b y m i x i n g a n a q . soln. of t h e c o m ­
p o n e n t s , a n d boi l ing t h e p r o d u c t w i t h 94 p e r cen t , a lcohol . T h e v io le t c r y s t a l s 
of t h e r equ i r ed sa l t a r e s e p a r a t e d m e c h a n i c a l l y f rom t h e wine - red c ry s t a l s . T h e 
sa l t m e l t s b e t w e e n 221° a n d 223°, i t i s eas i ly soluble in w a t e r , a n d a q . a lcohol . 
H e a lso p r e p a r e d coba l tous dihydrazinotetrachloride , C o C l 2 . 2 N 2 H 5 C l . 2 ^ H 2 O , in 
wine - red c rys t a l s m e l t i n g a t 213° t o 215° w i t h decompos i t ion . C o m p l e x sa l t s w i t h 
pheny lhydraz ine were o b t a i n e d b y J . Moitessier , J . Ville a n d J . Moitessier , a n d 
W . H i e b e r a n d co-workers . W . F e l d t p r e p a r e d coba l tous d i h y d r o x y l a m i n o -
c h l o r i d e , C o C l 2 . 2 N H 2 O H , b y a d d i n g h y d r o x y l a m i n e hyd roch lo r ide , a n d a n a lcohol ic 
soln . of h y d r o x y l a m i n e t o a boi l ing a q . soln. of coba l t ch lor ide . T h e sa l t w h i c h 
s e p a r a t e s o u t is w a s h e d w i t h a lcohol , a n d e the r . I t is rose- red ; s t ab l e w h e n 
p r o t e c t e d f rom a i r ; a n d d e t o n a t e s w h e n h e a t e d . H . R o s e obse rved t h a t w h e n 
c o b a l t ch lor ide is h e a t e d w i t h phosphorus , c o b a l t p h o s p h i d e , a n d p h o s p h o r u s 
t r i c h l o r i d e a r e f o r m e d ; t h e sa l t is eas i ly d e c o m p o s e d b y p h o s p h i n e . O. J . W a l k e r 
o b s e r v e d t h a t i n a m m o n i a c a l soln. , a s t ick of p h o s p h o r u s p r e c i p i t a t e s c o b a l t 
p h o s p h i d e . H . L . H a k e n , R . Scho lder a n d co-workers , a n d C. P a a l a n d L . F r i ede r i c i 
f o u n d t h a t a n a lkal i hypophosph i t e p r ec ip i t a t e s a m i x t u r e of c o b a l t a n d c o b a l t 
p h o s p h i d e . F . F le i s sner , a n d R . H . P i c k a r d a n d J . K e n y o n o b t a i n e d c o m p o u n d s 
w i t h t h e phosph ine oxides—e .g . , w i t h tr iphenyl phosph ine ox ide t h e r e is f o r m e d 
CoCl 2 . 2 (C 6 H 5 ) 3 PO. 

J . H . We ibe l s t u d i e d t h e a c t i o n of carbon m o n o x i d e . S. v o n L a s z c z y n s k y 
s t u d i e d t h e a c t i o n of ben gene o n c o b a l t o u s ch lor ide . W . J . Russe l l sa id t h a t 
c o b a l t o u s ch lo r ide is inso luble i n c a r b o n tetrachloride ; b u t i t is r e ad i l y d i sso lved 
b y e t h y l Chloride. F . Schlegel , a n d A . H a n t z s c h a n d F . Schlegel o b t a i n e d t h e 
c o m p l e x C o C l 2 . 6 C H 8 O H , b y cool ing cone , soln. of c o b a l t o u s ch lo r ide in m e t h y l 
a l coho l t o —20° . T h e p a l e r e d c r y s t a l s m e l t t o a b l u e l i qu id a t o r d i n a r y t e m p . , 
a n d lose all t h e i r a lcohol a t 130°. „ E . L l o y d a n d co-workers f o u n d t h a t t h e c o m p l e x 
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CoCl2.3CH8OH separates from a soln. a t 37°, and its vap. press, a t 20° is 29-4 mm., 
and a t 35°, 81*9 mm. The solubility of cobalt chloride in methyl alcohol, & grm. 
CoCl2 per gram of solvent is : 

20° 25° 30° 35° 37 1° 38" 40° 50° 
S . . 0-385 0-436 0-488 0-555 0-589 0-588 0-582 0-589 

» v * v ' 
CoCl2 .3CH sOH CoCl2 .2CH3OH 

The transition temp, is 37*10. The blue crystals of CoCl2.2CH3OH were obtained 
by A. Benrath by evaporating the soln. over sulphuric acid. E . Toporescu found 
t h a t the blue soln. becomes red a t 3°. M. R. Schmidt and H . C. Jones measured 
the viscosity of soln. of cobalt chloride in methyl alcohol, and in mixtures of methyl 
alcohol and glycerol ; and R. Salvadori, and O. E . Frivold, the mol. lowering of the 
b.p. The colour and absorption spectrum were discussed by F . L. Cooper, 
H . A. Curtis and R. M. Burns, J . Groh and R. Schmidt, A. Hantzsch and co-workers, 
E . O. Hulber t and co-workers, H . C. Jones and co-workers, J . Lifschtitz and 
E. Rosenbohm, C. Mazzetti, W. J . Russell, and E. Toporescu. According to 
F . Schlegel, solutions of cobalt halides in ethyl, amyl, and benzyl alcohols, glacial 
acetic acid, ethyl acetate, ethyl formate, acetone, acid amides, and nitriles are blue ; 
and those in water, methyl alcohol, glycerol, glycol, and pyridine are rose-red. 
The electrical conductivity of the soln. was studied by H. C. Jones and L. McMaster, 
W. Hardt , H . R. Kreider and H . C. Jones, E . Rimbach and K. Weitzel, and 
M. R. Schmidt and H. C. Jones ; the degree of ionization, by W. Hard t , 
H . R. Kreider and H . C. Jones, and R. Salvadori ; and the magnetic properties by 
A. Quartaroli. 

C. Winkler observed t ha t anhydrous cobalt chloride is soluble in ethyl alcohol, 
and a sat. soln. in alcohol of sp. gr. 0-792 contains 23-66 per cent, of cobalt chloride, 
and has a sp. gr. of 1-0107. The soln. is blue by t ransmit ted light, and black by 
reflected light. A 1 : 250O soln. is distinctly blue, but a 1 : 10,000 soln. is colourless 
when cold, and blue when hot. Water added to the blue alcoholic soln. turns i t 
violet and then red. Hence, the blue soln. can be used to detect the presence of 
water. E . Toporescu found t h a t the blue soln. becomes red a t —18°. The 
alcoholic soln. was also studied by E . Bodtker, and F . Bourion. S. von Laszczynsky 
found t h a t 100 grins, of absolute alcohol can dissolve 56-2 grms. of cobalt chloride 
a t room temp. , and the addition of water precipitates hexahydrated cobalt chloride 
from the alcoholic soln. H. Ditz said t h a t the blue soln. in 96 per cent, alcohol 
becomes red when it is mixed with water, and t ha t the blue colour is restored by 
ether or absolute alcohol. R. Engel suggested t h a t the blue soln. contains a blue 
alcoholate, and E . Bodtker assumed t h a t the hexahydrate in alcoholic soln. decom­
poses into CoCl2-SH2O-I-H2O, and in dil. soln. the water is present as H20-mols. , 
and in cone. soln. as (H20)2-mols. E . Lloyd and co-workers found the solubility 
of cobalt chloride, >S> grm. of CoCl2 per gram of ethyl alcohol, to be : 

0° 10° 20° 30° 38° 40° 50° 60° 70° 80° 
S . 0-450 0-486 0-544 0-626 — 0-674 0-651 0-668 0-729 0-703 

CoCl2.3C2H8OH CoCl t.2CaHBOH 

The complex CoCl2.3C2H5OH separates from the sat. soln. below the transition 
temp. , 38° ; and the vap . press, of the bine crystals is 0-85 mm. at 10°, and 5-54 mm. 
a t 30°. When the alcoholic soln. is evaporated in vacuo over phosphorus pentoxide, 
it deposits the complex CoCl2.2C2HBOH ; the blue crystals are very deliquescent, 
and they lose all their alcohol a t 100°. F . Bourion reported t h a t the complex 
CoCl2 .2^C2H5OH separates in blue, deliquescent needles by evaporating an alcoholic 
soln. of cobalt chloride. The heat of formation is said to be 3 0 3 CaIs., and the sp. gr. 
1-32 a t 22°/4°. N . SchilofE and S. Pewsner studied the adsorption of the salt by 
charcoal from soln. of the salt in mixtures of alcohol and water. M. R. Schmidt 
and H . C. Jones studied the viscosity of soln. in ethyl alcohol, and in mixtures of 
e thyl alcohol and glycerol; O. E . Frivold, and A. Benrath, the mol. raising of the 
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b . p . ; a n d M. S. W r e w s k y , t h e s p . h t . T h e co lour a n d a b s o r p t i o n spectrum w a s 
d i scussed b y W . R . B r o d e , A . R . B r o w n , F . L . Cooper , F . G. D o n n a n a n d H . B a s s e t t , 
J . F o r m a n e k , J . H . G lads tone , A . H a n t z s c h , W . H a r d t , R . A . H o u s t o u n a n d co­
worke r s , H . C. J o n e s a n d co-workers , C. M a z z e t t i , A . R o s e n h e i m a n d V. J . Meyer , 
W . J . Russe l l , Y . S h i b a t a a n d T . I n o u e , J . H . S m i t h , H . W . Vogel , B . Vo l lmer , 
a n d M. S. W r e w s k y ; a n d t h e m a g n e t i c r o t a t i o n of t h e p l a n e of po la r i za t ion , b y 
R . W . R o b e r t s . T h e e lec t r ica l c o n d u c t i v i t y of t h e a lcohol ic so ln . w a s s t u d i e d b y 
W . H a r d t , H . C. J o n e s a n d co -worker s , H . R . K r e i d e r a n d H . C. J o n e s , E . R i m b a c h 
a n d K . Weitzel , A . R o s e n h e i m a n d V. J . Meyer , a n d M. R . S c h m i d t a n d H . C. J o n e s ; 
a n d t h e m a g n e t i c p rope r t i e s , b y A. Cha t i l lon , L . L a n d a u , a n d A. Q u a r t a r o l i . 

T h e soln. of c o b a l t ch lor ide i n n o r m a l propyl a l coho l is b l u e a t o r d i n a r y t e m p . 
I t w a s s tud i ed b y E . O. H u l b e r t a n d co-workers , a n d E . T o p o r e s c u f o u n d t h a t 
t h e soln. becomes r e d a t —32° ; a n d in n o r m a l buty l a l c o h o l , t h e b l u e soln . 
becomes r e d a t —65° . E . O. H u l b e r t a n d co -worke r s s t u d i e d t h e b lue so ln . of 
coba l t ch lor ide in i so -buty l a l coho l . W . H a r d t m e a s u r e d t h e e lec t r ica l c o n d u c t i v i t y 
of soln. in n o r m a l a m y l a l coho l , a n d A. Cha t i l lon , t h e m a g n e t i c p r o p e r t i e s ; 
E . Toporescu found t h a t t h e b lue soln. b e c o m e s r ed a t —65° . T h e d a r k b lue soln . 
of coba l t chlor ide in i s o - a m y l a l coho l w a s s t u d i e d b y H . A. Cur t i s a n d R . M. B u r n s ; 
t h e colour , a n d a b s o r p t i o n s p e c t r u m , b y E . O. H u l b e r t ; t h e e lec t r ica l c o n d u c t i v i t y , 
b y R . E . Wi l son ; a n d t h e m a g n e t i c p rope r t i e s , b y A. Q u a r t a r o l i . H . A . Cur t i s 
a n d R . M. B u r n s obse rved t h a t h y d r o g e n su lph ide o n l y p a r t i a l l y p r e c i p i t a t e s t h e 
c o b a l t f rom t h e soln. A . H a n t z s c h a n d F . Schlegel obse rved t h a t t h e h o t , b lue soln . 
of t h e sa l t in benzy l a l coho l d epos i t s r ed c r y s t a l s of t h e c o m p l e x C o C l 2 . 4 C 7 H 7 O H . 
B . K o h n l e i n obse rved a s l ight r eac t ion w i t h propyl iodide. 

F . W . O. d e Coninck found t h a t 100 g r m s . of a soln. in a n h y d r o u s e t h y l e n e g lyco l 
c o n t a i n 10*6 of t h e h e x a h y d r a t e a t 16-4°. T h e soln. in glycol c h a n g e s f rom p u r p l e 
t o a b lu ish-vio le t w h e n i t is exposed t o sun l igh t , a n d t h e p u r p l e soln. in glycol a lso 
b e c o m e s b lue w h e n h e a t e d . A. H a n t z s c h , a n d A. GrUn a n d E . B o e d e c k e r p r e p a r e d 
t h e b lue c o m p l e x CoCl 2 -SC 2 H 4 (OH) 2 , me l t i ng a t 68° ; a n d A. Gr i in a n d E . B o e d e c k e r 
o b t a i n e d t h e d i h y d r a t e a n d m o n o h y d r a t e , a s well a s t h e c o m p l e x C o C l 2 . 2 C 2 H 4 ( O H ) 2 ; 
i t a lso fo rms a c o m p l e x w i t h propylene g lyco l , C o C l 2 . 3 C 3 H 6 ( O H ) 2 ; a n d w i t h 
p i n a c o n e , 2CoCl 2 . 3C 6 H 1 2 (OH) 2 . F . G u t h r i e obse rved t h a t t h e soln . of c o b a l t o u s 
ch lor ide i n g lycero l is ca rmine - red a t o r d i n a r y t e m p . , b l u e w h e n h e a t e d , a n d 
ye l lowish w h e n cooled b y solid c a r b o n d iox ide . M. R . S c h m i d t a n d H . C. J o n e s , 
a n d H . C. J o n e s a n d J . S. G u y m e a s u r e d t h e v iscos i ty , a n d t h e e lect r ical c o n d u c t i v i t y 
of t h e soln. ; a n d H . C. J o n e s a n d W . W . S t r o n g , a n d W . J . Russe l l , t h e co lour a n d 
a b s o r p t i o n s p e c t r u m . 

E . B o d t k e r obse rved t h a t 100 g r m s . of e ther dissolve 0*021 g r m . of a n h y d r o u s 
c o b a l t ch lor ide , a n d 0-291 g r m . of t h e h e x a h y d r a t e ; a n d S. v o n L a s z c z y n s k y a d d e d 
t h a t 1OO g r m s . of e t h e r dissolve O-l l g r m . of t h e d i h y d r a t e a t 11° a n d 35° . 
F . N . Spel ler s t u d i e d t h e p a r t i t i o n of t h e chlor ide b e t w e e n e t h e r a n d d i l . h y d r o ­
chlor ic ac id . A. H a n t z s c h a n d H . Car lsohn, a n d W . J . Russe l l s t u d i e d t h e co lour 
a n d a b s o r p t i o n s p e c t r u m of t h e soln. W . E i d m a n obse rved t h a t c o b a l t o u s ch lo r ide 
i s so luble in a c e t o n e . K . P . M a c E l r o y a n d W . H . K r u g obse rved t h a t a t 25° , 
100 g r m s . of d r y a c e t o n e dissolve 8-62 g r m s . of CoCl2 ; A. N a u m a n n a n d E . V o g t , 
a t 18°, 2-78 g r m s . ; S. v o n L a s z c z y n s k y , a t 0° , 9-11 g rms . , a n d a t 22-5°, 9-28 g r m s . 
of CoCl 2 , a n d 17-16 a n d 17-06 g r m s . of t h e d i h y d r a t e p e r 100 g r m s . of so lven t , 
r e spec t ive ly , a t 0° a n d 25° . W . R . G. Bell a n d co-workers f ound t h e so lub i l i ty , JS 
g r m s . CoCl 2 p e r 100 g r m s . of a c e t o n e , t o be : 

0° 10° 20° 22-5 25° 30° 40° 50° 
S . . 4-47 3-32 2-89 3-40 3-71 4*51 6 O l 7-25 

w h e r e be low 19-5°, t h e sol id p h a s e is CoCl 2 -C 3 H 6 O, a n d a b o v e t h a t t e m p . , CoCl 2 . 
A . N a u m a n n a n d E . V o g t f o u n d t h a t t h e b lue soln. t u r n s g reen w h e n i t h a s s t o o d 
for s o m e t i m e . T h e c o m p l e x w a s p r e p a r e d b y S. v o n L a s z c z y n s k y , w h o f o u n d t h a t 
i t i s s t a b l e a t 100°, b u t W . R . G. Bel l obse rved t h a t t h e v a p . p ress , a t 10° is 103-6 m m . , 
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and a t 15°, 125 m m . A. N a u m a n n a n d E . V o g t f ound t h a t t h e sp . gr . of a s a t . 
soln . i s 0-825 a t 18°/4° . A . Li. R o b i n s o n m e a s u r e d t h e mo l . r a i s ing of t h e b . p . 
T h e co lour a n d a b s o r p t i o n s p e c t r u m were s tud i ed b y J . Groh a n d R . S c h m i d t , 
R . A . H o u s t o u n a n d co-workers , a n d H . C. J o n e s a n d co-workers ; t h e e lectr ical 
c o n d u c t i v i t y , b y F . B a u e r , H . C. J o n e s a n d L . McMaste r , E . R i m b a c h a n d 
K . Wei t ze l , a n d M. W i e n ; t h e e lectrolysis of t h e soln., b y J . E . Marsh ; a n d t h e 
m a g n e t i c p r o p e r t i e s , b y A . Q u a r t a r o l i . Accord ing t o A. N a u m a n n a n d E . Vog t , 
t h e soln . g ives a p r e c i p i t a t e of s i lver ch lor ide w h e n i t is t r e a t e d w i t h silver n i t r a t e ; 
a d a r k b lue soln . w h e n i t is t r e a t e d w i t h p o t a s s i u m t h i o c y a n a t e ; a n d w h e n t r e a t e d 
w i t h a m m o n i a , i t first fo rms t h e d i a m m i n o c h l o r i d e a n d a f t e rwards t h e h e x a m m i n o -
ch lo r ide . T h e y a l so obse rved t h e a c t i o n of b r o m i n e , iodine , a n d h y d r o g e n ch lor ide 
o n t h e soln. E . R a y m o n d s t u d i e d t h e c o m p l e x fo rmed w i t h benzaldehyde . 

O. A s c h a n found t h a t 100 g r m s . of 95 p e r cen t , formic ac id d issolve 6-2 g r m s . 
of CoCl 2 a t 20-5°. A. W . D a v i d s o n found t h a t t h e ch lor ide is r e a d i l y d i sso lved b y 
ace t i c ac id , a n d W . J . Russe l l a d d e d t h a t t h e a b s o r p t i o n s p e c t r u m resembles t h a t 
of a d i l . a lcoholic soln. A. N a u m a n n a n d J . R i l l found t h a t 100 g r m s . of m e t h y l 
ace ta te d issolve 0-369 g r m . of CoCl2 a t 18°, a n d t h e soln. h a s a sp . gr . of 0-938 a t 
18°/4° . T h e b lue soln. becomes r e d w h e n t r e a t e d w i t h w a t e r . T h e y also obse rved 
t h e ac t i on of p o t a s s i u m t h i o c y a n a t e , l i t h i u m n i t r a t e , a n d of a m m o n i a on t h e soln. 
A. N a u m a n n a n d E . A l e x a n d e r f o u n d t h a t c o b a l t chlor ide is spar ing ly soluble in 
ethy l ace ta te , a n d S. v o n L a s z c z y n s k y , t h a t 100 g r m s . of so lven t dissolve 0-08 g r m . 
of CoCl2 a t 14°, a n d 0-26 g r m . a t 79° , whi l s t t h e h e x a h y d r a t e is insoluble in e t h y l 
a c e t a t e . W . J . Russe l l f ound c o b a l t ch lor ide is r e a d i l y soluble in a m y l ace ta te . 
S. H a k o m o r i s t u d i e d t h e a c t i o n of oxa l i c , c itric , m a l i c , a n d s u c c i n i c ac ids on 
coba l t ch lor ide . 

A . N a u m a n n a n d A. Schier r e p o r t e d t h a t 100 g r m s . of acetonitr i le , a t 18°, 
d issolve 4-08 g r m s . of CoCl2 . T h e b lue soln. becomes a l i t t l e t u r b i d b y h y d r o g e n 
su lph ide , a n d t h i s is n o t c lea red u p b y t h e a c t i o n of h y d r o g e n chlor ide . T h e y 
r e p o r t e d t h a t a complex , CoCl 2 . 3CH 3 CN, is fo rmed in t h e soln. ; A. H a n t z s c h , 
howeve r , sa id t h a t t h e fo rmu la of t h e c o m p l e x is CoCl 2 .2CH 3 CN. A. H a n t z s c h 
a n d F . Schlegel , a n d A. N a u m a n n found t h a t c o b a l t ch lor ide is easi ly soluble in 
benzoni tr i le , f o rming a d e e p b l u e soln. , a n d w h e n t h e h o t sa t . soln. is cooled, 
A . W e r n e r o b t a i n e d b lue need les of a c o m p l e x . K . A. H o f m a n n a n d G. Bugge , 
a n d A . H a n t z s c h o b s e r v e d t h a t a c o m p l e x is fo rmed w i t h e thy l carbylamine , 
CoCl 2 . 2C 2 H 5 NC. P . Pfeiffer a n d F . T a p p e r m a n n p r e p a r e d c o m p o u n d s wi th 
t r iphenyl - a n d t r i -phenanthro l in . Coba l t ch lor ide forms c o m p l e x sa l t s w i t h m a n y 
a m i n e s , a n d t h e i r s t a b i l i t y w a s d iscussed b y F . M u h l b a u e r . I t fo rms a complex sa l t 
or sa l t s w i t h m e t h y l a m i n e , s t u d i e d b y F . E p h r a i m a n d R . L i n n , a n d W . H i e b e r a n d 
c o - w o r k e r s ; w i t h e t h y l a m i n e , b y F . E p h r a i m a n d R . L i n n , W . H i e b e r a n d co­
worke r s , a n d F . L . S h i n n ; w i t h a l l y l a m i n e , b y E . L i p p m a n n a n d G. V o r t m a n n , 
E . Gr. V . P e r c i v a l a n d W . W a r d l a w , A . P ie ron i , a n d A. P i n o t t i — v i d e supra, cobal t ic 
ch lor ide ; J . F r e j k a a n d L . Z a h l o v a , w i t h d i a m i n o b u t a n e ; w i t h e t h y l d i a m m i n e , b y 
W . H i e b e r a n d A. Woerne r , a n d N . S. K u r n a k o f f ; a n d w i t h h e x a m e t h y l e n e -
t e t ramine , b y J . C. Buff a n d E . J . Bi l ls , G. A . B a r b i e r i a n d F . Calzolari , M. R . Menz, 
a n d G. Scagl ia r in i a n d G. T a r t a r i n i . T h e c o m p l e x w i t h th iourea was s t ud i ed 
b y G. W a l t e r , a n d A. R o s e n h e i m a n d V. J . Meyer . P . W a l d e n found t h a t r ed 
soln . a r e fo rmed w i t h f o r m a m i d e ; a n d H . R o h l e r s tud ied t h e electrolysis of t h e 
soln . A c o m p l e x is f o r m e d w i t h a c e t a m i d e , wh ich was s tud i ed b y G. A n d r e , 
G. B r u n i a n d A. Manue l l i , a n d L . F . Y n t e m a a n d L . F . A u d r i e t h ; w i t h urethane , 
b y N . Cas to ro , J . B e a t o a n d M. d e los D . Brugge r , a n d G. B r u n i a n d A. M a n u e l l i ; 
w i t h an i l ine , b y A. R . L e e d s , W . H i e b e r a n d E . L e v y , S. v o n Laszczynsky , W . Hiebe r 
a n d A . W o e r n e r , G. R e d d e l e i n , a n d E . L i p p m a n n a n d G. V o r t m a n n ; w i t h 
methylaniline, by J . Reilly; with butylaniline, by J. Reilly; with toluidine, by 
E . L i p p m a n n a n d G. V o r t m a n n , J . B e a t o a n d M. de los D . Brugger , a n d G. S p a c u ; 
w i t h xy l id ine , b y E . L i p p m a n n a n d G. V o r t m a n n ; w i t h e tny l ened iamine , b y 
W . H i e b e r a n d F . M u h l b a u e r , a n d O. S t e l l i n g ; w i t h o -pheny lened iamine , b y 
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W. Hieber and K. Ries ; with diphenylethylenediamine, by J . V. Dubsky and 
A. Langer ; with pbenylenediamine, by W. Hieber and co-workers, R. Cernatescu 
and co-workers, O. Stelling, and F . Feigl and M. F i i r th ; with phenylbignamfline, 
by A. Smolka and A. Friedreich; with benzidine, by G. Spacu ; with diaoetonitrile, 
by F . Schlegel, and A. N a u m a n n ; with diacetyloximes, by J . Beato and M. de los 
D. Brugger, and K. Friedrich ; with camphidine, by M. R. Menz ; with aldoximene, 
by W. Hieber and co-workers ; wi th ketoximes, by W. Hieber and F . L e u t e r t ; 
with dimethylglyoxime, diacetyldioxime, and methyldiacetyldioxime, by F . Feigl 
and H . Rubinstein, K. Friedrich, F . Pane th and E . Thilo, E . Thilo, and J . V. Dubsky 
and F . Brychta ; with thiosemicarbazide, by K. A. Jensen and E. R. Madsen ; and 
J . V. Dubsky and A. Rabas obtained no complex with glycine ; and G. Fuseya and 
K. Murata, none with glycocoll. Compounds with pyridine were obtained by 
W. Biltz and co-workers, W. Hieber and E . Levy, W. R. Brode, A. Classen and 
B . Zahorsky, A. Hantzsch and co-workers, W. Hieber and A. Woerner, N. S. Kurna-
koff, W. Lang, S. von Laszczynsky, A. T. !Lincoln, J . N. Pearce, E . G. V. Percival 
and W. Wardlaw, F . Reitzenstein, I . Rohde and E . Vogt, F . Schlegel, G. Spacu 
and L. Caton, O. Stelling, R. Weinland and co-workers, and A. Werner and 
co-workers. J . N. Pearce and T. E . Moore gave for the percentage solubility : 

— 48-2° — 50-3° —30° + 1 5 ° 25° 70° 78-2° 90° 1 1 0 ° 
S . . O 0 - 4 2 0 - 5 7 2 - 2 8 1 4 1 6 

> w *. v * „ * „ « „ ' 
SoUd phase P y CoCl8 .6Py CoCl2 .4Py CoCl2 .2Py CoCl2 

Complexes with a-acetaillinopyridine were observed by F . L. H a h n and co-workers ; 
with piperidine, by A. Werner and co-workers; with dipyridyl, by F . B l a u ; with 
quinoline, by E. Beckmann, E . G. V. Percival and W. Wardlaw, F . Borsbach, 
J . N. Pearce, W. R. Brode, and F . Reitzenstein; with quinoline, by E. G. V. Per­
cival and W. Ward l aw; with puridino-2, 3-thiophene, by W. Steinkopf and 
G. Ltitzkendorf; with phenanthroline, by F . B l au ; and with thiocarbamide, by 
A. Rosenheim and V. J . Meyer. N . V. Konduiroff and D. A. Fomin studied the action 
of cobalt chloride, on organomagnesium compounds. C. Dufraisse and !D. Nakae 
studied the catalytic action of cobalt chloride on the oxidation of acraldehyde, 
phenylformaldehyde, furfuraldehyde, styrene, and turpentine; W. Thomson 
and F . Lewis, the action on india-rubber. E . G. Fuelnegg and G. Konopatsch 
studied the action of cobalt chloride as siccative or drier in various oils. J . E . Heck 
and M. G. Mellon studied rhythmic precipitations with silicic acid. 

According to Z. Roussin, D . Vitali, !D. Tommasi, A. Commaille, S. Kern, and 
K. Seubert and A. Schmidt, magnesium precipitates hydrated cobaltous oxide, 
mixed with a basic chloride, from neutral soln. of cobalt chloride, and a t the same 
t ime some hydrogen is evolved ; bu t feebly acidified soln. may be reduced. 
E . S. Hedges and J . E . Myers said t h a t a magnesium-cobalt couple is produced when 
magnesium is dipped in a soln. of cobaltous chloride. According to Z. Roussin, 
and A. Commaille, neutral soln., hot or cold, give no precipitate with zinc, bu t if 
a th i rd metal—lead or copper—is present, L. de Boisbaudron observed t h a t the 
soln. may be reduced ; and A. F . Gehlen, and J . L. Davies observed t h a t an 
ammoniacal soln. may be reduced by zinc—vide supra, metallic precipitation of 
cobalt. M. Dombrow found t h a t hydrated cobaltous chloride when heated with 
zinc, gives a violent reaction with the liberation of hydrogen. The precipitation of 
cobalt from- soln. of t he chloride in absolute alcohol by zinc, and cadmium, was 
studied by R. Muller and F . R. Thois. C. Formenti and M. Levi studied the reducing 
action of aluminium. H . Schulze found tha t , a t a red-heat, tungstic oxide reacts 
wi th cobalt chloride in a current of carbon dioxide : 2 W O S - H C O C I 2 = C O W O 4 

H-WO2Cl8. M. Curie and J . Saddy found cobalt chloride reduced the luminescence 
of s ine sulphide. D . Langauer studied the system : C o C l 2 4 - K 2 S 0 4 ^ 2 K C l + C o S 0 4 . 
G. and P . Spacu obtained complex salts with silver iodide. E . Montignie 
observed t h a t with mercuric oxide, cobaltous hydroxide, and with a small 
proportion of mercuric oxide, a n oxychloride, CoCl2 .3Co0.3H20, is formed. 
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The double salts Of CObaltous Chloride.—The formation of solid soln. from soln. 
of chlorides and dihydrated cobalt chloride was discussed by A. Johnsen, O. Lehmann, 
and J. M. Merrick, and it is doubtful if a double salt is formed. The crystals 
of the solid soln. were examined by A. Neuhaus, J. W. Retgers, P. Gaubert, 
J. Ii. C. Schroeder van der KoIk, and B. SrebofE. H. W. Foote found that with 
soln., at 25°, containing the following percentage proportions of : 

N H 4 C l . . 17-9O 13-59 8-75 7-62 7-45 
CoCl 2 . . 15-63 25-19 34-28 34-61 35-24 

Solid phase Solid soln. NIT4Cl.MCoCla.2HaO Solid soln. + CoCla.6HaO 
There is the possibility that the solid phases contain isomorphous mixtures, or 
solid soln., of ammonium chloride and some double salt which is unstable when 
alone, for cases are known where two salts N„ „ 
crystallize isomorphously to form a stable * ̂  * 
hydrate which neither salt yields when 
alone—e.g., the monoclinic monohydrated 
copper and zinc sulphates. A. Benrath's 
results, at 25°, with the mol. proportions of 
the dissolved salt as abscissae, and the 
number of mols. of water per mol. of dis­
solved salt as ordinates, are plotted inFig.90. 
F. W. J. Clendinnen, and A. C. D. Rivett 
and F. W. J. Clendinnen studied the ternary 
system : CoCl2-NH4Cl-H2O, at 60°, in order 
to avoid complications with hydrates higher ^Q ^- ^-—* ^ - — C O C ^ - P / W ft>Cl 
than CoCl2.2H2O. The results are sum­
marized in Fig. 83. There is no indication Frai£3;^7?1£.T*5?Sy . S ^o e m : 

j , ,, n H. j . -, T_, , , , , , . N H 4 C l — C o C l a - H 2 0 a t 60° . 
of the formation of a double salt at this * a a 
temp. There is a region of metastability bounded by dotted lines. The com­
position of the solid soln. can be represented by points on the line AD, which is 
continuous from ammonium chloride to dihydrated cobalt chloride. 

O. Hautz reported hydrated ammonium cobaltous trichloride, NH4CLCoCl2. 
6H2O, to be formed from soln. of cobalt and ammonium chlorides in equivalent 
proportions. G. Rosenheim and M. Platsch also prepared this salt. O. Hautz 
added that the crystals are always contaminated with those of ammonium chloride, 
and have to be purified by crystallization. The ruby-red, monoclinic crystals are 
deliquescent in moist air, and are freely soluble in water. IT. Rose heated cobaltous 
hexamminochloride in air, and obtained what he regarded as ammonium cobaltous 
amminotrichloride, NH4Cl.CoCl2.NH3, but W. Biltz said that the analysis agrees 
better with NH4CL CoCl2. ̂ NH3. W. Biltz and B. Fetkenheuer could not prepare 
a definite compound by the method of F. Rose, but they obtained a product 
CoCL(NH4Cl)O2-NH3 by heating at 310° to 320° a mixture of cobaltous chloride 
and ammonium chloride in ammonia. 

H. Franzen and H. L». Lucking obtained hydrazine cobaltous tetrachloride, 
CoCl2(N2H4-HCl)2 .2H2O. A. Ferrat ini prepared a hydrazine cobaltous hydrazino-
chloride, 2N2H6CLCoCl2-^N2H4, from an aq. soln. of the components. The product 
was boiled in alcohol, and a mixture of wine-red, and violet crystals separated out. 
The violet crystals are separated mechanically. The salt furnishes prismatic 
needles which melt at 221° to 223°, and they are soluble in water, and in aq. alcohol. 

Cobaltous chloride does not form a potassium cobaltous chloride. C. Mazzetti 
examined the system : KCl-CoCl2-H2O, at 20°, and observed no signs of a double 
salt. Expressing the composition of sat. soln. in percentages, he found : 

CoCl 1 . . 33-52 3 3 1 5 31-58 28-37 20-25 7-40 
KCl 4-73 6-81 6-79 7-7O 11-56 19-37 

i w * - ^ - ' 

Solid phases CoCI2-OH2O + KCl KCl 
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The results are plotted in Fig. 86. A. Benrath ' s results a t 25° are indicated in 
Fig. 89. H. W. Foote also observed no double salt is formed a t 25°. The uni-
variant point in the system is 8*24 per cent. KCl, and 32*91 per cent. CoCl2 ; this 
is very close to the value obtained by C. Mazzetti a t 20°. J . Kendall and 
K. P . Monroe, and N. A. Yajnik and R. L. Uberoy measured the sp. gr. and viscosity 
of mixed soln. of the two chlorides ; and J . Trotsch, and G. Akerlof and 
H. C. Thomas, the electrical conductivity. H. W. Foote obtained for the system : 
RbCl-CoCl2-H2O, a t 25° : 

CoCl 2 . 
R b C l 

Solid phases 

35-67 
O 

35-11 
5-98 

34-58 
6-83 

34-29 
7-79 

31-74 
9-34 

1 6 0 9 
30-52 

11-37 
3 8 0 3 

5-41 
43-58 

0 
48-57 

KbCl CoCla.6HaO KbCl.CoCIa.2Bf20 2RbCl.CoCla.2HaO 
T h e r e s u l t s a r e p l o t t e d i n F i g . 8 4 . T h e r e a r e f o r m e d h y d r a t e d r u b i d i u m CObaltoUS 
trichloride, RbCl.CoCl2.2H2O, and hydrated rubidium cobaltous tetrachloride, 
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2RbCl.CoCl2.2H2O. The univariant points are 6-09 per cent. RbCl and 35-02 per 
cent. CoCl2 ; 7-68 per cent. RbCl and 34-36 per cent. CoCl2 ; and 38-43 per cent. 
RbCl and 11-51 per cent. CoCl2. A. Benrath could not find the trichloride obtained 
by H. W. Foote, bu t obtained the tetrachloride. A. Benrath 's results-for the 
sys tem: RbCl-CoCl2-H2O, at 25°, are plotted in Fig. 87, where, as before, the per-

&o 

CoCl2SH1O. 

CoCTT 
F I G . 8 6 . — T h e T e r n a r y S y s t e m 

K C l - C o C l a - H a O , a t 20° . 

KCl CoCl2 RbCl 

F i o . 8 7 . — T h e T e r n a r y S y s t e m : 
R b C l - C o C l a - H a O , a t 25° . 

centage proportions of the two component salts, CoCl2, and RbCl, are plotted as 
abscissae, and the number of mols. of water per mol. of mixed salt, as ordinates. 
A. Benrath 's results for the ternary system : CsCl-CoCl2-H2O, a t 25°, are plotted 
similarly in Fig. 85, and they agree with those obtained by H. W. Foote, where 
the compositions of the sat . soln. are expressed in percentages : 

CoCl 1 
CsCl . 

Solid phases 

35-67 
O 

35-73 
1-65 

32-58 
3-62 

31-09 
5 0 3 

22-57 
16-22 

8-98 
40-56 

7-75 
42-76 

0-25 
65-48 

O 
65-61 

CoCl2.6HaO CsO!.CoCla.2HaO 2CsCLCoOIa 3CsCl.CoCla CsOl 
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The hexahydrate of cobalt chloride as solid phase has the invariant point 1*86 
per cent. CsCl and 35-67 per cent. CoCl2, where the second phase is hydrated 
caesium CObaltOUS trichloride, CsCl.CoCl2.2H2O—E. H. Ducloux reported crystals 
of the anhydrous salt—there is then another invariant point for 5-03 per cent. 
CsCl and 31-09 per cent. CoCl2, where the other solid phase is csesium cobaltous 
tetrachloride, 2CSCI 2 -COCI 2 ; there is then an invariant point a t 40-56 per cent. 
CsCl and 8-98 per cent. CoCl2, with the other solid phase caesium cobaltous penta-
chloride, 3CSCLCOCI 2 ; and there is then the invariant point at 65-48 per cent. 
CsCl and 0-25 per cent. CoCl2, with caesium chloride as the other solid phase. O. Stel-
ling and F. Olsson studied the X-ray absorption spectrum of CsCl.CoCl2.2H2O ; 
E. H . Ducloux obtained crystals of 2CSCLCOCI 2 ; and J . Vermande, crystals of 
3 C S C L C O C I 2 . These three caesium cobaltous salts were prepared by G. P . Campbell 
from mixed soln. of the component salts. Small plates of the trichloride were 
deposited from soln. in which the ratio Cs : Co varies from 0-4 : 1 to a syrupy soln. 
of cobaltous chloride ; large plates or prisms of the tetrachloride, from soln. with 
Cs : Co ranging from 6 : 1 to 0-4 : 1 ; and combinations of cubic and octahedral 
crystals of the pentachloride, from soln. with Cs : Co ranging from 12 : 1 to 6 : 1. 
Each soln. was acidified with hydrochloric acid. G. and P . Spacu observed the 
formation of the caesium cobalt amminotetrachlorides, Cs2[CoCl4].9NH3—the 
vap. press., a t —82°, are : 

MoIs. N H 3 . . 12-66 ll-OO 10-74 9-97 9-74 9 1 8 8-92 8-86 
p mux. . . 28-5 27-5 2 6 0 2 6 0 0 2 4 0 15-0 6 0 2-O 

Os2[CoCl4]^NH3—with the vap. press. 6, 10-5, and 38-0 mm., respectively, a t 0°, 
16-9°, and 78°, and the heat of formation from the double salt, 14-20 CaIs. per mol. 
of N H 3 ; Cs2[CoCl4].2NH3—with the vap. press. 19 mm. a t 78°, and the heat of 
formation, 16*97 CaIs. per mol. of N H 3 ; and Cs2[CoCl4].NH3—with the vap. press. 
19, 7, 3, 0-9 mm.y respectively, for 1-34, 1-15, 1-12, and 1-09 mols. OfNH3 . 

C. Mazzetti found tha t soln. of cobaltous and sodium chlorides, t reated in a 
similar manner, a t 20°, gave no evidence of the formation of a sodium cobaltous 
chloride. Expressing concentrations in percentages of the anhydrous salts, sat. 
soln. contain : 

CoCl2 . . . 34-98 33-38 3 3 0 5 32-84 21-45 8-20 O 
NaCl . . . 0 3-35 3-65 3-91 10-32 19-40 2 6 0 9 

> „ * v ' 
Solid phases CoCl2-CM2O NaCl 

The results are plotted in Fig. 89. H. W. Foote obtained similar results a t 25°, 

F i a . 88 .—The Ternary S y s t e m : F I G . 89 .—The Ternary Sys tem : 
CsCl -CoCl a -H a O, a t 25°. NaCl -CoCl 2 -H 2 O, a t 20°. 

and he found the invariant point corresponds with 4-70 per cent, of sodium chloride 
and 32*91 per cent, of cobaltous chloride. A. Benrath found a t 25° and 98° the mol. 
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percen tages of NaCl t o CoCl2 in soln., a n d t h e n u m b e r of mols . of w a t e r pe r mol . 
of mixed s a l t : 

2 0 ( NaCl 
2 5 t H 2 O 
q f t 0 / NaCl 

O 
6-67 
O 

12-65 

9-37 
6 1 5 

15-7 
10-7 

27-90 
5-49 

25-2 
9-95 

45-3 
7-56 

34-2 
8-39 

6 9 0 
8-32 

67-7 
8 1 5 

83-0 
8-48 

65-4 
8-28 

9 7 0 
8-58 

86-6 
7-44 

100 per cent. 
8-33 mols. 

100 per cent. 
7*44 mols. 

M. Loftier s tud ied solid soln. w i th sod ium chloride. C. Mazzet t i , J . Kenda l l a n d 
K . P . Monroe, a n d N . A. Ya jn ik a n d R . L . U b e r o y measured t h e viscosi ty of 

JhP 

ao MCi 
Fia . 90.—The Ternary System : 

MCl-CoCl2-H2O, at 25°. 

LiCL CoCLi 
F I G . 91.—The Ternary System : 

LiCl-CoCl2-H2O. 

mixed soln. of t h e t w o sal ts ; A. B e n r a t h , t h e rais ing of t h e b .p . ; a n d C. Mazzet t i , 
a n d J . Trotsch , t h e electrical conduc t iv i ty . A. Chassevan t r epor t ed h y d r a t e d l i th ium 
cobaltous trichloride, L iCl .CoCl 2 .3H 2 0, t o be formed from soln. of t h e c o m p o n e n t 
sal ts , a n d h e ob ta ined t h e a n h y d r o u s sal t b y d e h y d r a t i o n in a desiccator . T h e 
acicular c rys ta ls effloresce in a d r y a tmosphe re a n d lose hyd rogen chloride ; t h e y 
a r e dissociated b y wate r , b u t a r e s tab le in t h e presence of a n excess of l i t h i u m 
chloride. The c rys ta l s a re i somorphous wi th t h e corresponding sa l ts of manganese , 
i ron, a n d nickel . J . Kenda l l a n d K . P . Monroe, a n d N . A. Ya jn ik a n d R . X.. U b e r o y 
s tud ied t h e sp . gr. a n d viscosi ty of t h e mixed soln. of t h e c o m p o n e n t sal ts ; a n d 
R. Enge l , t he i r colour. H . Bas se t t a n d H . H . Croucher formula te t h e com­
p o u n d : [Li(H 2O) 2 ]TCo(H 2O)Cl 3 ] ; A. B e n r a t h examined t h e t e r n a r y s y s t e m : 
L iCl -CoCl 2 -H 2 O, a t 25°, a n d found for t h e percen tage mol. p ropor t ions of l i t h ium 
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Fio . 93.—Melting-point Curve of Calcium 
and Cobaltous Chlorides. 

chloride t o coba l t chloride—absciss*© in Fig . , 9 1 — a n d t h e corresponding p ropor ­
t ions of wa te r mols . pe r mol . of m i x t u r e — o r d i n a t e s in F ig . 85 : 
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LiCl -
H 2 O 

O 
12-6 

3 2 1 
12-2 

64-57 
6-96 

64-80 
7-14 

75-4O 
5-31 

77-8 
5-46 

93-68 
5-48 

96-25 
5-51 

1OO p e r c e n t . 
5-71 m o b . 

Solid phases CoCla .6H20 CoCl a .2H aO 4L,iCl.CoCl2.10H20 LiCLH2O 
T h e r e su l t s i n d i c a t e t h e fo rma t ion of h y d r a t e d l i th ium cobaltous hexachloride , 
4LiCLCoCl 2 .1OH 2O. H . B a s s e t t a n d H . H . Croucher d o u b t t h e exis tence of t h i s 
sa l t . J . AV. R e t g e r s obse rved t h a t in t h e presence of cone, hydrochlor ic acid, l i t h i u m 
chlor ide s e p a r a t e s f rom t h e m i x e d soln. A. F e r r a r i a n d A. B a r o n i showed t h a t t h e 
m . p . c u r v e of m i x t u r e s of c o b a l t a n d l i t h i u m chlor ides , F ig . 92, h a s a m a x i m u m 
co r r e spond ing w i t h t h e fo rma t ion of l i th ium cobal tous tetrachloride, Li2CoCl4 , 
m . p . 558° . H . B a s s e t t a n d I . Sande r son e x a m i n e d t h e t e r n a r y s y s t e m : L i C l -
C o C l 2 - H 2 O a t 0 ° , 25°, 40°, a n d 80° , a n d t h e resu l t s a re s u m m a r i z e d in F i g . 9 1 . 
T h e y obse rved l i t h i u m cobal tous henachlor ide , 7LiCl .2CoCl 2 18H 2 O ; l i th ium 
coba l tous heptachloride , 3LiCl .2CoCl 2 .6H 2 O ; a n d t h e d i h y d r a t e of t h e t r i ch lor ide 
as well a s of solid soln. be tween l i t h i u m coba l tous t e t r ach lo r ide , 2LiCl .CoCl 2 .2H 2 O, 
a n d L i C L H 2 O . 

A . Mai lhe boi led a soln. of coba l t chlor ide w i t h h y d r a t e d cupr ic oxide a n d 
o b t a i n e d g rey c rys t a l s of a copper cobal tous trioxydicnloride, CoCl 2 . 3CuO.4H 2 O. 
A. W e r n e r r e p r e s e n t e d t h e sa l t b y t h e fo rmula : 
C u 2 ( O H ) 4 . C u ( O H ) 2 . C o C l 2 . H 2 0 . T h e green c rys t a l s 
a r e i s o m o r p h o u s w i t h t h o s e of t h e co r respond ing 
nickel sa l t . W . A. E n d r i s s m a d e obse rva t i ons on 
t h i s sub jec t . R . E n g e l t h o u g h t t h a t a c a l c i u m 
Cobaltous chloride w a s fo rmed in a m i x e d soln. of 
t h e c o m p o n e n t chlor ides . A. F e r r a r i a n d A. I n g a n n i 
showed t h a t t h e m . p . cu rve , F i g . 9 3 , is of t h e s imple 
V - t y p e , w i t h a eu tec t i c a t 614°, a n d 54-3 p e r cen t , of 
CaCl 2 . A. B e n r a t h e x a m i n e d t h e t e r n a r y s y s t e m : 
C a C l 2 - C o C l 2 - H 2 O , a t 25°, a n d found for t h e per ­
c e n t a g e mol . p r o p o r t i o n s of c a l c ium chlor ide t o 
c o b a l t chloride—abscissae, F ig . 9 6 — a n d t h e corre­
s p o n d i n g p r o p o r t i o n s of w a t e r mols . pe r mol . of 
m i x t u r e — o r d i n a t e s in F i g . 96 : 
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Solid phases 

O 
12-63 

30-78 
11-48 

45-6 
10-94 

67-7 
9-62 

78-2 
8-58 

84-9 
6-54 

94-8 
7 1 8 

1OO p e r c e n t . 
7-21 mo l s . 

CoCl a .6H aO CaCl 2 .6H 2 0 

T h e r e is n o sign of t h e fo rma t ion of a doub le sa l t . H . C. J o n e s a n d W . W . S t rong , 

CoCh 20 SO MCl2 

F i o . 95 .—The T e r n a r y S y s t e m : 
L i C l - C o C l a - H a O , a t 25° . 

F i o . 9 6 . — T h e T e r n a r y S y s t e m : 
M C l 8 - C o C l 2 - H 8 O , a t 25°. 

a n d W . J . Russe l l s t ud i ed t h e a b s o r p t i o n s p e c t r u m of mixed soln. of t h e t w o 
sa l t s ; H . C. J o n e s a n d H . S. Uh le r , t h e f .p. of t h e soln. ; A. B e n r a t h , t h e b . p . ; 
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H. C. Jones and H. S. Uhler, t he electrical conductivity ; and F . G. Donnan and 
H. Bassett , the t ransport numbers, and constitution of the aq. soln. Similarly, 
A. Benrath obtained no sign of the formation of a strontium CObaltous chloride in 
his s tudy of the ternary system : SrCl2-CoCl2-H2O, a t 25°, Fig. 96, when he 
found : 

SrCl8 . . . O 17-92 27-15 4 1 0 1 78-5 1OO per cent . 
H 8 O . 12-65 11-40 10-68 1 3 0 1 1 5 0 5 15-85 tnols. 

> „ ¥ * 
Solid phases CoCla.6HaO SrCl2.6H2O 

A. Benrath obtained the curve, Fig. 96, for C. Mazzetti 's data , for the system : 
BaCl2-CoCl2-H2O, a t 25°. A. Ferrari and A. Inganni observed no sign of a 
strontium cobaltous chloride on the f.p. curves of the system : SrCl2-CoCl2, 
Fig. 94. There is no miscibility in the solid state, and there is a eutectic a t 564°, 
and 40-5 mols. per cent, of cobaltous chloride. C. Mazzetti examined the ternary 
system : BaCl2-CoCl2-H2O, a t 20°, and observed no sign of the formation of a 
barium cobaltous chloride. The percentage composition of the sat. soln. are : 

CoCl2 . 34-43 34-15 33-80 29-57 24-92 19-52 1 3 1 4 6-34 
BaCl 2 . 0-45 0-37 0-38 0-88 2 O l 5-48 10-03 16-5O 

The results of his s tudy of the viscosity and electrical conductivity of mixed soln. 
of cobalt and barium chlorides were interpreted on the assumption t h a t complex ions 
were formed. 

H . Bassett and H . H. Croucher examined the ternary system : MgCl2-CoCl2-
H 2 O, at 25°. Expressing concentrations in percentages, they found for sat. soln. : 

C o C l 2 3 5 - 8 7 2 8 - 7 8 1 2 - 0 8 1 2 - 4 3 10-0O 8 - 9 5 8 - 4 4 4 - 4 4 0 0 0 
M g C l 2 OOO 6-2O 2 9 0 4 2 8 - 8 9 3 1 O O 3 1 - 6 6 3 1 - 9 5 3 4 0 0 36-2O 

* v v « v _ * 

Solid phases CoCl2-OH2O Mg0 2 .CoCl 2 . 8H 2 0 MgCl2.6H2O 

The results are plot ted in Fig. 98. There is clear evidence of the formation of a 
blue, hydra ted magnesium cobaltous tetrachloride, MgCl2 .CoCl2 .8H20. There 
was no evidence of the isomorphism of the hexahydrated magnesium and cobaltous 
chlorides. I t is assumed, on the basis of the work of F . G. Donnan and H . Bassett , 
cited above, t h a t the blue salt contains a complex cobalt anion, and they favour 
the hypothesis t h a t the salt is consti tuted : [Mg(H4O2J4]' '[CoCl4]". The salt appears 
in deep blue rhombohedra, bu t small crystals have a reddish tinge in t ransmit ted 
light. The results agree with observations by E . O. V. Percival and W. Wardlaw 
on complex salts of pyridine, quinoline, and quinaldine with the anion C0CI4". 
A. Benrath 's results for the system : MgCl2-CoCl2-H2O, a t 25°, are summarized in 
Fig. 96, the compound salt was no t recognized. A. Ferrari and A. Inganni studied 
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the m.p. curve, and. the results, summarized in Fig. 99, show no signs of a double 
salt a t these t emp . There is a continuous series of solid soln. J . Kendall and 
K. P . Monroe, A. Benrath, and N. A. Yajnik and R. Li. TJberoy measured the sp. gr. 
and viscosity of the mixed soln. 

A. Ferrar i and A. Inganni obtained the curve, Fig. 101, for zinc and cobaltous 
chlorides. There is no sign of a zinc cobaltous chloride, there is no miscibility, 
and the eutectic t emp, is the same as the m.p. of zinc chloride, namely 300°. 
H . Basset t and W. L. Bedwell also measured the f.p. of the mixtures, and found t ha t 
the two curves descended from 735°, the f.p. of cobalt chloride, and 313°, the m.p. 
of zinc chloride, and met a t the eutectic, which is between 311° and 313°, very near 
the m.p. of zinc chloride alone. The one curve corresponds with the separation 
of cobalt chloride in freezing, and the other curve corresponds with the separation 
of solid soln. of up to 7 per cent, of cobalt chloride in zinc chloride. The colour of 
t he mixtures is like t h a t of anhydrous cobalt chloride. They emphasized the fact 
t h a t whilst the hydra ted chlorides form definite compounds, the anhydrous chlorides 
do not do so ; and this shows t h a t it is unsafe to assume tha t a hydrated double or 
complex salt will remain a chemical individual after dehydration. 
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A. Benra th ' s observations on the ternary system : ZnCl2-CoCl2-H2O, at 25°, 
are summarized in Fig. 100. The first portion of the curve has the hexahydrate, 
CoCl2.6H2O, as solid phase, and the last portion has hydrated zinc chloride as solid 
phase. I n between there is a curve supposed to represent the compound hydrated 
zinc cobalt hexachloride, 2ZnCl2 .CoCl2 .12H20, analogous to CdCl2.CoCl2.12H20, 
obtained in the soln. with cadmium and cobalt chlorides. This was not confirmed 
by H . Bassett and H . H . Croucher. These investigators found t h a t the equilibrium 
conditions are no t so simple as those indicated in Fig. 100, because of the compli­
cations introduced by the hydrolysis of the zinc chloride and by the formation of 
solid soln. The following is a selection from an extensive series of readings, where 
the concentrations of sat. soln. are expressed in percentages, and the Greek letters 
refer t o solid soln. : 
C o C l 8 . 3 5 - 8 7 3 1 - 2 0 2 9 - 4 8 1 3 - 5 1 1 2 - 6 1 
Z n C l 8 . O 2 7 - 9 1 3 3 - 3 1 6 0 - 0 9 63-4O 

1 7 - 2 3 
5 7 - 9 5 

4 - 1 9 
7 7 - 3 8 

0 -61 
8 0 0 2 8 1 - 2 8 

2 - 6 0 
7 8 - 5 8 

CoCI8.6HsO CoCl8.2HaO £ ZuCl2.! *HaO 

The results are summarized in Fig. 102. The isotherm of the system consists of eight 
well-marked portions. The soln. richest in cobalt chloride are in equilibrium with 
the hexahydrate . Addition of zinc chloride causes, first, a fall in the amount 
of cobalt chloride present in t he soln. (reckoned as a percentage of the total weight 
of soln.), followed by a slight rise until , when the soln. contains 31-20 per cent, of 
cobalt chloride and 27*91 per cent, of zinc chloride, the dihydrate, CoCl2 .2H20, 
becomes t he stable solid phase. I t s range of existence is comparatively short, 
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and at 29*48 per cent. CoCl2 and 33-31 per cent. ZnCl2, hydrated zinc CObaltous 
tetrachloride, CoCl2.ZnCl2.6H2O, appears. From this point to 13-60 per cent. 
CoCl2 and 60-09 per cent. ZnCl2, there is a solid phase consisting of a series 
of solid soln.—a-solid solutions—of ZnCl2.3H2O in ZnCl2.CoCl2.6H2O, that is, 
between [Zn(OH)O]-[ZnC]4]" and [Co(H2O)6]* [ZnCl4]". These soln. crystallize 

in thick prisms with angles not quite right 
\HzO angles, and have a clear red colour—all the 

other solid soln. have a purple tinge. At 
a concentration of 13-00 per cent. CoCl2 

and 60-09 ZnCl2, a second series of solid 
soln.—p-solid solutions—appears in which 

, ,x ~ x A , ,- ZnCl2.2£H20, that is, [Zn2(H2O)10]*""-
/ ^ / A X "<rznaf%cZ'Uo CZnCl4V, is dissolved in [Co8(H8O)10]""-

/\Z^^^^L P\ [ZnCJ4-J2". The yS-solid soln. furnish thin, 
CoCh'LtO^^/^^K-/"- A ^ * C / ^ e rectangular plates which are often square. 
2/&9 /\ '^ X 7\ /vr^*5^ When the concentration is 13-00 per cent. 

of CoCl2 and 63-OO per cent, of zinc chloride, 
. . . a third series of solid soln.—y-solid solutions 

C°&2 Z/7t7? —appears in which one constituent is 
F l%ir?"ooof T H r o a r L S ^ t e m : ZnCl2-IfH2O, that is, [Zn2(H2O)10]""-

ZnCi2-CoCi2-Ii2O, at 25 . [Zn2Cl6V,and it dissolved in[Co2(H2O)10]" **-
[Zn2Cl6]2. The y-solid soln. crystallize in long prisms with oblique ends. The 
y-solid soln. is in turn replaced by a fourth series—c-solid solutions—as the 
concentration attains 0-61 per cent. CoCl2 and 80-02 per cent. ZnCl2. The con­
stituent of the e-solid soln. is ZnCl2-I^H2O, that is, [Zn(H20)4]"[Zn2Cl6]", and 
the other constituent is [Co(H2O)4]"[Zn2Cl6]". The e-solid soln. furnish clear, 
6-sided plates associated, maybe, with pseudomorphs of the S-solid soln. The 
solubility curves of the y- and e-solid soln. can be followed some distance into the 
metastable region. There is yet a fifth series of solid soln.—8-solid solutions—in 
which ZnCl2-I ̂ H2O, [Zn2(H2O)6]" "[ZnCl4]^" is one constituent, and the other 
constituent is [Co(H2O)6]" ""[ZnCl4J2". The series of S-solid soln. is metastable 
over its whole, moderately extensive range ; and it furnishes small, diamond-shaped 
plates, and rhombs rather like those of calcite. Lastly, anhydrous zinc chloride 
may be obtained at 25° in metastable equilibrium with a limited range of soln. of 
zinc and cobalt chlorides. F. G. Donnan and H. Bassett studied the colour and 
constitution of the aq. soln. 

C. van Hauer reported cadmium cobaltous hexachloride, 2CdCl2.CoCl2.12H20, 
or, according to G. Spacu and L. Caton, [CdCl6][Cd(H2O)6][Co(H2O)6], to be 
deposited from a soln. of 3 mols. of the cobalt salt to 4 mols. of the cadmium salt 
allowed to evaporate spontaneously in not too warm a place. A. Benrath studied 
the ternary system : CdCl2-CoCl2-H2O, at 25°, and obtained a curve with the 
hydrated component salts as solid phases at each end, and this double salt in 
between, Fig. 99, where the mol. proportions of the two salts are expressed in per­
centages, are the abscissae, and the number of mols. of water per mol. of the mixed 
salt are the ordinates. The data were : 

CdCl2 . O 5-14 21 SR 4 0 3 41 1 43-7 57-8 70-4 8 0 3 100 
H 2 O . 12-66 11-92 9-37 6-38 6-25 6-44 6-86 6-37 6-93 7-94 

CoCl 2 -GH 2 O 2CdCl 4 -CoCl 2 . 1 OH 2 O < C d C l 2 . 2 i H a O > 

The crystals of the complex salt are columnar, and the same in colour as those of 
hydrated cobalt chloride, and they resemble those of the magnesium and manganese 
complex salts. J. Grailich said that the rhombic crystals have the axial ratios 
a : b : c=l-0958 : 1 : 0-3847, and that the (100)-cleavage is imperfect. The crystals 
were also examined by J. Grailich and V. von Lang. A. Ferrari and A. Inganni 
found the f.p. curves, Fig. 103, show a continuous series of solid soln. H. Bassett 
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a n d I . S a n d e r s o n also n o t e d t h e fo rma t ion of solid soln. C. v o n H a u e r observed 
t h a t t h e c rys t a l s del iquesce in m o i s t air , b u t a re s t ab le in d r y a i r ; t h e y effloresce 
o v e r su lphur i c ac id o r ca l c ium chlor ide. T h e y c a n be dr ied , w i t h o u t decom­
pos i t ion , i n v a c u o ; t h e y lose 10 mols . of w a t e r a t 100° ; a n d a t a h igher t e m p . , 
t h e sa l t m e l t s in i t s w a t e r of c rys ta l l i za t ion , i t t h e n becomes d a r k b lue , a n d solid. 
T h e solid m e l t s a t a r e d - h e a t a n d subl imes w i t h 
p a r t i a l decompos i t i on . G. S p a c u a n d Li. Ca t on p r e ­
p a r e d a c o m p l e x sa l t w i t h py r id ine , n a m e l y , c a d m i u m 
cobaltous octopyridinohexachloride, 2CdCIo. CoCl2. 
8C5H5N. 

P . A. v o n Bonsdorff r e p o r t e d mercuric coba l tous 
tetrachloride , H g C l 2 - C o C l 2 . 4 H 2 0 , or, accord ing t o 
H . B a s s e t t a n d H . H . Croucher , [Co(H 2 O) 4 ]HgCl 4 , t o 
be fo rmed b y e v a p o r a t i n g a m i x e d soln. of t h e com­
p o n e n t sa l t s . T h e ca rmine- red , c o l u m n a r c rys t a l s 
a r e i s o m o r p h o u s w i t h t h e m a g n e s i u m a n d i ron 
mercu r i c sa l t s . R . V a r e t gave 1-08 CaIs. for t h e h e a t 
evo lved in m i x i n g soln. of CoCl2 a n d 2HgCl 2 , a t 17°, 
a n d 0-90 CaI. for soln. of CoCl2 a n d HgCl 2 , a t 18°. 
A. H a n t z s c h obse rved t h a t an alcoholic soln. of coba l t 
ch lor ide becomes red w h e n t r e a t e d w i t h mercur i c chlor ide , owing t o t h e fo rma t ion 
of a complex sa l t . A. B e n r a t h s tud ied t h e t e r n a r y sy s t em : H g C l 2 - C o C l 2 - H 2 O , a t 
25°, b u t d id n o t find th i s c o m p l e x sa l t ; h i s d a t a a re s u m m a r i z e d in F ig . IOO. 
E x p r e s s i n g t h e c o n c e n t r a t i o n s of sa t . soln. a t 25°, pe rcen tages , H . B a s s e t t a n d 
H . H . Croucher found : 
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(!001,.GHiO HgCl2 .CoCl2 .4H20 HgCl2 

CoCl2 

CoCl2 
6H2O 

HgCl2-CoCU-

T h e re su l t s a re p l o t t e d in F ig . 104. H . B a s s e t t a n d H . H . Croucher a d d e d t h a t t h e 
effect of c o b a l t ch lor ide in increas ing t h e solubi l i ty of mercur ic chlor ide is r e m a r k a b l e 
a n d s t r i k ing ly shows t h e g r e a t t e n d e n c y of 
t h e l a t t e r c o m p o u n d t o fo rm n e g a t i v e com­
p l e x ions . T h e so lub i l i ty c u r v e of t h e 
m e r c u r i c ch lor ide is c o n c a v e t o t h e wa te r -
a p e x of t h e t r i a n g l e . Th i s is u n u s u a l , for 
in 3 - c o m p o n e n t s y s t e m s c o n t a i n i n g w a t e r 
a n d t w o e lec t ro ly tes , t h e so lubi l i ty cu rves 
a r e n e a r l y a l w a y s c o n v e x t o t h i s po in t . 
T h i s c o n v e x i t y is d u e t o t h e oppos i t ion of 
t w o effects, one caus ing a d i m i n u t i o n of 
so lub i l i ty , a n d t h e o t h e r a n increase . 
I n t h e p r e s e n t i n s t ance , s ince mercu r i c 
ch lo r ide is v e r y s l ight ly ionized, t h e de ­
p re s s ing effect of t h e ch lor ine ions f rom t h e 
c o b a l t ch lor ide is v e r y s l ight , b u t t he i r 
effect i n p r o d u c i n g H g C l 4 " complexes is 
v e r y g r e a t . F r o m t h e first a d d i t i o n s of coba l t chlor ide t h e r e is, therefore , an 
inc rease i n so lubi l i ty of t h e m e r c u r i c chlor ide , b u t t h e p r o p o r t i o n a t e effect 
d imin i shes w i t h inc reas ing a d d i t i o n s , a n d so a concave cu rve resul t s . F . G. D o n n a n 
a n d H . B a s s e t t , A. H a n t z s c h a n d co-workers , a n d Y . S h i b a t a a n d co-workers 
s t u d i e d t h e c o n s t i t u t i o n of t h e soln. 

A . Mai lhe r e p o r t e d t w o bas ic sa l t s o b t a i n e d b y al lowing mercur i c ox ide 
t o s t a n d in c o n t a c t w i t h soln. of coba l t ch lor ide—mercuric trioxydichloride, 
3 C o O . H g C l 2 . £ H 2 0 , a s a g reen p o w d e r consis t ing of 4-sided p l a t e s ; a n d mercur ic 

H2O MgCl2 

F i O . 104. T h e T e r n a r y S y s t e m : 
HgCl a-CoCl 2 - H 2 0 . 
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hexoxyte trach lor ide , 6CoO.CoCl 2 -HgCl 2 .2OH 2 O, in c rys t a l l ine g r a n u l e s . G. S p a c u 
a n d I i . C a t o n r e p o r t e d a c o m p l e x s a l t w i t h a n i l i n e ; F . Calzolar i a n d IT. Tag l i av in i , 
o n e w i t h h e x a m e t h y l e n e t e t r a m i n e ; a n d G. S p a c u , one w i t h b e n z i d i n e . 

J . Gewecke p r e p a r e d h y d r a t e d tha l l i c coba l tous oc toch lor ide , 2TICl3 .CoCl2 . 
8 H 2 O , in hyg roscop ic , r e d c r y s t a l s , b y a l lowing a soln. of t h e c o m p o n e n t s a l t s i n 
w a t e r , acidified w i t h h y d r o c h l o r i c ac id , t o e v a p o r a t e i n v a c u o o v e r s u l p h u r i c ac id . 
S. M. J o r g e n s e n o b t a i n e d h y d r a t e d cob a l t ou s s t a n n i c hexach lor ide , C o S n C l 6 . 6 H 2 0 , 
by s lowly cool ing a h o t , a q . so ln . of e q u i m o l a r p a r t s of t h e c o m p o n e n t s a l t s . 
J . G. F . D r u c e ox id ized w i t h ch lo r ine a soln . of 7*1 g r m s . h e x a h y d r a t e d c o b a l t 
ch lo r ide , a n d 6-7 g r m s . of s t a n n o u s ch lor ide i n di l . h y d r o c h l o r i c ac id , a n d t h e n 
c o n c e n t r a t e d a n d cooled t h e soln. for rose- red c ry s t a l s . A c c o r d i n g t o S. M. J o r g e n ­
sen, t h e r h o m b o h e d r a l c ry s t a l s h a v e t h e ax ia l r a t i o a : c=l : 0*5103, a n d a = 1 1 2 ° 20 ' ; 
t h e ( lO l ) - c l eavage is per fec t—v ide t h e n ickel sa l t . T h e c r y s t a l s de l iquesce i n m o i s t 
a i r ; a n d effloresce in d r y a i r ; a t 100°, t h e y lose w a t e r a n d s t a n n i c ch lor ide . T h e 
c r y s t a l s were e x a m i n e d b y H . Topsoe a n d C. Chr i s t i ansen ; t h e i r s p . gr . is 2*684 ; 
S. M. J o r g e n s e n g a v e 2*298. E . v o n B i r o n s t u d i e d t h e effect of c o b a l t ch lo r ide on 
t h e hydro lys i s of s t a n n i c ch lor ide i n a q . soln. A. B e n r a t h s t u d i e d t h e r a i s ing of 
t h e b . p . of aq . soln . A. F e r r a r i a n d C. Colla s t u d i e d t h e f .p . of t h e s y s t e m : S n C l 2 -
CoCl2 , F i g . 105, a n d of t h e s y s t e m w i t h l e ad -coba l t ch lor ide , F i g . 106. I n t h e 
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F I G . 105. The System : 
SnCla-CoCla . 

2O 4O SO SO /OO 
MoI per cent of PbCl3 

F i o . 106.—The System : 
PbCl2-CoCl8 . 

fo rmer case , t h e r e is a e u t e c t i c a t a b o u t 240°, w i t h a b o u t 4 mols . p e r cen t , of CoCl2 , 
a n d in t h e l a t t e r case , a t 424°, a n d 23-5 mo l s . p e r cen t , of CoCl2 . 

A . F e r r a r i a n d A. I n g a n n i f o u n d t h a t t h e f .p . c u r v e of m i x t u r e s of m a n g a n e s e 
a n d c o b a l t ch lor ides gave n o ev idence of t h e f o r m a t i o n of a m a n g a n e s e cob a l t ou s 
ch lor ide . T h e r e is fo rmed a c o n t i n u o u s series of solid soln. , F i g . 107. W . S t o r t e n -

4O 60 80 
MoI. per cent CoCl2 

F i o . 107.—Freezing-point Curves of 
t he System : CoCl8-MnCl8. 

4O 60 8O /OO 
MoUrper ce/?t. MnClz'^^O or 

F i o . 108.—Solid Solutions of Manganese 
and Cobaltous Chlorides. 

b e k e r obse rved t h a t a q . soln . of t h e t w o chlor ides , c o n t a i n i n g a mol . of c o b a l t 
ch lor ide a n d 0 t o 5 mols . of m a n g a n e s e ch lor ides , fu rn i sh r e d c r y s t a l s of t h e sol id 
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soln. isomorphous with hexahydrated cobaltous chloride. If the soln. contains 
more t h a n 2 mols. of the manganese chloride, the violet crystals of the solid soln. 
form spontaneously, and are isomorphous with te t rahydrated manganese chloride. 
The results with soln. of various concentrations are summarized in Fig. 108. 

A. Ferrari and co-workers obtained the f.p. curves of ferrous and cobaltous 
chlorides, and found no evidence of a ferrous cobaltous chloride. A continuous 
series of solid soln. is formed, Fig. 109. This also agrees with the data from the 
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X-radiograms where the lattice parameter a is 7*05 A. for cobaltous chloride ; 
7-075 A. for 8CoCl2 and 2FeCl2 ; 7-095 A. for 6CoCl2 and 4FeCl2 ; 7-115 A. for 
4CoCl2 and 6FeCl2 ; 7-135 A. for 2CoCl2 and 8FeCl2 ; and 7-155 A. for FeCl2. 
Y. Osaka and T. Yaginuma studied the system : FeCl3-CoCl2-II2O, a t 25°, and 
observed no evidence of the formation of a ferric Cobaltous chloride. Expressing 
the composition of the sat. soln. in percentages, they found the results indicated 
in Fig. 110, and : 
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§ 16. Cobaltic Chloride and i t s Complex Salts 
I n 1835, G. C. W i n k e l b l e c h 1 ob se rved t h a t c o b a l t o u s ch lo r ide c a n n o t be con­

v e r t e d i n t o cobal t i c chlor ide , CoCl3 , b y t r e a t i n g i t w i t h a n excess of chlor ine , b u t 
•when f r e sh ly -p repa red coba l t i c h y d r o x i d e is t r e a t e d w i t h cold hyd roch lo r i c ac id , 
t h e soln . c o n t a i n s s o m e coba l t i c ch lor ide . T h e sa l t h a s n o t y e t b e e n i so la ted . 
W . G l u u d a n d co -worke r s d i scussed t h e p r e p a r a t i o n of o x y g e n b y a p rocess b a s e d 
on t h i s r e a c t i o n . I n conf i rma t ion of t h e ear l ie r o b s e r v a t i o n , R . J . M e y e r a n d 
H . B e s t showed t h a t if a lcohol ic h y d r o g e n ch lo r ide is e m p l o y e d i n p lace of h y d r o ­
chlor ic ac id , a d a r k g reen soln. is p r o d u c e d wh ich soon t u r n s r o s e - r e d — p r e s u m a b l y 
t h e d a r k g reen soln. c o n t a i n s coba l t i c ch lor ide w h i c h soon c h a n g e s t o rose-colour 
of o r d i n a r y c o b a l t o u s ch lo r ide . C. Schal l a n d H . M a r k g r a f pas sed ch lor ine i n t o 
a soln. of c o b a l t o u s ch lor ide in a lcohol , or cone , h y d r o c h l o r i c ac id a t —60° ; a n d 
poss ib ly a t e t r a c h l o r i d e is f o r m e d a t —75° . C. Schal l o b t a i n e d ev idence of t h e 
f o r m a t i o n of coba l t i c ch lo r ide in t h e a n o d i c o x i d a t i o n of a HCl-a lcohol ic soln. 
of c o b a l t o u s ch lo r ide . 

The COAQ or Hexammine Family. 

I n 1851 , F . A. G e n t h first p r e p a r e d cobaltic luteochloride, or cobal t ic h e x a m m i n o -
chlor ide , [Co(NH 3 ) 6]C13 , b y oxid iz ing a n a m m o n i a c a l soln. of a c o b a l t o u s sa l t b y 
e x p o s u r e t o a i r , a n d i t w a s a f t e r w a r d s p r e p a r e d b y E . F r e m y , O. W . G i b b s a n d 
F . A . G e n t h , a n d C D . B r a u n . E . J . Mills ox id ized t h e soln. w i t h p o t a s s i u m per ­
m a n g a n a t e ; A. C a r n o t , w i t h h y d r o g e n d iox ide ; G. T. Morgan a n d J . D . M. S m i t h , 
w i t h h y d r o g e n d iox ide in a n a u t o c l a v e ; C. D . B r a u n , w i t h l ead d iox ide ; L . J a c o b -
sen, w i t h ch lor ine ; s o d i u m h y p o c h l o r i t e , or b l each ing p o w d e r ; H . a n d W . Bi l t z , 
w i t h iod ine ; a n d S. M. J o r g e n s e n , w i t h a n i t r a t e a n d hyd roch lo r i c ac id . H . a n d 
W . Bi l t z t r e a t e d a c o n e . soln. of c o b a l t ch lor ide (1OO grms.) a n d a m m o n i u m chlor ide 
(30 grms . ) w i t h a soln. of s i lver ch lo r ide i n 20 p e r cen t . a q . a m m o n i a for 24 h r s . 
a t 40° , o r 2 d a y s a t o r d i n a r y t e m p . T h e p r e c i p i t a t e w a s e x t r a c t e d w i t h w a t e r a t 
25° ; a n d t h e f i l t ra te a n d w a s h i n g s a t 80° were t r e a t e d w i t h cone , hyd roch lo r i c 
ac id t o p r e c i p i t a t e t h e si lver , a n d cooled. T h e p r o d u c t c a n be re -c rys ta l l i zed f rom 
w a t e r . T h e h e x a m m i n e w a s a lso p r e p a r e d b y S. M. J o r g e n s e n , H . a n d W . Bi l t z , 
W . D . H a r k i n s a n d co-workers , G. T . M o r g a n a n d J . T). M. S m i t h , A. B . L a m b a n d 
A. T. L a r s o n , A. D u b o s c , a n d A. W e r n e r a n d H . Muller , b y t r e a t i n g p e n t a m m i n o -
s a l t s w i t h h y d r o c h l o r i c ac id , or ch lo r ine . P . Pfeiffer d i scussed t h e s t r u c t u r e of 
t h e c o m p o u n d s . 

T h e h e x a m m i n e occurs i n wine - red , or b r o w n i s h o range- red , d ichroic c ry s t a l s , 
w h i c h J . D . D a n a cons ide red t o b e r h o m b i c , b u t which were shown by C. Kle in , 
a n d F . M. J a g e r t o be long t o t h e monoc l in i c s y s t e m , a n d t o h a v e t h e ax ia l r a t i o s 
a : b : c = 0 - 9 8 8 0 : 1 : 0-6501, a n d £ = 9 1 ° 1 9 " . T h e needle- l ike c ry s t a l s m a y h a v e 
r h o m b i c s y m m e t r y ; n o c l eavage h a s b e e n no t i ced . C. K le in obse rved t w i n n i n g 
a b o u t t h e (OOl)-plane. H . L e s s h e i m a n d co-workers , a n d G. B o d t k e r - N a e s s a n d 
O. H a s s e l s t u d i e d t h e l a t t i c e s t r u c t u r e . F . M. J a g e r g a v e for t h e t op i c ax ia l r a t i o s , 
y : tft : a > = 6 1 7 9 : 6-254 : 4 0 0 6 ; a n d 1-704 for t h e sp . gr . a t 15° ; J . D . D a n a 
g a v e 1-7016 for t h e sp . gr . a t 20° ; W . B i l t z a n d E . B i rk , sp . gr . 1-710 a t 25°/4° , 
a n d m o l . vo l . 156-4 ; F . E p h r a i m a n d O. Schi i tz , sp . gr . 1-707 a t 25°/4°, a n d m o l . 
vo l . 156-7 ; G. L . C l a r k a n d co-workers , sp . gr . 1-744 a t 25°, a n d mol . vol . 153-37 ; 
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and R. Lorenz and I. Posen, and I. Posen, sp. gr. 1-7098 (reduced t o a vacuum) , 
and mol. vol. , computed for absolute zero, 152-O. W . Bi l tz and co-workers es t imate 
t h a t the mol. vol . of the ammonia is smaller in cobaltic salts than i t is in the cobaltous 
salts ; the mol. vol . of the ammonia in the hexamminochloride is 17 ; and, according 
t o G. L. Clark and co-workers, 16*09 in comparison wi th 20 for the cobaltous hexam­
minochloride. The subject was discussed b y R. Klement , E . Birk, and W . Bi l tz . 
G. Beck gave 323 CaIs. for the heat of formation. 

H . Skraup and co-workers, and M. .Kidokoro measured the capillary properties 
aq. soln. J . Peterson, W . D . Harkins and co-workers, and A. Werner and 

C. Herty studied the lowering of the freezing-
point of aq. soln., and the results agree with 
the assumption that the salt is tetra-ionic. 
E . N . Gapon studied the diffusion of the salt in 
soln. According t o W. Bi l tz , and G. L. Clark and 
co-workers, 'when the dry salt is heated t o 215°, 
it passes into chloropentamminochloride, and 
with further heating, the results are indicated in 
Fig . I l l , but above 250° i t is reduced t o cobaltous 

chloride ; and when heated to constant -weight in vacuo at 180°, the residue contains 
2 mols . of the chloropentamminochloride, for 3 mols . of N H 4 C L C O C I 2 - ^ N H 3 . 

The absorption spectrum was measured b y W . F . Beyer, A. Gordienko, 
M. Chatalet-Lavollay, J . Kranig, R. Luther and A. N . Nikolopulos , R. Samuel 
and co-workers, J. Angerstein, A. N . Nikolopulos, C. Schleicher, Y . S hi bat a, and 
Y . Shibata and G. Urbain ; the X-ray spectrum, by O. Stell ing, and S. A o y a m a 
and co-workers ; and the R a m a n effect, b y D . M. Bose and S. D a t t a , and 
I . Damaschun. R. Lorenz and I. Posen, and I. Posen gave for the equivalent 
electrical conduct iv i ty , A, of a mol of the salt in v litres of water, a t 25° : 

280° 

FiO. 111 .—The Thermal Disso­
c iat ion of Cobaltic H e x a m m i n o ­
chloride. 

v 
A 

32 
124-6 

64 
135-9 

128 
147-9 

256 
155-7 

512 
163-9 

1024 
169-9 

and A00 = 1 6 9 * 5 mhos. W. D . Harkins and co-workers gave for soln. w i th C 
equivalents of the salt per litre at 0° and 25° : 

C . 
A >25° 

O-1107 
56-09 

101-3 

0-07722 
58-90 

109-2 

0 0 5 2 9 3 
63-27 

117-2 

0 0 2 0 1 5 
69-8 

130-2 

0 0 0 2 0 3 2 
86-7 

1 6 0 0 

0-0004315 
91-O 

1 7 2 0 

Observations on the conduct iv i ty of the soln. were also made b y G. R. Mines, 
A. Werner and A. Miolati, H . Ley , and J . Petersen. The results agree w i t h the 
data on the lowering of the f.p. of the aq. soln. in t h a t the ionization of the 
salt furnishes 4 ions per mol. : [Co(NHg) 6 ]Cl 3 ^[Co(NH 3 ) 2 ] ' '-+-3Cl'. The subject 
was discussed by A. Werner and C. Herty , and W . D . Harkins and co-workers. 
E . N . Gapon, R. Lorenz and I. Posen, and I . Posen found the transport number 
of t h e anion, at a dilution v = 9 0 per gram-equivalent, t o be 0-430, 0*620, and 0-810, 
respectively, for 1, 2, or 3 chlorine atoms per mol. ; and t h e y gave for the 
mobi l i ty of the [Co(NHg)6] '-ion, 2 7 1 to 46-8. A. Be the and T. Toropoff s tudied 
the electro-osmosis of the salt in soln. ; and H . Freundlich and G. Et t i sch , the 
electrokinetic potential a t glass surfaces. A. B . L a m b and A. T. Larson measured 
the oxidat ion potentials of 6 cobaltic ammines in soln. of a m m o n i u m hydroxide , 
and calculated the concentration of the Co" "-ion in the mol. normal soln. of 
ammine . The oxidat ion potential of the hexamminochloride in 0 - 0 7 7 3 f - N H 4 O H is 
0*1558 vol t . The order of stabil i ty, increasing onwards, is 1,6-dinitrotetrammine, 
hexammine , ni tropentammine, 1,2-dinitropentammine, and aquopentammine . 
A. B . L a m b and A. T. Larson's va lue for t h e equilibrium constant in [Co(NH 3 ) 6***] 
^ [ C o - ] + 6 [ N H 3 ] , is 2 - 2 x 1 0 - 8 * . N . R. Dhar and G. Urbain found t h a t the 
polarization tension of [Co(NHg)6]Cl8 decreases as the N H 8 - m o l s . are replaced b y 
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H 2 0 - m o l s . , w h e r e a s i n t h e series [Co(NH 3 ) 4Cl 2 ]Cl , t h e c o n t r a r y ho lds good. T h e 
r e p l a c e m e n t of a molecu le of w a t e r b y a ha logen in such a c o m p o u n d a s 
C O ( N H 8 ) S J H 2 O C I 3 causes a r i se in t h e po la r iza t ion t ens ion . F u r t h e r , in t h e p u r -
pu reo - sa l t s , t h e t e n s i o n is h ighe r w h e n t h e p u r p u r e o - c o m p l e x c o n t a i n s a m o r e 
n e g a t i v e rad ic le . T h e r e p l a c e m e n t of a ch lor ine a t o m b y a n i t r o - g r o u p , o r of t w o 
ch lo r ine a t o m s b y a c a r b o n a t o - g r o u p , causes a lower ing of t h e po la r i za t ion t ens ion . 
T h e m a r k e d r ise in t h e t e n s i o n following on t h e s u b s t i t u t i o n of a n h y d r o x y - g r o u p 
for a ch lor ine a t o m is in a g r e e m e n t w i t h t h e fac t t h a t t he se complex c o m p o u n d s 
a r e o n l y s t a b l e i n a lka l ine m e d i a . A. L . T . Moesve ld a n d H . J . H a r d o n s t u d i e d 
t h e e lec t ros t r i c t ion of t h e c o m p o u n d . E . F e y t i s g a v e for t h e m a g n e t i c suscept i ­
b i l i t y —0-38 x 1 O - 6 m a s s u n i t ; a n d P . P a s c a l , —0-376 X 10~« m a s s u n i t . Obser ­
v a t i o n s on t h e m a g n e t i c p r o p e r t i e s were m a d e b y P . Collet, P . Weiss , B . R o s e n -
b o h m , D . M. Bose , L . C. J a c k s o n , W . Bi l tz , a n d S. B e r k m a n a n d H . Zocher . T h e 
co -o rd ina t i on a n d s t r u c t u r e were d iscussed b y P . C. R a y ; m a g n e t i c an i so t ropy , 
b y I J . W . S t r o c k ; t h e piezoelect r ic p h e n o m e n a , b y A . H e t t i c h ; a n d t h e 
e l ec t ro s t a t i c e x p l a n a t i o n of c o m p l e x sa l t f o r m a t i o n , b y A. E . v a n Arke l a n d 
J . H . d e Boer . 

H . Les she im a n d co-workers , F . E p h r a i m a n d W . F luge l , a n d F . E p h r a i m 
s t u d i e d t h e b o n d i n g of t h e a n i o n s in sa l t s of t h i s t y p e ; J . A. V. Bu t l e r , T . M. L o w r y , 
a n d C. H . Sp ie rs , t h e e lec t ron ic s t r u c t u r e ; a n d W . Bi l t z , A . B . L a m b a n d 
A . T . L a r s o n , G. L . C la rk a n d co-workers , J . A. N . F r i e n d , a n d E . E . T u r n e r , t h e 
c o n s t i t u t i o n . P . J o b e x a m i n e d t h e f rac t iona l p r e c i p i t a t i o n of t h e t h r e e chlor ide-
ions b y soln. of s i lver n i t r a t e . P . M o s i m a n n a n d F . E p h r a i m g a v e 0-20 m o l 
o r 11*8 g r m s . p e r l i t r e for t h e so lubi l i ty of t h e sa l t in w a t e r ; a n d o b s e r v a t i o n s 
w e r e m a d e b y J . N . B r o n s t e d a n d J . W . Wi l l i ams . S. M. J o r g e n s e n obse rved 
t h a t t h e h e x a m m i n e is v e r y s lowly h y d r o l y z e d b y boi l ing w a t e r ; a n d R . S c h w a r z 
a n d co-workers o b s e r v e d t h a t hyd ro lys i s occurs a t o r d i n a r y t e m p , in u l t r a ­
v io le t l igh t . A . B e n r a t h , a n d H . P i t z l e r s t u d i e d t h e so lub i l i ty of t h e sa l t in 
h y d r o c h l o r i c ac id a n d w a t e r . E . B o h m obse rved t h a t w h e n a soln. of t h e h e x -
a m m i n o c h l o r i d e is t r e a t e d w i t h di l . hydrof luor ic ac id , b rownish-ye l low, p r i s m a t i c 
c r y s t a l s of cobal t ic hexamminof luod ich lor ide , [Co(NH 3 ) 6 ]FC1 2 , a r e fo rmed ; t h e 
c r y s t a l s effloresce i n a i r or in v a c u o ; a n d t h e y a r e freely soluble in h o t w a t e r , 
b u t s p a r i n g l y soluble i n cold w a t e r a n d di l . ac ids . S. M. J o r g e n s e n obse rved 
t h a t w i t h cold, s a t . soln. of t h e a m m i n e , t h e sa l t is p r e c i p i t a t e d b y t h e a d d i t i o n 
of ac ids—di l . n i t r i c ac id , or cone , hyd roch lo r i c o r h y d r o b r o m i c ac ids ; di l . 
s u l p h u r i c ac id p r e c i p i t a t e s a s u l p h a t e ; c rys ta l l ine p r e c i p i t a t e s a r e p r o d u c e d b y 
t h e a d d i t i o n of a m m o n i u m o x a l a t e , s o d i u m p y r o p h o s p h a t e , gold t r ich lor ide , a n d 
b y p o t a s s i u m iodide , c h r o m a t e , d i c h r o m a t e , f e r rocyan ide , fe r r icyan ide , coba l to -
c y a n i d e , a n d c h r o m o c y a n i d e ; iod ine a n d p o t a s s i u m iodide g ive a b l ack p r e ­
c i p i t a t e ; a m m o n i a c a l s o d i u m h y d r o p h o s p h a t e g ives a p r e c i p i t a t e ; m e r c u r i c 
ch lo r ide gives a p r e c i p i t a t e o n l y a f te r hyd roch lo r i c a c id h a s been a d d e d ; 
a n d h y d r o c h l o r o p l a t i n i c ac id a n d su lphu r i c ac id p r e c i p i t a t e a doub le sa l t . 
F . E p h r a i m o b s e r v e d t h a t w h e n t h e well-cooled h e x a m m i n o c h l o r i d e is t r e a t e d wi th 
a m m o n i a gas or w i t h l iqu id a m m o n i a , cooled w i t h solid c a r b o n d ioxide , c o b a l t i c 
dodecamminochloride, [Co(NH3)6]C13.6NH3, is formed. At —24°, it loses 3NH 3 
t o form cobaltic enneamminodbloride, [Co(NH3)6]C13.3NH3 ; between —12° and 
— 6 ° , i t fo rms a series of solid soln. w i t h c o b a l t i c o c t a m m i n o c h l o r i d e , 
[ C o ( N H 3 ) 6 ] C l 2 . 2 N H 3 ; a t — 6 ° , i t pas ses i n t o cobalt ic heptamminoch lor ide , 
[ C o ( N H 3 ) 6 ] C l 3 . N H 3 ; a n d a t 24-5° t o 30° , i t f o rms t h e h e x a m m i n e . K . M a t s u n o , 
a n d H . F r e u n d l i c h a n d H . S c h u c h t s t u d i e d t h e flocculation of a rsenic su lph ide sol 
b y t h e h e x a m m i n e ; N . Schiloff a n d B . Nekrassoff, t h e r e d u c t i o n of t h e a m m i n e , 
a n d t h e a d s o r p t i o n of soln. of t h e s a l t b y a c t i v a t e d cha rcoa l ; R . Schwarz a n d 
W . K r o n i g , t h e c h a n g e of t h e h e x a m m i n e t o t h e c h l o r o p e n t a m m i n e b y s h a k i n g 
t h e a q . soln. "with cha rcoa l , o r s i l i ca -ge l ; F . E p h r a i m found t h a t a 5 p e r c en t , 
a q . so ln . g ives a p r e c i p i t a t e w i t h m a n y s u b s t i t u t e d benzene a n d n a p h t h a l e n e 
s u b s t i t u t e d su lphon ic ac ids . 
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F o r e x a m p l e , -with 5-nitro-, 6-nitro-, a n d 7-ni tro-naphthalene-a-sulphonic ac ids , 2 : 6-
dini tro-m-xylene-4-sulphonic acid , 2 : 6-dinitrotoluene-4-snlphonic acid, 4 : 5-dichloro-2-
ni trobenzenesulphonic acid , 2 : 5-dichlorobenzenesulphonic acid , 5-chloronaphthalene-a-
sulphonic acid, 3 : 4-dichlorobenzenesulphonic ac id , 4-cWoro-2-nitrobenzenesulphonic acid , 
2-chloro-3 : 5-dini trobenzenesulphonic ac id , m-nitro to luene-4-sulphonic acid, jp-nitro-
tohiene-2-sulphonic acid , dibromonaphthalene-/?-sulphonic acid, l -n i tronaphthalene-3 : 7-
disulphonic ac id , l -n i tronaphtha lene-3 : 6-disulphonic acid, /3-bromonaphthalenedisul-
phonic acid, naphtha lene-1 : 6-disulphonic acid, naphtha lene-1 : 5-disulphonic acid , 
naphtha lene-2 : 7-disulphonic acid , 2 : 6-dinitrobenzene-1 : 4-disulphonic acid, /8-naphthol-
6 : 8-disulphonic ac id (but n o t w i t h benzene-m-disulphonic acid , /5-naphthol-3 : 6-disul­
phonic acid , and 3 : 5-disulphobenzoic ac id) , w i t h 7-chloronaphthalene- l : 3 : 6-trisulphonic 
ac id , 5-ni tronaphthalene-1 : 3 : 7-trisulphonic ac id (but n o t w i t h naphtha lene-1 : 3 : 6-
tr isulphonic ac id or 7-chloronaphthalene 1 : 3 : 6-trisulphonic acid) . 

T. Hamburger examined the effect of the hexammine on chromate-gelatine ; 
H . G. B . de Jong, the gelatinization of agar-agar sol ; and E . Funk , the action of 
the ammine on catalase and amylase ferments. 

Gr. B . Lev i found t h a t cobalt ic hexamminochlor ide forms copper CObaltlc hexammino­
pentachloride, [Co(NH a) 6]Cl s .CuCl a ; F . E p h r a i m a n d P . Mos imann, brownish-red crysta ls 
of hydrated zinc cobaltic hexamminopentachloride, [ C o ( N H a ) 6 ] C V Z n C V H 4 O ; h y d r a t e d 
cadmium cobaltic hexamminopentachloride, [Co(NH 8 ) 8 ]Cl , .CdCl 2 .U 2 O, in small , pa le ye l low 
crystals ; a n d cadmium cobaltic hexamminoheptachloride, LCo(NH a ) a ]Cl 3 .2CdCl 2 .3H 2 0, a s 
a brownish-ye l low, crystal l ine p o w d e r of sp . gr. 2*366 a t 25°, w h e n t h e sp . gr. of t h e 
anhydrous salt is 2*411 a t 25°. T h e sal t w a s also e x a m i n e d b y F\ E p h r a i m a n d O. Schi i tz , 
a n d E . Birk. S. M. Jorgensen reported orange-coloured microscopic crystals of mercuric 
cobaltic hexamminopentachloride, LCo(NU3)«lCla .HgCl2 , which, according t o E . E p h r a i m 
a n d O. Schi i tz , a n d E . Birk, h a v e t h e s p . gr. 2*532 a t 25° ; J . M. K r o k also described 
hydra ted mercuric cobaltic hexammlnoheptachlorlde, [Co(NH8J6]Cl8.2BIgCl2.3H2O, and 
S. M. Jorgensen, mercuric cobaltic hexamminoenneachloride, [CoNH3J8]Cl3.3HgCl2.3H2O. 
T h e c o m p l e x sa l t s w i t h mercuric chloride were also s tud ied b y E . Carstanjen, G. V o r t m a n n 
a n d E . Morgulis, Y . Sh ibata a n d T. Inoue , a n d T. I n o u e . F. E p h r a i m a n d P . Mos imann 
prepared mercuric cobaltic hexamminotrlchloropentacyanlde, [2Co(NH 3 ) 8 ]C1 3 .5HgCy 2 .H 2 O. 
C. D . Braun reported stannous cobaltic hexamminodecachlorlde, 2[Co(NH 8 ) 6 ]Cl 8 .3SnCl 2 . 
n H 2 0 , a n d he obta ined t h e octohydrate, a n d t h e decahydrate. E . E p h r a i m a n d I*. Mosi­
m a n n prepared pale ye l low capi l lary needles of lead cobaltic hexamminopentachloride, 
[Co(NH3J6JCl3 .BbCl 8 ; a n d pale reddish-brown, 6-sided p lates of lead cobaltic hexammino-
henachlorlde, [Co(NH 8 ) 6 ]Cl 3 .4PbCl a . F . E p h r a i m a n d O. Schi i tz , a n d E . Birk found t h e 
sp . gr. t o b e 3*911 a t 25°. 

W. F e l d t 2 prepared a cobaltic hexahydroxylaminecMoride, LCo(NH2OH)6.]C13, 
by the action of alcoholic hydrochloric acid on a suspension of cobaltous dihydroxyl-
aminoxychloride in alcohol, and strongly cooling the liquid ; and A. Werner and 
E. Berl, by the action of a soln. of hydroxylamine chloride in potash-lye on cobaltic 
£rans-dichlorobisethylenediaminochloride or on a soln. of cobaltic chlorohydroxyl-
aminebisethylenediaminochloride. A. Fock found t h a t the golden-yellow monoclinic 
crystals have the axial ratios a : b : c = 0 9 3 5 8 : 1 : —, and /?=84° 7'. According to 
A. Werner and E . Berl, the salt is stable towards hydrochloric acid, even during a 
prolonged boiling. The aq. soln. give a precipitate of the corresponding salt when 
i t is t reated with hydrobromic acid ; a brown precipitate with hydriodic acid ; 
and no precipitate with potassium iodide. Cone, sulphuric or nitric acid decom­
poses the salt a t ordinary temp. No precipitate is formed when the soln. is t rea ted 
with ammonium sulphate, sodium dithionate, potassium dichromate, mercuric 
chloride, or hydrochloroplatinic acid ; there is a yellow or brown precipitate with 
potassium cyanide, ferrocyanide, or ferricyanide, sodium carbonate or acetate , 
or ammonium oxalate. The salt is not acted on by acetyl chloride ; bu t boiling 
anhydrous acetic acid reduces it to a cobaltous salt ; and benzaldehyde and 
salicylaldehyde form complex products. C. S. Borzekowsky prepared cobalt ic 
hydroxylajninebisethylenediarninearnrninocbJoride^ [Co(NH3)Cn2(NH2OH)]Cl8, 
both in the dextro- and lsevo-forms. 

S. M. Jorgensen 3 obtained cobaltic trisethylenediaminechloride, [Co ens]Cl8, 
by oxidizing a soln. of cobaltous chloride in ethylene diamine. The salt was also 
prepared by H . Grossmann and B. Schuck, and L. L. Liehrfeld. The air-dried salt 
is the trihydrate, which becomes anhydrous over sulphuric acid, or a t 100°. 
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M. De lep ine a n d R . C h a r o n n e t o b t a i n e d opt ica l ly-ac t ive c o m p o u n d s of t h e ch lor ide . 
F . M. J a g e r f ound t h a t t h e d i t r igona l c rys t a l s h a v e t h e ax ia l r a t io a : c—1 : 0*6667 ; 
t h e sp . gr . 1*542 a t 17° ; t h e m o l . vo l . 295-08 ; a n d t h e top ic ax ia l r a t i o \\fs : <*J 
= 4 - 2 1 2 9 : 5-6175. R . L o r e n z a n d I . Posen , a n d I . Posen ca lcu la ted t h e sp . gr . 
i n v a c u o t o be 1*5132, a n d t h e mol . vol . a t ab so lu t e zero 233*8. E . N . G a p o n s t u d i e d 
t h e diffusion. A. B e n r a t h a n d W . K o h l b e r g , a n d A. G-. B e r g m a n n m e a s u r e d t h e 
v a p . press , a n d o b t a i n e d ind i ca t ions of a monohydrate. H . G r o s s m a n n a n d B . Schi ick 
g a v e 256° for t h e m . p . Y . S h i b a t a , R . S a m u e l a n d co-workers , Y . S h i b a t a a n d 
G. U r b a i n , C Schleicher , F . W . Beye r , A . Mead , a n d J . Angers te in measu red t h e 
a b s o r p t i o n spec t r a of aq . soln. G. Be rge r s t u d i e d t h e p h o t o c h e m i c a l decom­
pos i t ion of t h e sa l t . R . !Lorenz a n d I . P o s e n found t h e e q u i v a l e n t c o n d u c t i v i t y , 
A, for soln. of v l i t res p e r g r a m - e q u i v a l e n t , a t 25° : 

V . 

A . 
6 2 

110-2 
1 2 8 
119-3 

2 5 6 
127-3 

1 5 2 
133-6 

1024 
137-8 

a n d a t infinite d i lu t ion , A00 = 1 4 2 - 8 . A. W e r n e r a n d C. H e r t y m e a s u r e d t h e m o l . 
c o n d u c t i v i t y . R . L o r e n z a n d I . P o s e n g a v e 0-512 for t h e t r a n s p o r t n u m b e r of t h e 
an ion for v = 1 9 2 a t 20° ; a n d E . N . G a p o n s t ud i ed t h e sub jec t . E . R o s e n b o h m 
found t h e m a g n e t i c suscep t ib i l i ty t o b e —4-90 X 10~ 7 m a s s u n i t . A. R o s t k o w s k y 
found for t h e so lubi l i ty , *S mols . p e r cen t . : 

10° 
1-2 

20-3° 
1 6 

30° 
2 1 

50° 
3-2 

70° 
4-5 

9 0 ° 
5-9 

n o ° 
7-3 

Accord ing t o S. M. J o r g e n s e n , w i t h a 2 pe r cen t . aq . soln., cone, n i t r ic or h y d r o ­
chlor ic ac ids g ive n o p r e c i p i t a t e ; a n d cone, h y d r o b r o m i c ac id gives a n i ncomple t e 
p r e c i p i t a t i o n ; soln. of p o t a s s i u m iodide g ive n o p r ec ip i t a t e , b u t a soln. of iodine 
a n d p o t a s s i u m iodide gives a d a r k b r ow n , c rys ta l l ine p r ec ip i t a t e . Yellowish- o r 
r e d d i s h - b r o w n p rec ip i t a t e s a r e p r o d u c e d b y mercu r i c chlor ide , sod ium chloro-
p l a t i n a t e , gold chlor ide , or p o t a s s i u m ch lo rop la t in i t e , fe r rocyanide or fe r r i cyan ide 
(wi th a few d r o p s of dil . hydroch lo r i c ac id) . W h e n t h e aq . soln. is e v a p o r a t e d 
w i t h n i t r i c acid, t h e n i t r a t e of t h e series is fo rmed ; n i t r o u s ac id h a s n o ac t ion ; 
boi l ing, 7 pe r cen t , soda- lye does n o t decompose t h e sa l t ; a n d a m m o n i u m su lph ide 
does n o t give a n i m m e d i a t e p rec ip i t a t i on . G. a n d P . S p a c u p r e p a r e d m e r c u r y 
cobaltic trisethylenediaminochlorides, [Co on8](HgCls)3s and [Coen3l2(HgC]4)3; 
bismuth, cobaltic trisethylenediaminechloride, [Co en3](Bi016).2H20. 

Accord ing t o A. W e r n e r , t h e r e a r e t w o possible sa l t s of t r i e t h y l e n e d i a m i n e c o b a l t 
w h i c h s t a n d t o each o t h e r in t h e r e l a t ion of ob jec t a n d mi r ro r - image , and are n o t 
superposab le . These m a y be r ep re sen t ed as in F ig . 111 . 
S u c h c o m p o u n d s fo rm t h e s imples t possible case of en/"\ P'C* 
molecu la r a s y m m e t r y , be ing specia l ly cha rac t e r i zed b y ^ j/?en />/r^ >̂  
h a v i n g all t h e co -o rd ina t ion pos i t ions of t h e c e n t r a l a t o m V^ | [ , ^ 
occup ied b y s t r u c t u r a l l y iden t ica l g roups , t h e a s y m m e t r y F l o 1 1 2 A Werner 's 
be ing caused b y t h e special spa t i a l a r r a n g e m e n t of t h e s e Moieoular Asymmetry, 
g r o u p s . Th is t y p e of i somer i sm c a n be cal led molecular 
asymmetry. A . W e r n e r p r e p a r e d t h e dextro-salt, a n d t h e Irrvo-salt. I f t h e a q . 
soln. of t h e op t ica l ly ac t i ve b r o m i d e of t h e series (q.v.) be s h a k e n wi th freshly-
p r e c i p i t a t e d si lver chlor ide , t h e n i t r a t e e v a p o r a t e d , a n d t h e n t r e a t e d wi th a lcohol , 
golden-yel low needles of t h e co r r e spond ing op t ica l ly ac t ive cobal t ic t r i se thy lene -
d iaminoch lo r ide a r e fo rmed . A. W e r n e r found t h e sp . r o t a t i o n of a 1 p e r cen t . 
soln. for yel low- a n d red- l igh t is [ a ] = 1 5 2 ° for t h e d e x t r o r o t a t o r y form, a n d —154° 
for t h e l sevoro ta to ry fo rm. E . R o s e n b o h m g a v e —4-54 X 1 O - 7 for t h e m a g n e t i c 
suscep t ib i l i ty of t h e t w o forms . M e a s u r e m e n t s were also m a d e b y L . C. J a c k s o n . 

J . Meisenheimer and co-workers prepared hydrated sodium cobaltic trisethylenediamlne-
heptaehlorlde, 2[Co On8]Cl8-NaCLeH8O, in yellowish-brown prisms from the chloride of 
t he series mixed with soln. of sodium chloride ; N . S. Kurnakoff likewise obtained 
hydra ted copper cobaltic trisethylenedlaminopentachloride, [Co en3]Cl3.CuCl2.HaO, in yellowish-
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brown p la tes , sparingly so luble i n w a t e r acidified w i t h hydrochloric ac id . T h e w a t e r of 
crystal l izat ion is g i v e n off a t 112°, n o t a t 100°, A . Werner a n d F . Braunl ich prepared 
oobaltous cobalt trlsethylenedlamlnoetoehlorlde, 2[Co en 8 ]Cl 8 .CoCl a .4H a O, from a boi l ing 
Boln. of the chloride of t h e series a n d a n e x c e s s of c o b a l t chloride, acidified w i t h h y d r o ­
chloric ac id . T h e emerald-green need les or pr i sms are d e c o m p o s e d b y -water. N o "water 
is l o s t over sulphuric ac id , b u t al l i s l o s t a t 110°. N . S . Kurnakoff prepared h y d r a t e d 
oobaltous eobaltie trisethylenedlamlnepentachloride, CCo en 8 ]Cl 8 .CoCl a .6H a O, b y evapora t ing 
o n a w a t e r - b a t h a so ln . of 1 par t of t h e chloride of t h e series, a n d 1 t o 2 parts of oobal tous 
chloride. T h e brownish-v io le t l iquid furnishes dark green needles or pr isms . A , G. Berg-
m a n n also prepared nickel cobaltlc trlsethylenedlaminoctochloride, 2[Co en 8]Cl 8 .NiCl a . 

P . Ffeiffer a n d T . O a s s m a n n t rea ted eobal t ie ch loropentamminochlor ide w i t h propylene-
d iamine m o n o h y d r a t e a n d o b t a i n e d ye l low, non-crystal l ine eobaltie trlspropylenediamlno-
Chlorlde, [Co pna]Cl8 , w h e n p n s t a n d s for C 8 H 8 ( N H , ) , . F . M. J a g e r a n d H . B . B l u m e n d a l 
prepared smal l , b lood-red crysta ls of eobaltie trltranscyclopentanedlamlnochloride, 
[ C J O ( C 6 B I 1 J N J ) 8 ] C I 8 - S H 8 O b y t h e ac t ion of t ranscyc lopentanediamine o n eobalt ie diohloro-
ditranscyclopentanediaxninochloride. T h e triclinic crysta ls h a v e t h e ax ia l ra t ios 
a : b : c = 2-2474 : 1 : 1-5625. B y t h e ac t ion of t h e a c t i v e tartratochloride of t h e series 
o n t h e ac t ive iodide, t h e trihydrate of t h e opt ica l ly ac t i ve sa l t is p r o d u c e d in h e x a g o n a l 
py r am id s w i t h the ax ia l rat io a : c = l : 2-5328, a n d s p . gr. 1-364 a t 20° . T h e tetrahydrate 
forms regular crysta ls . F . M. Jager a n d BI. B . B l u m e n d a l o b t a i n e d t h e opt i ca l ly a c t i v e 
eobaltie tricis-cyclopentanedlamlnoehloride, i n brick-red, octahedral crys ta l s , b y t h e a c t i o n 
of Z-cyclopentanediamine o n eobalt ie eh lorpentamminochlor ide . T h e trihydrate, a n d 
tetrahydrate were prepared. F . G. M a n n a n d W . J . P o p e h e a t e d o n â  w a t e r - b a t h a so ln . of 
tr iaminopropanetrihydrochloride in 15 per cent , soda- lye -with eobal t ie ch loropentammino­
chloride or aquopentamminochlor ide , a n d obta ined opt ica l ly inac t ive eobaltie tristrl-
aminopropaneehloride, [Co(C8H8(NHa)8^8]Cl8 , in orange-red needles w h i c h m e l t a t 312° 
t o 314° -with decompos i t ion ; t h e y are soluble in -water. T h e opt ica l ly ac t ive dextro-salt 
w a s obta ined from t h e a-camphor-jS-sulphonate of t h e series. 

A . Werner prepared eobaltie cis-bisethylenedlaminedlammlnoehlorlde, [Co en , ( N H 8 ) a]Cla , 
b y treat ing "with perhydrol a n d hydrochloric acid, a so ln . of a salt of c i s -b i se thylenediamino-
t h i o c y a n a t o a m m i n e , a n d evaporat ing t h e l iquid. R . P l i schke prepared eobaltie bis-
ethylenediaminepyrldlneammlnoehlorlde, [ C o ( N H , ) e n , Py]Cl 8 . Opt ica l ly ac t ive forms were 
prepared b y A . Werner a n d Y . Sh ibata from t h e Z-bromo c a m p h o r su lphonate . T h e 
go lden-ye l low crystals of the dextro-sa l t h a v e [a] = 5 0 ° a n d 15° for ye l low- a n d red-l ight , 
a n d t h e lsevo-salt, —51° a n d —16°. A . Werner a n d C. Kreutzer obta ined cobaltous eobaltie 
cls-bisethylenediamlnediamminopentachlorlde, [Co en , (NH a ) 2 ]Cl 8 .CoCl a . A . 'Werner a n d 
co-workers, W . Tupiz ina , a n d K . B . Lange prepared eobaltie trans-bisethylenediamine-
dlammlnochloride, [ C o e n , ( N H , ) 8 ] C l 8 . H , 0 , b y ox id iz ing t h e trans-form of sa l t e m p l o y e d 
in preparing t h e c is-modif icat ion. T h e sa l t furnishes amber-ye l low, th i ck p la tes , s tab l e 
in air ; H . Grossmann a n d B . Schi ick sa id t h a t t h e pale ye l low, needle- l ike crysta ls effloresce 
in air. JT. M. J a g e r a n d co-workers sa id t h a t t h e monocl in ic pr i sms h a v e t h e ax ia l rat ios 
a : b : c = 2 - 7 5 6 5 : 1 : 1-3677, a n d / 5 = 1 0 1 ° 48' , a n d h a v e n o percept ib le c l eavage . T h e 
s p . gr. is 1-659 a t 17° ; t h e m o l . vo l . 203-43 ; a n d t h e top ic ax ia l rat ios x '• *l* '• <** 
= 10-4930 : 3-8058 : 5-2052. R . Lorenz a n d I . P o s e n g a v e 1-6426 for t h e sp . gr. reduced 
t o a v a c u u m , a n d for t h e anhydrous sa l t t h e y g a v e 1-644. H . Grossmann a n d B . Schi ick 
g a v e 252° for t h e ro.p. C. Schleicher, A . Gordienko, a n d Y . Sh ibata a n d G. U r b a i n s tud ied 
t h e absorpt ion spectrum. R,. Lorenz a n d I . P o s e n found t h e eq . conduc t iv i ty , A, for a 
gram-equiva lent of the salt , in l i tres, a t 25° : 

v . . . . 64 128 256 512 1024 
A 117-1 126-5 134-7 141-4 147-7 

a n d for infinite di lut ion A00 = 149-9. Measurements were also m a d e b y A . Werner a n d 
C. H e r t y . R . Lorenz a n d I . P o s e n found t h e transport n u m b e r of t h e an ion t o be 0-490 
a t 19° w h e n « = 90 . A . Werner a n d co-workers found t h a t nitric ac id , hydrobromic ac id , 
a n d p o t a s s i u m iodide prec ip i tate t h e corresponding sa l t of t h e series ; whi l s t hydrochloro-
plat inic ac id , g o l d chloride, mercuric chloride, s tannous chloride a n d hydrochloric ac id , 
a n d p o t a s s i u m chloroplat ini te g a v e a dark ye l low, crystal l ine prec ip i ta te . A . W e r n e r 
a n d co-workers a l so prepared gold eobaltie bia»thyianedlam<nedlammf"^nnrincnlnrldo, 
[ C o ( N H 8 ) , en a ]Cl(AuCl 4 ) , , a n d gold eobaltie blsetbylenedianUnedlammlnohexaehlorlde, 
[Co(NHo) 8 e n J C l , (AuCl 4 ) , i n y e l l o w p l a t e s ; mercuric eobaltie trans-bisethylenediamine-
dlammlnotrldecachlorlde, [Co en a (NH 8 ) a ]Cl 8 . 5HgCl a , in ye l low, needle- l ike c r y s t a l s ; a n d 
h y d r a t e d oobaltous eobaltie transbteethylenedlaminediamminopentaehloride, [Co en , (NHa) 8 ]Cl 8 . 
CoCl 8 . 2H a O, i n t h i n p la te s w h i c h are brownish-red in t ransmi t ted l ight , a n d dark green , 
a l m o s t black, i n reflected l ight . 

A . Werner a n d JL. D a w e prepared eobaltie blspropylenedlamlnediamminoohloride, 
[Co p n , ( N H 8 ) a ] C l 8 , b y pass ing chlorine i n t o a so ln . of a sa l t of eobal t ie d i th iocyanato -
b ispropylenediammochlor ide . T h e go lden ye l low, 6-sided p r i s m s are v e r y so luble i n 
water , b u t t h e a d d i t i o n of a lcohol or e ther prec ip i tates t h e sa l t from, t h e aq . so ln . H y d r o ­
chloric acid d oes n o t prec ip i tate t h e chloride from t h e aq . so ln . H y d r o b r o m i c , or nitr ic 
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acid, potass ium bromide or iodide, and sodium, di thionate precipitate the corresponding 
sal t from the a q . soln. ; potassium dichromate, ferrocyanide or ferricyanide, gold chloride, 
mercuric chloride or s tannous chloride and hydrochloric acid give pale yellow or reddish-
yellow, crystalline precipitates ; picric acid gives a lemon-yellow precipitate ; potassium 
permangana te , yellow plates ; and cobaltous chloride, a green double salt ; whilst ferrous 
chloride, cuprous •chloride, zinc chloride, ammonium oxalate, sodium hydrophosphate , 
a n d sodium aceta te give no precipitates. Needle-like or prismatic crystals of mercuric 
oobaltfe bispropylenedlamlnediammlnoheptachlorlde, [Co pn a(NH s) a]Cl s .2IIgCl a , were pre­
pa red ; also yellowish-red crystals of stannous cobaltlc blspropylenediaminedlammino-
heptachlorlde, [Co pn2(NH3)2]C13.2SnCl2 ; and pale green plates of hydra ted cobaltous co­
baltlc WspropylenediaminediamnxlnopentachloHde, LCo pn2(NHs)2]Cl3 .CoCl2 .2H2O. W. A. Re-
deker prepared cobaltlc pyridinebisethylenediamlneamminoehlorlde, [Co(NH8)Sn2Py]Cl3. 

F . M. Jager and H . B . Blumendal prepared cobaltlc ethylenedlamlnebiscyclopentane-
dlamlnechloiide, [Co On(C6H12N2)2]Cl s .3HaO, by heat ing cobaltic trans-dichlorobiscyclo-
pentanediaminechloride with, a 10 per cent . soln. of ethylenediamine. They also prepared 
cobaltlc bisethylenediamine-trans-cyclopentanediaminechlorlde, [Co On8(C6H1 aNa)]Cl3 .3H3O, 
by heat ing cobaltic dichlorobisethylenediaminechloride, or aquochlorobisethylenediamino-
chloride with cyelopentanediamine ; and also cobaltlc bisethylenedlamine-l-cyclopentane-
dlamlnechloride by heat ing cobaltic dichlorobisethylenediaminechloride with Z-cyclo-
pentanediamine ' . F. M. Jager and P . Koets prepared cobaltic sexiesetbylenediamiiie-
bistrlamlnotricthylamlne-enneachloride, [Co8 en6(C eH1 8N4)2]Cl9 .4H20, by the action of 
trieuninotriethylaraine on a soln. of cobaltic aquoehlorobisethylenediaminechloride. 
C. J . Dippel and F . M. Jager prepared cobaltic trisdiamlnopentanoehlorlde, 
[Co ptn a]Cl , .2H aO, with afiS- and /9/?5-diaminopentanes. 

O. W . G i b b s a n d F . A. G e n t h 4 p r e p a r e d cobaltic roseochloride, cobal t ic a q u o -
p e n t a m m i n o c b i o r i d e , [Co(H 2 O)(NHg) 5 ]C l 3 , b y ox id iz ing a n a m m o n i a c a l soln. of 
c o b a l t o u s ch lor ide in a i r , a n d a d d i n g h y d r o c h l o r i c ac id t o t h e co ld l iquid . I f t h e 
w a r m soln. i s t r e a t e d w i t h h y d r o c h l o r i c ac id , coba l t i c c h l o r o p e n t a m m i n o c h l o r i d e 
is p r e c i p i t a t e d , b u t if t h e ac id be a d d e d s lowly, a n d t h e soln. b e k e p t v e r y cold, 
t h e a q u o p e n t a m i n o c h l o r i d e is depos i t ed . J . M. K r o k ox id ized t h e soln . w i t h 
ch lo r ine ; a n d E . J . Mills, w i t h p e r m a n g a n a t e . F . R o s e recommended , s h a k i n g 
a coba l t i c c h l o r o p e n t a m m i n o c h l o r i d e w i t h h o t , 5 p e r cen t . , a q . a m m o n i a , a n d 
d r o p p i n g t h e cold l i qu id i n t o a n e q u a l vol . of cone , hyd roch lo r i c ac id ; a n d a s imi la r 
p rocess w a s e m p l o y e d b y A. B e n r a t h , N . R . D h a r , a n d R . P e r s ; S. M. j Jo rgensen , 
a n d O. W . G i b b s u s e d t h e n i t r a t o p e n t a m m i n o n i t r a t e in p lace of t h e ch loro-sa l t ; 
a n d S. M. J o r g e n s e n , a n d O. H a s s e l a n d J . R . Sa lvesen , t h e oxa l a to - sa l t . H . a n d 
W . Bi l t z t h u s desc r ibe t h e p r e p a r a t i o n of t h i s sa l t : 

A cold soln. of 20 grms. of hydra ted cobalt chloride in 360 c.c. of water, in a 1500-c.c. 
flask, is mixed with 110 c.c. of cone. aq. ammonia, and then with IO grms. of potassium 
permanganate dissolved in 4OO c.c. of water . The mixture is well agitated, and after 
s tanding 24 hrs . , i t is filtered to remove the hydra ted manganese dioxide. The filtrate is 
neutralized with dil. hydrochloric acid, and, while keeping it cold with ice, a mixture of 
3 vols, of hydrochloric acid and 1 vol. of alcohol is added. The precipitate is washed with 
alcohol; the yield is 10 grms. The crude product is then dissolved in cold, 2 per cent. aq. 
ammonia, using 75 c.c. for each IO grms. of salt . Fi l ter off the slight residue of the 
hexamminochloride, and, whilst keeping the soln. cold with ice, gradually add cone, hydro­
chloric acid. Dra in the precipitate, wash i t wi th a 1 : 1 mixture of hydrochloric acid and 
water, then with alcohol, and dry the product in. a warm place. 

T h e c rys t a l l i ne p o w d e r i s b r i c k - r e d a n d d ichro ic . H . V. A r n y a n d C H . R i n g 
r e c o m m e n d e d a n a m m o n i a c a l O l iV-so ln . a s a s t a n d a r d in c o m p a r i n g red colour t i n t s . 
F . E p h r a i m a n d O. Schi i tz f o u n d t h e sp . gr . t o b e 1*743 a t 25°, a n d t h e mol . vo l . 
154*1. T h e r e is a vo l . c o n t r a c t i o n of 67 p e r cen t , d u r i n g t h e fo rma t ion of t h e sa l t . 
E . B i r k found for t h e s p . gr . 1*745 a t 25°/4° , a n d for t h e mol . vol . 153*8. R . L o r e n z 
a n d I . P o s e n , a n d I . P o s e n g a v e 1*7629 for t h e sp . gr . r e d u c e d t o a v a c u u m . 
G. L . C l a r k a n d co -worke r s g a v e 1*776 for t h e sp . gr. , 151*29 for t h e mo l . vol . , 16*20 
for t h e m o l . vo l . of t h e c o n t a i n e d N H 3 - g r o u p s , a n d 14-05 for t h e c o n t a i n e d H g O -
g r o u p . J . P e t e r s e n c a l c u l a t e d t h e m o l . w t . , 226 , f rom t h e f.p. of a q . soln. of t h e 
sa l t . J . N . B r o n s t e d a n d K . V o l q u a r t z s t u d i e d t h e ion iza t ion . O. W . G i b b s 
a n d F . A . G e n t h , a n d A . W e r n e r obse rved t h a t t h e solid sa l t s lowly c h a n g e s i n t o 
c o b a l t i c c h l o r o p e n t a m m i n o c h l o r i d e , a n d A. B . L a m b a n d J . W . M a r d e n a d d e d t h a t 
t h e t r a n s f o r m a t i o n is i r r evers ib le a n d is a t t e n d e d b y t h e loss of a mo l . of w a t e r . 
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A t 25° , t h e w a t e r v a p o u r of a q u o p e n t a m m i n o c h l o r i d e h a s a c r i t i ca l p ress , of 5*1 m m . 
T h e solid sa l t is n o t a s t a b l e p h a s e a t 25° in w a t e r o r i n hyd roch lo r i c ac id . T h e 
t r a n s f o r m a t i o n of t h e a q u o p e n t a m m i n e i n t o c h l o r o p e n t a m m i n e i n a q . soln. w a s 
s t u d i e d b y O. W . G i b b s a n d F . A . G e n t h , a n d E . J . Mills . A . B e n r a t h a n d 
K . Mienes o b s e r v e d t h a t t h e t r a n s f o r m a t i o n p roceeds m o r e s lowly a s t h e con­
c e n t r a t i o n of t h e h y d r o c h l o r i c ac id increases . A. B . L a m b a n d J . W . M a r d e n 
f o u n d t h a t i n a q . soln. , in soln. c o n t a i n i n g chlor ides , a n d i n h o t , di l . hyd roch lo r i c 
ac id soln. , a s t a t e of equ i l i b r i um is a t t a i n e d ; a t 70° , a O02i l f -soln . of t h e a q u o - p e n t -
a m m i n e o r c h l o r o p e n t a m m i n e in t h e p resence of 0-02i lf-HCl, contains* 70-5 p e r cen t , 
of t h e a q u o p e n t a m m i n e , a n d in t h e p resence of 0 - l i l f -HCl , 65 p e r cen t , i n 20 h r s . 
n o m a t t e r w h i c h sa l t is e m p l o y e d a t t h e s t a r t . R . P e r s sa id t h a t i n boi l ing, d i l . 
h y d r o c h l o r i c ac id , t h e equ i l ib r ium c o n s t a n t , JRT=I *4, co r r e spond ing w i t h 58 p e r c en t , 
of t h e a q u o p e n t a m m i n e , a n d 42 p e r cen t , of t h e c h l o r o p e n t a m m i n e . P . J o b 
o b s e r v e d t h a t in a lka l ine soln. , t h e a q u o p e n t a m m i n e passes q u a n t i t a t i v e l y i n t o 
t h e h y d r o x y p e n t a m m i n e . A. B . !Lamb a n d A. T . L a r s o n s t u d i e d t h e r e l a t i v e 
s t a b i l i t y of soln. of m a n y of t h e a m m i n e s — v i d e supra, h e x a m m i n o c h l o r i d e . 
A. B . L a m b a n d J . P . S i m m o n s g a v e —6*46 CaIs. for t h e m o l . h e a t of so lu t ion in 
w a t e r a t 25°. T h e a b s o r p t i o n s p e c t r a of a q . soln . were s t u d i e d b y A. N . N iko lopu los , 
R . L u t h e r a n d A. N . Niko lopu los , Y . S h i b a t a , Y . S h i b a t a a n d G. U r b a i n , a n d 
E . Val la ; a n d t h e X - r a y s p e c t r u m , b y F . d e Boe r . A. W e r n e r a n d A. M io l a t i 
m e a s u r e d t h e mol . c o n d u c t i v i t y , fx, a t 25°, a n d found for a mol of t h e sa l t in v 
l i t res : 

128 256 5-12 1024 2048 
330-6 354-7 381-4 393-7 410-4 

R . L o r e n z a n d I . P o s e n m e a s u r e d t h e eq. c o n d u c t i v i t y ; a n d J . P e t e r s e n o b t a i n e d 
for a g r a m - e q u i v a l e n t of t h e sa l t in v l i t res , t h e fol lowing va lues for t h e degree of 
ion iza t ion , a., a n d for t h e f ac to r i o r w ( 1 , 15, 10) : 

v . . 1 2 5 1 0 5 0 JOO 1 0 0 0 
ct . . 0 - 5 5 0 - 6 2 0 - 6 6 0 - 7 3 0 - 7 9 0 - 8 6 0 - 9 7 
i . . 2 - 6 5 2 - 8 6 2 - 9 8 3 1 9 3 - 3 7 3 - 5 8 3 - 9 1 

A. B . L a m b a n d A. T . L a r s o n s t u d i e d t h e o x i d a t i o n p o t e n t i a l , a n d N . R . D h a r 
a n d G. U r b a i n , t h e po l a r i za t i on t ens ion—v ide supra, t h e h e x a m m i n o c h l o r i d e . 
O. W . G i b b s a n d F : A . G e n t h obse rved t h a t t h e boi l ing of a n e u t r a l soln. is a t t e n d e d 
b y t h e depos i t ion of c o b a l t o u s h y d r o x i d e ; a n d A. B . L a m b a n d J . W . M a r d e n , 
t h a t t h e soln. feebly acidified w i t h hyd roch lo r i c ac id is s lowly h y d r o l y z e d a t 100° ; 
a n d R . Schwarz a n d co-workers , t h a t a n aq . soln. a t o r d i n a r y t e m p , is h y d r o l y z e d 
w h e n e x p o s e d t o u l t r a -v io l e t r a y s . N . R . D h a r a n d G. TJrbain m e a s u r e d t h e 
p o l a r i z a t i o n t ens ion—v ide supra, t h e h e x a m m i n o c h l o r i d e . H . Moehle s t u d i e d 
t h e m a g n e t i c p r o p e r t i e s of t h e sa l t . 

N . S. Kurnakof f found t h a t 1OO p a r t s of w a t e r dissolve 16*2 p a r t s of coba l t i c 
a q u o p e n t a m m i n o c h l o r i d e a t 0° , a n d 24-87 p a r t s a t 16-9° ; a n d F . E p h r a i m o b s e r v e d 
t h a t a s a t . soln. a t 17*5° c o n t a i n s 0*859 m o l p e r l i t re . S. M. J o r g e n s e n obse rved 
t h a t t h e a d d i t i o n of su lphur i c ac id g ives n o p r e c i p i t a t e , a n d h e o b s e r v e d n o r e a c t i o n 
w i t h d i l . h y d r o c h l o r i c o r h y d r o b r o m i c acid , s o d i u m d i t h i o n a t e , a n d h y d r o p h o s p h a t e . 
F . !Ephraim f o u n d t h a t a c u r r e n t of a m m o n i a a c t s on t h e sa l t a t —21° , fo rming a 
p u r p l e - r e d cobalt ic a q u o h e n a m m i n o c h l o r i d e , [Co(H 2 O) ( N H 8 ) 6 ]C1 3 .6NH 8 , wh ich , 
a t —8-5°, furnishes a b lu i sh - red p o w d e r of cobalt ic a q u o c t a m m i n o c h l o r i d e , 
[Co(H 2 O)(NHs) 5 ]C l 3 -SNH 3 , a n d a s t h e t e m p , r ises, t h i s p r o d u c t passes i n t o cobal t ic 
a q u o h e p t a m m i n o c h l o r i d e , [Co(H 2 O)(NH 3 ) 5 ]C1 3 . 2NH 3 , which , a s t h e t e m p , r ises 
t o 38*5°, passes i n t o cobalt ic a q u o h e x a m m i n o c h l o r i d e , [ C o ( H 2 0 ) ( N H 3 ) 5 ] C l 3 . N H 3 , 
a n d t h i s r e d s a l t is s t a b l e u p t o 66° . H . F r e u n d l i c h a n d H . S c h u c h t o b s e r v e d t h a t 
a sol. of a r sen ic t r i s u l p h i d e is flocculated b y coba l t i c a q u o p e n t a m m i n o c h l o r i d e . 
A . B . L a m b a n d J . P . S i m m o n s g a v e —6460 cals . for t h e mo l . h e a t of soln. 
J . N . B r o n s t e d a n d K . V o l q u a r t z s t u d i e d t h e effect of t h e sa l t o n t h e d e c o m p o s i t i o n 



COBALT 661 

of nitramide ; and J. N . Bronsted, the behaviour of the salt in acid and base 
catalysis . S. M. Jorgensen, O. W . Gibbs and F . A. Genth, and E . J . Mills 
found t h a t a soln. of cobalt ic aquopentamminochloride gives no precipitate -with 
hydrofluosilicic acid, b u t it g ives yel lowish-red precipitates -with potass ium iodide, 
a m m o n i u m oxalate , potass ium chromate or dichromate, chloroaurate, and ferro-
cyanide, or "with sodium pyrophosphate . P . J o b found that all the chloride is 
precipitated b y si lver nitrate from aq. soln. of the salt. 

O. W. Gibbs reported gold cobaltic aquopentamminohexachloride, rCo(HaO)(NHs)6]-
Cl 2 (AuCl 4 ) , i n o r a n g e - r e d c r y s t a l s , "by t h e a c t i o n of s o d i u m c h l o r o a u r a t e on a so ln . of 
t h e a q u o p e n t a m m i n o c h l o r i d e ; F . E p h r a i m a n d c o - w o r k e r s o b t a i n e d zinc cobaltic aquo-
pentamminopentachloride, [ C o ( H 2 0 ) ( K H 3 ) 6 ] C l a . Z n C l 2 , a s a r e d s a l t f rom a so ln . of J m o l . 
of t h e a q u o p e n t a m m i n e ac id , a n d 10 m o l s . of z inc c h l o r i d e ; a l so cadmium cobaltic aquo-
pentamminoheptachloride, TCo(H 2 O)(NHg) 6 ]Cl 3 . 2CdCl 2 . 3H 2 O, a s a p a l e roso- red , c r y s t a l ­
l ine p o w d e r of s p . g r . 2*434 a t 25°, a n d m o l . vo l . 283 , w h i c h c o r r e s p o n d s -with a 
c o n t r a c t i o n of 57 p e r c e n t , i n t h e f o r m a t i o n of t h e s a l t . T h e s u b j e c t -was s t u d i e d b y 
E . B i r k . S. M. J o r g e n s e n p r e p a r e d mercuric cobaltic aquopentamminopentaehloride, 
CCo(H 2 O)(NHa) 5 ]Cl 8 .HgCl 2 , b y a d d i n g m e r c u r i c ch lo r ide t o a s t r o n g l y ac id ic so ln . of t h e 
a q u o p e n t a m m i n e . B y r e - c r y s t a l l i z a t i o n f rom a q . so ln . , mercuric cobaltic aquochloro-
pentammlnoenneachlorlde, [ C o ( H 2 0 ) ( N H 8 ) 6 ] C 1 8 . 3 H g C l 2 - H 2 O , is f o r m e d , a n d a l so , a l o n g 
w i t h a d o u b l e s a l t , w i t h c h l o r o p e n t a m m i n o c h l o r i d e , [Co(NH 8 ) B Cl]Cl 3 .3HgCl 2 , b y t r e a t i n g 
a bo i l ing , feebly ac id ic so ln . of c h l o r o p e n t a m m i n o c h l o r i d e , w i t h a h o t so ln . of m e r c u r i c 
ch lo r ide , a n d s u b s e q u e n t l y s e p a r a t i n g t h e t w o d o u b l e s a l t s b y f r ac t i ona l c r y s t a l l i z a t i o n . 
T h e s a l t w a s a l so p r e p a r e d b y O . "W. G i b b s . I t fu rn i shes v io le t p r i s m s . I t is d e c o m p o s e d 
b y cold , cone , h y d r o c h l o r i c ac id , a n d i t loses al l i t s -water a t 100°. E . C a r s t a n j e n r e p o r t e d 
a p e n t a h y d r a t e , ' b u t t h i s w a s n o t con f i rmed b y O. W . G i b b s , o r S. M . J o r g e n s e n . 

S. M. Jorgensen treated an ice-cold, 20 per cent. soln. of cobaltic carbonato-
tetramminochloride wi th dil. hydrochloric acid, and then wi th cone, hydrochloric 
acid, thereupon, cobaltic diaquotetramminochloride, [Co(H2O)2(NHg)4]Cl3, is 
depos i ted in small, dark red, octahedral crystals . E . Birk also prepared the salt 
in this manner, and A. Werner, b y the action of cold cone, hydrochloric acid on a 
dodecamminohexahydroxy-sa l t , or an octamminodihydroxy-sal t . GL Vortmann 
reported a monohydrate t o be formed by adding hydrochloric acid t o an oxidized 
ammoniacal soln. of cobalt carbonate. E . Birk, and W. BiItz found the sp. gr. 
t o be 1*783 at 25°/4°, and the mol. vol . 151 -1. R. Lorenz and I. Posen, and I. Posen 
calculated 1*8363 for the sp. gr. in vacuo . According t o S. M. Jorgensen, w h e n the 
salt is heated to 100°, i t passes into aquochlorotetramminochloride ; and A. Werner 
added tha t the same change occurs very s lowly a t ordinary t e m p . J. N . Bronsted 
and K. Volquartz studied the ionization of the salt. A. Benrath and KL. Andreas 
observed that the solid is not stable in contact w i th a sat. aq. soln., or dil. hydro­
chloric acid soln. , but passes into t h e chloroaquotetrammine, and this t h e more 
slowly, the more concentrated is the acid. P. J o b found that in contact w i th barium 
hydroxide , the 2H a O-groups are replaced b y t w o OH-groups. A. B . L a m b and 
A. T. Larson studied the s tabi l i ty of the salt in ammoniacal soln.—vide supra, 
the hexamminochloride . The absorption spectra were studied b y A. N . Nikolopulos, 
R. Luther and A. N . Nikolopulos , Y . Shibata, Y . Shibata and Gr. Urbain, K. Matsuno, 
and E . Valla. R. Lorenz and I. Posen , and I . Posen found the equivalent con­
duct iv i ty , A, for soln. w i t h a gram-equivalent in v l itres at 0-6° : 

v . . 6 4 128 256 512 1024 
A 64-37 57-70 61-08 64-30 66-77 

and at the l imit, A00 = 7 1 - 6 . R. Schwarz and K. Tede noted t h a t the salt in aq. 
soln. is hydrolyzed on exposure t o ultra-violet rays. A. B . L a m b and A. T. Larson 
s tudied t h e oxidat ion potent ial ; a n d N . R. D h a r and G. Urbain, the polarization 
tens ion—v ide supra, the hexamminochloride. F . Ephraim found that a sat. aq. 
soln. a t 22°. contains 1-83 mols per litre ; and A. Benrath and K. Andreas noted 
t h a t t h e solubil i ty is 3-83, which drops t o 0-20 when 2 9 0 8 per cent, hydrochloric 
acid is present. A. Werner found tha t in dil. acetic acid soln. , pyridine forms a 
complex dodecammine . J . N . Bronsted and K. Volquartz studied the effect of the 
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salt on the decomposition of nitramide. G. Vor tmann prepared mercuric OObalttC 
diaquotetramrmnochloride. 

A . W e r n e r a n d c o - w o r k e r s , a n d J . D . D u b s k y p r e p a r e d h y d r a t e d cobaltic ols-diaquo-
bisethylenediaminechloiide, [CJo en»(H: a O) a ]C l a . 2H a O, b y h y d r a t i n g c i s -d ich lo rob i se thy lene -
d i a m i n e c h l o r i d e ; b y t b e a c t i o n of h y d r o c h l o r i c a c i d o n s e x i e s e t h y l e n e d i a m i n e h e x a -
h y d r o x y - n i t r a t e , o r o n q u a t e r e t h y l e n e d i a m i n e t e t r a h y d r o x y s u l p h a t e . T h e c o m p o u n d 
p a s s e s i n t o v i o l e t d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e o n k e e p i n g ; i t loses 4 m o l s . of 
w a t e r in v a c u o o v e r p h o s p h o r u s p e n t o x i d e , o r a t 115°, so a s t o f o r m t h e v i o l e t d i ch lo ro -
b i s e t h y l e n e d i a m i n e c h l o r i d e . If f o r m s a, ye l l owi sh - r ed so ln . w i t h w a t e r . K . M a t s u n o , 
a n d A . XJspensky a n d K . Tschibisoff s t u d i e d t h e a b s o r p t i o n s p e c t r u m . A c c o r d i n g t o 
A . W e r n e r , -when t h e s a l t is t r e a t e d w i t h d i l . p o t a s h - l y e , b r o w n i s h - r e d [Co e n a ( H a O ) ( O H ) ] C l 8 
is f o r m e d ; w i t h s o d i u m n i t r i t e , [Co e n , ( N O s ) ( N O j ) ] is f o r m e d . A . "Werner a n d c o - w o r k e r s 
a l so p r e p a r e d h y d r a t e d cobaltic trans-dlaquobisethylenedJamlnechlorlde, [Co e n a ( H 2 O ) 8 ] C l 8 . 
2 H 1 O , b y t h e a c t i o n of cone , h y d r o c h l o r i c a c i d o n coba l t i c t r a n s - a q u o h y d r o x y b i s e t h y l e n e -
d i a m i n e b r o r n i d e . I t p a s s e s i n t o t h e v io le t fo rm of d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e o n 
k e e p i n g , a n d if a t r a c e of ac id is p r e s e n t , t h e g r e e n f o r m . K . M a t s u n o , a n d A . XJspensky 
a n d K . Tschibisoff s t u d i e d t h e a b s o r p t i o n s p e c t r a . A . W e r n e r p r e p a r e d cobaltic dlaquo-
dfpyrfdfnediammfnochloride, [ C o ( N H 8 ) a ( H 2 0 ) j p y , ] C l 8 - 2 H 8 0 » b y t h e a c t i o n of cone , h y d r o ­
ch lo r ic ac id o n t h e a q u o h y d r o x y d i p y r i d i n e d i a m m i n o c h l o r i d e . 

A.Werner prepared cobaltic cis-tliaquotriamminochloride, [Co(NH3)S(H2O)3]Cl3, 
by allowing a trinitratotriammino-salt to s tand for 24 hTS. in contact with acetic 
acid, and adding hydrochloric acid, saturated a t 0°, t o the ice-cold filtered 
liquid. The pale violet, crystalline powder is separated quickly, since if allowed to 
s tand in contact with the mother-liquor, i t changes into dichloroaquotriammino-
chloride. E . Birk, and W. Biltz gave 1-8114 for the sp. gr. a t 25°/4°, and 1491 for 
the mol. vol. N. R. Dhar and G. Urbain studied the polarization tension—vide 
supra, the hexamminochloride ; J . N. Bronsted and K. Volquartz, the ionization ; 
R. Schwarz and K. Tede, the hydrolysis of the aq. soln. by exposure to ultra-violet 
rays ; K. Matsuno, the absorption spectrum ; J . N". Bronsted and K. Volquartz, 
the effect of the salt on the decomposition of nitramide ; H . Freundlich and 
H. Schucht, the nocculation of a sol of arsenic sulphide by the salt ; and A. Werner, 
the precipitation of the chloride-ions by soln. of silver n i t ra te . B y evaporating 
an aq. soln. of cobaltic dichloroaquotriamminechloride in water acidified with 
hydrochloric acid, the soln. changes from bluish-violet to reddish-violet as it forms 
the isomeric cobaltic trans-triaquotriamminochloride. The absorption spectrum 
was studied by K. Matsuno. The dissociation tension of cobaltic tetraquodiam-
minochloride, [Co(NH3)2(H20)4]Cl3 , was studied by N. R. Dhar and G. Urbain, 
and the ionization by J . N. Bronsted and K. Volquartz. 

The CoA 6 or Pentammine Family. 

In 1851, F . Claudet,5 and F . A. Genth described the first of the pentammine 
series of cobaltic chlorides. F . Claudet's analysis gave CoN5H16Cl3 , and B . Fremy 's , 
CoN6H1 6Cl3 .2H20, bu t the analysis of W. Gregory, B . J . Rogojsky, and O. W. Gibbs 
and F . A. Genth agreed tha t the composition is correctly represented by CoN6H1 6Cl3 ; 
and the work of S. M. Jorgensen, A. Werner, J . A. N. Friend, and E . E . Turner 
indicated tha t , constitutionally, the compound is cobaltic chloropentammino-
Chloride, [Co(NH3) 5Cl]Cl2. F . Claudet, and F . A. Genth prepared tbe salt by 
oxidizing, with air or oxygen, an ammoniacal soln. of cobaltous and ammonium 
chlorides, and precipitating the product with hydrochloric acid. E . J . Mills 
employed potassium permanganate as oxidizing agent, and C. D . Braun, indigo-
blue in a boiling soln. The salt was prepared, by these methods, b y J . M. Krok, 
C. Kunzel, B. J . Rogojsky, H . Schiff, A. Terreil, and W. D. Harkins and co-workers. 
J . H . Buckminster and E . F . Smith oxidized the ammoniacal soln. of cobaltous 
chloride, in t he presence of ammonium sulphate and potassium chrornate, elec-
trolytically, and then precipitated the salt by the addition of hydrochloric acid. 
O. W. Gibbs and F . A. Genth prepared the salt by boiling cobaltic aquopentammine 
ni trate, or ni t roxylpentamminonitrate , with hydrochloric ac id ; and W. Biltz, 
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by heating oobaltic hexamminochloride at 225°, in a current of ammonia. H. and 
W. Biltz, S. P. L«. Sorenson, and W. D. Harkins and co-workers proceed somewhat 
as follows : 

A cold , filtered so ln . of 20 g r m s . of c o b a l t o u s c a r b o n a t e in a s l i t t l e h y d r o c h l o r i c a c i d a s 
p o s s i b l e , is t r e a t e d -with 25O c .c . of IO p e r c e n t , a m m o n i a , a n d 50 g r m s . of a m m o n i u m 
c a r b o n a t e i n 250 c .c . of w a t e r . A i r is p a s s e d t h r o u g h t h e m i x t u r e for 3 h r s . a n d t h e n 15O 
g r m s . of a m m o n i u m ch lo r ide a r e a d d e d a n d t h e so ln . e v a p o r a t e d o n a w a t e r - b a t h t o a 
s y r u p y l i qu id . T h e m i x t u r e is t h e n acidif ied w i t h h y d r o c h l o r i c a c i d t o d r i v e off t h e c a r b o n 
d i o x i d e , t h e a c i d is n e u t r a l i z e d -with a m m o n i a , a n d IO c.c . of c o n e , a m m o n i a i n excess a r e 
a d d e d . !Dilute t h e m i x t u r e t o 40O o r 5OO c . c , a n d w a r m t h e so ln . o n a w a t e r - b a t h for one 
h o u r . A d d 300 c .c . of c o n e , h y d r o c h l o r i c a c id , a n d a l low t h e so ln . t o s t a n d o n a w a t e r -
b a t h for 3O t o 4 5 m i n u t e s . T h e c r y s t a l s a r e t h e n f i l te red off f rom t h e cold l iqu id a n d 
w a s h e d w i t h d i l . h y d r o c h l o r i c a c i d . T h e s a l t c a n b e pur i f i ed b y d i g e s t i n g i t i n 300 c .c . of 
a 2 p e r c e n t . so ln . of a m m o n i a , e x t r a c t i n g t h e r e s i d u e t w i c e w i t h 5O c .c . of t h e s a m e a m m o n i a 
s o l n . , a n d p r e c i p i t a t i n g t h e s a l t b y a d d i n g 30O c .c . of c o n e , h y d r o c h l o r i c a c id , a n d k e e p i n g 
t h e m i x t u r e o n a w a t e r - b a t h for a b o u t 45 m i n u t e s . W h e n cold , t h e so ln . is f i l te red , a n d 
t h e p r e c i p i t a t e w a s h e d w i t h di l . h y d r o c h l o r i c a c i d a n d a l coho l . 

Cobaltic chloropentamminochloride furnishes violet-red or purple crystals. 
M. G. Mellon recommended the aq. soln. as a standard colour in colorimetry. The 
crystals are rhombic bipyramids, having, according to H. Topsoe, and F. M. Jager, 
the axial ratios a : b : c—0*9825 : 1 : 1*5347. J. D. Dana wrongly described the 
crystals as tetragonal ; he gave 1-802 for the sp. gr. at 23° ; F. M. Jager 
gave 1*836 at 10°; the mol. vol. 136-05, and the topic axial ratios x : *f* : <** 
=4-4067 : 4-4852 : 6-8834 ; S. M. Jorgensen, 1-802 to 1-808 at 25°/4° ; F. Ephraim 
and O. Schiitz, 1-783 at 25°, and mol. vol. 140-5 ; and E. Birk, 1-787 at 25°/4°, 
and mol. vol. 140-2. R. Klement discussed these results. R. Lorenz and I. Posen 
calculated 1-7696 for the sp. gr. in vacuo, and 142-7 for the mol. vol. at absolute 
zero. G. L. Clark and co-workers calculated 16-29 for the mol. vol. of each Nils-
group in the complex. Z. H. Skraup and co-workers studied the capillary rise of 
aq. soln. ; and E .N. Gapon, the diffusion. A. B. Lamb and J. W. Marden found 
that the salt is very stable, and suffered no change when kept for a year. J. S. Bohm 
and A. Dorabialska observed a heat effect with the salt. F. Rose represented the 
thermal decomposition of the salt by the equation : 6[Co(NHs)5Cl]Cl2=6CoCl2 

-|-6N -H-4CI -|-22NH3-+-N2, and the reaction has been utilized in the preparation of 
cobaltous chloride of a high degree of purity—G. P. Baxter and F. B. Coffin, 
W. Biltz, O. Ruff and E. Ascher, E. Ascher, etc. S. M. Jorgensen found -that 
the salt in aq. soln. passes into the aquopentamminochloride, and in feebly 
acidic soln. ; R. Pers observed a state of equilibrium, [Co(NH3)5C1]C12+H2O 
^[Co(NHa)5(H2O)]Cl3 ; and H. Freundlich and H. Pape, and E. A. Moelwyn-
Hughes showed that the reaction is unimolecular. In a boiling soln., for equili­
brium, the soln. contains 42 per cent, of the chloropentammine, and 58 per cent, 
of the aquopentammine, and A. B. !Lamb and J. W. Marden observed that at 70°, 
in soln. with 0-005 to 0-05 mol of salt per litre, and 0-01 to 0-16iV-HCl, there is 
present 61 to 78 per cent, of the aquopentammine ; the hydration progresses 
slowly at 25°, and the reaction is unimolecular ; with soln. having 0-004 mol per 
litre, the velocity constant, k, is 0-046. The subject was studied by A. Benrath, 
J. N. Bronsted and R. Livingston, K. Matsuno, and H. Freundlich and co-workers. 
N. R. Dhar observed that OH'-ions accelerate the hydration process ; and 
O. W. Gibbs and F. A. Genth, that acids retard the reaction. A. B. !Lamb and 
J. P. Simmons calculated the heat of the reaction to be 2-14 CaIs. at 25°; and the mol. 
heat of soln. of the salt in water as —12-42 CaIs. at 25°. W. D. Harkins calculated 
for soln. with 0-002, 0-005, and 0-10 gram-equivalents, per litre, the mol. lowering 
of the f.p., 5-44, 5-357, and 5*178, respectively ; for the factor i or n—1. 15, 10— 
2-93, 2*883, and 2*787, respectively ; and for the percentage ionization, 95-6, 92-8, 
and 89*3, respectively. The absorption spectrum was studied by J. Angerstein, 
R. Samuel and co-workers, M. Chatelet-Lavollay, R. Lorenz, A. N. Nikolopulos, 
Y. Shibata, and E. Valla ; the X-ray spectrum, by O. Stelling, and S. Aoyama and 
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co-workers ; and the R a m a n effect, b y D . M. Bose and S. D a t t a . A. Werner 
and A. Miolati found the mol . conduct iv i ty of soln. at 25°, and R. Lorenz and 
I. Posen , and I. Posen, the eq. conduct iv i ty , a t 18°. W . D . Harkins and co-workers 
gave for the eq. conduct iv i ty , A, of soln. wi th C gram-equivalents per litre : 

C . . 0 0 1 7 8 0-008384 0-003728 0 0 0 0 8 8 9 1 0-0003021 
v / 0° 65OO 6 9 1 5 72-8 75-25 7 7 0 
A \ 2 5 ° . 120-7 130-2 126-8 142-8 144-7 

R. Lorenz and I. Posen gave a t the l imit A00 = 1 2 4 - 1 at 18°. For the percentage 
ionization of soln. w i th 0-002, O-0O5, and 0-010, gram-equivalent per litre, t h e 
percentage ionization, respectively, 96-0, 94-2, and 89-4, vide supra, f .p. data . 
A. B . L a m b and J . W . Marden—vide supra—calculated the degree of hydrolys is 
from conduct iv i ty data . R. Pers studied the dynamics of the hydrolys is : 
[ C o ( N H 3 ) 5 C l ] C l 2 + H 2 0 ^ [ C o ( N H 3 ) 5 ( H 2 0 ) ] C l 3 . According t o R. Schwarz and 
K. Tede, the hydro ly s i s : [ C o ( N H 3 ) 5 C l ] C l 2 + 3 H 2 0 = = C o ( O H ) 3 + 3 N H 4 C l + 2 N H 3 , 
proceeds in darkness a t an immeasurably slow rate, but in l ight i t proceeds a t 
a speed corresponding wi th a reaction of the first order. After 6O minutes ' exposure 
t o ultra-violet l ight, a 0-001 ifcf-soln., a t 25°, had suffered a 3-5 per cent, decom­
posit ion, and the ve loc i ty constant was &=0-0 4 69 . G. Berger s tudied the cata lyt ic 
effect of neutral salts on the photochemical reaction. R. Lorenz found t h a t t h e 
transport number of the anion for v = 8 0 , is 0-547 at 17-4°, and 0-549 at 20° ; and 
E . N . Gapon studied the subject. N . R. Dhar and G. Urbain measured t h e polari­
zat ion tension, and H . Freundlich and G. Et t i sch , the electrokinetic potent ia l— 
vide t h e hexamminochloride. E . F e y t i s found tha t the magnet ic susceptibi l i ty 
of the solid is —0-295 x 10~« mass unit ; S. Berkman and H. Zocher, — 0 - 5 3 x 1 0 - « 
mass unit ; and E . Rosenbohm, —0-298 X 1O - 6 mass unit . The magnet ic properties 
were also studied b y W. Biltz , L. C. Jackson, D . M. Bose , and H . Moehle. 

F . Claudet, and S. M. Jorgensen noted the solubil ity of the salt in water, and 
A. Werner observed tha t 100 grms. of water, a t 11-5°, dissolve 0*4 grm. of the chloro-
pentammine ; and N . S. Kurnakoff said tha t 0*232 grm. is dissolved a t 0°, and 1 -031 
grms. at 46-6°. A. B. L a m b and J. P . S immons found t h a t a litre of water at 0°, 
29-7°, and 50°, dissolves, respectively, 2-244, 6-047, and 1 0 0 1 grms. F . Ephra im 
found tha t a sat. soln. has 0-017O mol per litre a t 19° ; and J. N . Bronsted and 
A. Petersen, 0-00914 mol a t 0°, and 0-018 mol at 20°. A. R. Kle in studied the 
act ion of water, acids, and alkali- lye ; and J. N . Bronsted and co-workers, the 
effect of potass ium hydroxide, on various salts on the solubil i ty in aq. and in 
methanol soln. ; and A. Benrath, the effect of hydrochloric acid, potass ium iodide, 
and mercuric chloride. O. W. Gibbs and F . A. Genth found t h a t the salt is decom­
posed when boiled for a long t ime with water. O. Ruff and E . Ascher noted t h a t 
the salt is decomposed by hydrogen chloride. A. Benrath found that at 25°, t h e 
fol lowing proportions of hydrochloric acid dissolve cobalt in the form of the chloro-
pentamminochloride per 100 grms. of water : 

H C l . 0 0 0 0-20 (>-60 1-00 2-00 4-00 10-00 3O-00 per cent . 
Co . O-1337 0-0599 0-0270 0-0200 0-0147 0-0065 0-0040 0-0029 

and there is n o sign of the formation of a double salt wi th hydrogen chloride. 
A. Benrath and H . Pitzler studied the reaction wi th hydrobromic acid : 
[Co(NH 3 ) 5 CljCl 2 4-2HBr^[Co(NH 3 ) 5 Cl]Br 2 -h2HCl . F . Ephra im observed t h a t the 
salt is decomposed b y sulphuric acid wi th the evolut ion of hydrogen chloride, and 
t h a t ammonia is not taken u p b y the chloropentammine at —21°. G. T. Morgan 
and J . D . M. S m i t h observed t h a t aq. ammonia in an autoclave , at 120°, converts 
the chloropentammine into the hexammine ; and A. Benrath and K. Mienes found 
t h e reaction proceeds very s lowly, and begins a t about 150°. O. W . Gibbs and 
F . A. Genth no ted t h a t nitrous acid converts the chloropentammine into nitro-
pentammine . H . Freundlich and H . Schucht , and K. Matsuno s tudied t h e floc­
culat ing action on t h e hydrosol of arsenic sulphide. F . Ephra im observed tha t 
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precipitates are produced by the substituted benzene and naphthalene sulphonic 
acids. As indicated above, the effect of potassium hydroxide on the solubility of 
the chloropentammine was studied by J . N. Bronsted and co-workers ; and the 
formation of hydrated cobaltic oxide by the alkali-lye was observed by Gr. F . Hiit t ig 
and R. Kassler. According to O. W. Gibbs and F . A. Genth, and S. M. Jorgensen, 
coloured, crystalline precipitates are produced by potassium ferrocyanide, ferri-
cyanide, cobalticyanide, chromate, and dichromate, by ammonium oxalate, 
molybdate and picrate ; by sodium pyrophosphate hydrochloroplatinic acid, 
mercuric chloride, and stannic chloride. Silver ni trate precipitates only two of 
the three atoms of contained chlorine, and the subject was studied by O. W. Gibbs 
and F . A. Genth, R. Lorenz, and P . Job . F . Krauas found t ha t potassium rutheno-
cyanide gives a crystalline precipitate. 

A . B e n r a t h f o u n d n o s ign of t h e f o r m a t i o n of a d o u b l e s a l t w i t h p o t a s s i u m ch lo r ide 
•when t h e c h l o r o p e n t a m m i n o c h l o r i d e d isso lves in so ln . of t h e a lka l i c h l o r i d e , a t 25° , w h e n 
c o n c e n t r a t i o n s a r e e x p r e s s e d in g r a m s p e r 100 g r m s . of w a t e r : 

K C l . . OOO 0 0 8 9 0-850 1 0 9 3 4-338 6-751 34-46O 
Co . . . O-1337 0 1 0 7 6 0 0 3 6 2 0 0 1 6 1 0-0083 0 0 0 5 7 0 0 0 0 7 

F. E p h r a i m a n d P . M o s i m a n n w e r e u n a b l e t o p r e p a r e d o u b l e s a l t s of coba l t i c c h l o r o ­
p e n t a m m i n o c h l o r i d e w i t h t h e ch lo r ide s of c o p p e r , c a l c ium, b a r i u m , z inc , c a d m i u m , 
a l u m i n i u m , m a n g a n e s e , i r o n (ic), c o b a l t , o r n i cke l . O . W . Gribbs r e p o r t e d t h a t a c h l o r o a u r a t e , 
gold cobaltic chloropentamminopentachloride, rCo(NH 3 ) 5 Cl]Cl (AuCl 4 ) , is f o r m e d i n d a r k 
r u b y - r e d , p r i s m a t i c c r y s t a l s b y a d d i n g a u r i c ch lo r ide t o a h o t , a q . so ln . of t h e ch lo ro­
p e n t a m m i n e . F . C l a u d e t , O. W . G i b b s , a n d E . C a r s t a n j e n r e p o r t e d t h a t -with mercuric; 
ch lo r ide or s o d i u m m e r c u r i c ch lo r ide , a n a q . so ln . of t h e c h l o r o p e n t a m m i n o c h l o r i d e 
fu rn i shes mercur ic cobalt ic chloropentamminoctochlor ide , [Co(NH 3 ) B Cl]Cl a . 3HgCl 8 , i n s m a l l , 
r e d need le s o r p r i s m s . A . B e n r a t h o b s e r v e d t h e f o r m a t i o n of t h i s s a l t i n so ln . T h e 
so lub i l i t y of t h e c h l o r o p e n t a m m i n e ch lo r ide in so ln . c o n t a i n i n g m e r c u r i c ch lor ide—-when 
t h e c o n c e n t r a t i o n s a r c e x p r e s s e d in g r m s . p e r 1OO g r m s . of w a t e r , a t 25° -was : 

ITgCl2 . OOO 0-1265 0 1 6 8 0 0 1 8 1 8 0-228 0-261 0-643 2-33 
Co . 0 1 3 5 0 0 1 5 2 5 O-1545 O-1174 O-1148 O-681 0-0514 O-0090 

!F. E p h r a i m a n d 1*. M o s i m a n n sa id t h a t t h e a d d i t i o n of p o t a s s i u m ch lo r ide t o a 
soln. of the salt converts it into mercuric cobaltic chloropentamminotetrachloride, 
TCo(NFTg)5ClJCl8.MgCl2. Gr. V o r t m a n n a n d E . Morgu l i s r e p o r t e d t h a t a d o u b l e s a l t is 
f o r m e d w i t h m e r c u r i c ch lo r ide ; a n d O . W". G i b b s d e s c r i b e d a s a l t w i t h 2 U g C l 8 , b u t 
S. M . J 6 r g e n s e n c o u l d n o t con f i rm t h i s . S. M. J o r g e n s e n o b s e r v e d t h a t t h e sa l t 
[Co(NHa) 6 Cl]Cl 2 . 3HgCl 2 is s p a r i n g l y so lub le in co ld w a t e r , b u t m o r e so lub le m h o t w a t e r , 
a n d i t is d e c o m p o s e d i n t o i t s t w o c o m p o n e n t s b y h y d r o c h l o r i c ac id . E . E p h r a i m sa id t h a t 
t h e s p . g r . of t h e s a l t is 3-661 a t 25° , a n d t h e m o l . v o l . , 290-9. A . B e n r a t h s t u d i e d t h e 
c o n d u c t i v i t y of a q . so ln . , a n d N . R-. E>har f o u n d t h a t t h e m o l . c o n d u c t i v i t y , /x, of so ln . of 
a m o l of t h e s a l t in v l i t r e s , a t 30°, is : 

769-4 1538-8 30,776-6 6155-2 12,310-4 
265-42 356-34 405-46 445-75 461-88 

A. Hiendlmayr prepared cobaltic fluopentamminochloride, [Co(NHg)5F]Cl2, 
by the action of hydrochloric acid on a soln. of the corresponding fluoride. 
I t is a dark red powder, soluble in water. Boiling water converts it into 
[Co(NHs)5H2O]Cl3. R. Duval prepared cobaltic formatopentamminochloride, 
[Co(NH3)5(COOH)]Cl2 ; and cobaltic chloropentamminodithionate, [Co(NH3)5Cl]-
S2O6 . 

A . "Werner,6 a n d A . "Werner a n d V . L . K i n g d e s c r i b e d t h e p r e p a r a t i o n a n d p r o p e r t i e s 
of cobaltic chloroblsethylenediamineamminochlorlde, [ C o ( N H s ) e n a C l l C l 2 ,- a n d S. M. J o r g e n s e n , 
of t h e dihydrate. J . P e t e r s e n s t u d i e d t h e l ower ing of t h e f .p . of a q . so ln . ; A . G o r d i e n k o , 
a n d J . A n g e r s t e i n , t h e a b s o r p t i o n s p e c t r u m ; A . W e r n e r a n d C. H e r t y , a n d J . P e t e r s e n , 
t h e e lec t r i ca l c o n d u c t i v i t y of a q . so ln . ; E . R o s e n b o h m , L . C. J a c k s o n , a n d L . A . WeIo , 
t h e m a g n e t i c p r o p e r t i e s ; a n d A . "Werner, a n d S. M. J o r g e n s e n , t h e chemica l p r o p e r t i e s . 
T h e m a g n e t i c p r o p e r t i e s of a n o p t i c a l l y - a c t i v e f o r m , t h e laevo-salt , w e r e s t u d i e d b y 
S. R o s e n b o h m , a n d L . C. J a c k s o n . H . E . "Watts p r e p a r e d cobaltic chlorobispropylenedl-
amineammlnochlorlde, [Co(NH„)pn a Cl ]Cl a ; a n d E . Be r l , cobaltic chlorobisethylenediaminehy-
droxylaminechloride, [ C o ( N H a OBI)en a Cl]Cl a , a s wel l a s d o u b l e sa l t s w i t h go ld a n d p l a t i n o u s 
c h l o r i d e s . A . "Werner a l so r e p o r t e d oobaltlo cls-chloroblsethylenedlamineamminochlorlde ; 
R . Voge l , a n d K . P l i schke p r e p a r e d cobaltic chloropyridinebisethylenedlamlneohlorlde, 

v 
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[Co 6HaPyCl]Cl,, as well as the double salts, zinc cobaltlc chloropyridineblsethylenedlamlne-
ehloride, TCo Cn8PyCI]CIj-ZnCl1-II1O; mereurle oobaltle eWoropyrfdlncblsethylenodiamine-
ehloride, [Co On1PyCl]Cl1-HgCl1-S1O; stannous oobaltio ehloropyridlnsbisethylenedlamlne-
chloride, [Co On1PyCl]Cl1-SnCl1; and also ferric cobaltlc ehloropyrldlneblsetbylenedlamfne-
chloride ; J". Meisenheimer and E . Kiderlen, cobaltlc chloroethylamlnebfsdiethylenedi-
amine chloride, [CoOn1(C1HBNII1)Cl]Cl1; the da- and trana-ft>rtns of cobaltlc ehloroallylamine-
blsethylenedlamlnechloride, [Co On1C3Hs-KII1)Cl]Cl1; cobaltlc ehloroanillneblsethylenedlamlne-
ehloride, [Co On1(C1II5-KII1)Cl]1; oobaltle cbloro-p-toluidlnebisethylenedlaminechlorlde, 
[Co On1(C7H7-NII1)Cl]Cl1; and cobaltlc chlorobenzylamineblsethylenediaminechloride, 
[Co On1(C7H7-NH1)Cl]Cl1. 

A . Werner * obtained cobal t ic c i s - ch loroaquote tramminoch lor ide , [Co(NHg)4-
(H2O)Cl]Cl2 , b y keeping the diaquotetramminochloride for a long t ime , and 
b y the hydrat ion of trans-dichlorotetramminochloride ; W. Schramm, b y the 
act ion of malonic acid on the diaquotetramminochloride, or on hydroxyaquo-
tetramminochloride ; S. M. Jorgensen, and G. Vortmann and co-workers, by-
treat ing the carbonatotetramminochloride wi th cold, 1 : 1-hydrochloric acid, 
and then wi th the cone, acid ; and S. M. Jorgensen, b y the act ion of ice-cold 
hydrochloric acid on chloroaquotetramminosulphate . The v io let powder was 
found b y F - M . Jager t o have rhombic bipyramidal crystals w i th axial ratios 
a : b : c = O 9 0 8 : 1 : 0-925, and sp . gr. 1-847 at 20° ; the mol . vol . , 136-05 ; and 
topic axial ratios x'• */* : <*>=4-4067 : 4-4852 : 6-8834. J. D . D a n a gave 1-802 for 
the sp. gr. ; E . Birk, and W. Bi l tz , 1-825 at 25°/4°, and mol. vol . 137-8. H . Skraup 
and co-workers studied the capil lary rise of t h e aq. soln. ; J . Petersen, the lowering 
of the f .p. of aq. soln. ; J . Angerstein, A. Gordienko, Y . Shibata, A. N . Nikolopulos , 
R. Luther and A. N . Nikolopulos , and K. Matsuno, the absorption spectrum ; and 
J . Petersen, the electrical conduct iv i ty of aq. soln. A. Werner and A. Miolati 
found the mol. conduct iv i ty , /u., of soln. with a mol of the salt in v l itres, at 25°, 
t o be : 

v . . . . . . 128 256 512 1024 
/ a t t h e s t a r t . . . 221-3 253-7 293-7 318-9 

^ l i n S h i a . . . . . 321-3 342-5 363-2 380-6 

The m a x i m u m at ta ined in 5 hrs. show's t h a t t h e transformation t o the diaquo­
tetramminochloride is complete . J . N . Bronsted studied the rate of the transform­
at ion : [Co(NHa) 4 (H 2 O)Cl]"-J-H 2 O=[Co(NHg) 4 (H 2 O) 2 ]""+Cl' , which is a reaction 
of t h e first order a t 20°. S. M. Jorgensen observed tha t at ordinary t e m p , a gram 
of t h e chloroaquotetramminochloride dissolves in about 4 0 grms. of water ; and 
J . N . Bronsted and A. Petersen, t h a t a sat. soln. a t 0° contains 0-057 mol per litre, 
and a t 20°, O-ll mol. A. Benrath and K. Andreas observed n o change in t h e 
nature of the solid phase when hydrochloric acid is added t o t h e aq. soln. a t 25° , 
but the solubil ity of the salt drops from about 1 per cent, of Co in soln. t o 0-01 per 
cent . Co when 28-93 per cent. HCl is present. S. M. Jorgensen observed t h a t t h e 
cold, sat . soln. when freshly prepared, g ives crystall ine precipitates w i t h cone, 
hydrochloric, dil. nitric or hydronuosil icic acid, w i t h a m m o n i u m sulphate or 
oxa late , w i th sodium hydrophosphate , w i th potass ium chromate , hydrochioro-
platinic acid, and mercuric chloride, but not wi th sodium dithionate , or potass ium 
chloroplatinite. W . Schramm observed that oxalic acid forms (Co(NH 3 ) 4 (0 2 O 4 ) ]Cl , 
but malonic acid has very l i tt le action. P . J o b , and S. M. Jorgensen observed 
tha t w i t h freshly-prepared soln. , silver nitrate precipitates only two-thirds of t h e 
conta ined chlorine, b u t all is precipitated wi th aged soln. where t h e ehloraquo-
te trammine has passed in to diaquotetrammine. Sod ium nitrite converts t h e 
chloroaquotetrammine into t h e cis-nitro-salt. K. Matsuno s tudied t h e flocculation 
of t h e hydrosol of arsenic sulphide b y this salt . G. Vor tmann a n d co-workers 
prepared cobal t ic ch loroaquote trammif ioc tochlor ide , [Co(NHs) 4(H 2O)Cl]Cl 2 . 
3HgCl 2 , in small , v io let prisms, sparingly soluble in cold water, freely soluble in h o t 
water . 

A. Werner prepared oobaltle cMaroaquoblsethylenediamlnechloi-ide, [Co ena(H,O)Cl]Cl1, 
b y h y d r a t ing diohJorobiaethylenediaminechloride, or, according t o W . S c h r a m m , b y t h e 
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action of malonic acid, on that salt ; and it is also produced by the action of cone, hydro­
chloric acid on the corresponding sulphate. The salt was found by A. Werner to be fairly 
stable in cold, aq. soln., but -when heated it produces a complicated mixture of products 
studied by A. XJspensky and K. Tschibisoff. The absorption spectrum wets investigated 
by C. Schleicher, and A. XJspensky and Kl. Tschibisoff. J. Meisenheimer and E . Kiderlen 
studied the reaction -with aniline ; and F. M. Jager and P. Koets, the reaction -with 
triamino trie thy !amine. H. Fischlin separated the desctro-salt and the Icevo-ealt by treating 
tho optically-active bromide of the series with hydrochloric acid. The reddish-black, cubic 
crystals are freely soluble in water. The sp. rotation of a O-1 per cent. aq. soln. is 252° 
for Na-light. 

A. Werner prepared cobal t ic ch lorodiaquotr iamminochlor ide , [Co(NH8J3-
(H2O)2Cl]Cl2 , b y the act ion of cone, hydrochloric acid on the violet sulphate. 
12. Birk found the sp. gr. of the dark violet , crystall ine powder t o be 1-872 at 
25°/4°, and the mol. vol . 134-9. W. Bi l tz also studied the contraction which 
occurs during the formation of the salt. 

Bas ic cobalt ic pentammines were studied b y O. W. Gibbs and F . A. Genth , 8 

H . Schiff, S. M. Jorgensen, and A. Werner. H . Schiff, and C D . Braun obtained 
cobaltic hydroxypentamminochloride, [Co(NHg)5(OH)]Cl2-H2O, by treat ing either 
the hydroxypentamminosulphate , or aquopentamminochloride, wi th barium 
chloride in a feebly ammoniacal soln. P . J o b studied i t s formation from the 
aquopentammine . A. Werner obtained it b y t h e act ion of ammonia on the aquo­
pentamminochloride ; and G. T. Morgan and J . D . M. Smith , b y mixing an ice-
cold soln. of 23-8 grms. of hexahydrated cobalt chloride in 15 c.c. of water wi th 
8-5 c.c. of 12AT-H2O2, and then wi th 57 c.c. 18-ZV-NH4OH, added slowly. The 
evaporat ion of the l iquor furnishes the chloride in purple-red needles ; A. Werner 
obtained the salt in violet-red scales. M. Chatelet-Lavol lay, and Y. Shibata and 
G. TJrbain studied the absorption spectrum ; and N . R. IDhar and G. XJrbain, 
the polarization tension—vide supra, the hexammine . According t o A. Werner, 
the salt forms a bluish-red solution in water ; i t l iberates ammonia from a m m o n i u m 
salts ; and according t o H. Schiff, warm hydrochloric acid converts i t in to chloro-
pentamminochloride. J. N . Bronsted studied the catalysis of acids and bases b y 
the salt ; and J. N . Bronsted and E . A. Guggenheim, the effect on the mutarotat ion 
of glucose. 

A. Werner prepared cobal t ic hydroxyaquote tramminoch lor ide , [Co(NH3J4-
(H 2O)(OH)]Cl 2 , b y the act ion of cold, c o n e , aq. ammonia on the diaquo-
tetramminochloride ; and J . V. D u b s k y , what he regarded as a monohydrate, b y 
t h e act ion of aq. ammonia on octamminodiolchloride. The violet-red salt l iberates 
ammonia from a m m o n i u m salts ; i t does n o t form silver oxide w i t h silver nitrate, 
showing tha t t h e OH-group is part of the inner complex. The compound is not 
acety la ted b y the act ion of acetic anhydride, but i t is converted into octammino­
diolchloride, and t h e same transformation occurs when the salt is heated t o 100°. 
The salt is unstable in aq. soln. W. Schramm found that oxal ic acid converts it 
in to the oxalatotetrammine, and malonic acid forms the chloroaquo-salt . 

M. Rosner prepared cobaltic hydroxydipyrldinetriamminochloride, [Co(NH3)3py2(OH)]Cl2. 
5HaO ; and A. Werner obtained cobaltic cls-hydroxyaquoblsethylenediamineehlorlde, 
[Co On2(BE2O)(OH)]Cl2.H8O, by the action of a soln. of pyridine on cis-diaquobisethylene-
diaminechloride ; and. J. Meisenheimer and E . KLiderlen, and A. Werner, cobaltic trans-
hydroxyaquobisethylenediaminechlorlde, by the action of an aq. soln. of an organic base 
on trans-diaquobise thylenediominechloride. A. Werner also obtained it by warming cis-
dichlorobisethylenediaminechloride -with cone. aq. ammonia. A. Werner prepared 
cobaltic hydroxyaquodipyrldlnediammlnochloride, [Co(KHa)2Py2(H2O(OH)]Cl2, by treating 
dichloroaquodipyridinediamminochloride -with pyridine and potassium chloride in cold, 
aq. soln. The salt was also studied by J. Meyer and co-workers. Y. Nakaauka and 
H. Inuma studied the cobaltic blsdimethylglyoxlmediamlnes. 

The CoA± or Tetrammine Family. 

E . B d h m » obtained oobaltio difltaototramminochloride, [Co(NH 3 ) 4F 2 ]Cl , b y 
treat ing a soln. of carbonatotetramminochloride, in as l i tt le water as possible, 
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w i t h cone , hydrof luor ic ac id , u n t i l t h e evo lu t ion of c a r b o n d iox ide h a d ceased . 
O n s t a n d i n g for s o m e d a y s a t r o o m t e m p . , t h e soln. depos i t s d a r k r e d c r y s t a l s , 
fa i r ly s t a b l e i n a i r , freely so luble i n w a t e r . H . S ieb t a l so p r e p a r e d coba l t i c 
t rans -d i f luorobi se thy lenediammechlor ide , [Co en 2 F 2 ]C l , in p a l e g reen need les , b y 
t r e a t i n g a n ice-cold soln . of t h e fluoride of t h e series w i t h a m m o n i u m ch lor ide . 

A series of c o b a l t i c d i c h l o r o t e t r a m m i n e s h a s b e e n p r e p a r e d b y O. W . G i b b s 
a n d F . A . Genth ,*o F . R o s e , G. V o r t m a n n , R . P e r s , S. M. J o r g e n s e n , a n d A. W e r n e r 
a n d co -worke r s . A . W e r n e r a n d A. K le in p r e p a r e d cobal t ic t r a n s - d i c h l o r o -
te tramminof luor ide , p r e s u m a b l y [Co(NHg) 4 Cl 2 ]F , b y t r e a t i n g a cone . soln. of t h e 
c o r r e s p o n d i n g s u l p h a t e w i t h a m m o n i u m o r p o t a s s i u m fluoride. D ich ro i c c r y s t a l s 
a r e p r e c i p i t a t e d , a n d t h e y a re freely soluble i n w a t e r . 

A. W e r n e r o b t a i n e d cobal t ic d ich lorote tramminochlor ide , [Co(NH 3 ) 4 Cl 2 ]Cl . 
^ H 2 O , b y s h a k i n g c a r b o n a t o t e t r a m m i n o c h l o r i d e a t o r d i n a r y t e m p , w i t h twice a s 
m u c h a b s o l u t e a lcohol s a t u r a t e d w i t h h y d r o g e n ch lo r ide a t 0 ° , u n t i l t h e e v o l u t i o n 
of c a r b o n d ioxide ceases . T h e p r o d u c t is w a s h e d w i t h a b s o l u t e a lcohol u n t i l free 
f rom ac id ; i t is a lso o b t a i n e d b y t r i t u r a t i n g o c t a m m i n o d i o l c h l o r i d e w i t h s a t u r a t e d 
hydroch lo r i c acid , a n d t h e n w a s h i n g t h e p r o d u c t w i t h a lcohol . W . S c h r a m m p r e ­
p a r e d t h e sa l t , a n d A. W e r n e r m a d e a p r o d u c t of a h i g h deg ree of p u r i t y a s fol lows : 

T w o g r a m s of t h e d i t h i o n a t e of t h e ser ies w o r e t r i t u r a t e d w i t h 4 g r m s . of a m m o n i u m 
c h l o r i d e a n d 4 c .c . of w a t e r ; t h e d a r k h h i e p r o d u c t w a s t h e n r u b b e d u p w i t h a n e x c e s s 
of a m m o n i u m ch lo r ide a n d a l i t t l e w a t e r , d i s so lved i n a s l i t t l e co ld -water a s p o s s i b l e , 
a n d a m m o n i u m ch lo r ide a d d e d t o t h e so ln . for p r e c i p i t a t i o n . T h e p r o d u c t w a s w a s h e d 
w i t h w a t e r , a n d t h e n w i t h a l coho l a n d ethei*. 

T h e vio le t p r i s m s a n d needles lose t h e i r w a t e r a t 60° . T h e s a l t is freely so lub le 
in w a t e r , fo rming a b lue soln. w h i c h r a p i d l y b e c o m e s v io le t or r edd i sh -v io le t a s t h e 
d i c h l o r o t e t r a m m i n e passes i n t o t h e a q u o - s a l t . A. N . N iko lopu los , a n d R . L u t h e r 
a n d A. N . Niko lopu los s t u d i e d t h e a b s o r p t i o n s p e c t r u m of t h e soln . K . A n d r e a s 
s t u d i e d t h e s y s t e m s : [ C o ( N H 3 ) 4 C l 2 ] C l - H C l - H 2 O , a t 25°, a n d a lso [Co(NH 3 )^Cl 2 ]Cl -
N H 3 - H 2 O , a t 25° . A . W e r n e r n o t e d t h a t a f r e sh ly -p repa red a q . soln. p r e c i p i t a t e s 
t h e co r r e spond ing sa l t of t h e series w h e n t r e a t e d w i t h d i l . s u l p h u r i c ac id , cone , 
n i t r i c ac id , a m m o n i u m b r o m i d e , s u l p h a t e , n i t r a t e , or t h i o c y a n a t e , o r s o d i u m 
d i t h i o n a t e ; p o t a s s i u m ch lo rop l a t i n i t e g ives a b lu i sh-v io le t p r e c i p i t a t e , t h a t w i t h 
hyd roch lo rop l a t i n i c ac id is g rey ish-green , a n d t h a t w i t h p o t a s s i u m d i c h r o m a t e , 
b ronze , a n d p o t a s s i u m c h r o m a t e , greyish - b r o w n . N o p r e c i p i t a t i o n occur s w i t h 
s o d i u m n i t r i t e , p o t a s s i u m ch lo ra t e o r c y a n i d e , or w i t h a m m o n i u m o x a l a t e . 

O. W . G i b b s a n d F . A. G e n t h , F . R o s e , a n d G. V o r t m a n n o b t a i n e d t h e cor re ­
s p o n d i n g cobalt ic t rans -d icMorote tramminocMoride , [ C o ( N H 3 ) 4 C l 2 ] C l . H 2 0 ; a n d 
S. M. J o r g e n s e n r e c o m m e n d e d p r e p a r i n g i t b y m i x i n g 10 g r m s . of p o w d e r e d ch lo ro -
a q u o t e t r a m m i n o c h l o r i d e (or d i a q u o t e t r a m m i n o s u l p h a t e ) w i t h 50 c.c. of cone , 
su lphu r i c acid , a n d af ter some h o u r s , a d d i n g t o t h e ice-cold l iqu id , 5O c.c. of cone , 
hyd roch lo r i c ac id . Af ter t h e m i x t u r e h a s s t o o d some h o u r s , i t beg ins t o c rys ta l l i ze . 
I n t w o d a y s , t h e c r y s t a l s a re w a s h e d w i t h di l . s u l p h u r i c ac id , t h e n w i t h d i l . h y d r o ­
chlor ic ac id un t i l free f rom su lphur i c acid, a n d t h e n w i t h a lcohol u n t i l free f rom 
ac id . A . U s p e n s k y a n d K . TschibisofE s t ud i ed t h e s t e reo i somer ides of t h e t e t r a m -
mines . T h e g reen c ry s t a l s of t h e m o n o h y d r a t e w e r e found b y F . E p h r a i m a n d 
O. S c h u t z t o h a v e a s p . gr . of 1-844 a t 25°, a n d a mo l . vo l . of 136-5, a n d t h e 
a n h y d r o u s sa l t a sp . gr . of 1-799 a t 25°, a n d a mo l . vo l . of 129-8. E . B i r k g a v e 
1-86O for t h e sp . gr . of t h e a n h y d r o u s sal t , a n d 125-5 for t h e m o l . vo l . H . S k r a u p 
a n d co-workers m e a s u r e d t h e cap i l l a ry rise of t h e a q . soln. E . P e t e r s e n m e a s u r e d 
t h e lower ing of t h e f .p. of a q . soln. A. N . Niko lopu los , a n d R . L u t h e r a n d 
A. N . N iko lopu los , t h e a b s o r p t i o n s p e c t r u m ; a n d O. S te l l ing , a n d S. A o y a m a a n d 
co-workers , t h e X - r a y s p e c t r u m . E . P e t e r s e n found t h e m o l . c o n d u c t i v i t y , /x, 
of a soln. w i t h a m o l of t h e sa l t in v l i t res , t o be : 

v . . . 2 6 BO 1OO 2OO 160O 32OO 
f 0 ° . . . 9 4 0 1 0 6 - 0 1 1 6 1 1 2 8 1 1 4 3 - 2 1 6 6 1 

M \ 2 6 ° . . — 1 9 3 - 1 2 4 6 - 7 2 8 7 - 4 3 7 6 - 8 3 9 1 - 8 
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T h e v a l u e s inc rease w i t h t i m e , owing t o t h e hydro lys i s of t h e sa l t . T h e d a t a w e r e 
d iscussed b y A. W e r n e r a n d C. H e r t y , a n d W . D . H a r k i n s a n d co-workers . T h e 
a q u a t i o n of t h e sa l t in a q . soln. : [Co(NHa) 4 1Cl 2]Cl-^[Co(NHg) 4(H 2O)Cl]Cl 2 
-^ [Co(NHs) 4 XH 2 O) 2 ]Cl 3 , w a s f o u n d b y KL. M a t s u n o t o be a un imo lecu l a r r e a c t i o n . 
T h e first r e a c t i o n occupies 30 m i n u t e s u n d e r cond i t ions w h e r e t h e second o n e 
occupies 24 h r s . R . S c h w a r z a n d K . T e d e s t u d i e d t h e pho to lys i s of t h e soln. i n 
u l t r a - v i o l e t l igh t . N . R . D h a r a n d G. U r b a i n s t ud i ed t h e po la r i za t ion t ens ion . 
B . R o s e n b o h m g a v e — 2 * 2 4 x l 0 ~ 6 m a s s u n i t for t h e m a g n e t i c suscep t ib i l i ty of t h e 
sa l t ; a n d t h e m a g n e t i c p r o p e r t i e s -were s t u d i e d b y E . F e y t i s , W . Bi l t z , a n d 
JJ. C. J a c k s o n . J . N . B r o n s t e d a n d A . P e t e r s e n found t h a t t h e sa t . a q . soln. 
a t 0° c o n t a i n s 0-0141 m o l p e r l i t r e ; a n d A. W e r n e r a n d P . La r i s ch , 0*366 g r m . p e r 
100 g r m s . of w a t e r a t 0 ° . T h e solid p h a s e i n h y d r o c h l o r i c ac id is n o t s t ab l e a t 25°, 
b u t f o rms t h e c h l o r o a q u o t e t r a m m i n o c h l o r i d e ; t h e so lub i l i ty of t h e sa l t falls 
f rom 0-98 p e r cen t . Co t o 0-01 p e r cen t . Co i n t h e p re sence of 29*07 p e r c e n t . 
H C l . Si lver n i t r a t e w a s found b y A. W e r n e r t o g ive a p r e c i p i t a t e w i t h t h e a q . 
soln. , p r o b a b l y a d o u b l e sa l t . A . W e r n e r a n d A. K l e i n f o u n d t h a t w i t h au r i c 
ch lor ide , g reen c r y s t a l s of go ld cobal t ic d ich lorote tramminote trachlor ide , 
[ C O ( N H 3 ^ C I 2 ] A U C I 4 , a r e fo rmed ; a n d w i t h a m e r c u r i c ch lor ide , a g reen 
c rys t a l l ine p r e c i p i t a t e of m e r c u r i c c o b a l t i c d ich lorote tramminote trachlor ide , 
2 [ C O ( N H 3 ) 4 C 1 2 ] C 1 . H g C l 2 , w a s p r e p a r e d b y A. W e r n e r a n d A. Kle in , a n d Gr. V o r t -
m a n n . T h e l a t t e r a lso o b t a i n e d m e r c u r i c c o b a l t i c d ich lorotetramminotr ichlor ide , 
[Co(NHa) 4 Cl 2 ]CLHgCl 2 . E . B o h m p r e p a r e d c o b a l t i c d i f l u o r o t e t r a m m i n o c h l o r i d e , 
[Co(NH 3 ) 4 F 2 ]C l , b y d i sso lv ing c a r b o n a t o t e t r a m m i n o c h l o r i d e in t h e smal les t possible 
q u a n t i t y of w a t e r , a n d t r e a t i n g t h e soln. w i t h hydrof luor ic ac id u n t i l t h e evo lu t i on 
of c a r b o n d iox ide ceases . D a r k r e d c r y s t a l s s e p a r a t e f rom t h e l iqu id i n a few-
d a y s w h e n k e p t a t r o o m t e m p . T h e c r y s t a l s a r e fa i r ly s t a b l e i n a ir , a n d freely 
so luble in w a t e r . H . Se ib t a lso p r e p a r e d c o b a l t i c t r a n s - d i f l u o r o b i s e t h y l e n e -
d i a m i n o c h l o r i d e , [Co en 2 F 2 ]C l , b y t h e ac t ion of a m m o n i u m chlor ide o n a cold soln. 
of t h e fluoride. 

A . W e r n e r a n d R . F e e n s t r a , 1 1 a n d T . S. P r i c e p r e p a r e d cobaltic trans-dichlorotetra-
pyridineehlorlde, [Co p y 4 C l 2 ] C l . 6 H 2 O , in g r e e n p l a t e s f o u n d b y R . L o r e n z a n d I . P o s e n , a n d 
1. P o s e n t o h a v e a s p . g r . of 1-399O; t h o s a l t d e h y d r a t e d a t 61° h a s a s p . gr . 1*461. T h e 
e q . c o n d u c t i v i t y , a n d t h o t r a n s p o r t n u m b e r of t h e a n i o n were m e a s u r e d b y R . L o r e n z a n d 
I . P o s e n , a n d t h e c h e m i c a l p r o p e r t i e s -were s t u d i e d b y A . W e r n e r a n d R . F e e n s t r a , a n d 
T. S. Price. A. Werner and R. Feenstra reported gold cobaltic dichlorotetrapyridinetetra-
chloride, [Co i>y4Cl2l(AuCl4) ; and T. S. Price, mercuric cobaltic dichlorotetrapyridinedodeca-
cbloride, 2[Co py4Cl2]Cl. 3HgCl2 . 

A . W e r n e r , R . P l i s c h k e , R . Vogel , A . XJspensky a n d K . Tschibisoff, a n d f S . M . J o r g e n s e n 
obtained cobaltic cis-dichlorobisethylenediaminechloride, [Co enaCl8]Cl.HaO, in dark violet 
c r y s t a l s r e q u i r i n g a b o u t 25 g r m s . of -water t o d i sso lve a g r a m of s a l t . T h e c o n s t i t u t i o n 
of t h e s a l t s of t h i s ser ies w a s d i s cus sed b y A . W e r n e r , S. M. J S r g e n s e n , J . A . N . F r i e n d , a n d 
E . E . T u r n e r . K . A n d r e a s s t u d i e d t h e a c t i o n of h y d r o c h l o r i c a c id , a n d of a q . a m m o n i a 
o n t h e s a l t . J . P e t e r s e n s t u d i e d t h e l ower ing of t h e f .p . of w a t e r ; A . XJspensky a n d 
c o - w o r k e r s , J . L i f sch i t z a n d E . R o s e n b o h m , R . S a m u e l , M . L . E r n s b e r g e r a n d W . R . B r o d e , 
W . K u h n a n d K . R e i n , a n d C. Sch le iche r , t h e a b s o r p t i o n s p e c t r u m ; O . Ste l l ing , t h e 
X - r a y s p e c t r u m ; A . W e r n e r a n d C. H e r t y , L . Tschugaeff , W . D . H a r k i n s a n d co­
w o r k e r s , a n d J . P e t e r s e n , t h e e l ec t r i ca l c o n d u c t i v i t y ; E . R o s e n b o h m , L . C. J a c k s o n , a n d 
W . B i l t z , t h e m e c h a n i c a l p r o p e r t i e s ; a n d S. M . J S r g e n s e n , A . W e r n e r a n d co -worke r s , 
T . S. P r i c e a n d S. A . B r a z i e r , A . U s p e n s k y a n d KL. Tschibisoff, K . M a t s u n o , a n d 
J . M e i s e n h e i m e r a n d K . K i d e r l e n , t h e c h e m i c a l p r o p e r t i e s . A . W e r n e r a n d co -worke r s 
p r e p a r e d o p t i c a l l y - a c t i v e fo rms , w h e r e t h e s p . r o t a t i o n of a 0-25 p e r c e n t . a q . so ln . 
of t h e decctro-aalt w a s 184°, a n d of t h e Icevo-eaU, —200° . S. M . J o r g e n s e n p r e p a r e d 
violet scales of mercuric cobaltic dichlorobisethylenedlaminetrlchloride, [Co en2Cla]Cl.HgCl2 
S. M . J o r g e n s e n , H . S c h w a r z , H . S i e b t , E . S c h m i d t , K . R . L a n g e , W . A . R e d e k e r , a n d 
A . W e r n e r p r e p a r e d cobaltic trans-dichlorobtsethylenediaminechlorlde, [Co Cn2Cl2]Cl, in 
e m e r a l d g r e e n , p r i s m a t i c c r y s t a l s . A . W e r n e r a n d C. H e r t y , a n d J . P e t e r s e n m e a s u r e d 
t h e l o w e r i n g of t h e f .p . i n a q . so ln . ; C Schle icher , A . G o r d i e n k o , Y . S h i b a t a , Y . S h i b a t a 
a n d G . U r b a i n , A . U s p e n s k y a n d K . Tschibisoff, M . L . E r n s b e r g e r a n d W . R . B r o d e , 
a n d J . Lifschitz a n d E . R o s e n b o h m , t h e a b s o r p t i o n s p e c t r u m ; A . W e r n e r a n d C. H e r t y , 
a n d L . Tschugaeff , t h e e lec t r i ca l c o n d u c t i v i t y ; a n d S. B e r k m a n a n d H . Zoche r , t h e 
m a g n e t i c s u s c e p t i b i l i t y . T h e a q u a t i o n of t h e s a l t in a q . so ln . : [Co en a Cl 8 ]Cl 
- > [ C o e n a ( H a O ) C l ] C l a - > - [ C o e n a ( H a O ) 8 ] C l 8 , w a s s t u d i e d b y A . U s p e n s k y a n d K . T s c h i -
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bisoflf, Y. Shibata, A. Werner, S. M. Jorgensen, K. Matsuno, and A. Benrath and 
K. Andreas. The chemical properties "were studied by A. Werner and co-workers, 
S. M. Jorgensen, J. Meisenheimer and E . Kiderlen, and W. Schramm. T. S. Price and 
S. A. Brazier noted the formation of addition products with lactic acid, and malonio 
acid. S. M. Jorgensen, A. Werner and co-workers, P. Pfeiffer and ob-workers prepared 
cobaltlc trans^dlchloroblsethylenedlaiiilnehydrochloride, [CJo en,Cl,]Cl.B:cl.2H:tO, and the 
properties of the compound were studied by A. Werner, S. M. Jorgensen, T. S. Price and 
S. A. Brazier, S. Berkman and M. Zocher, and A. Uspensky and K. Tschibisoff. P. Pfeiffer 
and M. Tapuach prepared antimony cobaltlc dichloroWaethylenedlamlnehexaohloride, 
[Co en8Cl8}SbCl6 ; and S. M. Jorgensen, mercuric cobaltlc trans-dlchlorobisethylenediamlne-
trlohlorlde, [CJo en8Cl8]Cl.HgCl8. O. and P. Spacu prepared copper cobaltlc dlehlorobls-
ethylenedlamlnechloride, [Co en,Cl8) ,I8CuCl4; cadmium cobaltlc dichlorobisethylene-
dlamlnoehloride, [Co en8Cl8]8CdCl4; stannous cobaltlc dlchloroblsethylenedlamlnechloride, 
[Co en ,Cl8]SnCl8 ; stannic cobaltlc dichloroblsetbylenedlammeohlorlde, [Co en ,Cl,] ,SnCl8 ; 
bismuth cobaltlc dichlorobisethylenediamlnechloiide, [Co en8Cl8]8BiCle. 

H . E . Watts, and A. Werner and A. Frohlich obtained cobaltlc Cis-dichloroblspropylene-
diamlnechloride, [Co pn8Cl,]Cl, in violet crystals, and cobaltlc trans-diehloroblspropylene-
Chloride, [Co pn8Cla]Cl, in pale green plates, and the salt -was also examined by A. Werner, 
and W. Schramm. A. Werner and A. Frohlich obtained cobaltlc dichlorobispropylenedi-
aminehydrochloride, [Co pn8Cl8]Cl.HC1.2H:80 ,- and they also prepared gold cobaltlc dlchloro-
bispropylenediaminetetrachloride, [Co pn ,Cl8]AuCl4 ; and mercuric cobaltlc dlchloroblspropy-
lenediamlneheptachlorlde, 3[Co pn,Cl8]C1.2H:gCl2. A. Werner and G. Lindenberg prepared 
cobaltlc trans-diehlorotristrimetbylenediamlneehlorlde, [CO(C8BI1ONS)8CI8]CI, in green, prismatic 
crystals ; F. M. Jager and BI. B . Blumendal cobaltlc cis-dichlorobiscyclopentanediamine-
cblorlde, [Co(C5BI18N8)SCl8]Cl, and also cobaltlc trans-dlehlorobiscyelopentanedlamlnechlorlde ; 
A. Werner prepared cobaltlc diehlorobispyridlnediaminediammlnoehloride, [Co(NH3),-
Py8Cl8]Cl, as a green, crystalline powder ; A. Werner and F. Chetussy, and C. Rix, cobaltlc 
trans-dichloroethylenedlamlnedlammlnochlorlde, [Co(NH8) 8enCla]Cl, in green crystals ; and 
C. J. Dippel and F. M. Jager, cobaltlc dlchloroblsdiamlnopentanochlorlde, [Co ptn8Cl8]Cl, 
with a/38- and j3/38-aminopentane; and E . N. Gapon, cobaltlc dichlorobisphenylethylenedl-
amlnoohloiide, [Co(CH8.NH8.C6H6),Cl8]Cl—cis- and trans-forms. 

P . J o b observed tha t "when alkali hydroxide is added gradually to a soln. of 
cobaltic diaquotetramminochloride (or sulphate) , t h e measurements of the e.m.f. 
show that no hydroxyl ions are present unti l more t h a n 2 "eq. of alkali h a v e 
been added. The soln. contains cobaltic d ihydroxyte t ramminochlor ide : 
[Co(NH 3 ) 4 (H 2 0) 2 ]Cl3+2KOH=[Co(NH 3 ) 4 (OH) 2 ]Cl+2KCH-2H 2 0. H . J . S. King 
found that the electrical conduct iv i ty , A, at 0° , of soln. wi th a mol of the d ihydroxy-
tetrammine, in v l itres, is : 

v . . 33-98 67-96 79-94 159-9 261-4 524-4 1036 
A . . 52-25 5508 55-71 57-72 59-32 6116 69-60 

The mobil i ty of the ion is 23*0, and n—1-50. 
I n 1871, F . Rose 1 2 reported greyish-green cobalt ic d i c h l o r o a q u o t r i a m m i n o -

chloride , [Co(NHs)3(H2O)Cl2]Cl, t o be formed when an ammoniacal soln. of 
cobaltous chloride is oxidized unti l cobaltic hydroxide begins t o separate, and t h e n 
m i x e d wi th an excess of hydrochloric acid and al lowed t o crystallize. S. M. Jorgen­
sen observed tha t the same salt is produced -when the acid sulphate of t h e series 
is treated wi th 1 : 1 hydrochloric acid ; and when a soln. of cobalt ic trinitratotri-
ammine is treated wi th dil. hydrochloric acid, al lowed to s tand 24 hrs. , and t h e n 
treated wi th cone. acid. J. Meyer and co-workers employed a somewhat similar 
process for the greyish-green salt. S. M. Jorgensen, and J . N . Bronsted and 
K. Volquartz said t h a t t h e compound appears in t w o forms : (1) B y precipitat ion 
from the soln. b y the addit ion of some drops of hydrochloric acid t o a soln. of the 
chloride in cone, hydrochloric acid, the salt is obtained in black, stable crystals 
which are dichroic—pale red and dark green. (2) B y adding 2 vols , of cone, 
hydrochloric acid t o 1 vol . of an aq. soln. of the chloride, th in , hexagonal p lates 
are produced, and t h e y are unstable , and not dichroic. A. Werner prepared a grey 
form of the sa l t b y rubbing up chlorodiaquotriamminosulphate wi th cone, hydro­
chloric acid, pressing t h e product between porous t i les , and washing w i t h alcohol 
unti l free from acid. A. Werner said t h a t t h e t w o products are n o t t h e same ; 
and K. Matsuno guessed tha t the greyish-green form is the trans-salt, and t h e grey 
form, the cis-salt. 
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E. Birk gave 1-908 for the sp. gr. of the greyish-green crystals at 25°/4°, and 
122*9 for the mol. vol. S. M. Jorgensen found that the dry salt is slowly decom­
posed when it is heated. The absorption spectrum was studied by K. Matsuno ; 
and the X-ray spectrum, by O. Stelling. K. Matsuno showed that the salt is partly 
hydrolyzed in aq. soln. ; and A. Werner and co-workers found that the electrical 
conductivity in aq. soln. rapidly increases. The conductivity of a mol of the 
salt in 100 litres at 0°, changed in 250 seconds from 81-32 to 148-51. S. M. Jorgensen 
also found that the salt is very unstable in aq. soln., and silver nitrate precipitates 
all the chlorine from the freshly-prepared soln. Cone, sulphuric acid acts on the 
solid with the evolution of hydrogen chloride. A soln. of sodium chloroplatinate 
precipitates [Co(NH3)3(H20)3]2(PtCl6)3.4H2^- Phosphoric acid precipitates co-
baltous phosphate. R. Klement studied this subject. S. M. Jorgensen observed 
that oxalic acid precipitates indigo-blue chloro-oxalatotriammine. H. Eaneko 
studied the effect of the salt on the viscosity of aq. soln. of albumin. 

A . W e r n e r a n d A . Gr i i n , W . T u p i z i n a , a n d A . W e r n e r a n d F . C h a u s s y p r e p a r e d cobaltle 
trans-dichloroaquoethylenediamineammlnoohloride, [Co(NHa)en(HaO)Cl2]Cl, by rubbing up tri-
n i t r a t o e t h y l e n e d i a m m e a m m i n e w i t h c o n e , h y d r o c h l o r i c a c i d w h i l s t t h e m i x t u r e is b e i n g 
h e a t e d on a w a t e r - b a t h ; d i s so lv ing t h e p r o d u c t i n t h e s m a l l e s t a m o u n t of -water poss ib l e , 
a n d a d d i n g h y d r o c h l o r i c a c i d . T h e s m a l l , g r e e n i s h - b l a c k need le s so o b t a i n e d a r e feeb ly 
d i c h r o i c . 

A. Werner prepared blue cobaltic dichlorodiaquodiamminochloride, 
[Co(NHs)2(H2O)2Cl2]Cl, by triturating chlorotriaquodiamminosulphate with cone, 
hydrochloric acid, and pressing the product between porous tiles. The green powder 
is freely soluble in water, forming a blue soln. What is apparently an isomeric 
form appears in pale green, dichroic needles, which furnish an emerald-green, aq. 
soln. which in a few seconds becomes indigo-blue, then violet, and finally red. This 
variety 1WaS obtained by A. Werner, A. Werner and R. Feenstra, S. M. Jorgensen, 
and IC. H. Riesenfeld and R. Klement, by treating potassium tetranitrodiammino-
cobaltate with cone, sulphuric acid, and slowly adding hydrochloric acid ; or by 
treating the ammonium salt with hydrochloric acid and passing hydrogen chloride 
through the ice-cold liquid. A. Werner obtained it by adding ice-cold, cone, hydro­
chloric acid slowly to the sulphate of the series. The acidic soln. furnishes the 
moss-green crystals, and neutral soln., pale green crystals. The aq. soln. is emerald 
green. The conductivity measurements of A. Werner and A. Miolati show that the 
salt in soln. passes into the tetraquo-salt. N. R. Dhar and G. XJrbain measured 
the polarization tension—vide supra, the hexammine. The salt is decomposed 
by phosphoric acid, and R. Klement studied the action of phosphates on the salt. 

J. Meisenheimer and E. Kiderlen 1 S prepared cobaltic chlorohydroxyblsethylenediamfne-
Chlorlde, [Co e n a ( O H ) C l 8 ] C l . H a O , b y r u b b i n g u p t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e 
w i t h a so ln . of d i e t h y f a m i n e i n i c e d - w a t e r so t h a t o n l y p a r t i a l s o l u t i o n o c c u r s . T h e 
c r y s t a l l i n e m u s h is d r a i n e d b y s u c t i o n , w a s h e d w i t h 70 p e r c e n t , a l coho l , a n d f inal ly w i t h 
o r d i n a r y a l coho l a n d e t h e r . T h e c o m p o u n d is a l so o b t a i n e d b y s h a k i n g a n a q . so ln . of t h e 
p r a s e o c h l o r i d e w i t h m e t h y l b e n z y l a m i n e . T h e d o v e - g r e y c r y s t a l s a r e freely so lub le in 
w a t e r , f o r m i n g a c a r m i n e - r e d so ln . , a n d i n d i l . h y d r o c h l o r i c a c id , f o r m i n g a g reen so ln . 
T h e w a t e r is l o s t a t 80° i n v a c u o , a n d a s t r u c t u r a l c h a n g e s i m u l t a n e o u s l y occur s . W h e n t h e 
a q . s o l n . is -warmed, i t f o r m s t h e h y d r o x y a q u o c h l o r i d e , w h i c h is p r e c i p i t a t e d b y a lcoho l ; 
a n d t h e d i s s o l u t i o n of t h e s a l t i n 15 p e r c e n t , h y d r o c h l o r i c ac id , a n d p r e c i p i t a t i o n w i t h 
a l c o h o l a n d e t h e r fu rn i shes t h e g r e y i s h - g r e e n c h l o r o a q u o c h l o r i d e . T h e s a l t w a s s t u d i e d 
b y J - C . B a i l a r a n d R . "W. A u t e n . 

T . S . P r i c e a n d S. A . B r a z i e r o b t a i n e d cobalt ic sulphodiacetatobisethylenedlamine-
Chloride, [CJo O n 8 ( C 4 H 4 O - S ) ] C L H a O , i n s m a l l , r o s e - r e d p l a t e s ; f reely so lub le in w a t e r ; 
a n d d e c o m p o s e d a t 115° ; a s i e n n a - b r o w n gold cobaltic sulphodiacetatoblsethylenedlamine-
Chloride, [Co On 8 (C 4 H 4 O 4 S)]AuCl 4 . 

The CoAB or Triammine Family. 

A. Werner and E. Bindschedler14 prepared cobaltic trichlorotriammine, 
[Co(NHa)3Cl8], by rubbing up 10 gnns. of hexamminetriolchloride with 3O c.c. of 
cold, cono. hydrochloric acid, and extracting the violet crystalline mush with cold 
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water until a bluish-green residue is formed. This was washed with alcohol and ether, 
and dried over sulphuric acid. E. Birk said that the yield is increased by working, 
at as low a temp, as possible, with saturated hydrochloric acid. The sp. gr. is 
1-932 at 25°/4°, and the mol. vol. is 112-0. O. Stelling studied the X-ray spectrum. 
A. Werner and E. Bindschedler observed that the salt is sparingly soluble in 
cold water. The aq. soln. is aquated when allowed to stand a long time, or 
when heated. Cone, hydrochloric acid forms dichloroaquotriamminochloride ; but 
cone, nitric acid has no action. The constitution was discussed by E. Gapon, 
J . A. N. Friend, and E. E. Turner. 

The Peroxo-Salts. 

F. Rose 1 5 said that a schwarze SaIz is produced along with other chlorides 
when ammoniacal soln. of cobalt salts are oxidized by air for not too long a time, 
and in the cold, and it is very sparingly soluble in dil. hydrochloric acid. Translat­
ing his equivalent formula, his analysis gave him Co 9C^ON 3 2H 9 0 t o 9 2 . O. W. Gibbs 
represented F . Rose's data by the simpler formula : Co2(NH3)eOCl^NH^Cl, but the 
idea that the product is a complex salt is not in accord with its behaviour. The 
salt had been previously observed by E. Fremy. G. Vortmann suggested the 
formula : Co2( NH3) 6 . Cl4NH4Cl, and designated the product cobaltic melanochloride, 
—/LteAots1, black. The products so far prepared were shown by A. Werner to be 
mixtures of a sparingly soluble, dark grey salt, cobaltic dichloro-/u.-ammo-
peroxo-hexamminochloride : 

[ Cl / N H 8 V C I " ] T ^ N H 2 x Cl2 T 

Co<; > C o Cl2 or ( N H 8 ) 4 C o < ; > C o Cl2 

( N H , ) , \ O a
/ (NH3)3J L X O2 / (NH8)J 

and the sparingly soluble melanochloride which ho considered to be cobaltic 
trichloroaquo-/£-amino-hexamminochloride : 

[Cl 2 Cl 1 TCl2 Cl2 "I 

C o — N H 2 - C o H 2 O Cl2 or C o — N H 2 Co Cl 
(NH3), (NHa)3J L(NH3)S (NH3)J 

When an amino or NH2-group in a salt is associated with two metal atoms, 
A. Werner called it a,/j,-amino-salt; when in the salt an imine or NH-group is similarly 
associated, a /ui-imino-salt ; when in the salt an OH-group is similarly associated, 
an ol-salt ; and when in the salt an 02-group is similarly associated, a peroxo-salt— 
if the 02-group is not so bridged, it is called an ozo-salt, just as an unbridged 
OH-group is called a hydroxy-salt. A. Werner recommended preparing cobaltic 
melanochloride as follows : 

A mixture of 650 grms. of cobalt chloride with. 400 c.c. of water a n d 2 litres of 25 per 
cent , a m m o n i a is h e a t e d t o boil ing, filtered from the prec ipi tated cobal t ox ide , a n d e x p o s e d 
t o t h e air for 48 hours . The result ing brownish-red solut ion is filtered from t h e crysta ls 
•which h a v e depos i ted , and m i x e d w i t h 3 litres of concentrated hydrochloric ac id . T h e 
result ing brownish-red precipitate is quickly col lected and ex trac ted -with co ld water unt i l 
i t becomes pure grey in colour and the wash water is coloured a brownish-v io le t . One 
gram of cobal t chloride g ives a b o u t 60 grms. of melanochloride. 

When the grey mixture is treated with a hot soln. of silver nitrate, containing 
nitric acid, the nitrate, on cooling, deposits dark red crystals of the melanonitrate, 
and the mother-liquor gives a dark green nitrate which crystallizes out in large 
leaflets. If in preparing the melanochloride the temp, is kept below 5°, other 
products are formed in addition to those just indicated—vide infra. 

The first products of the oxidation of ammoniacal soln. of cobaltous salts by 
air, described by E. Fremy, and O. W. Gibbs as oxycobaltiac salts, were studied by 
G. Vortmann, A. Mylius, and by A. Werner and co-workers. According to 
E. Fremy, if the ammoniacal soln. be saturated with ammonium chloride, or, 
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a c c o r d i n g t o G. V o r t m a n n , if i t b e t r e a t e d w i t h alcohol , a b rowni sh -b l ack p r e c i p i t a t e 
* is o b t a i n e d cons i s t ing of g reen i sh-brown i r idescent p l a t e s of CObaltic p e r o x o -

decamminote trach lor ide , [ (NHa) 5Co-O 2 -Co(NHa) 5 ]Cl 4 . G. V o r t m a n n n o t e d t h a t 
t h e d r y sa l t o r t h e a q . soln. is v e r y u n s t a b l e , a n d E . F r e m y , t h a t t h e c rys t a l s in 
c o n t a c t w i t h w a t e r g ive off o x y g e n . I n t h i s c o m p o u n d b o t h t h e coba l t a t o m s a r e 
t e r v a l e n t . I f t h i s s a l t be t r e a t e d w i t h hydroch lo r i c acid, t h e r e is fo rmed CObaltic 
peroxo-decamminopentachlozide, [(NH3) 5Co-02-Co(NH3)2]Cl5, in which one of the 
c o b a l t a t o m s is q u a d r i v a l e n t , a n d t h e o t h e r one , t e r v a l e n t . T h e e x a c t n a t u r e of 
t h e sa l t s w i t h t h e 0 2 - l i n k a g e is y e t u n k n o w n , s ince, a m o n g s t t h e possibi l i t ies , a r e 
t h e g r o u p s Co.O.O.Co, o r : 

Co . O . Co 

O 

T h e green , needle- l ike c rys t a l s a r e s t ab le in air , b u t decompose a t 110°. T h e s a l t 
w a s first o b t a i n e d b y Xi. M a q u e n n e — v i d e infra, for t h e s u l p h a t e . G. V o r t m a n n , 
a n d A. W e r n e r a n d A. Myl ius also p r e p a r e d t h e sa l t . T h e aq . soln. of t h e s a l t 
is u n s t a b l e . Boi l ing hydroch lo r i c acid, a n d a r educ ing a g e n t , c o n v e r t s i t i n t o t h e 
c h l o r o p e n t a m m i n e a n d a c o b a l t o u s sa l t ; a n d a m m o n i a c o n v e r t i t i n t o chloro-
p e n t a m m i n e a n d t h e h e x a m m i n e . G. V o r t m a n n o b t a i n e d mercur ic coba l t i c - f t -
peroxo-decamminohenachloride, [(NH3) 5Co-02-Co(NH3)5]Cl5.3HgCl2. According 
t o A . W e r n e r , if a soln. of t h e a q u o h y d r o x y - p e r o x o - o l - h e x a m m i n o n i t r a t e , or t h e 
co r r e spond ing s u l p h a t e , i n w a t e r a c i d u l a t e d w i t h ace t ic acid , be t r e a t e d w i t h a l i t t le 
cone , h y d r o c h l o r i c ac id , smal l , g rey i sh -b lack c rys t a l s of CObaltic tr ichlorohydroxy-
p e r o x o - h e x a m m i n o c h l o r i d e , [C l 2 (NH 3 ) 5 C o - 0 2 - C o ( N H 3 ) 5 ( O H ) Cl]Cl, a re fo rmed . 
T h e y a r e a l m o s t inso luble in w a t e r , a n d t h e sa l t is b r o k e n d o w n w h e n t r e a t e d w i t h 
l iqu id a m m o n i a . 

A . W e r n e r a n d c o - w o r k e r s p r e p a r e d -what t h e y ca l led CObaltic dlozo-trl-lmldodecammlno-
Chloride, ( O 8 ) J ( N H ) 3 C o 4 ( N H a ) 1 0 C ] 8 ^ H 2 O , b y d i s so lv ing o x y c o b a l t a m m i n e n i t r a t e (3OO 
g r m s . ) in w a t e r (2 l i t res) a t 50° , a n d , a f t e r f i l t r a t i on , d i l u t i n g w i t h a n e q u a l b u l k of 
w a t e r , a d d i n g 4 l i t r e s of cone , h y d r o c h l o r i c ac id , a n d t h e n p a s s i n g a c u r r e n t of a i r t h r o u g h 
t h e so ln . for s o m e h o u r s . T h e b l a c k , c ry s t a l l i ne p r e c i p i t a t e of t h e c r u d e ch lo r ide m i x e d 
w i t h i m i d o h e x a m m i n e ch lo r ide , a f t e r w a s h i n g w i t h a l coho l a n d e t h e r , is c o n v e r t e d i n t o 
t h e n i t r a t e a n d r e - c o n v e r t e d i n t o t h e ch lo r ide . I t is a b l ack , c ry s t a l l i ne p o w d e r , s p a r i n g l y 
so lub le in co ld w a t e r , m o r e eas i ly in w a r m w a t e r , is p a r t i a l l y d e c o m p o s e d w h e n h e a t e d w i t h 
w a t e r a t 60° t o 70°, c o m p l e t e l y so w h e n boi led , a n d g ives b r o w n , f locculent p r e c i p i t a t e s 
w i t h p l a t i n i c ch lo r ide a n d m e r c u r i c ch lo r ide . I t is n o t d e c o m p o s e d b y di l . a c id s o r b y 
c o n e , h y d r o c h l o r i c a c i d . T h e c o n s t i t u t i o n of t h e d iozo-sa l t s is u n k n o w n . A . W e r n e r a n d 
c o - w o r k e r s s a id t h a t t h e y p r o b a b l y h a v e a c o n s t i t u t i o n s imi la r t o t h a t of t h e p e r o x o - s a l t s . 
A c o m p a r i s o n of t h e i r c o m p o s i t i o n s h o w s t h a t t h e y a r e f o r m e d b y t h e c o m b i n a t i o n of 2 m o l s . 
of t h e ozo-sa l t w i t h e l i m i n a t i o n of 1 m o l . of a m m o n i a a n d t h e a d d i t i o n of 1 m o l . of w a t e r . 
I n t h e d iozo-ser ies , t h r e e i m i d o - g r o u p s a r e p r e s e n t , a n d , cons ide r ing t h e d e c o m p o s i t i o n 
p r o d u c t s o b t a i n e d f rom t h e d iozo - sa l t s b y t h e a c t i o n of s u l p h u r o u s , n i t r i c , a n d n i t r o u s ac ids , 
i t is m o s t p r o b a b l e t h a t t h e i r c o n s t i t u t i o n is e x p r e s s e d b y a f o r m u l a i n d i c a t i n g t h e l ink ing 
of 2 m o l s . of a p e r o x o - s a l t b y a n i m i d o - g r o u p ; t h u s , i n t h e case of t h e n i t r a t e : 

. N i l . 
(NHa) 8 (H 2 O)(NO 3 )Co/ >Co(NH 3 ) 3 (H 2 0) (N0 3 ) 2 

< \ O ' 
( N H a ) 2 ( H 8 O ) C o ^ ^>Co(NH 3 ) 3 (H 2 0) (N0 3 ) 2 

The fj,-Amino-Salts. 

A. Werner ,1© a n d P . W u s t t r e a t e d a n a q . soln. of cobal t ic a m i n o h e x a m m i n o -
p e n t a n i t r a t e w i t h a m m o n i u m ch lor ide , a n d crys ta l l ized cobalt ie- /x-amino-dec-
a m m i n o p e n t a c h l o r i d e , [ ( N H g ) 6 C o - N H 2 Co(NHg)5]Cl5 , f rom t h e l iquid feebly 
acidified w i t h hyd roch lo r i c ac id . T h e reddish-v io le t needles a re soluble in w a t e r — 
a t r o o m t e m p , n o p a r t of t h e sa l t dissolves in a b o u t 80 p a r t s of w a t e r . T h e sa l t 

V O L . x i v . 2 x 



6 7 4 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

is s t a b l e a t 85° , a n d is n o t d e c o m p o s e d b y boi l ing wa te r , b u t w i t h h o t , s u l p h u r i c 
o r hyd roch lo r i c ac ids , i t is reso lved i n t o t h e c h l o r o p e n t a m m i n e a n d t h e h e x a m m i n e . 

W h e n a n a m m o n i a c a l soln. of coba l t i c n i t r a t e is oxidized b y a slow c u r r e n t of 
a i r , a n d t h e n t r e a t e d w i t h a n excess of su lphur i c acid, a n insoluble s u l p h a t e s e p a r a t e s 
o u t . T h i s h a s b e e n cal led Vortmann s fuscosuljjhate, or cobaltic fuscosulphate— 
fuscus, d a r k — a n d i t is one of a series of sa l t s s t u d i e d b y E . F r e m y , I . F i i r s t e n b e r g , 
C. S c h w e n k , S. M. J o r g e n s e n , M. P iepe r , a n d G. V o r t m a n n a n d O. Blasberg . 

A. W e r n e r s h o w e d t h a t t h i s p r o d u c t is n o t h o m o g e n e o u s , a n d b y t r e a t m e n t 
w i t h cone , h y d r o c h l o r i c ac id , i t furnishes a green , soluble sa l t , a n d a r e d sa l t w h i c h 
is spa r ing ly so luble . T h e fuscosu lpha te c an also b e c o n v e r t e d i n t o n i t r a t e , w h e n 
t h e green sa l t is freely soluble in w a t e r , a n d t h e r ed sa l t is n o t so soluble . T h e 
fuscosu lpha te t h u s c o n t a i n s g reen cobalt ic - /x-amino-peroxo-OCtamminosulphate , 
and red cobaltic-/x-amino-ol-octamminosulphate : 

(NH,) 4 Co<^ 8J>Co(NH8) (So4)2 (NH 8 ) 4 Co<( 2^>Co(NH 3) 4 (S0 4 ) 2 

Green salt Red salt 

A. W e r n e r a n d F . Salzer obse rved t h a t if 10 g r m s . of t h i s c r u d e , r ed sal t , cove red 
w i t h hydroch lo r i c ac id of sp . gr . 1*9, a r e k e p t a t r o o m t e m p . , a n d t h e m i x t u r e is 
we l l - shaken a t i n t e r v a l s , t h e sa l t passes i n t o soln., t h e O H - b r i d g e is d e s t r o y e d , a n d 
b rownish-v io le t , ac icu la r c ry s t a l s of cobalt ic c l i l o r o a q u o - ^ - a m i n o - o c t a m m i n o -
Chloride, [ ( H 2 O ) ( N H a ) 4 C o — N H 2 - " C o ( N H 3 ) 4 C l ] C l 4 . 4 H 2 0 , a r e fo rmed . After 24 h r s . , 
t h e c rys t a l s a r e col lec ted , d isso lved in cold w a t e r , a n d r e -p rec ip i t a t ed b y h y d r o ­
chlor ic ac id . T h e sa l t is freely soluble i n w a t e r ; t h e soln. h a s a n acidic r eac t i on ; 
a n d af te r s t a n d i n g s o m e t i m e , depos i t s t h e ^ - a m i n o - o l - o c t a m m i n o c h l o r i d e . W h e n 
t h e soln. is boi led w i t h hyd roch lo r i c acid , i t fo rms p e n t a m m i n e a n d t e t r a m i n e 
sa l t s . T h e f r e sh ly -p repa red soln. g ives c h a r a c t e r i s t i c p r e c i p i t a t e s w i th h y d r o -
ch lo rop la t in ic acid , mercu r i c ch lor ide , a n d p o t a s s i u m iod ide . T h e sa l t w a s s t u d i e d 
b y C. S c h w e n k , a n d A. Basel l i . Y . S h i b a t a i n v e s t i g a t e d t h e a b s o r p t i o n s p e c t r u m ; 
a n d K . M a t s u n o , t h e ac t ion on t h e hydroso l of a r sen ic su lph ide . 

T h e s t r u c t u r e of a, n u m b e r of c o b a l t a m m i n e s h a s n o t y e t b e e n e l u c i d a t e d . T h e r o 
is t h e cobaltic fuscochloride t h e dihydrated cobaltic dihydroxyoctammitiotetrachloride, 
C o 8 ( N H a ) 8 ( O H ) 8 C l 4 . 2 H 2 O , of E . F r e m y , C. D . B r a u n , a n d G. V o r t m a n n ; a n d t h e fusco­
chlor ide—pentahydrated cobaltic trioxo-octamminodichloride, C o 8 ( N H 3 ) 8 0 3 C l 8 . 5 H 8 0 , of 
K . F r e m y . 

Cobal t ic me lanoch lo r ide was found b y A. W e r n e r , a n d A. W e r n e r a n d F . S te in i t ze r , 
t o furnish cobaltic tetracbJoro-^-aminohexamminochloride, l_Cl2(NH3)3Co-NH2 
••••Co(NH3)3Cl2]Cl, w h e n d r ied a t 60° t o 65° ; w h e r e a s if d r i ed a t t h e o r d i n a r y 
temp. , i t is cobaltic tricbloroaquo-/x-amino-hexamminodicbloride, [Cl2(NHg)3Co-
N H 2 •• Co(NHg) 3 (H 2 O)Cl]Cl 2 . T h e c ry s t a l s a r e v io le t -b lack , h e x a g o n a l p l a t e s ; 
s p a r i n g l y soluble in w a t e r , fo rming first a b r o w n a n d t h e n a r ed soln. T h e sa l t 
d e c o m p o s e s w h e n h e a t e d w i t h water ; a n d s i lver n i t r a t e c o n v e r t s i t i n t o diaquo-/x,-
a m i n o - o l - h e x a m m i n o n i t r a t e : 

(NHa)3
 C O \ O H / C o ( N H 3 ) a J ( N 0 8 ) 4 

Accord ing t o A. W e r n e r a n d F . B e d d o w , w h e n a g r a m of V o r t m a n n ' s sa l t is 
t r i t u r a t e d w i t h 6 t o 8 c.c. of cone , hyd roch lo r i c ac id , i t f o rms a d a r k green m a s s 
w h i c h , d isso lved i n t h e smal les t poss ib le q u a n t i t y of w a t e r , a n d fil tered i n t o cone , 
hyd roch lo r i c ac id , y ie lds cobal t ic f i - a m i n o - p e r o x o - o c t a m m i n o c h l o r i d e : 

<NHa)4Co<^ ' \ c o ( N H , ) 4 ICl4 
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A c c o r d i n g t o A . W e r n e r a n d F . B e d d o w , a n d A. W e r n e r a n d A. Gri in , t h e d a r k 
g reen p r i s m s a r e eas i ly so luble i n w a t e r ; t h e a q . soln. h a s a n e u t r a l r eac t ion , a n d 
i t soon becomes ac id ic . T h e c h a n g e is n o t so r a p i d in acidified soln. T h e 1 p e r 
c e n t . a q . soln. g ives p r e c i p i t a t e s w i t h s o d i u m s u l p h a t e a n d p h o s p h a t e , w i t h p o t a s ­
s i u m d i c h r o m a t e , ch lo rop l a t i n i t e , a n d f e r rocyan ide , a n d w i t h h y d r o c h l o r o p l a t i n i c 
ac id , b u t n o t w i t h p o t a s s i u m iod ide , c y a n i d e , f e r r i cyan ide . a n d c h l o r o a u r a t e . 
A . W e r n e r , a n d P . Wi i s t f o u n d t h a t t h e c e n t r a l /x -amino-peroxo-group is v e r y 
s t a b l e , a n d w h e n t h e n i t r a t e is w a r m e d w i t h 10 p e r cen t , e t h y l e n e d i a m i n e all 
t h e a m m o n i a c a n be r ep l aced b y e t h y l e n e d i a m i n e . If t h e r e su l t ing so lu t ion is 
t h e n n e u t r a l i z e d w i t h n i t r i c ac id a t t h e o r d i n a r y t e m p . , a g reen sa l t is o b t a i n e d ; 
w h e n t h e n e u t r a l i z a t i o n is c a r r i ed o u t a t low t e m p . , a r ed sa l t is o b t a i n e d . These 
s a l t s o n l y differ i n t h e i r mo lecu l a r compos i t i on , in t h a t t h e fo rmer is a n h y d r o u s , 
w h e r e a s t h e l a t t e r c o n t a i n s 2 mo l s . of w a t e r of c rys t a l l i za t ion . T h e a q . soln. of 
t h e fo rmer is n e u t r a l , w h e r e a s t h a t of t h e l a t t e r is ac id . On w a r m i n g a n i t r i c ac id 
soln . of t h e r ed sa l t , i t c h a n g e s i n t o t h e g reen sa l t . T h e g r een sa l t is coba l t i c 
/L t - amino-pe roxo-qua te re thy lened iaminen i t r a t e ; d u r i n g i t s p r e p a r a t i o n s o m e 
d e c o m p o s i t i o n occurs , a n d t r i s e t h y l e n e d i a m i n e sa l t s a re fo rmed . I f t h e g reen 
sa l t is t r e a t e d w i t h p o t a s s i u m b r o m i d e , t h e c o r r e s p o n d i n g b r o m i d e is p r o d u c e d , 
a n d if t h e b r o m i d e is t r e a t e d w i t h s i lver ch lor ide , a soln. is p r o d u c e d which , w h e n 
e v a p o r a t e d on t h e w a t e r - b a t h , furn ishes d a r k g reen , cub ic c ry s t a l s of c o b a l t i c 
/x«axnino-peroxo-quaterethylenediaminechloride : 

[engCo 1 1 1 ^ 2 \ c o I v e n 2 C14 .6H20 
> O2^ J 

T h e sa l t is freely soluble in w a t e r , so t h a t i t c a n n o t be s e p a r a t e d f rom i t s a q . so ln . 
b y p r e c i p i t a t i o n processes . T h e sa l t , over ca l c ium chlor ide , decomposes w i t h t h e 
loss of a mol . of w a t e r , a n d i t loses all i t s w a t e r in t h e d r y i n g oven . I f t h e g r o u p s 
( e n 2 C o l u ) a n d (en2Co I V) be ca l led A a n d B , i t follows t h a t four op t i ca l l y - ac t i ve 
i somer ides a re t heo re t i c a l l y poss ib le—viz . , - f - A + B , — A — B , a n d — A - j - B . 

As first indicated, in connection with the preparat ion of cobaltic /x-amino-pproxo-
quatorethylenediarninenitrate, A. Werner showed, t h a t when the r«d salt is neutralized 
with nitric acid a t a low temp. , a red salt is obtained, which can be converted into 
the bromide, and, presumably, also into cobaltic ^-Iminohydrochloro-peroxo-quaterethylene-
diaminechloride : 

O9 

[ 
/ w 2 \ 

en2Co<T >Co e n 2 |C13 

H C l 
W h e n t h e r e d a n d g r e e n s a l t s a r e d i g e s t e d w i t h a m m o n i a , t h e m o l . of a c i d is g i v e n off 
i n t h e c o m p l e x , a n d if t h e n i t r a t e is t r i t u r a t e d w i t h a m i x t u r e of a m m o n i a a n d s o d i u m 
i o d i d e , a n i od ide is f o r m e d , a n d w h e n t h e a q . so ln . of t h e i o d i d e is s h a k e n w i t h s i lver 
c h l o r i d e , cobaltic /x-imino-peroxo-quaterethylenediaminechloride is f o r m e d : 

[ en-Co^ >Co en 2 |Cla 

Crystals of the chloride could no t be obtained by evaporating the soln. The addit ion of 
potassium chloroplatinite to the aq . soln. gives a brownish-red precipitate of a double 
salt ; and likewise with potassium chloraurate. The addit ion of hydrobromie acid and 
ammonium bromide produces the /ui-ammonium-peroxo-quaterethylenediaminebromide. 
If hydrochloric acid be added' to the soln. of the chloride, it becomes red, owing to the 
formation of the ammonium-peroxo-salt , and then green, owing to its conversion to the 
isomeric amino-peroxo-salt. 

A. Werner and R . Feenst ra prepared cobaltic Imlnobispyridlneoetammlnotetrachlorlde, 
[(NH,)4pyCo.NH.Co(NH8)4 Py]Cl4, b y warming cobaltic dichloroaquotriamminochloride 
wi th water and pyridine. The yield is small. Cone, hydrobromie acid converts i t i n to 
the bromide ; i t is easily soluble in water ; and is precipitated from the soln. in golden-
yellow needles by cone, hydrochloric acid. A. Werner is not satisfied with this formulation 
of t h e consti tut ion. 
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Accord ing t o A . W e r n e r , w h e n a n a q . soln. of coba l t i c /jt-a'mino-ol-peroxo-
h e x a m m i n o c h l o r i d e is w a r m e d w i t h cone, hydroch lor ic acid ; or w h e n a cold, cone , 
soln . of t h e c o r r e s p o n d i n g n i t r a t e is t r e a t e d w i t h cone, hydroch lo r i c ac id ; o r w h e n 
a n a q . soln. of ^ t - amino-pe roxo-oc tammino- sa l t is t r e a t e d w i t h a m m o n i u m ch lor ide , 
a n d t h e n s a t u r a t e d w i t h h y d r o g e n chlor ide , b l ack c rys t a l s of s y m m e t r i c a l cobal t ic 
dicMoix>-^-axnino«peroxo-hexainii i inochloride a r e formed. W h e n a soln. of 
/ x - a m i n o - p e r o x o - o c t a m m i n o n i t r a t e is t r e a t e d w i t h a n excess of a m m o n i u m c a r b o n a t e 
i n s t e a d of ch lor ide , a n d hydroch lo r i c ac id is a d d e d t o t h e cold l iquid , d a r k ol ive-
g reen c rys t a l s of a n isomeric-form, n a m e l y , t h e a s y m m e t r i c a l sa l t , a r e f ound : 

[Cl / N H 2 . Cl 1 T / N H 8 N Cl2 "I 

C o r a < Z 0 0 ^ c l * ( N H 8 ) 4 C o n i < > C o M Cl , 
(NH 8 ) 8 ' \ O8 / ( N H 8 ) J L X O 8 / (NH 8 ) 8 J 

Symmetrical salt Asymmetrical salt 
T h e a s y m m e t r i c a l s a l t is r e ad i l y soluble in w a t e r , w h e r e a s t h e s y m m e t r i c a l s a l t 
is spa r ing ly soluble . T h e a c t i o n of l iquid a m m o n i a on t h e s y m m e t r i c a l fo rm g ives 
r ise t o /x -amino-pe roxo-oc tammine , showing t h a t b o t h t h e / z -amino-peroxo-
o c t a m m i n e , a n d t h e h e x a m m i n e sa l t s c o n t a i n t h e s a m e n u c l e u s ; w h e r e a s l i qu id 
a m m o n i a w i t h t h e a s y m m e t r i c a l sa l t y ie lds ^c-amino-peroxo-o l -oc tammine , showing 
t h a t i t differs f rom t h e s y m m e t r i c a l form in t h e pos i t ion of N H 3 - g r o u p s . 

The OUSaUs. 

J . G. Gen te l e , 1 7 a n d S. M. J o r g e n s e n p r e p a r e d sa l t s wh ich A. W e r n e r s h o w e d 
t o be m e m b e r s of a series typif ied b y cobalt ic d i o l - o c t a m m i n o c h l o r i d e : 

[( N H 8 J 4 C o / \ c o ( N H , ) 4 C14 .4H80 

wh ich w a s p r e p a r e d b y t r e a t i n g t h e p r o d u c t o b t a i n e d b y d e h y d r a t i n g h y d r o x y -
a q u o t e t r a m m i n o s u l p h a t e w i t h a m m o n i u m chlor ide on a w a t e r - b a t h . T h e sa l t w a s 
also p r e p a r e d b y J . V. D u b s k y , a n d H . F r a n k . I t furnishes smal l , d a r k r ed c rys t a l s , 
wh ich lose 4 mols . of w a t e r a t 100°. Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m ; 
H . R . K r u y t a n d P . C. v a n d e r Wil l igen, t h e s t r e a m i n g p o t e n t i a l a t a glass cap i l l a ry ; 
a n d E . R o s e n b o h m , a n d L . C. J a c k s o n , t h e m a g n e t i c p r o p e r t i e s . Accord ing t o 
A . W e r n e r , t h e sa l t is r ead i ly d issolved b y w a t e r , fo rming a n e u t r a l soln. H . F r a n k 
f o u n d t h a t w h e n t h e d io l -oc tamminoch lo r ide is t r e a t e d w i t h ace t ic acid , i t fo rms 
t h e a n h y d r o u s sa l t ; a n d w i t h cone, hydroch lo r i c acid , t h e green d i c h l o r o t e t r a m m i n e . 
A . W e r n e r found t h a t t h e t r e a t m e n t of t h e s a l t w i t h fuming h y d r o c h l o r i c ac id , 
s a t u r a t e d a t —12°, y ie lds t h e d i a q u o t e t r a m m i n e a n d d i c h l o r o t e t r a m m i n e ; 
J . V. D u b s k y , t h a t cold, cone . aq . a m m o n i a , followed b y t h e a d d i t i o n of a lcohol , 
furnishes h y d r o x y a q u o t e t r a m m i n o c h l o r i d e ; a n d A. W e r n e r , t h a t a m m o n i u m 
o x a l a t e , a n d p o t a s s i u m h y d r o p h o s p h a t e give spa r ing ly soluble , c rys t a l l ine p rec ip i ­
t a t e s . K . M a t s u n o s t u d i e d t h e flocculation of t h e hyd roso l of a r sen ic su lph ide b y 
t h i s sa l t . 

A. W e r n e r a s s u m e d t h a t t h e t w o complex res idues a r e c o m b i n e d t o g e t h e r t h r o u g h 
t h e a g e n c y of t h e res idua l affinities of t h e o x y g e n a t o m s of t h e t w o O H - g r o u p s . 
T h e fo rmula is i n a g r e e m e n t w i t h (i) t h e ana lyses ; (ii) t w o mol s .—cis -d i aquo-
t e t r a m m i n e a n d c i s -d i ch lo ro t e t r ammine—resu l t f rom t h e d e c o m p o s i t i o n of a m o l . 
of t h e sa l t b y hydroch lo r i c ac id ; (iii) t h e acidic rad ic le is c o m p l e t e l y ion ized i n 
a q . soln. of t h e sa l t ; a n d (iv) a q . soln. of t h e sa l t h a v e a n e u t r a l r eac t ion . T h e 
d i h y d r a t e d coba l t i c d i o l - o c t a m m i n e is a p o l y m e r of coba l t i c h y d r o x y a q u o -
t e t r a m m i n e . J . V. D u b s k y r e g a r d e d t h e sa l t s f o r m e d b y t h e loss of w a t e r f rom 
2 mols . of h y d r o x y a q u o t e t r a m m i n o - s a l t s , say , [Co(NHa) 4 (OH)(H 2 O)]Cl 2 , t o b e 
t h e s y m m e t r i c a l d iol -octammine ; b u t t h e r e so lu t ion of t h e d io l -sa l t s i n t o cis-
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diaquotetrammine and ci«-dichlorotetrammine by mineral acids indicates an 
asymmetrical s t ructure : 

(NH8)4Co<^ ^>Co(NH8)4 <NH8)4Co<^ ^>Co(NH8)4 

Symmetrical diol Asymmetrical diol 

J". V . D u b s k y , a n d HE. F r a n k o b s e r v e d t h a t -when c o b a l t i c h y d r o x y a q u o b i s e t h y l e n e -
d i a m i n e d i t h i o n a t e is t r e a t e d w i t h a c e t i e a n h y d r i d e , a n d t h e p r o d u c t t r e a t e d w i t h 
a m m o n i u m ch lo r ide , cobaltic diol-quaterethylenediamlnechloride, [ e n 2 C o < ( O H ) g > C o e n 2 ] , 
i s p r o d u c e d . 

According to A. Werner, when cobaltic melanochloride is prepared a t 5°, by 
exposing an ammoniacal soln. of cobaltous chloride to atmosphere air, there is 
formed, in addition to the products indicated above, cobaltic trichlorohydroxy-
peroxo-hexamminochloride, [(NH3)3C1 ( O H ) C O - O 2 - C O ( N H 3 ) S C I 2 ] C I ; and when this 
product is t reated with silver ni t ra te , it yields black ni t ra te in addition to the 
salts of /z-amino-peroxo-ol-hexammine. The ni t ra te is converted into sulphate, 
and when the sulphate is t reated with an excess of ammonium chloride and dil. 
acetic acid, it finally yields brown, soluble, acicular crystals of cobaltic hydroxyaquo-
peroxo-ol-hexamminochloride : 

[O H / O H , H 2 O I 

C o l v < > C o " T C l 3 

(NH3), X 0 2 / (NH3)aJ In favour of this formula, A. Werner showed (i) Cone, nitric acid splits the salt 
into t r ini t ratotr iammine ; cone, hydrochloric acid converts it into dichloroaquo-
tr iammine ; and a soln. of sodium iodide in acetic acid forms diol-/x-acetato-
hexammine, all in agreement with the assumption t ha t the 6 NH3-groups are 
equally shared by the 2 cobalt a toms ; (ii) Liquid ammonia forms hexammine-
and pentammine salts, indicating t h a t no NH2-bridge is present ; (iii) Cone, sul­
phuric acid forms cobaltous sulphate, and a mixture of nitrogen and oxgyen is 
evolved—2£ gram-atoms of oxygen for 2 gram-atoms of cobalt—and this agrees 
with the assumption t h a t there is an 02-bridge between tervalent and quadrivalent 
cobalt a toms ; and (iv) The aq. soln. of the salt has an alkaline reaction, indicating 
t h a t an OH-group is present. The second OH-group is assumed to be bridged, 
because it is indifferent to dil. mineral acids, and with cone, hydrochloric acid, i t is 
replaced by chlorine to form trichlorohydroxy-peroxo-hexammine. 

A. Werner, and A. Werner and A. Baselli prepared cobaltic /x-amino-ol-octam-
minochloride : 

r . N H 2 I 
( N H 8 ) 4 C o < ^ ^ C o ( N H s ) 4 C l 4 , 4 H 9 O 2 V 

by heating the chloride, obtained from Vor tmann 's fuscosulphate, with hydro­
chloric acid on a water-bath, and adding alcohol to precipitate the small, blood-
red, lustrous prisms ; and also by rubbing the fuscosulphate with fuming hydro­
chloric acid, and precipitating the clear liquid with alcohol. A. Werner and 
F . Beddow also obtained it as follows : 

G r e e n c o b a l t i c / x - a m i n o - p e r o x o - o c t a m m i n e n i t r a t e , d e r i v e d f rom t h e f u s c o s u l p h a t e , 
a s i n d i c a t e d a b o v e , i s w a r m e d w i t h a c o n e . a q . so ln . of s u l p h u r o u s ac id u n t i l i t b e c o m e s 
r e d , t h e co ld m i x t u r e is t r e a t e d -with a few d r o p s of n i t r i c ac id , a n d t h e v io le t p r e c i p i t a t e 
w h i c h is o b t a i n e d is t r i t u r a t e d w i t h c o n e , h y d r o c h l o r i c a c i d ; t h e p r o d u c t is t h e n d i s so lved 
i n -water, t h e h o t , f i l t e red so ln . m i x e d w i t h cone , h y d r o c h l o r i c ac id , w a r m e d o n t h e w a t e r -
b a t h for a s h o r t t i m e , coo led , a n d m i x e d w i t h a n e q u a l b u l k of 9O p e r c e n t , a lcohol . A f t e r 
b e i n g a l l o w e d t o r e m a i n for 18 h r s . , t h e f* -amino-o l -oc tamminochlor ide s e p a r a t e s a s a d a r k 
r e d p r e c i p i t a t e . 
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T h i s c o m p o u n d w a s a t first r e g a r d e d a s a n imido-sa l t , [ (NH 3 J 4 Co : N H . 
Co(H 2 O)(NH 3 ) 4 ]C1 4 , b u t n o i m i n o - g r o u p cou ld b e d e t e c t e d ; n o sa l t f o r m a t i o n 
t o o k p l ace e i the r w i th ace t ic ac id or d i l u t e m i n e r a l ac ids ; n o a c e t y l a t i o n t o o k 
p l ace b y t h e ac t ion of ace t i c a n h y d r i d e , a n d n o n i t r o s o - c o m p o u n d r e su l t ed f rom 
t h e ac t i on of n i t r o u s ac id . F u r t h e r , t h e c o m p o u n d s i n q u e s t i o n were n e u t r a l in 
a q . soln. a n d n o t acid , a s w o u l d b e t h e case if t h e i m i n o - f o r m u l a t i o n were co r r ec t . 
O n t h e o t h e r h a n d , t h e a m i n o - f o r m u l a t i o n acco rds well w i t h t h e obse rved r e su l t s . 
T h e coba l t a t o m s a r e al l s a t u r a t e d w i t h r e spec t t o c o - o r d i n a t i o n n u m b e r s . T h e 
c o m p l e x radic le c o n t a i n s n o w a t e r , a n d t h e s a l t s d o n o t , c o n s e q u e n t l y , g ive a n 
ac id reac t ion w h e n d isso lved in w a t e r . T h e a m i n o - g r o u p b e h a v e s l ike a m m o n i a 
in m e t a l a m m o n i a c o m p o u n d s , b e i n g indi f ferent t o w a r d s c h e m i c a l r e a g e n t s i n t h e 
cold. T h e h y d r o x y l g r o u p , a lso , does n o t h a v e t h e p r o p e r t y of a d d i n g on h y d r o g e n 
ions . T h e c rys t a l s of t h e sa l t we re found b y A. W e r n e r t o be s lowly d isso lved b y 
cold w a t e r , t o fo rm a b r o w n i s h - r e d soln. ; w a r m w a t e r d issolves t h e sa l t m o r e 
qu ick ly . T h e aq . soln. d e c o m p o s e s w i t h a p r o t r a c t e d h e a t i n g , b u t i t is s t ab l e in soln . 
feebly acidified w i t h ace t ic a c i d — 3 6 p a r t s of such a m e n s t r u u m dissolves 1 p a r t 
of sa l t a t r o o m t e m p . H y d r o c h l o r i c ac id c o n v e r t s i t i n t o c h l o r o p e n t a m m i n o -
chlor ide a n d d i c h l o r o t e t r a m m i n o c h l o r i d e . T h e a b s o r p t i o n s p e c t r u m w a s s t u d i e d 
b y Y . S h i b a t a ; a n d t h e flocculating a c t i o n on t h e h y d r o s o l of a r sen ic s u l p h i d e , 
b y K . M a t s u n o . 

Acco rd ing t o A . "Werner, a n d E . B i r k , w h e n coba l t i c d i c h l o r o a q u o t r i a m m i n o -
ch lor ide is t r e a t e d w i t h a soln. of s o d i u m h y d r o x i d e ; or, a c c o r d i n g t o A. W e r n e r , 
w h e n t h e coba l t i c c h l o r o d i a q u o t r i a m m i n o s u l p h a t e is t r e a t e d w i t h soda- lye , a n d t h e 
p r o d u c t d iges ted w i t h b a r i u m chlor ide , t h e r e is f o r m e d cobal t ic t r i o l - h e x a m m i n o -
chloride : 

r / O H N i 
( N H 3 ) 3 C o f O H .Co(NH3)3 Cl3 

L \ 0 H / J 
T . D a s - G u p t a a n d P . B . S a r k a r o b t a i n e d a b e t t e r y ie ld by u s ing h e x a m e t h y l e n e -
t e t r a m m i n e i n s t e a d of soda- lye . T h e pa l e r ed or b rown i sh - r ed , ac i cu la r c r y s t a l s 
suffer n o loss a t 80° , b u t a r e d e c o m p o s e d a t 100°. W h e n d e c o m p o s e d w i t h ha logen 
h y d r a c i d s , t h e sa l t s of t h i s fami ly g r o u p give q u a n t i t a t i v e y i e ld s of t r i a m m i n e c o b a l t 
sa l t s , i n d i c a t i n g t h a t t h r e e a m m o n i a r e s idues a r e a t t a c h e d t o e a c h c o b a l t a t o m . 
T h e ac id res idues a r e r ead i ly ionized, a s e a c h sa l t c a n be t r a n s f o r m e d i n t o t h e 
o t h e r s b y doub le decompos i t i on . T h e i r a q . soln. a r e q u i t e n e u t r a l t o l i t m u s , a n d 
h e n c e t h e sa l t s c a n n o t be a q u o - s a l t s . T h e y a r e i somer ic w i t h t h e b l ack , coba l t i c 
h e x o l - d o d e c a m m i n e s , say , [Co(OH) 6 {Co(NH 3 ) 4 } 3 ]Cl 6 . T h e c o n s t i t u t i o n of t h e s e 
s a l t s w a s d iscussed b y T . M. L o w r y . K . M a t s u n o s t u d i e d t h e flocculating ac t i on 
on t h e hydroso l of a rsen ic su lph ide . 

I n studying tho oxidation of an alcoholic soln. of cobaltous chloride containing a li t t le 
allylamine, A. Picroni and A. Pinot t i observed t h a t red crystals of a compound which 
they first regarded as an octiosallylamine, Co(C8H8 .NH2)gCl8 , are formed, b u t later 
A. Pieroni represented it by tho formula : [Co(C a H 6 .NH 2 ) 9 (0 8 ) g ]Cl 8 .H s 0 2 . W. R,. Bucknal l 
and W. Wardlaw showed t h a t the analysis, mol. wt . determinat ions from f.p. a n d conduc­
t iv i ty da ta , agree with the assumption t h a t the compound is cobaltic dlol-peroxo-
sexiesallylaminechloride : 

( C 3 H 5 . N H 2 ) 8 C o " x / o i i ^ C o ^ v ( C s H 5 N H 2 ) 8 Cla 

The sexiesallylamine-salt was obtained in purple-red, acicular crystals . Cone, hydro­
chloric acid yields a dark green, insoluble substance, which on warming dissolves to a bluish-
green soln. of cobaltous chloride and allylamine hydrochloride. The addit ion of cone, 
hydrochloric acid to a n aq . soln. of the complex chloride produces a green soln. which 
reverts to the blue colour of cobaltous chloride only on -warming. Sulphuric acid decom­
poses the complex ion and forms cobaltous sulphate. Wi th silver n i t ra te soln. t he complex 
chloride gives an immediate precipitate of silver chloride, together with a red precipi ta te , 
in cone. soln. of t he complex n i t ra te . Ammonium sulphide immediately precipitates the 
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c o b a l t a s s u l p h i d e . T h e c o m p l e x s a l t r e a c t s , o n w a r m i n g , w i t h p o t a s s i u m iod ide so ln . , 
w i t h t h e l i b e r a t i o n of i od ine ; w i t h p o t a s s i u m b r o m i d e , h o w e v e r , n o o x i d a t i o n cou ld b e 
d e t e c t e d . 

A n a l o g o u s p r o d u c t s were o b t a i n e d b y E . G. V. Pe rc iva l a n d W . W a r d -
l aw w i t h p r o p y l a m i n e , a n d b e n z y l a m i n e in p lace of a l ly lamine . R e d c ry s t a l s 
of cobaltic diol-peroxo-sexiespropylaminecbJoride, [(C3H7.NH2)3Co = ( O H ) 2 0 2 
~ C o ( C 3 H 7 . N H 2 ) 3 ] C l 3 , were p r e p a r e d b y oxidiz ing d r y c o b a l t o u s chlor ide in t h e 
p resence of d r y a lcohol a n d d r y n - p r o p y l a m i n e . T h e cryoscopic a n d c o n d u c t i v i t y 
d e t e r m i n a t i o n s of t h e a q . soln. i n d i c a t e t h a t four ions a r e formed. T h e c o m p l e x 
ch lor ide is v e r y soluble in w a t e r , g iv ing a n e u t r a l soln. , a n d t h e a d d i t i o n of n i t r i c 
acid p r o d u c e s , a s in t h e case of t h e a l l y l amine c o m p l e x , a n inso luble n i t r a t e , all t h e 
ch lor ine h a v i n g b e e n d i sp laced . H e a t e d t o 70° , a n aq . soln. of t h e sa l t y ie lds 
b r o w n c o b a l t h y d r o x i d e , a n d p r o p y l a m i n e is l i be ra t ed . A m m o n i u m su lph ide 
i m m e d i a t e l y p r e c i p i t a t e s coba l t a s su lph ide . Cone, hyd roch lo r i c ac id gives a g reen 
soln. T h e c o m p l e x sa l t l i be ra t e s iodine f rom p o t a s s i u m iodide soln. on w a r m i n g . 
W h e n c o b a l t o u s ch lor ide is s imi la r ly t r e a t e d in t h e p resence of d r y a lcohol in 
dry benzylamine, cobaltic triol-sexiesbenzylaininechloride, [(C6H5-CHa-NH2)SCo 
= ( O H ) 3 = C o ( C 6 H 5 . C H 2 . N H 2 ) 3 ] C l 3 , is fo rmed . T h e colour of t h e sa l t is p u r p l e -
red , a n d i t is inso luble in w a t e r a n d a lcohol . A suspens ion in w a t e r decomposed 
on be ing h e a t e d t o 70°, w i t h f o r m a t i o n of c o b a l t h y d r o x i d e a n d t h e l ibe ra t ion of 
b e n z y l a m i n e a n d b e n z a l d e h y d c . Cold, cone , n i t r i c ac id d id n o t form a n i t r a t e . 
I o d i n e w a s n o t l i be r a t ed f rom p o t a s s i u m iodide soln. by t h i s sa l t (unl ike t h e pe roxo-
c o m p o u n d s ) on w a r m i n g in t h e p re sence of ace t ic acid. T h e r e is ev idence of t h e 
f o r m a t i o n of a n a n a l o g o u s p r o d u c t w i t h e t h y l a m i n e , b u t n o t w i th m e t h y l a m i n e , 
d i e t h y l a m i n e , a n d p ipe r id ine . T h u s , E . G. V. Pe rc iva l a n d W . W a r d l a w conc luded 
t h a t t h e o x i d a t i o n of c o b a l t o u s ch lor ide in a lcohol in t h e p resence of a m m i n e s does 
n o t a l w a y s p r o d u c e p o l y n u c l e a r c o m p l e x e s . O n ly t h e p r i m a r y a m i n e s , c o n t a i n i n g 
t h e C H 2 . N H 2 - g r o u p , h a v e g iven successful r esu l t s . Ani l ine, p y r i d i n e , a n d qu ino l ine 
fo rmed p r o d u c t s wh ich were n o t a m e n a b l e t o fu r the r o x i d a t i o n b y t h e m e t h o d 
ou t l i ned a b o v e . Ani l ine , for e x a m p l e , gave a n insoluble , b lue c o m p o u n d of t h e 
c o m p o s i t i o n C o C l 2 . 3 C 6 H 5 N H 2 , w h i c h on re -c rys ta l l i za t ion f rom alcohol y ie lded 
E . L i p p m a n n a n d G. V o r t m a n n ' s C o C l 2 ( C 6 H 5 . N H g ) 2 ( C 2 H 5 . O H ) 2 . Th i s is t a k e n t o 
m e a n t h a t t h e r e is p r o b a b l y fo rmed a s t ab le co -o rd ina t ion c o m p o u n d , 
[ C o C l 2 ( C 6 H 5 . N H 2 J 2 ( C 2 H 5 O H ) 2 ] , wh ich is n o t suscep t ib le t o a t m o s p h e r i c ox ida t i on . 

A . W e r n e r p r e p a r e d coba l t i c d i a q u o - JJL - a m i n o - ol - h e x a m m i n o n i t r a t e , 
L ( N H 3 ) 3 ( H 2 0 ) C o = = ( N H 2 ) ( O H ) = C o ( H 2 0 ) ( N H 3 ) 3 ] ( N 0 3 ) 4 . 4 H 2 0 , a s follows : 

T w e n t y g r a m s of m e l a n o c h l o r i d e a r e t r i t u r a t e d w i t h a s l i gh t ly ac id ic so ln . of 36 g r a m s 
of s i lver n i t r a t e in 60 c .c . of w a t e r , a n d t h e m i x t u r e h e a t e d t o 50° for s o m e t i m e . T h e 
s i lve r ch lo r ide is col lec ted a n d h e a t e d , a t 80°, w i t h s e p a r a t e q u a n t i t i e s of 6O c.c. of v e r y w e a k 
n i t r i c ac id , u n t i l i t is co lour less . T o t h e u n i t e d r e d e x t r a c t s is a d d e d a lcoho l u n t i l i nc ip i en t 
c r y s t a l l i z a t i o n ; o n coo l ing in a f reezing m i x t u r e , r e d c r y s t a l s of t h e n i t r a t e s e p a r a t e . Af te r 
s o l u t i o n i n -water a n d r e - p r e c i p i t a t i o n w i t h cone , n i t r i c ac id , g a r n e t - r e d , flat, q u a d r a t i c 
p r i s m s a r e o b t a i n e d . 

W h e n a w a r m soln . of t h i s sa l t is s a t u r a t e d wi th a m m o n i u m b romide , t h e p r o d u c t 
t r i t u r a t e d w i t h m o i s t s i lver ch lor ide , a n d t h e a q . soln. t r e a t e d w i t h abso lu te alcohol , 
b r i g h t r ed , ac icu la r c ry s t a l s of cobal t ic /x -ajn ino-d io l -hexamminochlor ide : 

r / N H 8 1 
( N H s ) 3 C o Q O H - ^ C o ( N H 8 ) 3 Cl3-H2O 

a r e fo rmed . T h e sa l t is freely soluble in wa te r , a n d t h e soln. h a s a n e u t r a l r eac t ion . 
W h e n w a r m e d w i t h n i t r i c ac id , t h i s sa l t fo rms t h e n i t ra toaquo- /x-amino-ol -
h e x a m m i n o n i t r a t e ; wh ich , w i t h l iqu id a m m o n i a , passes i n t o /z -amino-o l -oc tammino-
n i t r a t e , a n d t h e n i n t o / x - a m i n o - d e c a m m i n o n i t r a t e . All t h i s is t a k e n t o es tab l i sh 
t h e h y p o t h e s i s t h a t t h e a m i n e - g r o u p in t h e c o m p o u n d is b r idged b e t w e e n t h e 
t w o c o b a l t a t o m s . 
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A. W e r n e r a n d co -worke r s t r e a t e d t h e b l a c k chlor ide , o b t a i n e d b y t h e a c t i o n 
of s i lver n i t r a t e on me lanoch lo r ide , w i t h s i lver n i t r a t e , a n d s a t u r a t e d t h e n i t r a t e 
w i t h a m m o n i u m b r o m i d e . T h e r e su l t i ng b r o m i d e w a s t r e a t e d -with si lver ch lo r ide , 
a n d a m m o n i u m chlor ide , or a lcohol , w a s a d d e d t o t h e filtrate t o p r e c i p i t a t e cobalt ic 
/u^amino-peroxo-ol-hexamminochloride : 

I ( N H , ) 8 O O / . O H " ^ C O ( N H , ) , Cl , .H aO 
L \ O, / J 

T h e sa l t c a n b e re -c rys ta l l i zed f rom a cone. a q . soln. T h e w a t e r c a n b e d r i v e n 
off b y h e a t . T h e a q . soln. h a s a n e u t r a l r eac t ion , a n d the re fore i t i s n o t a n a q u o -
sa l t , n o r a h y d r o x y - s a l t . F u m i n g n i t r i c ac id furn ishes t r i n i t r a t o t r i a m m i n e , m e a n ­
ing t h a t t h e s ix N H 3 - g r o u p s a r e s h a r e d e q u a l l y b e t w e e n t h e t w o c o b a l t a t o m s . 
H y d r o c h l o r i c ac id a d d e d t o t h e cone . a q . soln. y ie lds t h e dichloro-/ tx-amino-peroxo-
h e x a m m i n o c h l o r i d e . T h e /x -amino-pe roxo-o l -hexammines a r e p r o d u c e d b y t h e 
d e g r a d a t i o n of t h e /A-amino-peroxo-oc tammines , a n d w h e n a n a q . soln. of t h i s 
p r o d u c t is h e a t e d w i t h a m m o n i u m chlor ide , a n d t h e l iqu id s a t u r a t e d w i t h h y d r o g e n 
chlor ide , coba l t i c h e x a m m i n o c h l o r i d e s e p a r a t e s o u t ; a n d w h e n r e d u c e d w i t h 
p o t a s s i u m iodide a n d ace t ic ac id , t h e /x . -amino-diol -hexammino-sa l t is fo rmed , 
showing t h a t t h e coba l t a t o m s a r e j o ined b y a n a m i n e - g r o u p . 

A . W e r n e r a n d G. J a n t s c h found t h a t t h e o x i d a t i o n of a q . soln. of c o b a l t o u s 
sa l t s c o n t a i n i n g some e t h y l e n e d i a m i n e , furnishes a series of q u a t e r e t h y l e n e d i a m i n e -
sa l t s . I f c o b a l t o u s ch lor ide is e m p l o y e d , a n d t h e oxid ized l iquor is t r e a t e d w i t h 
sodium chloride, cobaltic-tetrol-quaterethylenediaminochloride : 

, O H x H 2 O / O H v "1 
en2Co<^ "V Co <' ^>Co en2 I Cl4 

\ O H H 2 O x O H ^ J 

is fo rmed a long w i t h coba l t i c t r i s e t h y l e n e d i a m i n e c h l o r i d e . T h e l a t t e r is r e m o v e d 
b y w a s h i n g t h e p r e c i p i t a t e w i t h w a t e r , a n d t h e t e t ro l - s a l t r e m a i n s a s a b r i g h t r ed 
p o w d e r w i t h a fa in t b lue t i nge . W h e n t h e t e t ro l - s a l t is t r e a t e d w i t h cold h y d r o ­
chlor ic acid , n o ha logen is evo lved , b u t a mol . of t h e sa l t y ie lds a m o l . of c o b a l t o u s 
chlor ide , a n d 2 mols . of c i s -d i aquob i se thy lened iaminech lo r ide . T h e a q u o - m o l s . 
in t h e 2 mols . of t h e d i aquo - sa l t a r e n o t p r e s e n t in t h e p a r e n t sa l t s , s ince t he se 
c o m p o u n d s d o n o t r e a c t l ike d i aquo- sa l t s , b u t t h e c o m p l e x of t h e p a r e n t sa l t c o n t a i n s 
4 a t o m s of oxygen which m u s t be e m p l o y e d in bu i ld ing u p t h e molecule . T h e 
effect of hydroch lo r i c ac id shows t h a t t he se c o m p o u n d s a r e fo rmed b y t h e u n i o n 
of a mo l . of a coba l t ous sal t , w i t h 2 mols . of a coba l t i c d i h y d r o x y b i s e t h y l e n e d i a m i n e -
sa l t . T h e aq . soln. h a s a n e u t r a l r eac t ion , so t h a t t h e O H - g r o u p s a r e b r idged . T h e y 
a lso c o n t a i n 2 mols . of w a t e r r e t a i n e d b y t h e m in t h e d r i ed s t a t e . T h e who le 
of t h e ac id radic le is ionized in a q . soln. All t h i s is i n a g r e e m e n t w i t h t h e f o r m u l a 
ass igned t o t h e sa l t . 

Acco rd ing t o A. W e r n e r , in p r e p a r i n g coba l t i c t r i o l - h e x a m m i n o - s u l p h a t e b y 
l eav ing coba l t i c c h l o r o d i a q u o t r i a m m i n o s u l p h a t e in a soln. of a m m o n i u m b r o m i d e 
for severa l d a y s , t h e r edd i sh -b rown mothe r - l i quor , w h e n s t r o n g l y cooled, a n d 
m i x e d w i t h cone , hydroch lo r i c ac id , gives a g reen p r e c i p i t a t e . A soln. of t h i s 
p r e c i p i t a t e in -water, a c i d u l a t e d -with acet ic acid, depos i t s a n i m p u r e s u l p h a t e w h e n 
t r e a t e d w i t h su lphur i c ac id . W h e n th i s s u l p h a t e is t r e a t e d w i t h a m m o n i u m 
chlor ide , i t furnishes d a r k g reen c ry s t a l s of cobalt ic h e x o l - h e x a m m i n o c l l l o r i d e : 

( N H 8 ) , C o / O H 7 C o ( . . OH-NCo(NH 8 ) , Cl8 .3H.O 

W h e n t h i s sa l t is d e c o m p o s e d b y hydroch lo r i c ac id , d i c h l o r o a q u o t r i a m m i n o c h l o r i d e , 
c o b a l t o u s ch lor ide , a n d ch lor ine a r e fo rmed , i n d i c a t i n g t h a t t h e s ix N H 3 - g r o u p s 
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a r e s h a r e d e q u a l l y b y 2 c o b a l t a t o m s , a n d ch lor ine is l i b e r a t e d a s t h e t h i r d 
c o b a l t a t o m passes f rom t h e t e r v a l e n t t o t h e b i v a l e n t fo rm. T h e r e is n o ev idence 
of a n y amino - l i nkages . All t h r e e ac id- rad ic les a r e ionogenic . T h e sa l t fo rms -with 
"water a ye l lowish -b rown soln. W h e n soln. of t h i s sa l t a r e t r e a t e d w i t h h y d r o ­
chlor ic ac id , i n t h e cold , one of t h e o l - l inkages is d e s t r o y e d , a n d t h e r e a r e f o r m e d 
green crystals of cobaltic diaquo-pentol-hexamminochloride, 

TH8O X)H v O H x 1 
C o < H 8 O ^Co<" O H ) C o ( N H 8 ) , Cl4 .4HaO 

L(NHa)8 \ O H / X O H / J 

S. M. J o r g e n s e n p r e p a r e d a series of s a l t s w h i c h h e ca l led anhydrobasiche 
Tetrammin-JDiaquodiamminkobaltsalze; a n d A. W e r n e r , Dodekammine-hexol-tefra-
kobalt (lll)-salze. S. M. J o r g e n s e n p r e p a r e d t h e ch lo r ide—coba l t i c h e x o l - d o d e c -
amminochloride : 

TOHV 
CoJ j>Co(NHs)« J., |C!6.2HaO .}.]. 

b y d isso lv ing c h l o r o a q u o t e t r a m m i n o c h l o r i d e in di l . a q . a m m o n i a , a n d af te r a l lowing 
t h e m i x t u r e t o s t a n d in a c losed flask for 24 h r s . , a d d i n g 90 p e r cen t , a lcohol . T h e 
sa l t is p r e c i p i t a t e d in smal l , h e x a g o n a l t a b l e t s , "which a re d a r k v io le t , a l m o s t b l a c k 
in co lour . A. W e r n e r o b t a i n e d t h e sa l t i n t h i s w a y , a n d a lso b y w a r m i n g t h e 
s u l p h a t e of t h e ser ies w i t h a soln. of b a r i u m ch lor ide , a n d t r e a t i n g t h e filtered, d a r k 
b r o w n l iqu id w i t h a lcohol . E . B i r k p r e p a r e d t h e sa l t b y d i sso lv ing 10 g r m s . of 
coba l t i c t r i a q u o t r i a m m i n o c h l o r i d e in 10 c.c. of w a t e r , a d d i n g s lowly 3-1 c.c. of a 
IO p e r c e n t . a q . soln. of p o t a s s i u m h y d r o x i d e , a n d t h e n 30 t o 50 c.c. of a lcohol . 
Y . Shi b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . S. B e r k m a n a n d H . Zocher found 
t h e m a g n e t i c suscep t ib i l i t y t o be —0*22 X 1 O - 6 m a s s u n i t . Acco rd ing t o 
S. M. J o r g e n s e n , t h e sa l t is freely soluble in w a t e r , b u t a f te r a t i m e t h e a q . soln . 
d e c o m p o s e s , a n d d e p o s i t s a d a r k g rey , a m o r p h o u s m a s s . Y . S h i b a t a a lso n o t e d 
t h e hyd ro ly s i s of t h e sa l t i n a q . soln. S. M. J o r g e n s e n obse rved t h a t t h e s a l t is 
d e c o m p o s e d w h e n g e n t l y w a r m e d w i t h 1 : 1-hydrochlor ic acid , t o furn ish coba l t i c 
c h l o r o a q u o t e t r a m m i n o c h l o r i d e , c o b a l t o u s ch lor ide , ch lor ine , a m m o n i u m ch lor ide , 
a n d w a t e r ; a n d w h e n h e a t e d w i t h t h e 1 : 2-acid, i t is a l m o s t comple t e ly c o n v e r t e d 
i n t o d i c h l o r o t e t r a m m i n o c h l o r i d e . A f r e sh ly -p repa red , 1 p e r cen t . aq . soln. g ives 
c h a r a c t e r i s t i c p r e c i p i t a t e s w i t h m a n y m e t a l sa l t s , a n d acids—e .g . , b r o w n c rys ta l l ine 
p r e c i p i t a t e s w i t h di l . n i t r i c ac id , hydronuos i l i c i c ac id , a m m o n i u m s u l p h a t e , a n d 
s o d i u m d i t h i o n a t e ; g r e y o r ye l low p r e c i p i t a t e s w i t h m e r c u r i c ch lor ide , w i t h 
p o t a s s i u m c h r o m a t e o r c h l o r o p l a t i n i t e , a n d w i t h s o d i u m c h l o r o a u r a t e , or ch loro-
p l a t i n a t e ; s o d i u m p y r o p h o s p h a t e g ives a b r o w n t u r b i d i t y ; a n d s o d i u m h y d r o -
p h o s p h a t e g ives n o p r e c i p i t a t e . K . M a t s u n o s t u d i e d t h e flocculating ac t i on 
on t h e h y d r o s o l of a r sen ic s u l p h i d e . 

I n a d d i t i o n t o t h e a m m o n i a - s e r i e s of h e x o l - d o d e c a m m i n e s , p r e p a r e d by 
S. M. J o r g e n s e n , t h e r e is a s imi l a r e thy l ened iamine - se r i e s , p r e p a r e d b y A. W e r n e r . 
B r o w n , soluble , ac icu la r c r y s t a l s of cobal t ic hexo l - sex iese thy lenediani inechlor ide : 

H o H ^ 0 0 e n*f]C l e 

w e r e o b t a i n e d b y e x p o s i n g a soln . of c o b a l t ch lor ide a n d e t h y l e n e d i a m i n e t o 
a t m o s p h e r i c o x i d a t i o n . W h e n d i sso lved in cone , hydroch lo r i c acid, cVs-diaquobis-
e t h y l e n e d i a m i n e c h l o r i d e is f o rmed , a n d s imi la r ly w i t h h y d r o b r o m i c acid ; w h e n 
e v a p o r a t e d w i t h di l . h y d r o c h l o r i c ac id , J rans -d ich lorob i se thy lened iaminech lor ide 
i s p r o d u c e d ; a n d w h e n t r e a t e d w i t h a soln. of p o t a s s i u m h y d r o x i d e , c*s-hydroxy-
aquobisethylenediaminechloride . 

S . M. J o r g e n s e n r e p r e s e n t e d t h e ammonia - se r i e s of t he se sa l t s b y formulae of 
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the type : (HO)(H20)2(NH3)2Co.O.Co(NH3)4Cl2 , bu t A. Werner 's objections were 
as follow : 

(i) T h e s a l t s c a n n o t c o n t a i n H O d i r e c t l y a t t a c h e d t o c o b a l t , s ince t h e y d o n o t y i e ld a q u o -
s a l t s b y t r e a t m e n t w i t h mineral a c i d ; (ii) i n t h e ch lo r ide , t h e p r e s e n c e of ch lo r ine d i r e c t l y 
a t t a c h e d t o c o b a l t is c o n t r a r y t o t h e f a c t t h a t t h i s s a l t is c o n v e r t e d i n t o a ha logen - f r ee 
s u l p h a t e b y t h e a c t i o n of so lub l e s u l p h a t e s ; (iii) t h e e s t i m a t i o n of t h e p r o d u c t s of d e c o m ­
p o s i t i o n of t h e s e s a l t s b y h y d r o c h l o r i c o r h y d r o b r o m i c ac id l e a d s t o r e s u l t s c o n t r a r y t o 
t h o s e a n t i c i p a t e d b y S . M . J O r g e n s e n ' s f o r m u l a . T h u s , t h e s u l p h a t e of t h e a m m o n i a 
ser ies y i e ld s 81-1 p e r c e n t , of d i a q u o t e t r a m m i n e c o b a l t ch lo r ide , a n d t h e n i t r a t e of t h e 
e t h y l e n e d i a m i n e se r ies , 8O-71 p e r c e n t , of 1 : 6 - d i c h l o r o d i e t h y l e n e d i a m i n e c o b a l t n i t r a t e , 
•whereas t h e a m o u n t s c a l c u l a t e d f rom S. M. J o r g e n s o n ' s f o r m u l a a r e 68-1 p e r c e n t , a n d 
54-6 p e r c e n t , r e s p e c t i v e l y . If t h e m o l . formulas of t h e s e c o m p l e x s a l t s a r e d o u b l e d a n d 
A . "Werner ' s c o n s t i t u t i o n a l f o r m u l a is a d o p t e d , t h e o b s e r v e d p e r c e n t a g e s in t h e p r e c e d i n g 
d e c o m p o s i t i o n s a g r e e wel l w i t h t h e c a l c u l a t e d v a l u e s ; ( iv) t h e e s t i m a t i o n of t h e c h l o r i n e 
e v o l v e d b y t h e a c t i o n of co ld c o n e , h y d r o c h l o r i c ac id o n s a l t s of e i t h e r ser ies a g r e e s wel l 
w i t h t h e t h e o r y t h a t i n t h e m o l e c u l e of t h e s e s a l t s , 4 c o b a l t a t o m s a r e p r e s e n t , o n e of 
w h i c h p a s s e s f rom t h e t e r v a l e n t t o t h e b i v a l e n t s t a t e d u r i n g t h e d e c o m p o s i t i o n . A c c o r d i n g 
t o S. M. J o r g e n s e n ' s f o rmu la , t h e p r o d u c t s of d e c o m p o s i t i o n m u s t c o n t a i n o n e c o b a l t a t o m 
irk t h e fo rm of a t e t r a m m i n e sa l t , a n d o n e c o b a l t a t o m a s a d i a m m i n o s a l t ; t h e l a t t e r , in s p i t e 
of n u m e r o u s a t t e m p t s , c a n n o t b e d e t e c t e d ; (v) t h e s u l p h a t e of t h e a m m o n i a se r ies is 
d e c o m p o s e d b y d i l . s u l p h u r i c a c id , y i e l d i n g o x y g e n , a n d b y c o n e , s u l p h u r i c ac id , e v o l v i n g 
o x y g e n a n d n i t r o g e n i n q u a n t i t i e s w h i c h a g r e e w i t h t h o s e c a l c u l a t e d f r o m A . W e r n e r ' s 
f o r m u l a . 

A. Classen and B. Zahorsky is described a CObaltosic pyridine, CoCl2.CoCl3-
5C 5H 5N. 
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§ 17. The Cobaltic Ammines 
E s g i e b t w o h l k a u m e ine a n d e r e K o r p e r k l a s s e , i ibe r d ie es v ie l ge sch r i eben w o r d e n t s t , 

wie u b e r diese m e t a l l h a l t i g e n A r a m o n i a k e . — C W . B L O M S T R A N D (1869) . 

In 1798, B. M. Tassaert,1 in his paper, Analyse du cobalt de Tunaberg, men­
tioned the formation of compounds of ammonia "with the salts of cobalt, and some 
isolated observations on the subject were made during the first half of the nine­
teenth century by W. Beetz, E . H . Dingier, L.. Gmelin, H. Hess, C. H . Pfaff, 
J . L*. Proust, C. F . Rammelsberg, and G. C. Winkelblech. The subject began to 
a t t rac t at tention about the middle of the nineteenth century, and memoirs on the 
cobalt-ammonia compounds were subsequently published by C. H . D. Bodeker, 
C. D. Braun, E . Carstanjen, F . Claudet, C. E . Claus, E . Fremy, J . G. Gentele, 
F . A. Genth, O. W. Gibbs and F . A. Genth, W. Gregory, J . M. Krok, C. Kiinzel, 
E . J . Mills, J . B. Rogojsky, F . Rose, H . Schiff, A. Terreil, and C. Weltzien. 

Meanwhile, analogous compounds of chromium, and some of the pla t inum 
metals had been investigated, and it was recognized t h a t the metal-ammonia bases, 
as they were called, formed a special depar tment in chemistry. At tempts were 
made by C. H. IX Bodeker, O. W. Gibbs and F . A. Genth, H. Schiff, C. Weltzien, 
etc., to bring order into the chaotic accumulation of facts. I t was recognized t h a t 
certain groups of atoms acted as bases, and each of these bases in turn formed, 
with various acidic radicles, a series of salts. E . F remy named the different bases 
he had studied after the dominant colour of some of the leading members of the 
series. Although this method of naming the compounds had ult imately t o give 
way to a more systematic nomenclature, yet i t is often employed in order to evade 
using the more ponderous systematic names. Thus, the members of a family of 
salts with six NH3-groups per atom of cobalt were called luteo-salts—from luteus, 
yellow—in allusion to the yellow colour of the chloride, sulphate, and ni t ra te ; 
the members of one of the families with five NH3-groups per a tom of cobalt were 
called purpureo-salts—from purpura, purple—in allusion to the purple t in t of t h e 
chloride, sulphate, and n i t r a t e ; and the members of one of the families, with four 
NH3-groups per a tom of cobalt were called praseo-salts—from irpaxraZos, leek-green 
—in allusion to the dominant colour of the salts. 

In 1869, C W. Blomstrand 2 suggested a system of chain formulae to represent 
the structure of these compounds ; i t was based on the electrochemical or dualistio 
theory of J . J . Berzelius—X. 8, 16—and on the recognized valencies of the contained 
elements. At t h a t t ime, cobaltic chloride was represented by t h e formula Co2Cl3, 
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a n d , acco rd ing ly , a p a i r of c o b a l t a t o m s w a s cons idered t o be a k i n d of sex iva l en t 
rad ic le . I n s t e a d of us ing t h e s y m m e t r i c a l fo rmula ( C l - N H 3 - N H g ) 8 - C o 2 
S ( N H 8 - N H 3 - C l ) 8 , w h e r e Cl is e m p l o y e d t o r ep re sen t t h e u n i v a l e n t rad ic le a s well 
a s a n a t o m of ch lor ine , h e sugges t ed for t h e d o d e c a - a m m o n i a a n d d e c a - a m m o n i a 
bases , r e spec t i ve ly : 

/ N H 8 - C l / C l 
z N H 8 — N H , — C l / V N H , — N H , — C l 

n / . N H 8 - N H 8 - N H 8 - ^ C l / ' N H 8 - N H 3 - N H 8 - ^ C l 
^ ° a / N H 8 - N H 8 - N H 8 - C l ^ ° a N H 8 - N H 8 - N H 8 - C l 

V N H 8 - N H 8 - C l \ N H 8 - N H 8 - C l 
NH 8 —Cl N Cl 

Imteo-salt Purpureo-salt 

in o r d e r t o e x p l a i n w h y , i n p a s s i n g f rom t h e lu t eo - sa l t t o t h e p u r p u r e o - s a l t , t w o 
of t h e s ix ac id ic Cl-radicles of t h e p u r p u r e o - s a l t s a r e n o longer suscep t ib le t o , s ay , 
s i lver n i t r a t e , w h i c h i m m e d i a t e l y a t t a c k s all t h e s ix acidic rad ic les of t h e lu t eo - sa l t s . 
I t w a s a s s u m e d t h a t t w o of t h e Cl-radicles in close c o n t a c t w i t h t h e coba l t a t o m s 
w e r e n o t so suscep t ib l e t o a t t a c k a s were t h o s e w i t h i n t e r v e n i n g N H 3 - g r o u p s . 
T h e r e m o v a l of t w o m o r e N H 3 - g r o u p s t o furn i sh t h e praseo-sa l t s r e su l t ed i n t h e 
r e m o v a l of t w o m o r e ac id ic rad ic les f rom t h e zone of a t t a c k . S. M. J d r g e n s e n 
the re fo re modif ied C. W . B l o m s t r a n d ' s formulae t o : 

£ l ~ ^ » ^ o — N H 8 - N H 3 - N H 3 - N H 8 

C l - ^ H ^ C O — N H 8 - N H 3 - N H 8 - N H 8 

Luteo-salt 

c l _ N I ^ 1 ^ > C o — N H 8 — N H 8 - N H 8 - N H 8 - ^ C l g J ^ C o — N H 3 - N H 3 - N H 8 - N H 8 - C l 

0 1 N1C^y>Co—NH * — N H s — N H s — N H j » — C I Cl!/00—NHs—NH a — N H 3 — N H 3 — C 1 

Purpureo-salt Praseo-salt 

Molecu la r w e i g h t d e t e r m i n a t i o n s b y L . F . Ni l son a n d O. P e t t e r s s o n , a n d 
J . P e t e r s e n on t h e a n a l o g o u s c h r o m i c - a m m o n i a sa l t s , a n d of A. W e r n e r a n d C. H e r t y , 
a n d A . 'Werner a n d A. Miola t i on t h e c o b a l t i c - a m m o n i a sa l t s , showed t h a t t h e 
d o u b l e d formulae m u s t g ive w a y t o t h e s impler c h a i n formulae : 

C l - N H 3 / C o ^ ^ N H 3 ) * - - 0 1 C 1 _ N ^ 3
1 > C o — ( N H 3 ) 4 — C l £}>Co—(NH8)4—Cl 

Luteo-salt—Co(NHa)6Cl8 Purpureo-salt—CICO(NII3)SCI2 Praseo-salt—Cl^Co(NHg)4Cl 

T h e s e formulae e x p l a i n h o w i t is t h a t i n m e t a t h e t i c a l r eac t ions , one chlor ine a t o m 
r e m a i n s a s soc i a t ed w i t h t h e c o b a l t a n d N H 3 - g r o u p s in t h e p e n t a - a m m o n i a com­
p o u n d s , a n d t w o ch lor ine a t o m s , i n i t s t e t r a - a m m o n i a c o m p o u n d s ; h o w cone, 
s u l p h u r i c ac id will r e m o v e o n l y t w o of t h e t h r e e C l - a toms in t h e p e n t a - a m m o n i a 
sa l t s , a n d o n l y o n e of t h e t h r e e C l - a t o m s i n t h e t e t r a - a m m o n i a sa l t s ; a n d w h y , if 
a bromine b e s u b s t i t u t e d for ch lo r ine i n different w a y s , s ay , in t h e p e n t a - a m m o n i a 
s a l t s , t h e m o l . vo l . of t h e c o m p o u n d s a r e different . T h u s : 

ClCo(NH8)^Cl9 BrCo(NHa)6Cl3 ClCo(NH8)BBra 

277-7 281-6 319-9 
S. M. J o r g e n s e n a l so f o u n d t h a t t h e N H 3 - g r o u p s m a y be replaced b y a q u a -

or H 2 0 - g r o u p s , a s well a s b y p y r i d i n e , a n d o t h e r g roups . H e t h e n inqu i red if t h e 
c h a i n s of a m m o n i a rad ic les a r e s t r a i g h t o r b r a n c h e d . If t he r e a re t w o b r a n c h e s , 
t h e o n e labi le h y d r o g e n m u s t b e h a v e differently, since t h e chain in t h e one case is, 
s a y , C o - N H 8 - N H 8 - N H s - C l , a n d i n t h e o t h e r case , say , 

vox., xiv. • 2 Y 
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He found t h a t since with pyridine no labile hydrogen atoms and no forked chains 
are possible when pyridine groups are substi tuted for NH3-groups in the com­
pounds, the resulting metal-pyridine salts behave just like the metal-ammonia 
salts, and this makes i t highly probable t ha t the metal ammonias do not contain 
the NH4-group, and t h a t the NH3-chains are not branched. 

The conductivity determinations showed t h a t these different families of salts 
contain cobalt as par t of a series of complex cations which are respectively ter-, 
bi-, and uni-valent, according as the complex cation has none, one, or two NH 8 -
groups replaced by acidic radicles, which then become par t of the complex cation. 
If another substi tution of the NH3-groups be made, as in the tr ini tr i te , 
(NHg)3Co(NO2)S, the complex is null-valent. If still another NH 3 -group be dis­
placed by the acidic radicle, the complex is no longer catonic, or basic, bu t ra ther 
is anionic or acidic, since it is univalent and forms salts with the bases. The replace­
ment of four NH3-groups thus furnishes a univalent anion ; and in an analogous 

. manner, the replacement of a fifth NH3-group, yields a bivalent anion. 
The term metal-ammines, or simply ammines, came to be employed for t h e 

metal-ammonias. Ammine is the name applied specifically to an NH 3 -group ; and 
generally to NH 3 - or equivalent groups. Then followed A. Werner 's co-ordination 
theory—8, 49, 19—in which no very definite hypothesis was made respecting the 
grouping of the complex anions or cations within the complex. This hypothesis 
enabled nearly all the known complex metal-ammonia compounds t o be classified 
in a consistent manner. In A. Werner 's classification, the cobalt ammines are 
arranged in two groups, according as the nucleus has one or more cobalt a toms. 
If A be employed to represent an NH 3 - or an equivalent group, and X a univalent 
acidic radicle, and M a univalent base, there are five families in the group with one 
cobalt a tom in the nucleus to be considered : 

[CoA6] " X 3 [CoA 5 X]-X 2 [CoA 4 X 2 ]X [CoA3X3] M[CoA2X4] ' M2[OoAX6]" 
Hexammines Pentammines Tetrammines Triammines Dlammlnes Monammines 
v v , / Null-valent * v" • ——' 

Basic Complex Complex Acidic Complex 

In contrast with the Blomstrand and Jorgensen's chain theory, A. Werner ' s 
system of classification has been called W e r n e r ' s nucleus theory , or, for reasons 
indicated 8. 49, 19, W e r n e r ' s co-ordination theory . Speculations as to (i) t h e 
disposition of the groups of radicles about the central cobalt a tom, and (ii) the na ture 
of the different kinds of valency bonds, came later—vide the plat inum ammines. 
The constitution was discussed in a number of books : 

O. A n g e r n , Die Amrrvine des JKobalts, in. Qmelin's Handbuch der anorganischen, Chemie, 
Ber l i n , 58 , 1930 ; A . E . v a n A r k e l a n d J". H . d e B o e r , Chemische JBindung als elektrostcUische 
Erscheinung, Le ipz ig , 193J ; W . A . N o y e s , Joum. Amer. Chem. Soc. 5 5 . 4 8 8 9 , 1933 ; 
P . PfeifEer, Organische Molekulverbindungen, S t u t t g a r t , 1922 ; F . R e i t z e n s t e i n , Ueber die 
verschiedenen Theorie zur Erklarung der Constitution der MetalUxmmoniaksalze, Wi irzburg , 
1898 ; Ze.it. anorg. Chem., 18. 152, 1898 ; B . S c h w a r z , Chemie der anorganischen komplex-
verbindungen, B e r l i n , 192O ; L o n d o n , 1923 ; N . V . S idgwick , The Electronic Theory of 
Valency, Oxfo rd , 1927 ; J . D . M . S m i t h , Chemistry and Atomic Structure, L o n d o n , 1924 ; 
M . M . J . S u t h e r l a n d , The Metal Ammines, L o n d o n , 1928 ; W . T h o m a s , Complex Salts, 
L o n d o n , 1924 ; G . XJrbain a n d A . S e n e c h a l , Introduction d la chimie des complexes, Par i s , 
1913 ; R . W e i n l a n d , Einfuhrung in die Chemie der Komplex- Verbindungen, S t u t t g a r t , 1919 ; 
A . W e r n e r , Neuere Arschauungen auf dem Oebiete der anorganischen Chemie, B r a u n s c h w e i g , 
1923 ; Gr. W i t t i g , Stereochemie, L e i p z i g , 193O. 

The following is an outline sketch of the cobaltic ammines in accord with t h e 
plan adopted with the chromic ammines—11. 60, 24. 

A.—Compounds with one Cobalt atom in the nucleus. 
I.—The hexammine family, or compounds of the tervalent basic group : [CoA6]***, 

(i) Hexammines, [Co(NHg)6]X3. These salts are the so-called cobalttte 
luteo-salts—leuteus, yellow. They include (1) Hydroxide ; (2) 

Ze.it
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F l u o r i d e , a n d i t s d o u b l e s a l t s w i t h boron , t i t a n i u m , a n d v a n a d i u m 
fluorides ; (3) H y d r o f l u o r i d e ; (4) Chlor ide a n d i t s a m m o n i a a d d i t i o n 
c o m p o u n d s , a n d d o u b l e s a l t s w i t h t h e c o p p e r , z inc , c a d m i u m , m e r c u r i c , 
t i n , l e a d , a n t i m o n y , b i s m u t h , go ld , p l a t i n u m , i r i d i u m , r u t h e n i u m , a n d 
r h o d i u m c h l o r i d e s ; (5) Chlorof luoride ; (6) Chlor i te ; (7) Ch lora te ; 
(8) P e r c h l o r a t e ; (9) Chloroperch lora te ; (1O) B r o m i d e a n d i t s 
a m m o n i a a d d i t i o n c o m p o u n d s , a n d d o u b l e s a l t s w i t h c a d m i u m , 
m e r c u r y , l e a d , b i s m u t h , g o l d , a n d i r i d i u m b r o m i d e s ; (11) H y d r o -
b r o m a t e ; (12) I o d i d e a n d i t s a m m o n i a a d d i t i o n c o m p o u n d s , a n d 
d o u b l e s a l t s w i t h m e r c u r y a n d b i s m u t h i o d i d e s ; (13) P o l y i o d i d e s ; 
(14) C h l o r o h y d r o i o d a t e ; (15) S u l p h i t e ; (16) Ch lorosu lph i t e ; (17) 
S u l p h a t e , a n d d o u b l e s a l t s w i t h a m m o n i u m t h a l l i u m , c e r i u m , a n d 
l a n t h a n u m s u l p h a t e s ; (18) H y d r o s u l p h a t e s ; (19) C h l o r o s u l p h a t e , a n d 
d o u b l e s a l t s w i t h a m m o n i u m , a n d m e r c u r y s u l p h a t e s ; (2O) Chlorato -
s u l p h a t e ; (21) P e r c h l o r a t o s u l p h a t e ; (22) B r o m o s u l p h a t e , t h e d o u b l e 
s a l t -with g o l d ; (23) I o d o s u l p h a t e ; (24) S u l p h a t o p e r s u l p h a t e ; 
(25) C h l o r o t h i o s u l p h a t e ; (26) S e l e n a t e , a n d t h e d o u b l e s a l t w i t h 
a m m o n i u m ; (27) H y d r o s e l e n a t e ; (28) Ch lorose l ena te ; (29) B r o m o -
s e l e n a t e ; (3O) I o d o s e l e n a t e ; (31) S e l e n a t o p e r s u l p h a t e ; (32) N i t r i t e ; 
(33) N i t r a t e ; (34) H y d r o n i t r a t e ; (35) F l u o n i t r a t e ; (36) I o d o n i t r a t e ; 
(37) S u l p h a t o n i t r a t e ; (38) A m i d o s u l p h o n a t e ; (39) I m i d o s u l p h a t e ; 
(4O) N i t r i l o s u l p h o n a t e ; (41) H y d r o x y l a m i n o s u l p h a t e ; (42) Car­
b o n a t e ; (43) H y d r o c a r b o n a t e ; (44) C h l o r o c a r b o n a t e ; (45) F l u o -
s i l i ca te ; (46) H y p o p h o s p h a t e ; (47) O r t h o p h o s p h a t e ; (48) H y d r o -
p h o s p h a t e ; (49) P y r o p h o s p h a t e , a n d d o u b l e s a l t s w i t h s o d i u m 
p y r o p h o s p h a t e ; (5O) H y d r o p y r o p h o s p h a t e ; (51) C h l o r o m e t a -
p h o s p h a t e ; (52) C h r o m a t e ; (53) D i c h r o m a t e ; (54) C h l o r o e h r o m a t e ; 
(55) B r o m o c h r o r n a t e ; (56) I o d o c h r o m a t e ; (57) M o l y b d a t e s ; (58) 
I o d o m o l y b d a t e ; (59) T u n g s t a t e s ; (6O) P e r m a n g a n a t e ; (61) Chloro-
p e r m a n g a n a t e ; (62) B r o m o p e r m a n g a n a t e ; (63) A c e t a t e ; (64) 
O x a l a t e , a n d d o u b l e s a l t w i t h c a d m i u m a n d c o b a l t o x a l a t e s ; (65) 
H y d r o x a l a t e ; (66) C h l o r o x a l a t e ; (67) O x a l a t o c h r o m a t e ; (68) P i c -
r a t e ; (69) I> ip icry lamine ; (7O) Ni troso - /8 -naphtho lox ide ; (71) 
2 : 4 - D i n i t r o - c t - n a p h t h o l s u l p h o n a t e ; (72) m - N i t r o b e n z e n e a z o s a l i c y -
l a t e ; (73) 2 : 4 - D i n i t r o - o t - n a p h t h o l s u l p h o n a t e s ; (74) N a p h t h a l e n e -
/ 3 - s u l p h o n a t e ; (75) H e x a c y a n o f e r r i t e ; (76) H e x a c y a n o f e r r a t e ; 
(77) T h i o c y a n a t e , a n d d o u b l e s a l t s w i t h s i lver , m e r c u r y , a n d p l a t i n u m 
t h i o c y a n a t e s ; (78) T r i s u l p h i t o c o b a l t a t e ; (79) H e x a n i t r o c o b a l t a t e ; 
(8O) T e t r a n i t r o d i a m m i n o c o b a l t a t e ; (81) T r i o x a l a t o c o b a l t a t e ; (82) 
D i n i t r o - o x a l a t o d i a m m i n o c o b a l t a t e ; a n d (83) P o t a s s i u m a n d a m ­
m o n i u m o c t o b o r a t e s . 

(ii) Hexahydronylamin^s, [ C o ( N H 2 O H ) 6 ] X 3 , i n c l u d e (1) Chloride ; (2) 
B r o m i d e ; (3) S u l p h a t e ; (4) N i t r a t e ; a n d (5) O x a l a t e . 

(iii) Hydroacylatnin^bisethyleriediainiTieainrniries, [ C o ( N H 3 ) ( N H 2 O H ) e n 2 ] X 3 , 
r e p r e s e n t e d b y t h e d e x t r o - a n d lsevo-forras of (1) H y d r o x i d e ; (2) 
Chlor ide ; (3) P e r c h l o r a t e ; (4) B r o m i d e ; (5) I o d i d e ; (6) D i t h i o n a t e ; 
a n d (7) N i t r a t e . 

( iv) Trisethylenediamines, [ C o e n 3 ] X 3 , i n c l u d e (1) H y d r o x i d e ; (2) F luor ide ; 
(3) Chlor ide , a n d d o u b l e s a l t s w i t h s o d i u m , copper , m e r c u r y , coba l t , 
b i s m u t h , n i c k e l , i r i d i u m , a n d p l a t i n u m ch lor ides ; (4) Perch lora te ; 
(5) B r o m i d e , a n d a d o u b l e sa l t w i t h m e r c u r y b r o m i d e ; (6) I o d i d e , 
a n d a d o u b l e s a l t w i t h s i l v e r i od ide ; (7) P o l y i o d i d e ; (8) S u l p h a t e ; 
(9) H y d r o s u l p h a t e ; (1O) C h l o r o s u l p h a t e ; (11) T h i o s u l p h a t e ; 
(12 ) S e l e n a t e ; (13) H y d r o s e l e n a t e ; (14) N i t r i t e ; (15) N i t r a t e ; 
(16) T a r t r a t e ; (17) Ch loro tar tra te ; (18) B r o m o t a r t r a t e ; (19) Tri-
o x a l a t o c h r o m a t e ; (2O) T r i o x a l a t o c o b a l t a t e ; (21) B r o m o d i m e t h y l -
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succinate ; (22) Thiocyanate ; (23) Tri thiocyanatomercurate 
(24) Hexacyanochrornate. 

(v) Trispropylenediarnines, or triscyclopentanediafnines y [Co PiIs]X3, include 
(1) Hydroxide ; (2) Chloride ; (3) Chlorate ; (4) Perchlorate 
(5) Bromide ; (6) Iodide ; (7) Ni t ra te ; (8) Thiocyanate ; (9) Hexa-
cyanochromate ; (1O) Hexacyanoferrate ; (11) Hexacyanoco-
bal ta te ; (12) Trioxalatochromate ; and (13) Chlorotartrate. 

(vi) TrisbiUylenediamines, [Co bn3]X3 , represented by (1) Bromide ; (2) 
Iodide ; and (3) Thiocyanate. 

(vii) Trisphenylenediamines, [Co(O-C6H8N2)S]X8, are represented by the 
chloride, 

(viii) Bistriaminopropanes, [Co(CIySy-CsH11Ns)2]Xs, include (1) Chloride, and 
the double salt with pla t inum chloride ; (2) Iodide ; (3) Thiocyanate ; 
and (4) Camphorate. 

(ix) Bisethylenediaminediammines, [Co(NH3)2en2]X3 , include (1) Chloride, 
and double salts wi th mercury, cobaltous, gold, and p la t inum 
chlorides ; (2) Bromide ; (3) Iodide ; (4) Polyiodide ; (5) Dithionate ; 
(6) Ni t ra te ; (7) Chloroxalate ; (8) Iodoxalate ; and (9) Bromo-
camphorsulphonate. 

(x) Bispropylenediaminediamnhines, [Co(NH3) 2 pn 2 ]X 3 , include (1) Chloride, 
and double salts with gold, mercury, t in and cobaltous chlorides ; 
(2) Bromide ; (3) Iodide ; (4) Dithionate ; (5) Ni t ra te ; and (6) 
Dichromate. 

(xi) JEthylenedianiinedicyclopentanediamines, [Co en(C5H1 2N2)2]X3 , repre­
sented by the (1) Chloride ; (2) Bromide ; and (3) Iodide, 

(xii) Bisethylenediaminepropylenediamine, [Co en 2pn]X 3 , include (1) Hydrox­
ide ; (2) Bromide ; (3) Iodide ; (4) Thiocyanate ; (5) Hexacyano-
chromate ; (6) Hexacyanocobal ta te ; (7) Trioxalatochromate ; and 
(8) Trioxalatocobaltate. 

(xiii) Bisethylenediaminecyclopentaminediamines, [Co en2(C5H1 2N2)]X3 , in­
clude (1) Chloride; (2) Perch lora te ; (3) B r o m i d e ; (4) I o d i d e ; 
(5) Ni t ra te ; and (6) Bromotar t ra te . 

(xiv) Biselhytenediaminepyridineammines, [Co(NH3)en2py]X3 , represented by 
the bromide, 

(xv) Bisethylenediarnine-a.-phena7ithrolines, [Co en2(C1 2H8N2)]X3 , include (1) 
Chlorate ; (2) Bromide ; (3) Iodide ; (4) Sulphate ; (5) Chloro-
sulphate ; (6) Ni t ra te ; (7) Tar t ra te ; and (8) Bromocamphor-
sulphonate. 

(xvi) Bistriaminotri^hylaminesexiesethylenedi&niines, [Co Cn6(C6H1 8N4)2]X3 , 
include (1) Chloride ; (2) Chlorate ; (3) Perchlorate ; (4) Iodide ; 
(5) Iodate ; (6) Sulphate ; (7) Chlorosulphate ; (8) Dithionate ; 
(9) Ni t ra te ; and (10) Iodotar t ra te . 

(xvii) Trisdiaminopentanes, [Co ptn 3 ]X 3 , represented by the a.fS8- and the 
#8S-salts, (1) Chloride ; (2) Perchlorate ; (3) Bromide ; (4) Iodide ; 
(5) Dithionate ; (6) Ni t ra te ; and (7) Bromo-ct-tartrate. 

xviii) Bisethylenediaminodiarninoperitane, [Co en 2 ptn]X 3 , represented by t h e 
. bromide. 

(xix) Aquopentammines, [Co(NH3) 5(H2O)]X3, are the cobaltic rO06O-salts— 
from Tosa9 a rose—of E . Fremy, and were so called in allusion t o t h e 
red colour of t h e chloride, sulphate, and n i t ra te . They include 
(1) Hydroxide ; (2) Fluoride ; (3) Hydrofluoride ; (4) Chloride, and 
its ammonia addit ion compounds, and double salts with the chlorides 
of zinc, cadmium, mercury, gold, iridium, and p la t inum ; (5) Chlorite ; 
(6) Chlorate ; (7) Perchlorate ; (8) Bromide and ammonia addit ion 
compounds, as well as double salts with the chlorides of cadmium, 
mercury, gold, iridium, and p l a t i n u m ; (9) Iodide, and ammonia addi-
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t i o n c o m p o u n d s , a s well a s a d o u b l e sa l t w i t h t h e iod ide of m e r c u r y ; 
(1O) S u l p h i t e , a n d a d o u b l e sa l t w i t h s o d i u m su lph i t e ; (11) T r i su lph i to -
c o b a l t a t e ; (12) S u l p h a t e , a n d a d o u b l e sa l t w i t h s o d i u m p h o s p h a t e ; 
(13) H y d r o s u l p h a t e ; (14) C h l o r o s u l p h a t e ; (15) C h l o r a t o s u l p h a t e ; 
(16) P e r c h l o r a t o s u l p h a t e ; (17) B r o m o a u l p h a t e ; (18) I o d o s u l p h a t e ; 
(19) Se l ena t e ; (2O) N i t r a t e ; (21) H y d r o n i t r a t e ; (22) I o d o n i t r a t e ; 
(23) S u l p h a t o n i t r a t e ; (24) A m i d o s u l p h o n a t e ; (25) I m i d o s u l p h o n a t e ; 
(26) N i t r i l o s u l p h o n a t e ; (27) H y d r o x y l a m i n e t r i s u l p h o n a t e ; (28) Car­
b o n a t e ; (29) O r t h o p h o s p h a t e ; (3O) H y d r o p h o s p h a t e ; (31) P y r o ­
p h o s p h a t e ; (32) H y d r o p y r o p h o s p h a t e ; (33) V a n a d a t e ; (34) D i -
c h r o m a t e ; (35) M o l y b d a t e s ; (36) T u n g s t a t e s ; (37) O x a l a t e ; 
(38) H y d r o x a l a t e ; (39) T r i o x a l a t o c o b a l t a t e ; (40) 2 : 4 a n d 2 : 6-
D i n i t r o p h e n o l ; (41) P i c r a t e ; (42) D i p i c r y l a m i n e ; (43) 2 : 4 -Din i t ro -
a - n a p h t h o l s u l p h o n a t e ; (44) N a p h t h a l e n e - / ? - s u l p h o n a t e ; (45) N i t r a t o -
t a r t r a t e ; (46) N i t r a t o s u c c i n a t e ; (47) N i t r o a d i p a t e ; (48) N i t r a t o -
f u m a r a t e ; (49) N i t r a t o m e t h i o n a t e ; (50) H e x a c y a n o c h r o m a t e ; 
(51) T e t r a t . s o t h i o c y a n a t o d i a m m i n o c h r o m a t e ; (52) H e x a c y a n o -
f e r r a t e ; (53) H e x a c y a n o c o b a l t a t e ; (54) P o t a s s i u m a n d a m m o n i u m 
o c t o b o r a t e s ; (55) A m m o n i u m coba l t i c a q u o p e n t a m m i n e o c t o b o r a t e . 

(xx) Aqitobisethylenediamineammines, [ C o ( N H 3 ) e n ( H 2 0 ) ] X 3 , i nc lude (1) 
Chlor ide a s d o u b l e s a l t s w i t h p l a t i n u m ; (2) B r o m i d e ; (3) I o d i d e ; 
a n d (4) N i t r a t e , 

(xxi) Aqwopyridinetetrammines, [ C o ( N H 3 ) 4 p y ( H 2 0 ) ] X 3 , r e p r e s e n t e d b y t h e 
n i t r a t e , 

(xxii) Aquodipyridinetriammines, [ C o ( N H 3 ) 3 p y 2 ( H 2 0 ) ] X 3 , r e p r e s e n t e d b y t h e 
(1) Chlor ide ; a n d (2) B r o m i d e . 

(xxiii) Diaqtiotetrammines, [ C o ( N H 3 ) 4 ( H 2 0 ) ] X 3 . These sa l t s h a v e b e e n ca l led 
t h e cobal t ic r o s e o t e t r a m m i n e - s a l t s , i n a l lus ion t o t h e co lour of t h e 
ch lor ide , e t c . T h e coba l t i c roseo-sa l t s a r e t h e a q u o p e n t a m m i n e s . 
T h e y inc lude (1) H y d r o x i d e ; (2) Chlor ide ; (3) B r o m i d e ; (4) I o d i d e ; 
(5) S u l p h a t e , a n d a bas ic s u l p h a t e ; (6) H y d r o s u l p h a t e ; (7) P e r ­
c h l o r a t o s u l p h a t e ; (8) C h l o r o s u l p h a t e , r e p r e s e n t e d b y a d o u b l e sa l t 
w i t h p l a t i n u m ; (9) B r o m o s u l p h a t e , a n d d o u b l e sa l t s w i t h gold a n d 
i r i d i u m ; (10) S e l e n a t e ; (11) N i t r a t e ; (12) A m i d o s u l p h o n a t e ; 
(13) O r t h o p h o s p h a t e ; (14) P y r o p h o s p h a t e ; (15) M o l y b d a t e ; 
(16) A c e t a t e ; (17) O x a l a t e ; (18) T r i o x a l a t o c o b a l t a t e ; (19) P i c r a t e ; 
(20) N a p h t h a l e n e - / J - s u l p h o n a t e ; a n d (21) H e x a c y a n o c o b a l t a t e . 

(xxiv) Diaquobisethylenediamines, [Co e n 2 ( H 2 0 ) 2 ] X 3 , i nc lude (1) H y d r o x i d e ; 
(2) Chlor ide ; (3) B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) D i t h i o n a t e ; 
(7) N i t r a t e ; a n d (8) T h i o c y a n a t e . 

(xxv) ZHaqtu>bistrifnethylenediaminest [Co t r 2 ( H 2 0 ) 2 ] X , r e p r e s e n t e d b y t h e 
N i t r a t e , 

(xxvi ) Diaquobispyridinediammines, [ C o ( N H 3 ) 2 p y 2 ( H 2 0 ) 2 ] X 3 , inc lude (1) 
Chlor ide ; (2) B r o m i d e ; (3) H y d r o s u l p h a t e ; (4) D i t h i o n a t e ; ( ) 
H y d r o s e l e n a t e ; a n d (6) N i t r a t e , 

(xxvi i ) Triaquotriammines, [ C o ( N H s ) 3 ( H 2 O ) 3 ] X 3 , i nc lude (1) Chlor ide , a n d t h e 
d o u b l e s a l t w i t h p l a t i n u m ; (2) P e r c h l o r a t o s u l p h a t e ; a n d (3) N i t r a t e , 

(xxvi i i ) Tetraquodiammines, [ C o ( N H s ) 2 ( H 2 O ) 4 ] X 3 , i nc lude (1) C h l o r i d e ; a n d 
(2) N i t r a t e . 

I I . — T h e P e n t a m m i n e f a m i l y , o r c o m p o u n d s of t h e b i v a l e n t bas ic g r o u p : [CoA2X]**. 
(a) Pentammines with Univalent Radicle in the Complex. 

(i) Hydroxy pentammines, [ C o ( N H 3 ) 6 ( O H ) ] X 2 , or t h e cobalt ic roseo - sa l t s , 
i n c l u d e (1) H y d r o x i d e ; (2) Chlor ide ; (3) B r o m i d e ; (4) I o d i d e ; 
(5) S u l p h a t e ; (6) P e r s u l p h a t e ; (7) D i t h i o n a t e ; (8) N i t r a t e ; a n d 
(9) T r i o x a l a t o c o b a l t a t e . 
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(ii) Hydroxybispyridinetriammines, [ C o ( N H s ) 3 P y 2 ( H O ) ] X 2 , r e p r e s e n t e d b y 
(1) Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; (4) D i t h i o n a t e ; (5) N i t r a t e ; 
a n d (6) T h i o c y a n a t e . 

(iii) HydroxypyridineleCrammines, [ C o ( N H 3 ) 4 p y ( H O ) ] X 2 , r e p r e s e n t e d b y t h e 
N i t r a t e . 

(iv) HydroxyaqiAotetranwiines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( O H ) ] X 2 , i n c l u d e (1) 
Ch lo r ide ; (2) B r o m i d e , a n d t h e d o u b l e sa l t w i t h i r i d i u m b r o m i d e ; 
(3) S u l p h a t e ; (4) B r o m o s u l p h a t e , r e p r e s e n t e d b y a d o u b l e s a l t w i t h 
i r i d i u m ; (5) D i t h i o n a t e ; (6) Se l ena t e ; (7) N i t r a t e ; (8) 2 : 4 D i n i t r o -
a . - n a p h t h y l - 7 - s u l p h o n a t e ; (9) P i e r a t e ; a n d (1O) D i p i c r y l a m i d e . 

(v) Hydroxyaquobisethylenediamines, [Co e n 2 ( H 2 0 ) ( O H ) ] X 2 , i n c l u d e cis- a n d 
t r a n s - s a l t s : (1) Chlor ide , a n d t h e d o u b l e sa l t w i t h i r i d i u m ch lo r ide ; 
(2) B r o m i d e ; (3) I o d i d e ; (4) D i t h i o n a t e ; (5) N i t r a t e ; (6) H y d r o -
p h o s p h a t e ; a n d (7) T h i o c y a n a t e . 

(vi) Hydroxyaqtiobispyridinediammines, [ C o ( N H 3 ) 2 p y 2 ( H 2 0 ) ( O H ) ] X 2 , i n ­
c lude (1) Chlor ide ; (2) B r o m i d e ; (3) D i t h i o n a t e ; (4) N i t r a t e ; a n d 
(5) T h i o c y a n a t e . 

(vii) Fluopentammines, [Co(NH 3 ) 5 F ] X 2 , a r e r e p r e s e n t e d b y (1) F l u o r i d e ; 
(2) Chlor ide ; (3) N i t r a t e ; a n d (4) C h r o m a t e . 

(viii) JFluobisethylenediaminearnmines, [ C o ( N H 3 ) C n 2 F ] X 2 , i n c l u d e cis- a n d 
t r a n s - s a l t s : (1) F l u o r i d e ; (2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) 
D i t h i o n a t e ; (5) N i t r a t e ; a n d (6) T h i o c y a n a t e . 

(ix) Chloropentanimines, [ C o ( N H 3 ) 6C1]X2 , a r e t h e coba l t i c ch lOTOpurpureo-
s a l t s . T h e y i n c l u d e (1) H y d r o x i d e ; (2) Chlor ide , a n d d o u b l e s a l t s 
w i t h m e r c u r y , a n t i m o n y , gold, i r i d i u m , a n d p l a t i n u m ch lo r ides ; 
(3) Chlor i t e ; (4) C h l o r a t e ; (5) P e r c h l o r a t e ; (6) B r o m i d e , a n d d o u b l e 
sa l t s w i t h t h e b r o m i d e s of m e r c u r y , i r i d i u m , a n d p l a t i n u m ; (7) I o d i d e , 
t h e a d d i t i o n c o m p o u n d s w i t h a m m o n i a , a n d t h e d o u b l e s a l t s w i t h 
m e r c u r y a n d b i s m u t h iod ides ; (8) P o l y iod ide ; (9) S u l p h a t e ; 
(1O) H y d r o s u l p h a t e ; (11) B r o m o s u l p h a t e ; (12) I o d o s u l p h a t e ; 
(13) T h i o s u l p h a t e ; (14) D i t h i o n a t e ; (15) S e l e n a t e ; (16) N i t r a t e ; 
(17) C a r b o n a t e ; (18) F luos i l i ca t e ; (19) P y r o p h o s p h a t e ; (2O) H y d r o -
p y r o p h o s p h a t e ; (21) C h r o m a t e ; (22) D i c h r o m a t e ; (23) M o l y b d a t e ; 
(24) H y d r o p h o s p h a t o m o l y b d a t e ; (25) T u n g s t a t e s ; (26) T e t r a -
i s o t h i o c y a n a t o d i a m m i n o c h r o m a t e ; (27) O x a l a t e ; (28) H y d r o -
t a r t r a t e ; (29) P i e r a t e ; (3O) D i p i c r y l a m i n e ; (31) 2 : 4 Dini t ro-ct-
n a p h t h o l s u l p h o n a t e ; (32) 2 : 4 - D i n i t o - a - n a p h t h o l s u l p h o n a t e ; (33) 
N a p h t h a l e n e - c t - s u l p h o n a t e , a n d o t h e r s u b s t i t u t e d b e n z e n e a n d 
n a p h t h a l e n e s u l p h o n a t e s . 

(x) Chlorobisethylenediamineammines, [ C o ( N H 3 ) e n 2 C l ] X 2 , i n c l u d e cis- a n d 
t r a n s - s a l t s : (1) Chlor ide , a n d d o u b l e s a l t s w i t h p l a t i n u m ; (2) Ch lo ro -
p e r c h l o r a t e ; (3) B r o m i d e ; (4) C h l o r o h y d r o s u l p h a t e ; (5) D i t h i o n a t e ; 
(6) N i t r i t e ; (7) N i t r a t e ; (8) D i c h r o m a t e ; a n d (9) B r o m o c a m p h o r -
s u l p h o n a t e . 

(xi) Chlorobisethylenediaminehydroxylamines, [ C o ( N H 2 O H ) e n 2 C l ] X 2 , r e p r e ­
s e n t e d b y (1) Chlor ide , a n d i t s d o u b l e s a l t s w i t h go ld a n d p l a t i n u m 
ch lo r ides ; (2) B r o m i d e ; (3) N i t r a t e ; a n d (4) D i c h r o m a t e . 

(xii) Bromobisethylenediaminehydroxylaniines, [ C o ( N H 2 O H ) e n 2 B r ] X 2 , r e p r e ­
s e n t e d b y (1) Chlor ide ; (2) B r o m i d e , a n d i t s d o u b l e s a l t w i t h 
p l a t i n u m ch lo r ide ; (3) I o d i d e ; a n d (4) N i t r a t e , 

(xiii) Chloroethylaniinebisethylenediamines, [Co e n 2 ( C 2 H 5 . N H 2 ) C l ] X 2 , i n c l u d e 
t h e ch lo r ide a n d iod ide , 

(xiv) Chloroallylaminebisethylenediamines, [Co e n 2 ( C 3 H 5 . N H 2 ) C l ] X 2 , i n c l u d e 
cis- a n d t r a n s - s a l t s : (1) Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; (4) D i ­
t h i o n a t e ; (5) N i t r a t e ; a n d (6) B r o m o c a m p h o r s u l p h o n a t e . 

(xv) Chloroanilinebisethylenediamines, [Co e n 2 ( C 6 H 6 N H 2 ) C l ] X 2 , i n c l u d e (1) 
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C h l o r i d e ; (2) B r o m i d e ; (3) I o d i d e ; (4) C h l o r o d i t h i o n a t e ; (5) 
N i t r a t e ; (6) C h l o r o n i t r a t e ; (7) B r o m o c a m p h o r s u l p h o n a t e . 

(xvi ) CMoro-j>-tol%ridinebisethylerhedia'm,ines, [Co C n 2 ( C 7 H 7 N H 2 ) C l ] X 2 , i n c l u d e 
(1) Ch lo r i de ; (2) B r o m i d e ; (3) I o d i d e ; (4) D i t h i o n a t e ; a n d 
(5) C h l o r o n i t r a t e . 

(xvi i ) Chlorobenzylamirwbisethyleriedianiiries, [Co e n 2 ( C 7 H 7 . N H 2 ) C l ] X 2 , i n c l u d e 
cis- a n d t r a n s - s a l t s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) I o d i d e ; (4) 
C h l o r o d i t h i o n a t e ; (5) N i t r a t e ; a n d (6) B r o m o c a m p h o r s u l p h o n a t e . 

(xvi i i ) Ohloropyridinebisethylenediamines, [Co e n 2 p y C l ] X 2 , r e p r e s e n t e d b y 
(1) Ch lo r ide , a n d d o u b l e s a l t s 'with z inc , m e r c u r i c , s t a n n o u s , a n d 
ferr ic c h l o r i d e s ; (2) B r o m i d e ; (3) I o d i d e ; (4) S u l p h a t e ; (5) N i t r a t e ; 
(6) P h o s p h a t e ; a n d (7) O x a l a t e . 

(x ix) Chloroaquotetrammines, [ C o ( N H 3 ) 4 ( H 2 O) C l ] X 2 , i n c l u d e c i s - sa l t s : (1) 
Ch lo r ide , a n d d o u b l e s a l t s -with m e r c u r y a n d p l a t i n u m c h l o r i d e s ; 
(2) B r o m i d e ; (3) S u l p h a t e ; (4) S e l e n a t e ; (5) C h l o r o s e l e n a t e ; 
(6) N i t r a t e ; (7) F l u o s i l i c a t e ; a n d (8) C h r o m a t e . 

(xx) Ohloroagitobisethylenediamines, [Co e n 2 ( H 2 0 ) C l ] X 2 , i n c l u d e s o m e d e x t r o -
a n d h e v o - s a l t s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) S u l p h a t e ; (4) D i ­
t h i o n a t e ; (5) S e l e n a t e ; (6) N i t r a t e ; (7) B r o m o n i t r a t e ; (8) O x a l a t e ; 
a n d (9) B r o m o c a m p h o r s u l p h o n a t e . 

(xx i ) Chlorodiaguotriamtnines, [Co(NHg) 3 (H 1 JO) 2 Cl]X 2 , i n c l u d e (1) Ch lo r i de ; 
(2) B r o m i d e ; (3) Su lph i t e -—vio le t a n d g r e y ; (4) S e l e n a t e ; a n d (5) 
N i t r a t e . 

(xxi i ) Chlorodiaquoethylenediatnitieani^nijies, [ C o ( N H 3 ) e n ( H 2 O ) 2 C l ] X 2 , r e p r e ­
s e n t e d b y t h e o x a l a t e , 

(xxi i i ) CMorotriaquodiammines, [ C o ( N H 3 ) 2 ( H 2 0 ) 3 C l ] X 2 , r e p r e s e n t e d b y t h e 
s u l p h a t e , 

( xx iv ) Bromopentamtnines, [ C o ( N H 3 ) 5 B r ] X 2 , o r t h e c o b a l t i c b r o m o p u r p u r e o -
s a l t s , i n c l u d e (1) H y d r o x i d e ; (2) Ch lo r ide , a n d d o u b l e s a l t s w i t h 
t h e c h l o r i d e s of m e r c u r y , a n d p l a t i n u m ; (3) C h l o r a t e ; (4) P e r ­
ch] o r a t e ; (5) B r o m i d e , a n d d o u b l e s a l t s w i t h m e r c u r y , a n d p l a t i n u m ; 
(6) I o d i d e ; (7) S u l p h a t e ; (8) H y d r o s u l p h a t e ; (9) B r o m o s u l p h a t e ; 
(1O) I o d o s u l p h a t e ; (11) T h i o s u l p h a t e ; (12) D i t h i o n a t e ; (13) 
N i t r a t e ; (14) F l u o s i l i c a t e ; (15) C h r o m a t e ; (16) M o l y b d a t e ; (17) 
T u n g s t a t e ; (18) O x a l a t e ; (19) P i c r a t e ; a n d (2O) N a p h t h a l e n e - j 8 -
s u l p h o n a t e . 

( x x v ) Brotnobisethylenediamirieamrniries, [ C o ( N H 3 ) e n 2 B r ] X 2 , i n c l u d e c is- a n d 
t r a n s - s a l t s , a n d s o m e o p t i c a l l y - a c t i v e f o r m s : (1) Ch lo r ide , a n d t h e 
d o u b l e s a l t w i t h p l a t i n u m c h l o r i d e ; (2) P e r c h l o r a t e ; (3) B r o m i d e ; 
(4) I o d i d e ; (5) D i t h i o n a t e ; (6) N i t r a t e ; a n d (7) B r o m o c a m p h o r ­
s u l p h o n a t e . 

( xxv i ) BromohydroXytaminebisethyleitetliafnines, [ C o ( N H 2 O H ) e n 2 B r J X 2 , r e p r e ­
s e n t e d b y (1) H y d r o x i d e ; (2) C h l o r i d e ; (3) B r o m i d e ; (4) I o d i d e ; 
(5) D i t h i o n a t e ; a n d (6) N i t r a t e . 

(xxv i i ) Bromobisetfiylenediavninepyridines, [Co e n 2 p y B r ] X 2 , r e p r e s e n t e d b y t h e 
b r o m i d e , 

(xxv i i i ) Bromoaquotetramfnines, [ C o ( N H 3 ) ^ ( H 2 O ) B r ] X 2 , r e p r e s e n t e d b y t h e cis-
s a l t s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) S u l p h a t e ; (4) B r o m o s u l p h a t e ; 
(5) S e l e n a t e ; a n d (6) N i t r a t e , 

( x x i x ) Bromoaqftobisethylenediatniries, [Co e n 2 ( H 2 0 ) B r ] X 2 , r e p r e s e n t e d b y t h e 
c i s - sa l t s : (1) B r o m i d e ; (2) N i t r i t e ; a n d (3) N i t r a t e , 

( x x x ) Iodopentammines, [ C o ( N H 3 ) 5 I ] X 2 , i n c l u d e (1) C h l o r i d e ; (2) C h l o r a t e ; 
(3) B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) N i t r a t e ; (7) P i c r a t e ; 
a n d (8) D i c h r o m a t e . 

( x x x i ) Nitrosopentammines, [ C o ( N H 3 ) B ( N O ) ] X 2 , i n c l u d e (1) C h l o r i d e ; (2) 
I o d a t e ; (3) S u l p h a t e ; a n d (4) N i t r a t e . 
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(xxxi i ) Dinitrosopentammines, [ C o 2 ( N H 3 ) i 0 ( N 2 O 2 ) ] X 4 , i n c l u d e (1) C h l o r i d e ; 
(2) H y d r o p e r c h l o r a t e ; (3) B r o m i d e ; (4) H y d r o b r o m i d e ; (5) I o d i d e ; 
(6) H y d r o b r o m i d e ; (7) I o d i d e ; (8) H y d r o i o d a t e ; (9) S u l p h a t e ; 
(10) H y d r o s u l p h a t e ; (11) N i t r a t e ; (12) H y d r o n i t r a t e ; (13) I o d o n i -
t r a t e ; (14) O x a l a t e ; (15) H y d r o x a l a t e ; a n d (16) C h r o m a t e . 

(xxxi i i ) Nitropentammines, [ C o ( N H 3 ) 5 ( N 0 2 ) ] X 2 . T h e s e s a l t s w e r e d e s i g n a t e d 
cobal t ic x a n t h o - s a l t s — f r o m ga.v06sy y e l l o w — b y O. W . G i b b s a n d 
F . A . G e n t h , in a l lus ion t o t h e i r co lour . T h e y i n c l u d e (1) Ch lo r ide , 
a n d d o u b l e sa l t s w i t h gold, m e r c u r y , a n d p l a t i n u m ch lo r ides ; (2) 
Ch lo ra t e ; (3) P e r c h l o r a t e ; (4) B r o m i d e ; (5) I o d i d e ; (6) S u l p h a t e ; 
(7) H y d r o s u l p h a t e ; (8) I o d o s u l p h a t e ; (9) T h i o s u l p h a t e ; (10) 
Se lena te ; (11) N i t r i t e ; (12) H e x a n i t r o c o b a l t a t e ; (13) T e t r a n i t r o -
d i a m m i n o c o b a l t a t e ; (14) N i t r a t e ; (15) C h l o r o n i t r a t e ; (16) B r o m o -
n i t r a t e ; (17) S u l p h a t o n i t r a t e ; (18) A m i d o s u l p h o n a t e ; (19) I m i d o -
s u l p h o n a t e ; (2O) H y d r o x y l a m i n e d i s u l p h o n a t e ; (21) H y d r o x y l a m i n e -
i so -d i su lphona t e ; (22) F luos i l i ca t e ; (23) C h r o m a t e ; (24) D i c h r o m a t e ; 
(25) M o l y b d a t e ; (26) T u n g s t a t e ; (27) O x a l a t e ; (28) P i c r a t e ; 
(29) H e x a c y a n o f e r r o a t e ; a n d (30) T e t r a i s o t h i o c y a n a t o d i a m m i n o -
c h r o m a t e . 

(xxx iv ) Nitritopentammines, [ C o ( N H 3 ) 5 ( O N O ) ] X 2 , t h e coba l t i c i s o x a n t h o - s a l t s 
of S. M. J o r g e n s e n , a n d r e p r e s e n t e d b y t h e ch lo r ide . 

( x x x v ) Nitritobisethylenediamineammin.es, [ C o ( N H 3 ) e n 2 ( N 0 2 ) ] X 2 , i n c l u d e cis-
a n d t r a n s - s a l t s : (1) Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; (4) S u l p h a t e ; 
(5) D i t h i o n a t e ; (6) N i t r i t e ; (7) N i t r a t e ; (8) B r o m o n i t r a t e ; 
(9) T h i o c y a n a t e ; a n d (1O) B r o m o c a m p h o r s u l p h o n a t e . 

(xxxv i ) Hydroxyaquotetrammines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( O H ) ] X 2 , r e p r e s e n t e d b y t h e 
h y d r o x i d e , a n d b y c o m p l e x e s w i t h t h e p i c r a t e , 2 : 4-dinitro-<x-
n a p h t h o x i d e - 7 - s u l p h o n a t e , a n d p i c r y l a m i d e . 

(xxxvi i ) Nitritoaquotelrammines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( N 0 2 ) ] X 2 , i n c l u d e (1) 
H y d r o x i d e ; (2) Ch lor ide , a n d d o u b l e s a l t s w i t h gold , i r i d i u m , a n d 
p l a t i n u m ch lor ides ; (3) B r o m i d e a n d a d o u b l e s a l t 'with i r i d i u m 
b r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) H y d r o s u l p h a t e ; (7) 
S e l e n a t e ; (8) H y d r o s e l e n a t e ; (9) N i t r a t e ; (10) T e t r a n i t r o d i a m -
m i n o c o b a l t a t e ; (11) C a r b o n a t e ; (12) O x a l a t e ; a n d (13) T a r t r a t e , 

(xxxvi i i ) Nitritopyridinetriammines, [ C o ( N H 3 ) 3 p y 2 ( N 0 2 ) ] X 2 , r e p r e s e n t e d b y (1) 
B r o m i d e ; (2) D i t h i o n a t e ; a n d (3) N i t r i t e , 

(xxx ix ) Nitritoaqtcobisethylenediamines, [Co e n 2 ( H 2 O ) ( N O 2 ) J X 2 , i n c l u d e cis- a n d 
t r a n s - s a l t s : (1) Chlor ide ; a n d (2) S u l p h a t e , 

(xl) Nitritoaqttobistrimethylenediamines, [Co t r 2 ( H 2 0 ) ( N 0 2 ) ] X 2 , r e p r e s e n t e d 
b y t h e (1) B r o m i d e ; (2) N i t r a t e ; a n d (3) T h i o c y a n a t e . 

(xli) JDinitritodiaminopentanes, [Co p t n 2 ( N 0 2 ) 2 ] X , r e p r e s e n t e d b y t h e n i t r a t e 
of t h e ct- a n d j3- /38-diaminopentanes. 

(xlii) Nitratopentammines, [ C o ( N H 3 ) 5 ( N 0 3 ) ] X 2 , a r e t h e coba l t i c p u r p u r e o -
s a l t s — f r o m purpura^ p u r p l e — o f E . F r e m y , a n d n o w a lso ca l l ed 
cobal t i c n i tratopurpureo-sa l t s . T h e y i n c l u d e (1) Ch lo r ide , a n d t h e 
d o u b l e s a l t s w i t h t h e ch lor ides of m e r c u r y a n d p l a t i n u m ; (2) C h l o r a t e ; 
(3) P e r c h l o r a t e ; (4) B r o m i d e ; (5) I o d i d e ; (6) S u l p h a t e ; (7) D i ­
t h i o n a t e ; (8) S e l e n a t e ; (9) N i t r a t e ; (10) H e x a n i t r o c o b a l t a t e ; 
(11) T e t r a n i t r o d i a m m i n o c o b a l t a t e ; (12) C a r b o n a t e ; (13) F l u o ­
si l icate ; (14) C h r o m a t e ; (15) D i c h r o m a t e ; (16) M o l y b d a t e ; 
(17) T u n g s t a t e ; (18) O x a l a t e ; (19) P i c r a t e ; a n d (20) N a p h t h a l e n e -
/ ? - su lphona te . 

(xliii) Nitratobtsethylenediamdnammines, [Co(NH 3 )Cn 2 (NOs) ]X 2 , i n c l u d e c is-
a n d t r a n s - s a l t s : (1) B r o m i d e ; (2) D i t h i o n a t e ; a n d (3) N i t r a t e . 

(xliv) Nitratoaquotetrammines, [ C o ( N H a ) 4 ( H 2 O ) ( N O a ) ] X 2 , are r e p r e s e n t e d b y 
t h e n i t r a t e . 
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(x lv ) Met€tborctiopentammines, [ C o ( N H 3 ) 6 ( B 0 2 ) ] X 2 , r e p r e s e n t e d b y t h e 
c h l o r i d e , 

(x lv i ) Hydrocarbonatoperitamniines, [ C o ( N H 3 ) 5 ( H C 0 3 ) ] X 2 , r e p r e s e n t e d b y 
(1) B r o m i d e ; (2) P o l y i o d i d e ; (3) D i t h i o n a t e ; a n d (4) N i t r a t e , 

(x lv i i ) Cyanoaguotetratnmines, [ C o ( N H 3 J 4 ( H 2 O ) C y ] X 2 , r e p r e s e n t e d b y t h e 
c h l o r i d e , 

(x lv i i i ) Isothiocyanatopentammines, [ C o ( N H 3 ) 5 (SCy) J X 2 , r e p r e s e n t e d b y (1) 
C h l o r i d e , a n d d o u b l e s a l t s w i t h p l a t i n u m c h l o r i d e s ; (2) B r o m i d e ; 
(3) I o d i d e ; (4) S u l p h a t e ; (5) S e l e n a t e ; (6) N i t r i t e ; (7) N i t r a t e ; 
(8) T h i o c y a n a t e ; (9) C h r o m a t e ; (1O) M o l y b d a t e ; a n d (11) T u n g s t a t e . 

(x l ix) Isothiocyanat^bisethyleriediarniTieanifnines, [ C o ( N H 3 ) e n 2 ( S C y ) J X 2 , i n ­
c l u d e c i s - a n d t r a n s - s a l t s , a n d d e x t r o - a n d laevo-sa l t s : (1) C h l o r i d e ; 
(2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) I o d i d e ; (5) D i t h i o n a t e ; (6) 
B r o m o d i t h i o n a t e ; (7) N i t r i t e ; (8) N i t r a t e ; (9) T h i o c y a n a t e ; a n d 
(1O) C h l o r o d i t h i o n a t e . 

(1) Isothiocyanatoaquotetratmnines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( S C y ) J X 2 , i n c l u d e (1) 
C h l o r i d e ; (2) B r o m i d e ; (3) N i t r i t e ; a n d (4) N i t r a t e . 

(Ii) IsothiocycinatcKiqwobisethyl&nedia'miixes, [Co e n 2 ( H 2 0 ) ( S C y ) ] X 2 , i n c l u d e 
c is - a n d t r a n s - s a l t s : (1) P e r c h l o r a t e ; (2) B r o m i d e ; (3) D i t h i o n a t e ; 
(4) N i t r i t e ; (5) N i t r a t e ; a n d (6) T h i o c y a n a t e . 

(Hi) A-cetatopeibtaimmines, [ C o ( N H 3 ) 6 ( C 2 H 3 0 2 ) J X 2 , i n c l u d e (1) C h l o r i d e , 
r e p r e s e n t e d b y a d o u b l e s a l t w i t h p l a t i n o u s c h l o r i d e ; (2) I o d i d e ; a n d 
(3) N i t r a t e . 

(liii) Propionatopentammines, [ C o ( N H 3 ) 5 ( C 3 H 5 0 2 ) J X 2 , r e p r e s e n t e d b y t h e 
n i t r a t e , 

( l iv) p-Nitrop7ienolatoaqtu>bisethylenediami'nes, [Co e n 2 ( H 2 0 ) Q o - C 6 H 4 O 3 N ) ] X 2 , 
r e p r e s e n t e d b y t h e m o n o - , d i - , a n d t r i - h y d r a t e s of t h e j p - n i t r o p h e n o -
l a t e s , a n d a d d i t i o n c o m p o u n d s w i t h £>-n i t rophenol . 

(Iv) Sis-p-NitrophenoUit<>bisethyl€nedianii'nesi [Co e n 2 ( y - C 6 H 5 O 3 N - a c i d ) (p-
C 6 H 4 O 3 N ) J ' X 2 , r e p r e s e n t e d b y t h e ^ - n i t r o p h e n o l a t e . 

( lvi) Sis-o-nitrophe7tolcUobisethylenediaminest [Co e n 2 ( o - C 6 H 6 O s N - a c i d ) ( o -
C 6 H 4 O 3 N ) ] X 2 , r e p r e s e n t e d b y t h e o - n i t r o p h e n o l a t e . 

( lvii) £>initrophenolcUoaqtiobisethylenediamines, [Co e n 2 ( C 6 H 3 0 5 N 2 ) ] X 2 , r e p r e ­
s e n t e d b y t h e 2 : 4 - a n d t h e 2 : 6 - d i n i t r o p h e n o l a t e s , a n d a b a s i c s a l t , 

( lvii i) PiercUopentarnrnirbeSy C o ( N H 3 ) B ( C 2 H 2 O 7 N 3 ) J X 2 , r e p r e s e n t e d b y t h e 
p i c r a t e , a n d a b a s i c s a l t , 

( l ix) Picratoaqitobisethylenediamines, [Co e n 2 ( H 2 0 ) ( C 6 H 2 O 7 N 3 ) J X 2 , r e p r e ­
s e n t e d b y t h e p i c r a t e . 

(Ix) Glytyinebisethylenediamines, [Co e n 2 ( C 2 H 4 0 2 N ) ] X 2 , i n w h i c h t h e u n i ­
v a l e n t r a d i c l e i n t h e i n n e r c o m p l e x h a s a p r i n c i p a l a n d a s e c o n d a r y 
v a l e n c y , a n d r e p r e s e n t e d b y s o m e o p t i c a l l y - a c t i v e s a l t s : (1) C h l o r i d e , 
(2) I o d i d e ; (3) D i t h i o n a t e ; a n d (4) B r o m o c a m p h o r s u l p h o n a t e . 

( lxi) Sarcosinebisethylenedianiines, [Co e n 2 ( C 3 H 6 0 2 N ) ] X 2 , r e p r e s e n t e d b y t h e 
(1) C h l o r i d e ; (2) I o d i d e ; (3) D i t h i o n a t e ; a n d (4) B r o m o c a m p h o r ­
s u l p h o n a t e . 

( lxii) AcetylacetoTiatobisethylenediarnines, [Co e n 2 ( C 6 H 7 0 2 ) J X 2 , r e p r e s e n t e d b y 
s o m e o p t i c a l l y - a c t i v e s a l t s : (1) C h l o r i d e ; (2) P e r c h l o r a t e ; (3) 
B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) P e r s u l p h a t e ; (7) N i t r a t e ; 
a n d (8) T h i o c y a n a t e . 

( lxi i i ) JPropionylcusetoncUobisethylenediatnines7 [Co e n 2 ( C O H 9 0 2 ) ] X 2 , r e p r e s e n t e d 
b y s o m e o p t i c a l l y - a c t i v e s a l t s : (1) C h l o r i d e ; (2) P e r c h l o r a t e ; 
(3) B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) P e r s u l p h a t e ; (7) N i t r a t e ; 
a n d (8) T h i o c y a n a t e . 

( lx iv ) PcBonolobisetkylenediufnines, [Co e n 2 ( C 9 H 0 O 3 ) ] X 2 , r e p r e s e n t e d b y (1) 
C h l o r a t e ; (2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) I o d i d e ; (5) D i t h i o n a t e ; 
(6) d- a n d Z-tartrate. 
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(lxv) Benzhydroxamatobisethylenedianiines, [Co Cn 2 (C 7 H 6 O 2 N)]X 2 , represented 
b y (1) Perchlorate ; (2) Bromide ; (3) Sulphate ; (4) D i th ionate ; and 
(5) Thiocyanate . 

(lxvi) a-Benzilmonoximebisdiethylenediamine, [Co Gn 2 (C 3 4 H 1 0 O 2 N)]X 2 , repre­
sented b y (1) Bromide ; and (2) Iodide. 

(b) Pentammines with a Bivalent Radicle in Complex. 
(Ixvii) Sulphitopentammines, [Co(NH 3 ) 5 ( S 0 3 ) ] X , represented b y (1) Chloride ; 

(2) Hydrochloride ; (3) Bromide ; (4) Sulphite , and double salts 
w i t h sodium sulphite ; (5) Thiosulphate ; and (6) Ni trate , 

( lxvii i) Sulphitoaquotetrammines, [Co(NHg) 4(H 2O)(SOg)]X, represented b y (1) 
H y d r o x i d e ; (2) Sulphite ; (3) Cyanide ; and (4) Thiocyanate . 

(lxix) Sulphatopentammines, [ C o ( N H 3 ) 5 ( S 0 4 ) ] X , or CObaltic SlllphatO-pUT-
pureo- sa l t s , include (1) Chloride, and t h e double salt w i t h p la t inum 
chloride ; (2) Chlorate ; (3) Perchlorate ; (4) Bromide , and t h e 
double salt w i th iridium bromide ; (5) Iodide ; (6) Sulphate ; 
(7) Hydrosulphate ; (8) Selenate ; (9) Ni trate ; (1O) Carbonate ; 
(11) Fluosi l icate ; (12) Chromate ; (13) D ichromate ; and (14) 
Picrate . 

( lxx) Sulphatoaquotetrammines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( S 0 4 ) ] X , include (1) Chloride ; 
(2) Perchlorate ; (3) Bromide ; (4) Iodide ; (5) Su lphate ; (6) H y d r o -
sulphate ; (7) Selenate ; and (8) Ni trate , 

(lxxi) Sulphatodiaqttotriammin.es, [ C o ( N H 3 ) 3 ( H 2 0 ) 2 ( S 0 4 ) ] X , represented by 
the sulphate , 

(lxxii) Thiosulphatopentammines, [Co(NH 3 )5(S 2 O 3 ) ]X, include (1) Chloride ; 
(2) Bromide ; (3) Iodide ; (4) Thiosulphate ; (5) D i th iona te ; 
(6) Chromate ; and (7) Ni trate . 

(Ixxiii) Selenitopentammines, [ C o ( N H 3 ) 5 ( S e 0 3 ) ] X , include (1) Chloride ; and 
(2) Selenite . 

( lxxiv) Selenatopentammines, [ C o ( N H 3 ) 5 ( S e 0 4 ) ] X , include (1) Chloride, repre­
sented b y the double salt w i th p la t inum chloride ; (2) Bromide ; 
(3) Sulphate ; (4) Se lenate ; (5) Hydrose lenate ; and (6) Ni trate , 

( lxxv) Selenatoaquotetrammines, [ C o ( N H 3 ) 4 ( H 2 0 ) ( S e 0 4 ) ] X , represented b y the 
(I) Chloride ; and (2) Sulphate . 

( lxxvi) Carbonatopentammines, [Co(NH 3 ) 5 (CO s ) ]X , include (1) Chlor ide; (2) 
Bromide ; (3) Iodide ; (4) Selenate ; (5) Ni trate ; (6) Oxalate ; and 
(7) Tungstate . 

( lxxvii) Oxalatopentammines, [Co(NH 3 ) 5 (C 2 O 4 ) ]X, include (1) Chloride, repre­
sented b y the double salt wi th p lat inum chloride ; (2) Hydrochloride ; 
(3) B r o m i d e ; (4) Hydrobromide ; (5) I o d i d e ; (6) Hydroiodide ; (7) 
Su lphate ; (8) H y d r o s u l p h a t e : (9) Se l ena te ; (10) H y d r o s e l e n a t e ; 
( I I ) N i t ra te ; (12) Hydron i t ra te ; (13) O x a l a t e ; (14) H y d r o x a l a t e ; 
and (15) Trioxalatocobaltate. 

(Ixxvii i) Sulphoacetatopentammines, [Co(NH 3 ) 5 (C 2 H 2 O 6 S) ]X , represented b y the 
nitrate, 

( lxxix) Mesotartratopentammines, [Co(NH 3 ) B (C 4 H 4 O e )JX, represented b y the 
nitrate, 

( lxxx) Maleatopentammines, [Co(NH 3 ) 6 (C 4 H 2 O 4 )JX, represented b y t h e nitrate , 
( lxxxi) Phthalatopentammines, [ (Co(NH 3 )5(C 8 H 4 O 4 ) ]X, represented b y t h e 

nitrate, 
( lxxxi i) Hydrophosphatopentammines, [Co(NH 3 ) 5 ( H P 0 4 ) ] X , represented b y t h e 

h y drophosphate . 
( lxxxiii) Chromatopentammines, [Co(NH 3 ) 5 (CrO 4 ) ]X, include (1) Chlor ide ; (2) 

Chromate ; and (3) Ni trate , 
( lxxxiv) CarboTiatobispentammines, [ (Co(NH 3 ) 5} 2 (CO a ) ]X 4 , represented b y t h e 

sulphate. 
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( lxxxv) Malonatobispentammines, [{Co(NH 3 ) 5 } 2 (C 3 H 2 04) ]X 4 , r e p r e s e n t e d b y (1) 
N i t r a t e ; a n d (2) N i t r a t o m a l o n a t e . 

( lxxxvi ) Glutaratobispentammines, [ {Co(NH 3 ) 6 } 2 (C 6 H 6 0 4 ) ]X 4 ) r e p r e s e n t e d b y (1) 
N i t r a t e ; a n d (2) N i t r a t o g l u t a r a t e . 

( lxxxvi i ) Adipinatobispentammines, [ {Co(NH 3 ) 5 } 2 (C 6 H 8 0 4 ) ]X 4 , r e p r e s e n t e d b y t h e 
n i t r a t e , 

( lxxxvi i i ) Malatobispentammines, [ {Co(NH 3 ) B } 2 (C 4 H 4 0 5 ) ]X 4 , r e p r e s e n t e d b y (1) 
N i t r a t e ; a n d (2) N i t r a t o m a l a t e . 

( lxxx ix) Mesotartratobispentammines, [ C o { ( N H 3 ) 6 } 2 ( C 4 H 4 0 6 ) ] X 4 , r e p r e s e n t e d b y 
t h e n i t r a t o m e s o t a r t r a t e . 

(xc) Maleatobispentammines, [ (Co(NH 3 )S ) 2 (C 3 H 2 O 4 ) JX 4 , r e p r e s e n t e d b y t h e 
n i t r a t e , 

(xci) Citraconatobispentarnmines, [ { C o ( N H 3 ) 5 } 2 ( C 5 H 4 0 4 ) ] X 4 , r e p r e s e n t e d b y 
(1) N i t r a t e ; a n d (2) N i t r a t o c i t r a c o n a t e . 

(xcii) Itaconatobispentammines, [ { C o ( N H 3 ) 5 } 2 ( C 5 H 4 0 4 ) ] X 4 , r ep re sen t ed b y (1) 
N i t r a t e ; a n d (2) N i t r a t o i t a c o n a t e . 

(xciii) Phthalatobispentarnmines, [ { C o ( N H 3 ) 5 } 2 ( C 8 H 4 0 2 ) ] X 4 , r e p r e s e n t e d b y t h e 
n i t r a t e , 

(xciv) Methionatobispentammines, [ { C o ( N H 3 ) 5 } 2 ( C H 2 0 6 S 2 ) ] X 4 , r e p r e s e n t e d b y 
t h e n i t r a t o m e t h i o n a t e . 

(xcv) Bisdimethylglyoximediamines i nc lud ing (1) C h l o r i d e ; (2) B r o m i d e ; (3) 
I o d i d e ; (4) S u l p h a t e ; a n d (5) T h i o c y a n a t e . 

(c) Pentatnmines with a Tervalent Radicle in Complex. 
(xcvi) R e p r e s e n t e d b y (1) Phosphatopentammines, [ C o ( N H 3 ) 5 ( P O 4 ) ] 2 H 2 0 ; 

(2) Citratopentammine, [ C o ( N H 3 ) B ( C 6 H 5 0 7 ) ] , 2 H 2 0 ; a n d (3) Hexa-
cyanqferripentammine, [ C o ( N H 3 ) 5 ( F e " ' C y 6 ) ] . 

(xcvii) Hydrocitratotrispentamniines, [ { C o ( N H 3 ) 5 } 3 ( C 6 H 5 0 7 ) " , ] ( C 6 H 7 0 7 ) 6
/ . 

(d) Pentanimines with a Polyvalent Acidic Radicle in Complex. 
(xcviii) W i t h a q u a d r i v a l e n t r ad ic le r e p r e s e n t e d b y (1) Pyrophosphatopent-

ammifies, Na [Co(NH 3 ) 5 (P« ,0 7 ) ] ; a n d (2) Hexacyanoferropentatmnines, 
K [ C o ( N H 3 ) 5 ( F e " C y 6 ) ] . 

(xcix) W i t h q u i n q u e v a l e n t rad ic le r e p r e s e n t e d b y benzolpentacarbonato-
pentamnhines, N a 2 [ C o ( N H 3 ) 5 { C 6 H ( C 0 2 ) 5 } ] . 

(c) W i t h a s e x i v a l e n t r ad ic le r e p r e s e n t e d b y benzolhexacarbonatopent-
atmnines, N a 3 [ C o ( N H g ) 5 ( C 6 ( C O 2 ) J ] . 

I I I . — T h e T e t r a m m i n e f a m i l y , o r c o m p o u n d s of t h e u n i v a l e n t g r o u p : [ C o A 4 X 2 ] ' . 
(i) Dihydroxytetrammines, [ C o ( N H 3 ) 4 ( O H ) 2 ] X , r e p r e s e n t e d b y t h e 

h y d r o x i d e a n d b y c o m p l e x e s w i t h t h e p i c r a t e , a n d p i c r y l a m i d e . 
(ii) DijliAotelrammineSy [ C o ( N H 3 ) 4 F 2 ] X , r e p r e s e n t e d b y t h e chlor ide . 

(iii) T>ifluobisethylen*zdia<tnines, [Co e n 2 F 2 ] X , r e p r e s e n t e d b y cis- a n d t r a n s -
sa l t s : (1) F l u o r i d e ; (2) Chlor ide ; (3) P e r c h l o r a t e ; (4) B r o m i d e ; 
(5) I o d i d e ; (6) D i t h i o n a t e ; a n d (7) T h i o c y a n a t e . 

(iv) Dichlorotetrammines, [ C o ( N H 3 ) 4 C l 2 ] X , r ep re sen t ed b y t h e cis-sal ts , or 
CObaltio v i o l e o - s a l t s , n a m e d b y A. W e r n e r — f r o m viola, a v io le t—in 
a l lus ion t o t h e co lour ; a n d t r a n s - s a l t s , or cobalt ic praseo-sa l t s , n a m e d 
b y O. W . G i b b s a n d F . A . G e n t h — f r o m Trpcuracos, l eek-green—in 
a l lus ion t o t h e co lour . (1) F l u o r i d e ; (2) Chlor ide , a n d doub le 
s a l t s w i t h m e r c u r y , gold , p l a t i n u m , a n d i r i d ium chlor ides ; (3) 
C h l o r a t e ; (4) B r o m i d e ; (5) I o d i d e ; (6) S u l p h a t e ; (7) H y d r o -
s u l p h a t e , a n d d o u b l e s a l t s w i t h silver, a n d b i s m u t h s u l p h a t e s ; 
(8) D i t h i o n a t e ; (9) H y d r o s e l e n a t e ; (10) N i t r i t e ; (11) N i t r a t e ; 
(12) B i c h r o m a t e ; (13) P i c r a t e ; (14) T h i o c y a n a t e ; (15) H e x a -
cyanochromate ; a n d (16) H e x a c y a n o f e r r a t e . 
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(v) Dichloroqtuzterpyridine, [Co Py^Cl 2 ]X, r e p r e s e n t e d b y t h e t r a n s - s a l t s : 
(1) Chloride,- a n d i t s d o u b l e s a l t s -with t h e ch lo r ides of m e r c u r y , 
gold , a n d p l a t i n u m ; (2) B r o m i d e ; (3) H y d r o s u l p h a t e ; (4) D i -
t h i o n a t e ; (5) B e n z y l t h i o s u l p h a t e ; (6) H y d r o s e l e n a t e ; (7) N i t r a t e ; 
a n d (8) T e t r a n i t r o d i a m m i n o c o b a l t a t e . 

(vi) IXchlorobisethylenediamines, [Co e n 2 C l 2 ] X , r e p r e s e n t e d b y cis- o r 
v io l eo - sa l t s , a n d t r a n s - o r praseo-sa l t s , a s well a s b y o p t i c a l l y - a c t i v e 
f o r m s : (1) H y d r o x i d e ; (2) Chlor ide , a s well a s a m m o n i a a d d i t i o n 
c o m p o u n d s , a n d d o u b l e sa l t s w i t h t h e ch lo r ides of c o p p e r , c a d m i u m , 
m e r c u r y , s t a n n o u s a n d s t a n n i c t i n , b i s m u t h , a n t i m o n y , i r i d i u m , a n d 
p l a t i n u m ; (3) H y d r o c h l o r i d e ; (4) B r o m i d e , a n d a d o u b l e s a l t 
w i t h c a d m i u m b r o m i d e ; (5) I o d i d e , a n d a d o u b l e sa l t w i t h c a d m i u m , 
a n d m e r c u r y iod ides ; (6) S u l p h a t e ; (7) H y d r o s u l p h a t e ; (8) D i -
t h i o n a t e ; (9) N i t r i t e ; (10) N i t r a t e ; (11) T h i o c y a n a t e ; (12) M o n o -
c h l o r o a c e t a t e ; (13) D i c h l o r o a c e t a t e ; (14) D i b r o m o a c e t a t e ; (15) 
O x a l a t e ; (16) M a l o n a t e ; (17) M e t h y l m a l o n a t e ; (18) E t h y l m a l o n a t e ; 
(19) C h l o r o m a l o n a t e ; (2O) B r o m o m a l o n a t e ; (21) S u c c i n a t e ; (22) D i -
b r o m o s u c c i n a t e ; (23) G l u t a r a t e ; (24) A d i p a t e ; (25) T a r t r a t e ; 
(26) M e s o t a r t r a t e ; (27) M all e a t e ; (28) F u m a r a t e : (29) C i t r a c o n a t e ; 
(30) M e s a c o n a t e ; (31) I t a c o n a t e ; (32) A c e t o d i c a r b o n a t e ; (33) 
P h t h a l a t e ; (34) T h i o d i a c e t a t e ; (35) D i t h i o d i a c e t a t e ; (36) D i t h i o -
d i l a c t a t e ; (37) T h i o d i l a c t a t e ; (38) S u l p h o n y l d i a c e t a t e ; (39) SuI-
p h o a c e t a t e ; (40) S u l p h o b e n z o a t e ; (41) B e n z y l s u l p h o a c e t a t e ; a n d 
(42) M e t h i o n a t e . 

(vii) DichlorobispropyleTiediamiiies, [Co p n 2 C l 2 ] X , i n c l u d e cis- a n d t r a n s -
sa l t s : (1) Chlor ide , a n d d o u b l e s a l t s w i t h m e r c u r y , gold , a n d p l a t i n u m 
ch lor ides ; (2) H y d r o c h l o r i d e ; (3) B r o m i d e ; (4) S u l p h a t e ; (5) H y d r o ­
s u l p h a t e ; (6) D i t h i o n a t e ; (7) N i t r a t e ; (8) P e r m a n g a n a t e ; (9) 
T h i o c y a n a t e ; a n d (10) H e x a c y a n o f e r r a t e . 

(viii) Dichlorobistrimethylenediamines, [ C o { N H 2 ( C H 2 ) 3 N H 2 } 2 C l 2 ] X , is r e p r e ­
s e n t e d b y t h e t r a n s - c h l o r i d e , a n d i t s d o u b l e sa l t w i t h p l a t i n u m 
ch lo r ide , 

(ix) Dichlorobiscyclopentanediamines, [ C o ( C 5 H 1 2 N 2 ) 2 C l 2 ] X , a r e r e p r e s e n t e d 
b y t h e cis- a n d t r a n s - c h l o r i d e , 

(x) Dichlorobispyridinediammines, [ C o ( N H 3 ) 2 p y 2 C l 2 ] X , a r e r e p r e s e n t e d b y 
(1) Chlor ide ; a n d (2) N i t r a t e , 

(xi) IHchlorobisethylenediaminediammines, [Co(NHs) 2 Cn 2 Cl 2 ]X , is r e p r e ­
s e n t e d b y cis- a n d t r a n s - s a l t s : (1) Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; 
(4) H y d r o s u l p h a t e ; (5) D i t h i o n a t e ; (6) N i t r a t e ; a n d (7) T h i o c y a n a t e . 

(xii) Dichlorodiaminopentanes, [Co p t n 2 C l 2 ] X , r e p r e s e n t e d b y t h e ch lo r ide of 
CL/38- a n d /3y8S-diaminopentane8. 

(xiii) Dichloroaquotriamtnines, [ C o ( N H a ) 3 ( H 2 O ) C l 2 ] X , w e r e ca l l ed b y F . R o s e , 
cobal t i c d ichro-sa l t s from Stxpcofjuos, t w o - c o l o u r e d — i n a l lus ion t o 
t h e d i c h r o i s m of t h e sa l t s . T h e ser ies i n c l u d e (1) C h l o r i d e — g r e y , 
a n d g rey i sh -g reen f o r m s ; (2) S u l p h a t e ; (3) H y d r o s u l p h a t e ; (4) 
N i t r a t e ; a n d (5) T e t r a n i t r o d i a m m i n o c o b a l t a t e . 

(xiv) Dichloroaquoethylenediamineammines, [ C o ( N H 3 ) e n ( H 2 0 ) C l 2 ] X , r e p r e ­
s e n t e d b y t h e t r a n s - s a l t s : (1) Chlor ide ; a n d (2) N i t r a t e . 

(xv) Dichlorodictqttodiammines, [ C o ( N H a ) 2 ( H 2 O ) 2 C l 2 ] X , i n c l u d e (1) Ch lo r ide 
—green , a n d b l u e f o r m s ; (2) H y d r o s u l p h a t e ; (3) H y d r o s e l e n a t e ; 
a n d (4) N i t r a t e . 

(xvi) Dibromotetrammines, [ C o ( N H 8 J 4 B r 2 ] X , i n c l u d e t h e t r a n s - o r p r a s e o -
sa l t s : (1) Chlor ide , a n d i t s d o u b l e s a l t w i t h p l a t i n u m c h l o r i d e ; 
(2) B r o m i d e , a n d i t s d o u b l e s a l t s w i t h m e r c u r y a n d p l a t i n u m b r o m i d e s ; 
(3) H y d r o b r o m i d e ; (4) I o d i d e ; (5) D i t h i o n a t e ; (6) N i t r a t e ; (7) 
T h i o c y a n a t e ; a n d (8) H y d r o t h i o d i a c e t a t e . 
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(xvi i ) IZibrofnabistrifnethylenediamines, [Co t r 2 B r 2 ] X , r e p r e s e n t e d b y t h e 
b r o m i d e . 

(xvi i i ) Dibroiruxiquobisethyleriediaminetininiiries, [ C o ( N H 3 ) C n ( H 2 O ) B r 2 ] X , r e ­
p r e s e n t e d b y t h e b r o m i d e , 

(x ix) ZHhydroselenatotetrammines, [ C o ( N H 3 ) ^ ( H S e O 4 ) 2 ] X , r e p r e s e n t e d b y t h e 
s e l e n a t e . 

( x x ) Dinitrotetrammines, [ C o ( N H 3 ) 4 ( N 0 2 ) 2 ] X , S. M. J d r gen sen n a m e d t h e 
c i s - s a l t s t h e c o b a l t i c flavo-salts-—from jlavus, y e l l o w — i n a l l u s i o n 
t o t h e c o l o u r . O . "VST. G i b b s ca l l ed t h e t r a n s - s a l t s — c o b a l t i c c r o c e o -
s a l t s — f r o m croce'us^ s a f f r o n - r e d — i n a l l u s i o n t o t h e co lou r : (1) 
H y d r o x i d e ; (2) C h l o r i d e , a n d d o u b l e s a l t s w i t h t h e c h l o r i d e s of go ld , 
c a d m i u m , m e r c u r y , p l a t i n u m , a n d i r i d i u m ; (3) C h l o r a t e ; (4) P e r -
c h i o r a t e ; (5) B r o m i d e , -with i t s a m m o n i a a d d i t i o n c o m p o u n d s , a n d 
d o u b l e s a l t s w i t h c a d m i u m , m e r c u r y , a n d i r i d i u m b r o m i d e s ; (6) 
I o d i d e , a n d d o u b l e s a l t s w i t h m e r c u r y , a n d b i s m u t h i o d i d e s ; (7) 
P o l y i o d i d e ; (8) S u l p h a t e ; (9) S e l e n a t e ; (1O) N i t r i t e ; (11) N i t r a t e , 
a n d d o u b l e s a l t s w i t h p o t a s s i u m , a n d r u b i d i u m n i t r a t e s ; (12) 
H y d r o n i t r a t e ; (13) H e x a n i t r o c o b a l t a t e ; (14) T e t r a n i t r o d i a m m i n -
c o b a l t a t e ; (14) A m i d o s u l p h o n a t e ; (15) H y d r o x y l a m i n e s u l p h o n a t e ; 
(16) F l u o s i l i c a t e ; (17) C h r o m a t e ; (18) D i c h r o m a t e ; (19) M o l y b d a t e ; 
(2O) T e t r a i s o t h i o c y a n a t o d i a m m i n e c o b a l t a t e ; (21) P i c r a t e ; a n d (22) 
N a p h t h a l e n e - £ - s u l p h o n a t e . 

(xx i ) Dinitrobisethylenediamines, [Co e n 2 ( N 0 2 ) 2 ] X , i n c l u d e c is- o r flavo-
s a l t s , a n d t r a n s - o r c r o c e o - s a l t s , a s wel l a s o p t i c a l l y - a c t i v e f o r m s : 
(1) H y d r o x i d e ; (2) Ch lo r ide , a n d d o u b l e s a l t s w i t h t h e c h l o r i d e s 
of p l a t i n u m ; (3) P e r c h l o r a t e ; (4) B r o m i d e ; (5) I o d i d e ; (6) S u l ­
p h a t e ; (7) H y d r o s u l p h a t e ; (8) N i t r i t e ; (9) N i t r a t e ; (1O) T h i o -
c y a n a t e ; (11) C a m p h o r s u l p h o n a t e ; a n d (12) B r o m o c a m p h o r s u l -
p h o n a t e . 

(xxi i ) IKnitrobistrifnethylenediatniries, [ C o { N H 2 ( C H 2 ) 3 N H 2 } 2 ( N 0 2 ) 2 ] X , w i t h 
t h e t r a n s - s a l t s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) I o d i d e ; (4) N i t r i t e ; 
a n d (5) N i t r a t e . 

(xxi i i ) ZHnitrobispyridinediamtnines, [ C o ( N H 3 ) 2 p y 2 ( N 0 2 ) 2 ] X , a n d t h e t r a n s -
s a l t s : (1) B r o m i d e ; (2) D i t h i o n a t e ; a n d (3) N i t r a t e . 

( x x i v ) IMriitroyyropylenedianiinethylenediantirieSy [Co e n p n ( N 0 2 ) 2 ] X , r e p r e ­
s e n t e d b y c is - o r flavo-salts, a n d t r a n s - o r c r o c e o - s a l t s , a s wel l a s b y 
a c t i v e f o r m s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) S u l p h a t e ; (4) N i t r i t e ; 
(5) T h i o c y a n a t e ; a n d (6) B r o m o c a m p h o r s u l p h o n a t e . 

( x x v ) Dinitroaquotriatnmines, [ C o ( N H 3 ) 3 ( H 2 0 ) ( N 0 2 ) 2 ] X , r e p r e s e n t e d b y t h e 
h y d r o x i d e . 

( x x v i ) Dinitritobisethylenediatnines, [Co B n 2 ( O N O ) 2 ] X , r e p r e s e n t e d b y c is-
a n d t r a n s - s a l t s : (1) C h l o r i d e ; (2) B r o m i d e ; (3) I o d i d e ; (4) D i ­
t h i o n a t e ,* (5) N i t r a t e ; a n d (6) T h i o c y a n a t e . 

( x x v i i ) IHnitritobisjn/rtdinediatntniries, [ C o ( N H 3 ) 2 p y 2 ( O N O ) 2 ] X , r e p r e s e n t e d b y 
t h e t r a n s - s a l t s : (1) B r o m i d e ; (2) I o d i d e ; (3) D i t h i o n a t e ; (4) 
I o d i d e ; (5) N i t r a t e ; a n d (6) D i t h i o n a t e . 

( xxv i i i ) LHnitratotetratnmines, [ C o ( N H 8 ) 4 ( N O s ) 2 ] X , r e p r e s e n t e d b y t h e n i t r a t e . 
( x x i x ) IMnitratobisethylenediatnines, [Co e n 2 ( N O s ) 2 ] X , r e p r e s e n t e d b y (1) 

B r o m i d e ; (2) N i t r a t e ; a n d (3) H y d r o n i t r a t e . 
( x x x ) NitrcUoTiUrobistrimethylendiutriine, [Co t r 2 ( N 0 2 ) ( N O 3 ) ] X , r e p r e s e n t e d b y 

t h e n i t r a t e . 
( x x x i ) BissalieylcUobisethylenediafnines, [Co e n 2 ( C 7 H 5 0 3 ) 2 ] X , r e p r e s e n t e d b y 

t h e s a l i c y l a t e , 
( x x x i i ) BisnUrophenolatobisethylenediamines, [Co e n 2 ( C 6 H 4 O 3 N ) 2 ] X , r e p r e s e n t e d 

b y t h e m - a n d j » - n i t r o p h e n o l a t e s , a n d a d o u b l e s a l t w i t h s o d i u m 
m-ni tropheno la te . 
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(xxxi i i ) Dithiocyanatotetrammines, [ C o ( N H 3 ) 4 ( S C y ) 2 ] X , r e p r e s e n t e d b y t h e 
iod ide , 

(xxx iv ) Dilhiocyanatotriamtninotriethylamine, [Co(NH 3 ) 3 ( (C 2 Hs) 3 N)(SCy) 2 ]X , 
r e p r e s e n t e d b y (1) Chlor ide , a n d i t s d o u b l e sa l t -with p l a t i n u m ; (2) 
N i t r a t e ; a n d (3) T h i o c y a n a t e . 

( x x x v ) Diisothiocyanatobisethylenediamines, [Co e n 2 ( S C y ) 2 ] X , i nc ludes cis- a n d 
t r a n s - s a l t s : (1) Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; (4) S u l p h a t e ; 
(5) H y d r o s u l p h a t e ; (6) D i t h i o n a t e ; (7) H y d r o s e l e n a t e ; (8) N i t r a t e ; 
a n d (9) T h i o c y a n a t e . 

( x x x v i ) Diisothiocyanatobispropylenediamines, [Co p n 2 ( S C y ) 2 ] X , i nc lude (1) 
Chlor ide ; (2) B r o m i d e ; (3) I o d i d e ; a n d (4) T h i o c y a n a t e . 

(xxxvi i ) Nitrohydroxytetramtnines, [Co (NH 3 ) 4 (OH) ( N O 2 ) ] X , i n c l u d e (1) Chlor ide ; 
(2) B r o m i d e ; (3) I o d i d e ; a n d (4) N i t r a t e , 

(xxxvi i i ) Nitratonitrobisethylenediamines, [Co e n 2 ( N 0 2 ) ( N 0 3 ) ] X , r e p r e s e n t e d b y 
t h e t r a n s - n i t r a t e , a n d h y d r o n i t r a t e . 

(xxx ix) Fluohydroxytetrammines, [ C o ( N H 3 ) 4 ( O H ) F ] X , r e p r e s e n t e d b y t h e 
n i t r a t e , 

(xl) Chlorohydroxytetrammines, [ C o ( N H 3 ) 4 ( O H ) C l ] X , r e p r e s e n t e d b y t h e 
d i t h i o n a t e . 

(xli) Chlorohydroxybisethylenediamines, [Co e n 2 ( O H ) C l ] X , i nc lude cis- a n d 
t r a n s - s a l t s , a n d op t i ca l l y - ac t i ve sa l t s : (1) Chlor ide ; (2) B r o m i d e ; 
a n d (3) N i t r a t e , 

(xlii) C7iloronitrotetrammines, [ C o ( N H 3 ) 4 ( N 0 2 ) C l ] X , i nc lude (1) Chlor ide ; 
(2) B r o m i d e ; (3) I o d i d e ; (4) N i t r a t e ; (5) D i c h l o r o d i n i t r o d i a m m i n o -
c o b a l t a t e ; a n d (6) T h i o c y a n a t e . 

(xliii) Chloronitrobisethylenediamines, [Co e n 2 ( N 0 2 ) C l ] X , i nc lude cis- a n d 
t r a n s - s a l t s , a s well a s op t i c a l l y - ac t i ve s a l t s : (1) Chlor ide ; (2) B r o m i d e ; 
(3) I o d i d e ; (4) H y d r o s u l p h a t e ; (5) N i t r i t e ; (6) N i t r a t e ; (7) H y d r o -
n i t r a t e ; (8) T h i o c y a n a t e ; (9) C a m p h o r s u l p h o n a t e ; a n d (K)) B r o m o -
c a m p h o r s u l p h o n a t e . 

(xliv) Chloronitrobispyridinediammines, [ C o ( N H 3 ) 2 p y 2 ( N 0 2 ) C l J X , r e p r e s e n t e d 
b y t h e n i t r a t e , 

(xlv) Bromohydroxybisethylenediamines, [Co e n 2 ( O H ) B r ] X , r e p r e s e n t e d b y 
t h e b r o m i d e , 

(xlvi) Bromonitrobisethylenediamines, [Co e n 2 ( N 0 2 ) B r ] X , r e p r e s e n t e d b y t h e 
(1) I o d i d e ; (2) N i t r i t e ; a n d (3) N i t r a t e , 

(xlvii) Bromonitrotetrammines, [Co(NH 3 J 4 (NO 2 ) B r ] X , r e p r e s e n t e d t h e b r o ­
mide , 

(xlviii) Bromonitrobisethylenediamines, [Co e n 2 ( N 0 2 ) B r ] X , r e p r e s e n t e d b y ( I ) 
Chlor ide ; (2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; 
(6) P e r s u l p h a t e ; (7) D i t h i o n a t e ; (8) N i t r i t e ; (9) N i t r a t e ; (10) T h i o ­
c y a n a t e ; a n d (11) C a m p h o r s u l p h o n a t e . 

(xlix) Bromochlorobisethylenediamines, [Co e n 2 C ! B r ] X , r e p r e s e n t e d b y cis-
a n d t r a n s - s a l t s , a n d s o m e op t i ca l l y - ac t i ve f o r m s : (1) Chlor ide ; (2) 
B r o m i d e ; (3) S u l p h a t e ; (4) D i t h i o n a t e ; (5) N i t r a t e ; (6) T h i o ­
c y a n a t e ; a n d (7) B r o m o c a m p h o r s u l p h o n a t e . 

(1) Bromochloroaqttotriammines, [ C o ( N H g ) 3 ( H 2 O ) C l B r ] X , r e p r e s e n t e d b y 
t h e b r o m i d e . 

(Ii) Bromochloroaqttoethylenediamineammines, [ C o ( N H 3 ) e n ( H 2 0 ) C l B r ] X , r e ­
p r e s e n t e d b y t h e b r o m i d e , 

(lii) Hydrocarbonatonitrotetrammines, [ C o ( N H 3 ) 4 ( N 0 2 ) ( H C 0 3 ) ] X , r e p r e s e n t e d 
b y t h e n i t r a t e , 

(liii) Isothiocyanatohydroxybtsethylenediamin.esy [Co e n 2 ( O H ) ( S C y ) ] X , r e p r e ­
s e n t e d b y cis- a n d t r a n s - t h i o c y a n a t e . 

(Hv) Isothiocyanatonitrotetrammines, [ C o ( N H 3 ) 4 ( N 0 2 ) ( S C y ) ] X , i n c l u d e ( l ) 
H y d r o x i d e ; (2) Chlor ide , a n d i t s d o u b l e , s a l t w i t h s i lver and m e r -

sothiocyanatohydroxybtsethylenediamin.es
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c u r y ; (3) B r o m i d e ; (4) I o d i d e ; (5) P o l y i o d i d e ; (6) N i t r i t e ; 
(7) N i t r a t e ; a n d (8) O x a l a t o d i n i t r o d i a m m i n e . 

(Iv) Isothiocyanatonitrobisethylenediamines, [Co e n 2 ( N 0 2 ) ( S C y ) ] X , r e p r e ­
s e n t e d b y c is - a n d t r a n s - s a l t s , a n d s o m e o p t i c a l l y - a c t i v e f o r m s : 
(1) C h l o r i d e ; (2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) I o d i d e ; (5) S u l ­
p h a t e ; (6) D i t h i o n a t e ; (7) N i t r i t e ; (8) N i t r a t e ; a n d (9) T h i o -
c y a n a t e . 

( lvi) Isothictcyanatonitritobisethylenediamines, [Co e n 2 ( O N O ) ( S C y ) ] X , r e p r e ­
s e n t e d b y (1) N i t r a t e ; a n d (2) T h i o c y a n a t e . 

( lvii) Isothiocyanatochhyrobisethylenedianiiries, [Co e n 2 C l ( S C y ) ] X , i n c l u d e c is -
a n d t r a n s - s a l t s , a n d s o m e o p t i c a l l y - a c t i v e f o r m s : (1) C h l o r i d e ; 
(2) P e r c h l o r a t e ; (3) B r o m i d e ; (4) I o d i d e ; (5) S u l p h a t e ; (6) D i ­
t h i o n a t e ; (7) N i t r i t e ; (8) N i t r a t e ; (9) D i c h r o m a t e ; (1O) T h i o ­
c y a n a t e ; a n d (11) B r o m o c a m p h o r s u l p h o n a t e . 

(lvii i) IsothiocyanatobroniobisethyleTiedicLniifieSy [Co e n 2 B r ( S C y ) ] X , r e p r e s e n t e d 
b y c i s - a n d t r a n s - s a l t s : (1) P e r c h l o r a t e ; (2) B r o m i d e ; (3) S u l p h a t e ; 
(4) D i t h i o n a t e ; (5) N i t r a t e ; a n d (6) T h i o c y a n a t e . 

( l ix) Bisditnethylglyoximediamines, [ C o ( N H 3 ) 2 { C H 3 C ( N O H ) C ( N O ) C H 3 ) 2 ] X , 
r e p r e s e n t e d b y (1) H y d r o x i d e ; (2) C h l o r i d e ; ( 3 ) B r o m i d e ; (4) I o d i d e ; 
(5) S u l p h a t e ; (6) S e l e n a t e ; (7) N i t r i t e ; (8) N i t r a t e ; a n d (9) P i c r a t e . 

(Ix) Bisditnethylfflyoxirniriebishydroxylanhines, [ C o ( N H 2 O H ) o { C H 3 C ( N O ) -
C ( N O H ) C H 3 } 2 ] X , i n c l u d e (1) C h l o r i d e ; a n d (2) I o d i d e . " 

(lxi) Bisdimeihylglyoximinbiselhylarnines, [ C o ( C 2 H 5 . N H 2 ) 2 { C H 3 C ( N O ) -
C ( N O H ) C H g ) 2 ] X , i n c l u d e (1) H y d r o x i d e ; (2) C h l o r i d e ; (3) I o d i d e ; 
a n d (4) N i t r a t e , 

( lxii) Bisdinhethylglyoxifnebisanilin.es, [ C o ( C 6 H 5 . N H 2 ) 2 ( C H 3 C ( N O ) C ( N O H ) -
C H 3 ) 2 ] X , s a l t s a r e k n o w n . 

(lxii i) Bisdimethylglyoximinebis-p-lol'uidines, [ C - O ( C 7 H 7 . N H 2 ) 2 { C H 3 C ( N O ) -
C ( N O H ) C H 3 ) 2 ] X , s a l t s a r e k n o w n , 

( lx iv ) Bisditnethylglyoximinebispyridines, [Co p y 2 [ C H 3 C ( N O ) (C) ( N O H ) -
C H 3 ) 2 ] X , i n c l u d e (1) H y d r o x i d e ; (2) C h l o r i d e ; (3) I o d i d e ; (4) 
N i t r a t e ; a n d (5) T h i o c y a n a t e . 

( lxv ) Bisniononiethylglyoximinediatnniines, [ C o ( N H 3 ) 2 { C H 3 C ( N O ) C ( N O H ) ~ 
H ) 2 ] X , r e p r e s e n t e d b y (1) H y d r o x i d e ; (2) C h l o r i d e ; a n d (3) I o d i d e . 

( Ixvi) Sulpkitobisethylenediamin.es, [Co e n 2 ( S 0 3 ) ] X , i n c l u d e (1) C h l o r i d e , a n d 
t h e d o u b l e s a l t s w i t h g o l d , a n d p l a t i n u m ; (2) B r o m i d e ; a n d (3) T h i o ­
c y a n a t e . 

( lxvi i ) Sulphitoaquotriamniines, [ C o ( N H 3 ) 3 ( H 2 0 ) ( S O 3 ) ] X , r e p r e s e n t e d b y t h e 
s u l p h i t e , 

( lxvi i i ) Sulphatobisethylenediamines, [Co e n 2 ( S 0 4 ) ] X , r e p r e s e n t e d b y t h e 
b r o m i d e , 

( lx ix) Thiosulphafobisethylenediamines, [Co e n 2 ( S 2 0 3 ) ] X , r e p r e s e n t e d b y t h e 
b r o m i d e , 

( l xx ) Carbonatotetrammines, [ C o ( N H 3 ) 4 ( C 0 3 ) ] X , i n c l u d e (1) H y d r o x i d e ; (2) 
F l u o r i d e ; (3) C h l o r i d e , a n d t h e d o u b l e s a l t s w i t h t h e c h l o r i d e s of 
go ld , a n d p l a t i n u m ; (4) P e r c h l o r a t e ; (5) B r o m i d e , a n d a d o u b l e 
s a l t w i t h i r i d i u m b r o m i d e ; (6) I o d i d e , a n d t h e d o u b l e s a l t s w i t h 
m e r c u r y , a n d b i s m u t h i o d i d e s ; (7) P o l y i o d i d e ; (8) H y d r o s u l p h a t e ; 
(9) S u l p h a t e ; (1O) D i t h i o n a t e ; (11) S e l e n a t e ; (12) N i t r a t e ; (13) 
C a r b o n a t e ; (14) H y d r o c a r b o n a t e ; (15) C h r o m a t e ; (16) D i c h r o m a t e ; 
(17) M o l y b d a t e ; (18) T u n g s t a t e ; (19) O x a l a t e ; (2O) T r i o x a l a t o -
c o b a l t i a t e ; (21) M a l o n a t e ; a n d (22) P i c r a t e . 

( lxx i ) Carbonatobisethylenediamines, [Co e n 2 ( C 0 3 ) ] X , i n c l u d e o p t i c a l l y - a c t i v e 
f o r m s : (1) H y d r o x i d e ; (2) C h l o r i d e ; (3) B r o m i d e ; (4) I o d i d e , a n d 
t h e d o u b l e sa l t s w i t h s i lve r , a n d m e r c u r y i o d i d e s ; (5) S u l p h a t e ; 
(6) D i t h i o n a t e ; (7) N i t r a t e ; a n d (8) T h i o c y a n a t e . 

Bisdinhethylglyoxifnebisanilin.es
ylenediamin.es
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(lxxii) Carbonatobispropylenediamines, [Co p n 2 ( C 0 8 ) ] X , represented b y (1) 
Chloride ; and (2) Ni tra te . 

(lxxiii) Carbon^M^obistrwnethylenediatnines, [ C O ( N H 2 ( C H 2 ) S N H 2 I 2 ( C O 8 ) I X , repre­
sented b y t h e chloride. 

( lxxiv) Carbonatobisdiafninopentanes, [Co p t n 2 C 0 3 J X , represented b y t h e 
chloride of t h e aj38- a n d £/38-diaminopentanes. 

( lxxv) Oxalatotetrammines, [Co(NH 3 ) 4 (C 2 0 4 )JX, include (1) H y d r o x i d e ; (2) 
Chloride, a n d double salts wi th t h e p la t inum chlorides ; (3) Chlorate ; 
(4) Perchlorate ; (5) Bromide ; (6) Sulphate ; (7) Perchlorate ; 
(8) D i th iona te ; (9) Selenate ; (10) Ni trate ; (11) Chromate ; (12) B i ­
chromate ; (13) Oxalate ; (14) H y d r o x a l a t e ; (15) Trioxalatoco-
bal tate ; (16) D ioxa la tod iamminocoba l ta te ; (17) Oxalatodini tro-
d iamminocobal ta te ; and (18) Thiocyanatochromate . 

( lxxvi) O&alatobisethylenediamines, [Co en 2 (C 2 0 4 )JX, represented b y some 
optical ly-act ive forms : (1) H y d r o x i d e ; (2) Chloride, and a double 
salt w i th gold chloride ; (3) Perchlorate ; (4) Bromide ; (5) Iodide ; 
(6) Sulphate ; (7) Hydrosu lphate ; (8) D i th ionate ; (9) Se lenate ; 
(10) Ni trate ; (11) Thiocyanate ; (12) Dioxa la tob i se thy lenediamine-
chromate ; (13) Molybdate ; and (14) Tungsta te . 

( lxxvi i) Oaxilatoaquotriammines, [Co(NH 3 ) 3 (H 2 0) (C 2 O 4 )JX, inc lude (1) Chloride ; 
(2) Bromide ; (3) Sulphate ; (4) D i th ionate ; and (5) Ni trate , 

( lxxvii i ) Oxalatobisdiaminopentanes, [Co p t n 2 ( C 2 0 4 ) ] X , represented b y t h e (1) 
Chloride ; and the (2) Oxalate of the CL/38- and /J/J5-diaminopentanes. 

( lxxix) Malonatotetrammines, [Co(NH 3 ) 4 (C 8 H 2 0 4 )JX , represented b y (1) Chloride, 
and a double salt w i th gold chloride ; (2) Bromide ; (3) Sulphate ; 
(4) Di th ionate ; (5) Selenate ; (6) Ni trate ; (7) Thiocyanate ; and 
(8) Hydromalonate . 

( lxxx) Z^imethylmalonatobisethylenediatnines, [Co en 2 (C 5 H 6 O 4 )JX, include (1) 
Chloride ; (2) Bromide ; and (3) Ni tra te , 

( lxxxi) Stuxti7iatobisethyle7tediamin.es, [Co en 2 (C 4 H 4 O 4 )JX, include (1) Bromide ; 
(2) Ni trate ; and (3) Hydrosucc inate . 

( lxxxii) Dibromo8ti0cinatobisethylenediamines, [Co e n 2 ( C 4 H 2 0 4 B r X 2 ) J X , inc lude 
(1) Bromide ; (2) Ni trate ; and (3) Dibromosucc inate . 

( lxxxii i ) Mesotartratobisethylenediamines, [Co en 2 (C 4 H 4 O 6 )JX, include (1) 
Bromide ; and (2) Hydromesotartrate . 

( lxxxiv) Maleinatobisethyleriedianiin^s, [Co e n 2 ( C 4 H 2 0 4 ) J X , include (1) Bromide ; 
(2) Nitrate ; and (3) Hydromale inate . 

( lxxxv) Citraconatobisethylenediamines, [Co e n 2 ( C 5 H 4 0 4 ) J X , represented b y t h e 
h y drocitrac onate . 

( lxxxvi ) Itaconatobisethylenediamines, [Co e n 2 ( C 5 H 4 0 4 ) J X , represented b y t h e 
hydroi taconate . 

( lxxxvi i ) Phthalatobisethylenediamin&s, [Co e n 2 ( C 8 H 4 0 4 ) J X , include (1) Bromide ; 
(2) Ni trate ; and (3) Hydrophtha la te . 

(Ixxxvii i) Homophthalatobisethylenediamines, [Co e n 2 ( C 9 H 6 0 4 ) J X , include (1) 
Bromide ; (2) Thiocyanate ; and (3) H y d r o h o m o p h t h a l a t e . 

( lxxxix) Salicylatotetrammines, [Co(NH 3 ) 4 (C 7 H 4 O s )JX, include (1) Chloride, a n d 
t h e double salt w i th p la t inum chloride ; (2) Hydrochlor ide ; (3) 
Hydroperchlorate ; (4) Bromide ; (5) Hydrobromide ; (6) Iod ide ; 
(7) Hydroiodide ; (8) Iodate ; (9) Hydrosulphi te ; (10) S u l p h a t e ; 
(11) Hydrosu lphate ; (12) Thiosulphate ; (13) D i t h i o n a t e ; (14) H y d r o -
di th ionate ; (15) Tetrathionate ; (16) Hydrote tra th ionate ; (17) H y d r o -
selenite ; (18) Nitr i te ; (19) Ni trate ; (20) Hydroni tra te ; (21) 
Tetrani trodiamminocobal tate ; (22) Carbonate ; (23) H y d r o -
carbonate ; (24) F luos i l i ca te ; (25) Hydronuos i l i cate ; (26) P h o s p h i t e ; 
(27) H y d r o p h o s p h a t e ; (28) P y r o p h o s p h a t e ; (29) H y d r o p y r o p h o s -
p h a t e ; (30) H y d r o p y r o a n t i m o n a t e ; (31) H e x a c y a n o c o b a l t a t e ; 

Stuxti7iatobisethyle7tediamin.es
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(32) Oxa la te ; (33) H y d r o x a l a t e ; (34) Mesoxalate ; (35) D i o x y t a r -
tra te ; (36) Picrate ; a n d (37) <x.-Naphthylamine-y-sulphonate. 

(xc) Salicyaiobisethylcnediatnines, [Co Cn2(C7H4Og)]X, include (1) Chloride, 
a n d a double sa l t w i t h mercury chloride ; (2) Hydrochlor ide ; (3) 
B r o m i d e , a n d mercury bromide double s a l t ; (4) Iodide , and mercury 
iodide double sal t ; (5) N i t ra te ; (6) Hydron i tra te ; (7) Carbonate ; 
(8) Hydrocarbon ate ; a n d (9) Camphorsulphonate . 

(xci) Sulphoacetatobisethylenediamines, [Co Cn 2 (C 2 H 2 O 5 S)]X, include (1) 
Chloride, a n d p l a t i n u m chloride double salt ; (2) Bromide ; (3) 
N i t ra te ; (4) T h i o c y a n a t e ; and (5) Hydrosu lphoace ta te . 

(xcii) Benzylsulphoacetatobisethylenediatnines, [Co e n 2 ( C 9 H 8 0 5 S ) ] X , inc lude 
(1) B r o m i d e ; a n d (2) Benzy l su lphoace ta te . 

(xciii) o-Stdphobe/nzoatobisethylenediatnines, [Co e n 2 ( C 7 H 4 0 5 S ) ] X , include (1) 
Bromide ; and (2) Hydrosu lphobenzoa te . 

(xc iv) Sulphonyldictcetatobisethylenediamines, [Co e n 2 ( C 4 H 4 O e S ) ] X , include (1) 
Chloride, a n d double sal ts w i t h gold, and p l a t i n u m chlorides ; (2) 
Bromide ; (3) Iod ide ; (4) D i t h i o n a t e ; (5) Ni tra te ; (6) T h i o c y a n a t e ; 
(7) H y d r o s u l p h o n y l d i a c e t a t e . 

(xcv) Methionatobisethylenediafnines, [Co e n 2 ( C H 2 O e S 2 ) ] X , include (1) 
Chloride, and p l a t i n u m chloride double salt ; (2) Bromide ; (3) 
N i t ra te ; (4) T h i o c y a n a t e ; a n d (5) Methionate . 

(xcvi) Bromobenzene-S : 4t-disulphonatobisethylenediafnines, [Co e n 2 ( C 6 H 3 O e -
B r S 2 ) ] X , represented b y t h e B r o m o b e n z e n e - 3 : 4-disulphonate . 

(xcvi i ) Ethyletnediantinedi€i€ietyla^€ton<itodiarnvninesy [ C o ( N H 3 ) 2 ( C 1 8 H 1 2 N 2 0 2 ) ] X , 
inc lude (1) Chloride ; (2) Chlorate ; (3) Perchlorate ; (4) Bromide ; 
(5) Iod ide ; (6) Ni tr i te ; (7) N i t ra te ; and (8) Camphorsulphonate . 

(xcvi i i ) Chrotnatotetrammines, [Co(NH 3 ) 4 (CrO 4 )JX, include (1) Ni tra te ; (2) 
Chromate ; and (3) IMchromate. 

(xc ix) Chromatoaqtiotrianinbiries, [ C o ( N H 3 ) 3 ( H 2 0 ) ( C r 0 4 ) ] X , are represented b y 
t h e d ichromate . 

(c) Molybdatotetramfnines, [ C o ( N H 3 ) 4 ( M o 0 4 ) ] X , include (1) N i tra te ; (2) 
Molybdate ; and (3) Tr imolybdate . 

(ci) Ditnolybdatotetrammines, [ C o ( N H 3 ) 4 ( M o 2 0 7 ) ] X , are represented b y t h e 
t r imo lybdate . 

(cii) JPhospkatotetratnmine, [ C o ( N H 3 ) 4 ( P 0 4 ) ] . 
(ciii) Trischromatobistelranifnines, [ {Co(NH 3 ) 4 } 2 (Cr0 4 ) 3 ] . 
(civ) Sulphitohydroxytelratnmine, [ C o ( N H 3 ) 4 ( O H ) ( S 0 3 ) ] . 
(cv) Sulphitonitrotetrammine, [ C o ( N H 3 ) 4 ( N 0 2 ) (SO 3 ) ] . 

(cvi) Oxalatochloroaqtiotriatnininey [ C o ( N H 3 ) 3 ( H 2 0 ) C l ( C 2 0 4 ) ] . 
(cvii) Disulphitotetrammines, M [ C o ( N H 3 ) 4 ( S 0 3 ) 2 ] , include cis- and trans-

sa l ts : (1) L i t h i u m ; (2) S o d i u m ; (3) A m m o n i u m , and double salts 
w i t h a m m o n i u m a n d bar ium s u l p h i t e s ; (4) P o t a s s i u m ; (5) Rubi ­
d i u m ; (6) Caesium ; (7) B a r i u m ; (8) Cobal tous ; and (9) Cobaltic 
salts , 

(cviii) ZHsulphitobisethylenediatninesy M[Co e n 2 ( S O a ) 2 ] , include (1) Sod ium ; 
(2) A m m o n i u m ; a n d (3) S trychn ine sal ts , 

(cix) ZMsulphitoethylenediatninediamtnines, M [ C o ( N H 3 ) 2 e n ( S 0 3 ) 2 ] , represented 
b y t h e a m m o n i u m salt , 

(ex) ZKsulphitobispropylenediatnines, M[Co p n 2 ( S O s ) 2 ] , represented b y the 
a m m o n i u m salt , 

(cxi) Ztisulphitoaquotriatnmines, M [ C o ( N H s ) 3 (H 2 O) (SO3) 2 ] , represented b y 
(1) H y d r o g e n salt , i.e. t h e acid , a n d (2) Sod ium salt. 

(cxii) Bischromatotetrammines, M[Co(NH s ) 4 ( CrO4) 2 ] , inc lude (1) L i t h i u m ; 
(2) S o d i u m ; (3) P o t a s s i u m ; a n d (4) Magnes ium salts . 

(cxii i) Bisditnethylglyo&itnediarnine, including t h e (1) Chloride; (2) B r o m i d e ; 
(3) I o d i d e ; (4) S u l p h a t e ; and (5) Thiocyanate . 

vol*, x i v . 2 z 
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I V . — T h e t r i a m m i n e fami ly , o r c o m p o u n d s of t h e nu l l -va l en t g r o u p , w h i c h , w i t h 
a s imple u n i v a l e n t ac id ic r ad ic l e , X ' , c a n b e symbol ized , [ C o A 8 X 3 ' ] . T h e r e 
a r e f u r t h e r c o m p l i c a t i o n s w i t h t h e i n t r o d u c t i o n of a b i v a l e n t rad ic le , Y " , 
a n d on ly a few t y p e s h a v e b e e n i n v e s t i g a t e d . 

(i) Compounds of the type [ C o A 3 X 3 ' ] , i nc lude (1) T r i n i t r o t r i a m m i n e ; 
(2) T r i n i t r o e t h y l e n e d i a m i n e a m m i n e ; (3) T r i n i t r o p r o p y l e n e d i a m i n e -
a m m i n e ; (4) T r i n i t r a t o t r i a m m i n e ; (5) T r i c h l o r o t r i a m m i n e ; (6) T r i -
b r o m o t r i a m m i n e ; (7) C h l o r o d i n i t r o t r i a m m i n e ; (8) B r o m o d i n i t r o -
t r i a m m i n e ; a n d (9) D i h y d r o x y t e t r a n i t r o t r i h y d r a z i n e . T h e r e is a l so 
a series of complexes bu i l t u p w i t h (1) D i m e t h y l g l y o x i m e , 
C H 3 C ( N O H ) C ( N O H ) C H 3 ; a n d a lso series w i t h (2) M o n o m e t h y l -
g lyox ime , H C ( N O H ) C ( N O H ) C H 3 ; w i t h (3) M e t h y l e t h y l g l y o x i m e , 
C H 3 C ( N O H ) C ( N O H ) C 2 H 5 ; w i t h (4) ct- a n d yS-benzilmonoximes, 
C 6 H 5 C ( N O H ) . C O - C 6 H 5 ; w i t h (5) Glyc ine , N H 2 C H 2 C O ; w i t h (6) 
a l an ine , C H 3 . C H ( N H 2 ) . C O O H ; w i t h (7) M e t h y l a l a n i n e , C H 3 - C H ( N H 2 ) . 
C O O C H 3 ; w i t h (8) P ico lon ic ac id , C 5 H 4 N ( C O O H ) ; w i t h (9) B i t h i o -
c a r b a m a t e , N H 2 - C S 2 H ; w i t h (1O) D i m e t h y l d i t h i o c a r b a m a t e , N ( C H 3 ) 2 . 
C S 2 H ; w i t h (11) D i - i s o - b u t y l d i t h i o c a r b a m a t e , N ( C 4 H 9 ) C S 2 H ; 
(12) P h e n y l d i t h i o c a r b a m a t e , N H ( C 6 H 5 ) . C S 2 H ; (13) w i t h 2 : 2 ' - p y r i d y l -
py r ro l e , ( C H . C H 2 ) 2 N . C 5 H 4 N ; (14) w i t h p y r r o l e - 2 - m e t h y l i m i d e , 
C 4 H 4 - N - C H : N C H 3 ; (15) w i t h 2 - p y r i d y l m e t h y l k e t o x i m e , ( C 4 H 4 N . 
C H ) ( N O ) C 4 C H 3 ; a n d w i t h (16) D i a z o a m i n o t o l u e n e , C 7 H 7 - N 2 - N H - C 7 H 7 . 

(ii) Compounds of the type, [ ( C o A 3 ) 2 Y 3 " ] , i nc lude (1) S u l p h o d i t h i o c a r b o n a t o -
h e x a m m i n e , [{Co(NH 3 ) 3 } 2 (CS 3 ) 2 S] ; (2) T h i o s u l p h a t o d i t h i o c a r b o n a t o -
h e x a m m i n e , [{Co(NH 3 ) 3 } 2 (CS 3 ) 2 (S 2 0 3 ) ] ; (3) T r i c a r b o n a t o h e x a m i n e , 
[{Co(NH 3 ) 3 } 2 (C0 3 ) 3 ] ; (4) T r i o x a l a t o b i s e t h y l e n e d i a m i n e d i a m m i n e , 
[{Co(NH3)en}2(C2(54)3] ; a n d (5) T r i r u b e a n a t o t e t r a q u o d i a m m i n e , 
[ { C o ( N H 3 ) ( H 2 0 ) 2 } 2 ( C 2 ' N 2 S 2 H 2 ) 3 ] . 

(iii) Compounds of the type, [CoA 3 Y " X ' ] , i nc lude (1) H y d r o x y c h r o m a t o -
t r i a m m i n e , [Co(NHg) 3 (CrO 4 ) (OH)] ; (2) H y d r o s u l p h o t h i o c a r b o n a t o t r i -
a m m i n e , [ C o ( N H 3 ) 3 ( C S 3 ) ( H S ) ] ; (3) I s o t h i o c y a n a t o x a l a t o t r i a m m i n e , 
[Co(NHs) 3 (C 2 O 4 ) (SCy)] ; (4) H y d r o x y o x a l a t o t r i a m m i n e , [ C o ( N H 3 ) 3 -

' (C 2 O 4 ) (OH)] ; (5) N i t r o x a l a t o t r i a m m i n e , LCo(NHg) 3 (C 2O 4 ) (NO 2 ) ] ; 
a n d (6) C h l o r o x a l a t o t r i a m m i n e , [ C o ( N H 3 ) 3 ( C 2 0 4 ) C l ] . 

(iv) Compounds of the type [ (CoAs) 2 Y 7 7 X 4 ' ] , i nc lude (1) T e t r a n i t r o s u l p h a t o -
h e x a m m i n e , [ {Co(NH 3 ) 3 } 2 (S0 4 ) (N0 2 ) 4 ] ; a n d (2) T e t r a n i t r o s e l e n a t o -
h e x a m m i n e , [{Co(NH 3 ) 3 } 2 (Se0 4 ) ( N O 2 ) J . 

(v) Compounds of the type, M [ C o A 3 Y 2 " ] , i nc lude D i o x a l a t o t r i a m m i n o c o -
ba l t i c ac id . H [ C o ( N H 3 ) 3 ( C 2 0 4 ) 2 ] . 2 H 2 0 , a n d t h e s o d i u m , a m m o n i u m , 
p o t a s s i u m , p y r i d i n e , t r a n s - d i n i t r o t e t r a m m i n e , a n d d i c h l o r o a q u o -
t r i a m m i n e sa l t s . 

(vi) Compounds of the type, M 3 [ C O A 3 Y 3 " ] , i nc lude (1) t h e T r i s u l p h i t o t r i -
a m m i n o c o b a l t a t e s of a m m o n i u m a n d cobal t ( ic ) ; (2) T r i s u l p h i t o -
a q u o d i a m m i n o c o b a l t a t e s r e p r e s e n t e d b y t h e c o b a l t i c sa l t ; a n d t h e 
d e x t r o - a n d lsevo-forms of a s p a r a g i n i c ac id . 

G. T . M o r g a n a n d co -worke r s d i scussed t h e m e t a l l i c l a k e s of t h e 
o r t h o q u i n o n a o x i m e s w h i c h f o r m a g r o u p of m o r d a n t d y e s , m a n y of 
w h i c h fu rn i sh coba l t i c de r iva t ives—e .g . , n i t roso- /3 -naphtho l , a l i za r in , 
d in i t rosoresorc ino l , a n d t h e azosal icyl ic ac ids . T h e c o b a l t a t o m is 
i m p l i c a t e d in a he te rocyc l ic r i ng b o t h b y t h e p r i n c i p a l a n d s u p p l e ­
m e n t a r y va lenc ie s . 

V . — T h e d i a m m i n e fami ly , o r c o m p o u n d s of t h e u n i v a l e n t ac id ic g r o u p : [ C o A 2 X 4 ] ' . 
(i) TetranitrodiamminocobaUates, M[Co(NHg) 2 (NOg) 4 ] , w h i c h i n c l u d e t h e 

s a l t s : (1) S o d i u m ; (2) A m m o n i u m ; (3) T e t r a m e t h y l a m m o n i u m ; 
(4) P o t a s s i u m ; (5) R u b i d i u m ; (6) Caesium ; (7) C o p p e r ; (8) S i lve r ; 
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(9) Z inc ; (1O) M e r c u r y ; (11) T h a l l i u m ; (12) L e a d ; (13) D ich lo ro -
t e t r a q u o c h r o m a t e ; (14) D i b r o m o t e t r a q u o c h r o m a t e ; (15) H e x a c a r -
b a m i d o c h r o m a t e ; (16) H e x a m m i n o c o b a l t a t e ; (17) H y d r o x y p e n t -
a m m i n o c o b a l t a t e ; (18) C h l o r o p e n t a i n m i n o c o b a l t a t e ; (19) B r o m o a q u o -
b i s e t h y l e n e d i a m i n o c o b a l t a t e ; (2O) N i t r o p e n t a m m i n o c o b a l t i c ; (21) 
N i t r o a q u o p e n t a m m i n o c o b a l t a t e ; (22) N i t r a t o p e n t a m m i n o c o b a l t a t e ; 
(23) D i c h l o r o q u a t e r p y r i d i n e c o b a l t a t e ; (24) D i c h l o r o a q u o t r i a m m i n o -
c o b a l t a t e ; (25) D i n i t r o t e t r a m m i n o c o b a l t i c — c i s - a n d t r a n s - ; (26) Car-
b o n a t o t e t r a m m i n o c o b a l t a t e ; (27) O x a l a t o t e t r a m m i n o c o b a l t a t e ; (28) 
S a l i c y l a t o t e t r a m m i n o c o b a l t a t e ; a n d (29) Nicke l , 

(ii) Tetranitrobis-j>-toluidinecobaltates, M [ C o ( C 7 H 7 . N H 2 ) 2 ( N 0 2 ) 4 ] , r ep re ­
s e n t e d b y t h e jo- toluidine sa l t . 

(iii) Dichlorodinitrodiamminocobaltates, M ( C o ( N H 3 ) 2 ( N 0 2 ) 2 C l 2 ] , r e p r e s e n t e d 
b y t h e s a l t w i t h c h l o r o n i t r o t e t r a m m i n e . 

(iv) Dinitrobisdimethylglyoximinocobaltates, M [ C o ( C H 3 C ( N O H ) C ( N O ) CH 3 J 2 -
(NO 2 J 2 ] , r e p r e s e n t e d b y t h e ac id H [ C O ( C H 3 C ( N O H ) C ( N O C H 3 J 2 -
( N 0 2 ) 2 ] . H 2 0 , a n d t h e (1) S o d i u m ; (2) A m m o n i u m ; (3) E t h y l -
a m m o n i u m ; a n d (4) B i s i s o b u t y l a m m o n i u m sa l t s . 

(v) Disuljphitodiamminocobaltates, M(Co(NH 3 ) 2 ( S 0 3 ) 2 ] , r e p r e s e n t e d b y 
(1) S o d i u m ; (2) A m m o n i u m ; a n d (3) S t r y c h n i n e sa l t s . 

(vi) Dioxalatodiamminocobaltates, M [ C o ( N H 3 ) 2 ( C 2 0 4 ) 2 ] , r e p r e s e n t e d b y t h e 
ac id , H [ C o ( N H 8 ) 2 ( C 2 0 4 ) 2 ] , a n d (1) A m m o n i u m ; (2) P o t a s s i u m ; 
(3) B a r i u m ; (4) C o b a l t o u s ; (5) Acid c o b a l t o u s ; (6) t r a n s - D i n i t r o -
t e t r a m m i n e c o b a l t a t e ; (7) t r a n s - D i c h l o r o t e t r a m m i n o c o b a l t a t e ; (8) 
O x a l a t o t e t r a m m i n o c o b a l t a t e ; a n d (9) S t r y c h n i n e sa l t s . 

(vii) Dioxalatoethylenediaminecobaltate, M[Co en (C 2 O 4 ) 2 ] , r e p r e s e n t e d b y t h e 
o x a l a t o b i s e t h y l e n e d i a m i n e c h r o m a t e . 

(viii) Dinitrooxalatodiamminecobaltates, M [ C o ( N H 3 ) 2 ( C 2 0 4 ) ( N 0 2 ) 2 ] , r ep re ­
s e n t e d b y t h e ac id , H [ C o ( N H 3 ) 2 ( C 2 0 4 ) ( N 0 2 ) 2 ] , a n d t h e cis- a n d t r a n s -
sa l t s of (1) S o d i u m ; (2) A m m o n i u m ; (3) E t h y l e n e d i a m m o n i u m ; 
(4) P h e n y l e t h y l a m m o n i u m ; (5) C o p p e r ; (6) Si lver ; (7) B a r i u m ; 
(8) M a g n e s i u m ; (9) A m m o n i u m m a g n e s i u m ; (10) Zinc ; (11) Cad­
m i u m ; (12) T h a l l i u m ; (13) C o b a l t o u s ; (14) A m m o n i u m c o b a l t o u s ; 
(15) P o t a s s i u m c o b a l t o u s ; (16) S i lver c o b a l t o u s ; (17) H e x a m m i n o -
coba l t i c ; (18) A q u o p e n t a m m i n o c o b a l t i c ; (19) D i a q u o t e t r a m m i n o -
coba l t i c ; (20) c i s - D i n i t r o t e t r a m m i n o c o b a l t i c ; (21) O x a l a t o t e t r a m -
m i n o c o b a l t i c ; (22) i s o - T h i o c y a n a t o n i t r o t e t r a m m i n o c o b a l t i c ; (23) 
N icke l ; a n d (24) S t r y c h n i n e . 

(ix) Dinitromalonatodiammifiocobaltates, M [ C o ( N H 3 ) 2 ( C 3 H 2 O 4 ) ( N 0 2 ) 2 ] , r ep re ­
s e n t e d b y t h e b a r i u m sa l t , 

(x) Oxalatobisdinitrobisdiamminocobaltate, [ { C o ( N H 3 ) 2 ( N 0 2 ) 2 } 2 ( C 2 0 4 ) ] . 

V I . — T h e m o n a m m i n e f a m i l y , o r c o m p o u n d s of t h e b i v a l e n t , acidic g r o u p : 
[ C o A 5 X ] " . 

T h i s is r e p r e s e n t e d b y s o d i u m p e n t a m e t a n i t r a t o m o n a m m i n o c o b a l t a t e , 
N a 2 [ C o ( N H 3 ) ( N 0 2 ) 2 ] . 

V I I . — T h e h e x a - a c i d f a m i l y , o r c o m p o u n d s of t h e t e r v a l e n t acidic g r o u p : [ C o X 6 ] " ' , 
r e p r e s e n t e d b y h e x a n i t r i t o c o b a l t i c ac id , H 3 [ C o ( N 0 2 ) 6 ] , a n d i t s sa l t s ; hexa -
c y a n o c o b a l t i c ac id , H 3 [ C o C y 6 ] ; p e n t a c y a n o t h i o s u l p h a t o c o b a l t i c acid, 
H 4 [CoCy 6 (S 2 O 3 ) ] ; p o t a s s i u m t r i s o x a l a t o c o b a l t a t e , K 3 [Co(C 2 0 4 ) 3 ] ; th io -
s u l p h a t o p e n t a c y a n o e o b a l t i c ac id , H 4 [CoCy 5 (S 2 O 3 ) ] , e t c . 

JB.—Compounds with more than one atom of Cobalt in the nucleus. 
I . — D i c o b a l t i c s a l t s — w i t h t w o c o b a l t a t o m s i n t h e nuc leus . Cobal t ic m e l a n o -

ch lo r ide , a n d c o b a l t i c fusco-sa l t s h a v e been p rev ious ly discussed, 
(i) Peroxo-decatnmines w i t h t w o t e r v a l e n t c o b a l t a t o m s , [ (NH 8 J 6 Co 
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- O 2 - C o ( N H a ) 6 ] X 4 , inc lude (1) H y d r o x i d e ; (2) Chlor ide; (3) 
Iodide ; (4J Su lphate ; (5) Hydrosulphate ; (6) Chlorosulphate ; 
(7) Se lenate ; (8) Hydrose lenate ; (9) Ni trate ; (10) Hydroni tra te ; 
(11) Hydrochloroni trate ; (12) Sulphatonitrate ; (13) C y a n a t e ; 
(14) Th iocyanate ; a n d (15) Ni tratoth iocyanate . 

(ii) Peroxo-decammines -with one terva lent and one quadrivalent cobal t 
a t o m , [ ( N H a ) 6 C o — O 2 - C o ( N H a ) 6 ] X 5 , include (1) Chloride, and i t s 
double salt w i t h p l a t i n u m chloride ; (2) Sulphate ; (3) Hydrosu lphate ; 
(4) Chlorosulphate ; (5) Selenate ; (6) Ni trate ; (7) Chloronitrate ; 
(8) Sulphatoni trate ; and (9) D ichromate . 

(iii) THchlorohydroxy-peroxo-fiexammines, [Cl 2 (NHa) 3 Co—O 2 —Co(NH 3 J 3 -
(OH)Cl]X, represented b y the (1) Chloride, and (2) Ni trate , 

(iv) SulpTialo-fjc-imino-octammines. [ (NH 3 J 4 Co==(NHJ(S0 4 J=Co(NH 3 J] 4 X 2 , 
represented b y the (1) Chloride, and (2) Ni trate , 

(v) fx-Amino-decammines, [ ( N H 3 ) 6 C o — N H 2 - - C o ( N H s ) 6 ] X 5 , include (1) 
Chloride ; (2) Bromide ; (3) Sulphate ; (4) D i th ionate ; (5) Se lenate ; 
and (6) Ni trate , 

(vi) Nitratoaquo - /u. - amino - octammines, [ ( H 2 O ) ( N H g ) 4 - - N H 2 - C o ( N H 3 J 4 -
(NO 3 )JX 4 , represented b y the nitrate , 

(vii) Chloroaquo-fx-afnino-octammines, [ ( H 2 O ) ( N H g ) 4 C o — N H 2 - C o ( N H 8 J 4 -
Cl]X 4 , include (1) Chloride; (2) S u l p h a t e ; (3) D i t h i o n a t e ; a n d 
(4) Selenate . 

(viii) Chloronitrato - /x - amino - octammines, [ C l ( N H 3 ) 4 C o — N H 2
, " , C o ( N H 3 ) 4 -

(NO 3)JX 3 , represented b y the nitrate , 
(ix) JBromoaquo-fA-amino-octammines, [ ( H 2 O ) ( N H 3 J 4 C o — N H 2 - C o ( N H 3 J 4 -

B r ] X 4 , represented b y (1) Bromide ; and (2) Sulphate , 
(x) Thiocyanatochloro -fju- amino - octammines, [(SCy) ( N H 3 J 4 C o — N H 2 - • -Co-

(NH 3 J 4 Cl]X 3 , represented b y t h e th iocyanate . 
(xi) Sttlphato-fjL-amino-octammines, [ ( N H 3 J 4 C O = ( N H 2 J ( S 0 4 J ; L L C O ( N H 3 J 4 ] X 3 , 

include (1) Chloride ; (2) Bromide ; (3) Iodide ; (4) H y d r o s u l p h a t e ; 
(5) Hydrose lenate ; (6) Ni tra te ; and (7) Chloronitrate. 

(xii) Sulphato - /A - amino - quatereihylenediamines, [ e n 2 C o = ( N H 2 ) (SO4) 
nnCo e n 2 ] X 3 , include some opt ica l ly-act ive forms : (1) Bromide ; 
(2) Ni tra te ; (3) Thiocyanate ; and (4) Bromocamphorsu lphonate . 

(xiii) Selenato-/j,-amino-octammines, [ ( N H 3 J 4 C o - ( N H 2 ) ( S e 0 4 ) r i ' C o ( N H 3 ) 4 ] X 3 , 
include (1) Hydrosu lphate ; (2) Hydrose lenate ; and (3) Ni trate , 

(xiv) Tetrachloro-fjL-amino~hexammine, [ C l 2 ( N H 3 ) 3 C o — N H 2 - * C o ( N H 3 J 3 C l 2 ] X , 
represented by the chloride, 

(xv) Tetrabromo-fJL-amino-hexamvnines, [ B r 2 ( N H 3 J 3 C o — N H 2 - ' C o ( N H 3 J 3 -
B r 2 ] X , represented b y (1) Bromide ; and (2 Ni trate , 

(xvi) Trichloroaqtio-/j,-amino-hexammines, [ C l 2 ( N H 3 ) 3 C o — N H 2 - C o ( N H 3 J 3 -
(H 2 O)Cl]X 2 , represented b y the chloride, 

(xvii) Trichloronitrato-fju-amino-hexammines, [Cl 2 (NH 3 J 3 Co—NH 2 • # * *Co(NH3J3-
(NO3JCl]X, represented b y the nitrate , 

xvi i i j Diol-octammines, [(NH3J4Corrr.(OH)2i^:Co(NH3J4]X4 , include (IJ Chloride, 
and t h e double salts w i th gold, and p la t inum chlorides ; (2) Chlorate ; 
(3J Bromide ; (4J B r o m a t e ; (5J Iodide ; (6J I o d a t e ; (7J Su lphate ; 
(8) D i t h i o n a t e ; (9J S e l e n a t e ; (1OJ Ni tra te ; (11) F luos i l i cate ; 
(12) Phosphate ; (13) Chromate ; (14) Oxalate ; a n d (15) Th iocyanate . 

(xix) DioUquaterethylenediamines, [en2Corr.(OH)2^i:Co en*]X 4 , inc lude (1) 
Chloride ; (2) Bromide ; (3) Iodide ; (4) D i t h i o n a t e ; (5) N i t ra te ; 
(6) Chromate ; (7) D i th ionate ; (8) Oxalate ; and (9) Th iocyanate . 

(xx) Dinitrato-diol-hexammines, [ ( N O 3 ) ( N H 3 J 3 C o - ( O H ) 2 - C o ( N H 8 J 8 ( N O 8 ) ] -
X 2 , represented b y t h e nitrate , 

(xxij IMaquo-aiol-hexamwtines, [ (H 2OJ(NH 8J 3Co-TTr(OH 2-Co(NH 3J 8(H 2OJ]X 4 , 
represented b y t h e su lphate . 
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(xxi i ) NUratoaquo - diol - hexammines, [ (H 2 0) (NH 3 ) 3 Co:r^(OH) 2 : i rCo(NH 3 )3 -
(NO 3 )JX 3 , represented b y t h e d i th ionate . 

(xxi i i ) juL-ZMamino-octammines, [ ( N H 3 ) 4 C o — ( N H 2 ) 2 — C o ( N H 3 ) 4 ] X 4 , represented 
b y (1) B r o m i d e ; a n d (2) D i t h i o n a t e . 

(xx iv ) Ht/droxyaqtto-peroxo-ol-hexamfnines, [ ( O H ) ( N H 3 ) 3 C o = ( O H ) ( O 2 ) U i C o -
( N H g ) 3 ( H 2 O ) ] X 3 , inc lude (1) Chloride ; (2) B r o m i d e ; (3) Su lphate , 
a n d t h e double sa l t w i t h a m m o n i u m su lphate ; and (4) N i tra te , 

( x x v ) fj.-Imino-peroxo-qtiaterethi/lenediamines, [en 2 Co — ( O 2 ) ( N H ) = C o e n 2 ] X 3 , 
inc lude s o m e opt i ca l ly -ac t ive forms : (1) Chloride ; (2) Iod ide ; a n d 
(3) N i t ra te , 

( x x v i ) /x - Ammonium - peroxo - quaterethylenediamines, [ e n 2 C o = ( 0 2 ) ( N H 4 . H X ) 
—Co e n 2 ] X , inc lude s o m e opt i ca l ly -ac t ive forms : (1) B r o m i d e ; (2) 
D i t h i o n a t e ; a n d (3) N i tra te , 

( xxv i i ) /uL-Amino-peroxo-octammines, [ ( N H g ) 4 C o = ( N H 2 ) ( O 2 ) ^ C o ( N H s ) 4 X 4 , in­
c lude (1) Chloride ; (2) B r o m i d e ; (3) Su lphate ; (4) D i t h i o n a t e ; 
(5) Se l enate ; (6) N i t ra te , 

(xxvi i i ) /x-Amino-peroxo-quaterethylenediamines, [ e n 2 C o = ( N H 2 ) ( 0 2 ) n C o e n 2 ] X 4 , 
inc lude s o m e opt i ca l ly -ac t ive forms : (1) Chloride, and a double 
sal t 'with p l a t i n u m chloride ; (2) B r o m i d e ; (3) D i t h i o n a t e ; (4) 
N i t r a t e ; a n d (5) B r o m o c a m p h o r s u l p h o n a t e . 

( xx ix ) Dichloro-pL-amino-peroxo-hexammines, in i someric forms, symmet r i ­
cal , [ C l ( N H s ) 3 C o = ( N H 2 ) ( 0 2 ) _ ^ : C o ( N H 3 ) 3 C l ] X 2 , a n d asymmetr i ca l , 
[ ( N H s ) 4 C o = ( N H 2 ) ( O 2 ) I ^ C o ( N H a ) 2 C l 2 ] X 2 , a n d represented b y (1) 
Chloride ; a n d (2) N i t ra te , 

( x x x ) £)ibromo-fj.-amino-peroxo-hexammines, in i someric forms, s y m m e t r i ­
cal , [ B r ( N H 3 X 3 C o = ( N H 2 ) ( O 2 ) H r C o ( N H a ) 3 B r ] X ^ , a n d a s y m m e t r i c a l , 
[ ( N H 3 ) 4 C o = ( N H 2 ) ( 0 2 ) i i i C o ( N H 3 ) 2 B r 2 ] X 2 , and"- represented b y t h e 
bromide , 

(xxx i ) fx-Amino-ol-octammines, [ (NH 3 ) 4 Co=(NH 2 ) (OH)*_ i i :Co(NH 3 ) 4 ]X 4 , inc lude 
(1) C h l o r i d e ; (2) B r o m i d e ; (3) S u l p h a t e ; (4) D i t h i o n a t e ; (5) 
Se l enate ; (6) N i t r a t e ; a n d (7) T h i o c y a n a t e . 

(xxx i i ) fx-Amino-ol-quaterethylenediamines, [ e n 2 C o ~ ( N H 2 ) ( O H ) = = C o e n 2 ] X 4 , in­
c lude s o m e opt i ca l ly -ac t ive forms : (1) Bromide ; and (2) Iod ide , 

(xxxi i i ) Diaquo-fju-amino-ol-hexammines, [(H2O)(NHa)3CoTTT(NH2)(OH)TTT.Co-
( N H 3 J 3 ( H 2 O ) ] X 4 , represented b y t h e ni trate , 

( x x x i v ) NUratoaquo - yu - amino - ol- hexammines, [(H2O)(NHa)3CoTTT-(NH2)(OH) 
— C o ( N H 3 ) 3 ( N 0 3 ) ] X 3 , inc lude (1) Chloride ; (2) Bromide ; and 
(3) N i t r a t e . 

( x x x v ) LUchloro-ix-nitro-ol-hexammin&s, [Cl(NH3)3CoTT7(N02)(OH) _ziCo(NH3)3-
C l ] X 2 , inc lude (1) Chloride ; (2) Su lphate ; (3) D i t h i o n a t e ; and 
(4) N i t r a t e . 

( x x x v i ) Dibromo-/jL-nitro-ol-7iexamminesy [Br(NH3)3CoTTT-(NO2)(OH) — Co(NH3J3-
B r ] X 2 , inc lude (1) B r o m i d e ; (2) D i t h i o n a t e ; a n d (3) Ni trate , 

( x x x v i i ) fjL-Amino-nitrO'Oclammines, [ (NH 3) 4CoTTT(NH 2)(NO 2)HiCo(NHa) 4]X 4 , in­
c lude (1) Chloride ; (2) B r o m i d e ; (3) Iodide ; (4) Sulphate ; (5) 
Se lenate ; a n d (6) N i t r a t e , 

( x x x v i i i ) fx-Amino-nitro-quaterethylenediamines, [Cn2CoTTr(NH2)(NO2V-Co e n 2 ] X 4 , 
inc lude s o m e opt i ca l l y -ac t ive forms : (1) Bromide ; (2) Iodide ; 
(3) N i t r a t e ; (4) T h i o c y a n a t e ; a n d (5) Bromocamphorsu lphonate . 

( x x x i x ) DichZoro-fjL-amino-nitrohexammines, [Cl(NH3)3Co~TT.(N02)(NH2):iiCo-
(NHa) 3 Cl]X 2 , inc lude (1) Chloride ; and (2) Ni trate , 

(xl) Acetatxmquo-fJL-acetato-oUhexammines, [ ( H 2 O ) ( N H 3 J 3 C o - (OC(CH 3 )O)OH 
^TJCo(NH 3 ) 3 (C 2 H 3 0 2 ) ]X 3 , represented b y the bromide. ___ 

(xli) LHaquo -JJL- acetato - amino - hexammines, [ (H 2 O)(NHg) 3 Co • ( N H 2 ) ( O C -
( C H 8 ) O ) - C o ( N H s ) 8 ( H 2 O ) ] X 4 , include (1) B r o m i d e ; a n d (2) N i t ra te , 

(xl i i ) Triol'hexammines, [ ( N H s ) 3 C o H ( O H ) 3 ^ C o ( N H a ) 3 ] X 3 , inc lude (1) 
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Chloride ; (2) B r o m i d e ; (3) S u l p h a t e ; (4) Th iosu lpha t e ; (5) D i -
t h i o n a t e ; (6) Se lena te ; (7) N i t r a t e ; a n d (8) T h i o c y a n a t e . 

(xliii) Peroxo-dtol-seayiespropylarnine, [ ( C 7 H ^ N H 2 ) S - ( O H ) 2 ( O 2 ) ^ C o ( C 7 H 7 . 
NH 2 )S ]X 3 , r ep resen ted b y t h e chlor ide . 

(xliv) Peroxo-diol-sexiesallylamines, [ ( C 8 H 6 . N H 2 } 8 — ( O H ) 2 ( O 2 ) ^ C o ( C 8 H 6 . 
N H 2 I 8 ] X 3 , inc lude (1) Chloride ; a n d (2) N i t r a t e , 

(xlv) Peroxo-diol-sexiesbenzylamine, [ C 6 H 6 . C H 2 . N H 2 ) 3 - ( O H ) 2 ( O 2 ) ^ C o ( C 6 H 6 . 
C H 2 . N H 2 ) S ] X 3 , r ep resen ted b y t h e chloride. 

(xlvi) n-Amino-diol-hexammines, [ ( N H 3 ) 3 C o - ( N H 2 ) ( O H ) 2 ^ C o ( N H 3 ) 3 ] X 3 , in­
c lude (1) Chloride ; (2) B r o m i d e ; (3) Iod ide ; a n d (4) N i t r a t e . 

(xlvii) fjL-Nitro-diol-hexammines, [ ( N H 3 ) 3 C o ^ ( N 0 2 ) ( O H ) 2 ^ C o ( N H 3 ) a ] X , in­
c lude (1) Chloride ; (2) B romide ; (3) S u l p h a t e ; (4) Se lenate ; a n d 
(5) N i t r a t e , 

(xlviii) n-Dinitro-ol-hexanvmines, [ ( N H g ) 3 C o - ( N 0 2 ) 2 ( O H ) ^ C o ( N H 3 ) 8 ] X 3 , in­
c lude (1) Chloride ; a n d (2) N i t r a t e . 

(xlix) n-Acetato-diol-hexammines, L (NH 3 ) s Co; ]^ (OH)2{OC(CH 8 )0}~CoNH 8 ) 8 > 
X 3 , inc lude (1) Chloride ; (2) B r o m i d e ; (3) I o d i d e ; (4) N i t r a t e ; 

(5) B r o m o d i t h i o n a t e ; a n d (6) T h i o c y a n a t e . 
(1) fj.-Amino - ol- peroxo - hexammines, [ ( N H 3 ) 3 C o ~ ( N H 2 ) ( O H ) ( 0 2 ) . ^ i : C o -

(NH 3 ) 3 ]X 3 , include (1) Chloride ; (2) Bromide_; a n d (3) N i t r a t e . 
(Ii) fjL-Acetato-amino-ol-hexamminesy [ (NH 3 ) 3 Co—(NH 2 ) (OH) (OC(CH 3 )O) 

]~Co(NH 3 ) 3 ]X 3 , inc lude (1) Chloride, a n d i t s double sal t wi th p l a t i n u m ; 
(2) B romide ; (3) Iod ide ; (4) N i t r a t e ; a n d (5) T h i o c y a n a t e . 

I I .—Tricobal t ic salts , wi th t h r e e coba l t a t o m s in t h e nucleus . 
(i) Diaquo-tctrol-quaterethylenediamines, [ e n 2 C o = ( O H ) 2 C o ( H 2 0 ) 2 : : : : ( O H ) 2 

= C o e n 2 ] X 4 , r ep re sen ted b y (1) Chloride, a n d i t s doub le sa l t w i th 
p l a t i n u m chlor ide ; (2) Iod ide ; (3) S u l p h a t e ; a n d (4) D i t h i o n a t e . 

(ii) Diaqvto-pentol-hexammines, [ ( H 2 O ) ( N H 3 ) 3 C o = ( O H ) 2 ( H 2 O ) ::::Co:?n(OH)3 
= C o ( N H 3 ) 3 ] X 4 , r ep resen ted b y t h e chloride, 

(iii) Hexol-Tiexammines, [ (NH 3 ) 3 Co>(OH) 3 ;» ;Co: : ! ( O H ) 3 = C o ( N H g ) 3 ] X 3 , in­
c lude (1) Chloride ; (2) B r o m i d e ; (3) S u l p h a t e ; a n d (4) D i t h i o n a t e . 

(iv) Diphosphatobisethylenediamines, r ep re sen t ed b y t h e p h o s p h a t e , 
(v) t>iphosphcUobispropylenediam,inest r ep resen ted b y t h e p h o s p h a t e . 

III.—TetraCObaltiC salts* w i th four coba l t a t o m s in t h e nucleus . 
(i) Hexol-dodecammines, [Co{(OH) 2—Co(NH 3 ) 4} 3 ]X 6 , inc lude some opt ica l ly-

ac t ive forms : (1) Chloride, a n d a doub le sa l t w i t h p l a t i n u m chlor ide ; 
(2) B r o m i d e ; (3) S u l p h a t e ; (4) T h i o s u l p h a t e ; (5) D i t h i o n a t e ; 
(6) Se lenate ; (7) N i t r a t e ; (8) Fluos i l ica te ; (9) M o l y b d a t e ; (10) 
B r o m o c a m p h o r s u l p h o n a t e ; (11) P i c r a t e ; a n d (12) D ip ic ry l amide . 

(ii) Hexol-sexiesethylenediamines, [Co{(OH)2==Co en 2 } 3 ]X 6 , i nc lude (1) 
Chloride ; (2) Bromide ; (3) Iod ide ; (4) N i t r a t e ; a n d (5) Th io ­
c y a n a t e . 

There is a number of salts whose const i tut ion is u n k n o w n ; there are several possible 
explanat ions . I n some cases the results h a v e n o t been checked u p under t h e guidance 
of the theory. T h e theory would h a v e made the invest igators ex tra critical in t h e case 
of indecisive results. There are t h e oxy-sa l t s of Q-. Ki inze l , ' namely , C o 4 ( N H 8 ) 8 0 0 ( N 0 8 ) i o . 
and Co8(NHa)8O(S8Oa)8 ; E . Fremy's Co 3 (NH 3 ) 2 0 8 C l 8 . 5 H a O ; S. P . L . Sorensen's 
C o a O ( N H 8 ) 4 ( C 2 0 4 ) 8 . 2 H 8 0 , a n d Co 4 O 8 (NH 8 ) 0 (C 2 O 4 ) 3 .10H a O ; and A . Werner's ozo-trimido-
ftaUa, rCo 4 (O 2 ) g (NH) s (NH 8 ) , 0 ] (NO,) j , a n d wi th Cl or Br in place of t h e nitrate-radicle ; 
A . Werner and R . Feenstra's imido-compound*, Co 8 (NH 3 )„py 8 (NH)Cl 4 , and t h e correspond­
ing iodide, as well as A . Werner a n d F . Steinitzer's Co 8 (NH 8 J 8 (NH)Br 4 , as well a s t h e 
corresponding iodide. E . Fremy, C. D . Braun, and Q. V o r t m a n n reported the cbbaUic 
fusco-eaUa, Co 2 (NH 3 J 8 (OH) 1 (NO,) , ; C o 8 ( N H 3 ) e ( O H ) 8 ( N 0 3 ) 4 . 2 H 8 0 ; Co 8 (NH 8 ) 8 (OH) 8 Cl 4 . 
2 H 8 O ; C o ^ N H ^ O H ^ S O J a . S H a O ; Co 2 (NH 8 ) , (SO 4 ) , . 6H 8 O ; 0 0 , ( N H a ) 6 ( O H ) 1 ( C A 1 ) . 
3H 8 O ; and the C o a ( N H 8 ) 8 ( 8 0 8 ) 8 . 5 H 8 0 , a n d C o 8 ( N H 8 ) 5 ( S 0 8 ) 8 . 7 H 8 0 of K . A . H o f m a n n a n d 
S. Reinsch. There are K . A . Hofmann's aulpho-salts a n d thiocarboncUes ; Co8(CSa)8S(NHa)8 . 
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2 H 8 O ; C o 2 ( C S j ) 1 S 1 ( N H a ) 6 ; C o a ( C S s ) a S a ( N H a ) 5 . H a O ; a n d C o l l ( C S , ) 8 S ( N H 8 ) 1 ( C H , . C O O H ) . 
4 H 1 O . T h e fo l lowing mixed salt a w e r e r e p o r t e d b y G. V o r t m a n n a n d O- B l a s b e r g , 
o r b y G . V o r t m a n n a n d G . M a g d e b u r g : C o ( N H , ) 4 C l a I . H . O ; C o ( N H a ) 4 ( S O , ) C 1 . 2 H . O ; 
C o ( N H a ) 4 ( S O 4 ) B r ; Co(3STH.)4( S O 4 ) I ; a n d C o ( N H 8 ) 4 ( ] S r 0 3 ) I . H 2 0 . J . B e a t o a n d M . d e los 
3D. B r u g g e r o b t a i n e d c o m p l e x e s w i t h t h e c o b a l t i c ch lo r ide a n d c y c l i c a m i n e s — d i m e t h y l -
glyoacime a s s o c i a t e d w i t h a n i l i n e , o r o- o r £>-toluidine. S imi l a r c o m p l e x e s w e r e n o t f o r m e d 
w i t h b e n z a l d i o x i m e o r f o r m a l d i o x i m e i n p l a c e of d i a c e t y l d i o x i m e . 
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§ 18. Cobaltous Bromide 
According to J . B . Ber themot , 1 cobalt a t a dull red-heat unites with bromine to 

form CObaltOUS bromide, CoBr2, which fuses and is partially decomposed a t a 

oba.lt
idoxa.la.ter
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h ighe r t e m p . F.-Ducel l iez a n d A. R a y n a u d sa id t h a t t h e a c t i o n of bromine i s pe r ­
cep t ib le a b o v e t h e b . p . I n o r d e r t o pur i fy t h e sa l t , T . W . R i c h a r d s a n d G. P . B a x t e r 
r e c o m m e n d e d sub l iming t h e p r o d u c t i n a m i x t u r e of h y d r o g e n b r o m i d e , a n d 
C. F . R a m m e l s b e r g , a n d W . N . H a r t l e y sa id t h a t t h e h y d r a t e s p a s s i n t o t h e a n h y d r o u s 
sa l t w h e n h e a t e d t o 130°. J . Nick les obse rved t h a t coba l t is on ly s l igh t ly a t t a c k e d b y 
a soln. of b r o m i n e in e t h e r ; a n d F . Ducel l iez a n d A. R a y n a u d obse rved t h a t t h e sa l t 
C o B r 2 . 2 ( C 2 H 6 ) 2 0 is formed, a n d w h e n h e a t e d , t h e e t h e r is g iven off, a n d a n h y d r o u s 
c o b a l t o u s b r o m i d e r e m a i n s . F . B o u r i o n h e a t e d coba l t ox ide i n a c u r r e n t of 
h y d r o g e n b r o m i d e m i x e d w i t h a l i t t l e s u l p h u r monoch lo r ide a s i n t h e case of t h e 
c o r r e s p o n d i n g n icke l sa l t . B l a c k coba l t ox ide w a s found b y M. B a r r e t o b e a t t a c k e d 
a t o r d i n a r y t e m p , b y s u l p h u r m o n o b r o m i d e ; t h e r eac t ion is r a p i d a t 350° ; a n d 
a t 700°, t h e p r o d u c t sub l imes a s a p r o d u c t of a h i g h degree of p u r i t y — a t 500° , 
5 g r m s . of ox ide were c o n v e r t e d i n t o t h e b r o m i d e in 1 h o u r . G. C r u t found t h a t 
d r y h y d r o g e n b r o m i d e c o n v e r t s a n h y d r o u s c o b a l t ch lor ide i n t o b r o m i d e a t 500° ; 
a n d A. G r u n a n d E . Boedecke r o b t a i n e d t h e a n h y d r o u s b r o m i d e b y h e a t i n g t h e 
c o m p l e x w i t h p i n a c o n e over 100°. Accord ing t o W . N . H a r t l e y , I . Gua resch i , a n d 
G. TJ. C la rk a n d H . K . B u c k n e r , t h e f o r m a t i o n of t h e a n h y d r o u s b r o m i d e f rom t h e 
h y d r a t e p roceeds v e r y s lowly in v a c u o over cone , su lphur i c ac id a t o r d i n a r y t e m p . 
W . Bi l t z a n d B . F e t k e n h e u e r r e c o m m e n d e d d r y i n g t h e h e x a h y d r a t e in a des i cca to r 
ove r caus t i c a lka l i for some h o u r s , t h e n w a r m i n g i t t o 40°, a n d finally d e h y d r a t i n g 
t h e sa l t a t 140° t o 160°. T h e rise of t e m p , m u s t be slow t o avo id m e l t i n g t h e sa l t . 
W . N . H a r t l e y , a n d A. H a n t z s c h a n d F . Schlegel r e c o m m e n d e d h e a t i n g t h e h y d r a t e 
t o 130° ; a n d I . Guaresch i , t o 100°. A. F e r r a r i a n d F . Giorgi h e a t e d t h e h y d r a t e 
in a c u r r e n t of h y d r o g e n b r o m i d e t o avo id t h e fo rma t ion of a bas ic sa l t . 

J . B . B e r t h e m o t o b t a i n e d a soln. of coba l t b r o m i d e b y t h e ac t ion of a boi l ing 
m i x t u r e of w a t e r a n d b r o m i n e on c o b a l t ; C. F . R a m m e l s b e r g a d d e d t h a t t h e 
ac t i on is acce le ra ted b y c o n t a c t w i t h p l a t i n u m . W . N . H a r t l e y t r e a t e d for a w e e k 
a t o r d i n a r y t e m p , a m i x t u r e of b r o m i n e w i t h a l i t t le w a t e r , a n d e v a p o r a t e d t h e 
soln. in v a c u o over su lphur i c ac id . T h e aq . soln. w a s also o b t a i n e d b y J . B . . B e r t h e ­
m o t b y dissolving c o b a l t o u s h y d r o x i d e in h y d r o b r o m i c ac id ; a n d b y G. L . C la rk 
a n d H . K . B u c k n e r , b y dissolving t h e c a r b o n a t e i n h y d r o b r o m i c ac id of sp . gr . 1*49. 
T h e e v a p o r a t i o n of t h e a q . soln. furn ishes pu rp l e - r ed or rose-red , p r i s m a t i c c r y s t a l s 
of t h e hexahydrate, C o B r 2 . 6 H 2 O , wh ich , a c c o r d i n g t o W . N . H a r t l e y , a t 100°, f o rms t h e 
redd ish-v io le t dihydrate, C o B r 2 . 2 H 2 O . I . Gua re sch i sa id t h a t severa l i n t e r m e d i a t e 
h y d r a t e s a r e fo rmed b y h e a t i n g t h e h e x a h y d r a t e . in d r y a i r . A. H a n t z s c h a n d 
F . Schlegel , a n d I . Guaresch i o b t a i n e d t h e d i h y d r a t e b y k e e p i n g t h e h e x a h y d r a t e 
in v a c u o ove r su lphur i c ac id or p h o s p h o r u s p e n t ox ide a t o r d i n a r y t e m p . G. L . Clark* 
a n d H . K . B u c k n e r sa id t h a t al l t h e w a t e r is a b s t r a c t e d if t h e h e x a h y d r a t e be k e p t 
i n v a c u o over su lphur i c ac id . I . Guaresch i obse rved t h a t t h e d i h y d r a t e p a s s e s 
i n t o t h e b lue monohydrate, CoCl 2 .H 2 O, a t 80° ; a n d A. H a n t z s c h a n d F . Schlegel , 
a t 90° . I . Guaresch i a d d e d t h a t rose-coloured hemihenahydrate, C o B r 2 . 5 £ H 2 0 ; 
p i n k pentahydrate, C o B r 2 . 5 H 2 O ; redd i sh-v io le t tetrahydrate, C o B r 2 . 4 H 2 0 ; a n d 
t h e hemihydrate, C o B r 2 - ^ H 2 O , a re fo rmed d u r i n g t h e d e h y d r a t i o n of t h e h e x a ­
h y d r a t e , b u t i t i s v e r y d o u b t f u l if t h e s e al leged h y d r a t e s a r e chemica l i n d i v i d u a l s . 
A. H a n t z s c h a n d H . Car l sohn d iscussed t h e n a t u r e of t h i s sa l t . 

Phys i ca l proper t i e s .—The a n h y d r o u s b r o m i d e , left on d e h y d r a t i n g t h e h y d r a t e , 
is a b r i g h t g reen p o w d e r ; a n d t h e sub l imed b r o m i d e a p p e a r s i n g reen , t a b u l a r 
c rys ta l s . T h e h e x a h y d r a t e fu rn i shes rose- red c r y s t a l s ; t h e d i h y d r a t e f o r m s a 
purp le -b lue m a s s ; a n d t h e m o n o h y d r a t e , a b lue , h y d r o g r o p i c m a s s . A . F e r r a r i 
a n d F . Giorgi f ound t h a t t h e X - r a d i o g r a m s i n d i c a t e d t h a t t h e space - l a t t i c e is of t h e 
c a d m i u m iodide t y p e . T h e space - l a t t i c e of t h e h e x a g o n a l c r y s t a l s h a s a—3-685 A. , 
c=r-6-120 A., a n d a : c—1 : 1*66. T h e co r r e spond ing c a l c u l a t e d s p . gr . i s 5*072. 
G. L.. Clark a n d H . K . B u c k n e r o b s e r v e d 4*91 for t h e sp . gr . of t h e a n h y d r o u s sa l t . 
T . W . R icha rds a n d G. P . B a x t e r g a v e 4-909 a t 25°/4° ; a n d W . B i l t z a n d E . B i r k , 
4-849 a t 25°/4° ; G. L . C la rk a n d H . K . B u c k n e r g a v e 2-46 for t h e s p . gr . of t h e 
h e x a h y d r a t e a t 25°/4°. A . H e y d w e i l l e r g a v e for t h e s p . g r . of a q . so ln . , a t 18° : 
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4JV- 3iV- 2iV- iV- 0-5iV- 0-2JV- OliV-

Sp. gr. . 1-3278 1-2474 1-1661 1-0837 1-04213 1-O170 0-00849 
A . . 33-22 41-3 51-3 63-8 72-8 81-7 87-7 

W . Bi l tz and E . Birk gave 45-12 for the mol. vol. of the anhydrous salt. W. Bi l tz , 
I . I . Sas lawsky, F . Ephraim, and F . Ephraim and O. Schiitz discussed the mol. vol . , 
and t h e contract ion which a t t ends the formation of the salt from its e lements ; 
and G. JLi. Clark and H . K. Buckner noted t h a t there is a 18-58 per cent, contraction 
in forming the hexahydrate : C o B r 2 4 - 6 H 2 O = C o B r 2 . 6 H 2 O . XJ. Panichi discussed 
the relation between the at . vol . of t h e contained e lements and the sp. gr. of cobalt 
bromide. D . Isaachsen observed t h a t the lowering of the f.p. of water, and the 
raising of the b.p. of water suggested that in aq. soln. cobalt bromide is present in 
the form of CoBr 2 -mols . ; A. Werner came t o a similar conclusion with respect 
t o the b.p. of pyridine soln. ; and E . Beckmann , w i th respect t o the b.p. of*quinoline 
soln. 

G. D e v o t o and A. Guzzi gave 678° for t h e m.p. of the anhydrous bromide in 
nitrogen ; and A. Ferrari and F . Giorgi, 687° for the m.p. in hydrogen bromide. 
According to I. Guareschi, the hexahydrate mel t s at 49° t o a blue l iquid ; and 
W . N . Hart ley gave 47° t o 48° for the m.p. , and added t h a t a t 100°, the deep blue 
l iquid g ives off water t o form the dihydrate , and at 130°, the anhydrous salt. 
D . Isaachsen measured t h e lowering of t h e f .p. , and the raising of the b.p. of aq. 
soln. , and the results agree w i th the formation of three ions : CoBr 2 ^Co*-+-2Br' . 
K. Jel l inek and R. Ulroth gave for the dissociation press. ^ B r 2 - 4 - 0 7 X 1 O - 1 0 a t 
5 0 0 ° ; 8-71XlO-O a t 5 7 5 ° ; and l - 4 1 x l O ~ 7 a t 650°. W. Bi l tz and E . Birk, and 
H . Fesefeldt noted tha t the salt sublimes when heated in vacuo . G. Crut gave for 
t h e heat of formation of the anhydrous bromide from gaseous bromine, (Co,Br2) 
= 6 3 - 8 CaIs. ; J . Thomsen gave (Co,Br2 ,Aq.) = 7 2 - 9 4 CaIs. ; M. Berthelot , 
(Co,Br2 ,Aq.) = l3*4 CaIs. wi th l iquid bromine, and 80-8 CaIs. wi th gaseous bromine. 
G. Crut gave 18-4 CaIs. for t h e heat of soln. of the anhydrous salt in water, and 
—1*28 CaIs. for the hexahydrate . G. D e v o t o and A. Guzzi calculated 28,94O CaIs. 
for the free energy of formation of the mol ten salt. The subject was discussed b y 
F . Ephraim. 

R. W . Roberts measured t h e indices of refraction of soln. w i t h 0-1IO grm. of 
CoBr 2 per c.c. of soln. (sp. gr. l-lOO), for l ight of wave- length A, and found 1-352O 
for A=589-3m/x, and 1*3704 for A=353«5m^c. G. Limann made observations on 
the subject . A. Heydwei l ler measured the dispersion of the soln. ; and G. L imann 
gave 26-03 for the mol . refraction for the ZMine wi th the yu,2-formula. H. Fese­
feldt measured the absorption spectrum of th in films of anhydrous cobalt bromide, 
and observed bands between 25O and 300m/x. R. W . Roberts measured the 
magnet ic rotat ion of the plane of polarized l ight and found it to be posit ive 
l ike t h a t of t h e chloride. The colour, and absorption spectrum were studied 
b y W . R. Brode, W. R. Brode and R. A. Morton, F. L. Cooper, G. Deniges , 
R. A. Hous toun and co-workers, R. J . Macwalter and S. Barratt, and H. C. Jones 
and co-workers. 

A. Heydwei l ler 's values for the eq. electrical conduct iv i ty of aq. soln. of an 
eq. of the salt , in v l itres of water , a t 18°, are indicated above. W. Althammer 
found for the mol . conduct iv i ty of soln. w i th a mol . of the salt, in v litres, at 25° : 

t* • 
L . G. Wins ton and H 

v 

!

0° 
25° 
36° 

!

o° 
25° 
35° 

• 20 
99-5 

80 
H O O 

3!. C. Jones' values are : 
4 
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196-3O 

7 O O 
66-7 
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193-09 
233-04 

84-1 
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80-5 
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115-88 
2 1 4 0 2 
259-91 

92-3 
90-4 
89-8 

320 
118-6 
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120-80 
231-56 
281-16 

96-3 
97-8 
97-2 

128O 
124-O 

2048 
124-OO 
234-28 
283-65 

98-8 
98*9 
97-7 

512O 
127-4 

2096 
125-45 
236-78 
289-34 

IOOO 
lOO-O 
IOOO 
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T h e va lues for t h e p e r c e n t a g e ion iza t ions , ct, were ca lcu la ted f rom t h e c o n d u c t i v i t y 
d a t a . Obse rva t i ons were also m a d e b y H . C. J o n e s a n d A. P . W e s t , a n d H . C. J o n e s 
a n d W . W . S t r o n g . A . Heydwe i l l e r g a v e for t h e l imi t ing va lue a t inf ini te d i lu t ion 
A = I I l a t 18° ; G. Bred ig , 129-7 a t 25° ; a n d W . A l t h a m m e r , 128-9 a t 25° . T h e 
effect of t e m p , w a s d iscussed b y L . G. W i n s t o n a n d H . C. J o n e s , H . C. J o n e s a n d 
A . P . W e s t , J . H a m a c h e r , a n d I ) . I s a a c h s e n . W . A l t h a m m e r ca l cu l a t ed t h e degree 
of hydro lys i s of soln. w i t h 0*05 a n d 0*01 m o l p e r l i t re t o b e respec t ive ly O* 15 a n d 
0-62, a t 25°. W . A l t h a m m e r f o u n d t h e t r a n s p o r t n u m b e r of t h e a n i o n i n soln . 
w i t h a mol . of t h e sa l t in v l i t res , a t 18° : 0-6088 for t*=52-41 , a n d 0-6045 for 
V=197-6 ; a n d for t h e ca t ion , w i t h soln. c o n t a i n i n g C mol of t h e sa l t p e r l i t r e , 
a t 25° : 

C . . . 0-090 0-450 1-345 3 1 0 6 4-731 5-554 
•n . . . 0-409 0-413 0-34O 0-215 0-005 — 0-444 

n is c o n s t a n t in dil . soln., a n d t h e decrease w h i c h occurs w i t h inc reas ing concen­
t r a t i o n is a t t r i b u t e d t o t h e f o r m a t i o n of c o m p l e x sa l t s . P . B . D a v i s a n d co-workers 
m e a s u r e d t h e c o n d u c t i v i t y of soln. i n f o r m a m i d e . 

G. D e v o t o a n d A. Guzzi f ound t h e decompos i t i on p o t e n t i a l of fused c o b a l t 
b r o m i d e t o be 0-680 vo l t a t 700°, 0-534 vo l t a t 800° , a n d 0-398 v o l t a t 900° . 
W . A l t h a m m e r g a v e for t h e e.m.f. of t h e cell ( p t ) H 2 | C o B r 2 | K C l ^ t . soln., I 0-12V-KC1, 
H g 2 C l 2 I H g , 0-576 a n d 0-578 vo l t , respec t ive ly , for soln. of c o b a l t b r o m i d e w i t h 
0-05 a n d 0-01 m o l "per l i t re . G. T a m m a n n a n d H . O. von S a m s o n - H i m m e l s j e r n a 
s t u d i e d t h e p o t e n t i a l of coba l t in soln. of t h e b r o m i d e ; a n d H . N . H o l m e s , t h e 
e lec t ros tenolys is of soln. of t h e sa l t . 

W . K l e m m a n d W . Sch i i th found t h a t t h e m a g n e t i c suscept ib i l i t i es of c o b a l t o u s 
b r o m i d e a t 91° K . , 195° K. , 293° K . , a n d 513° K. , were , r e spec t ive ly , x X 1 0 « = 1 8 7 , 
93-4, 61*0, a n d 32-0. A. Qua r t a ro l i f ound t h a t cone . aq . soln. of coba l t b r o m i d e 
a re p a r a m a g n e t i c , a n d t h a t w i t h di l . soln., t h e d i a m a g n e t i c p r o p e r t i e s of t h e w a t e r 
d o m i n a t e w i t h c o n c e n t r a t i o n s be low 3-81 g r m s . of c o b a l t p e r l i t r e . O. L i e b k n e c h t 
a n d A. P . Wil ls g a v e 47-3x10— 6 m a s s u n i t for t h e m a g n e t i c suscep t ib i l i t y of a soln . 
a t 18°. C. F a l k e n b e r g a n d R . O p p e r m a n n , a n d R . O p p e r m a n n s t u d i e d t h e s u b j e c t . 

Chemical propert ies .—For t h e r e d u c t i o n of coba l t b r o m i d e b y hydrogen , vide 
supra, coba l t . F . de Carli c o m p a r e d t h e resu l t s w i t h t h o s e of o t h e r m e t a l ha l ides . 
G. C r u t obse rved t h a t t h e r e d u c t i o n of coba l t b r o m i d e b y h y d r o g e n is a revers ib le 
process : C o B r 2 - | - H 2 r ^ 2 H B r - f - C o , a n d t h e equ i l i b r ium c o n s t a n t , K—piinriPTiz* 
w a s found b y K . Je l l inek a n d R . U l r o t h t o be 0-19O a t 500°, 0-485 a t 575°, a n d 1-35 
a t 650°. G. Cru t obse rved t h e press . , p m m . , of t h e gas p h a s e , a n d t h e vol . p e r cen t , 
of H B r , in t h e gas p h a s e t o be : 

445° 570° 
, . A N t /> ^ 

P . . . 656-1 333-5 145-5 706 483-3 243-5 
H B r . . 8-7 1 3 1 3 18-16 50-9 58-9 71-7 

T h e c h e m i c a l c o n s t a n t of t h e r e a c t i o n is 11-87, a n d t h e h e a t of t h e r e a c t i o n is 39-2 
CaIs. a t 15°. I . Guaresch i , a n d M. B a r r e sa id t h a t on expos ing a n h y d r o u s c o b a l t 
b r o m i d e t o air, t h e d i h y d r a t e is fo rmed, a n d C. F . R a m m e l s b e r g , a n d T . W . R i c h a r d s 
a n d G. P . B a x t e r , t h a t w i t h a p ro longed exposu re , t h e h e x a h y d r a t e is f o rmed . 
J . B . B e r t h e m o t , a n d C. F . R a m m e l s b e r g also sa id t h a t t h e h e x a h y d r a t e de l iquesces 
in a i r , fo rming a r e d l iqu id , b u t i n d r y air , efflorescence occurs . I . Gua re sch i , a n d 
H . Schulze showed t h a t w h e n h e a t e d in air , coba l t b r o m i d e g ives off b r o m i n e , a n d 
fo rms t h e oxide . T . W . R i c h a r d s a n d G. P . B a x t e r obse rved t h a t w h e n h e a t e d 
i n o x y g e n , coba l t b r o m i d e is m o r e read i ly a t t a c k e d t h a n is t h e case w i t h n i cke l 
b romide ; a n d s imi la r ly w i t h w a t e r v a p o u r . J . B . B e r t h e m o t , a n d T . W . R i c h a r d s 
a n d G. P . B a x t e r obse rved t h a t t h e sa l t is r ead i ly d issolved b y cold w a t e r . A . IStard 
gave for t h e p e r c e n t a g e s o l u b i l i t y : 66-7 a t 59°, 66-8 a t 75° , a n d 68-1 a t 97° . 
P . J o b s tud ied t h e c o n s t i t u t i o n of hydrobromic ac id soln. of t h e b r o m i d e , a n d 
ob t a ined ind ica t ions of t h e ions C o B r + , a n d CoBr 3 " . C. Duf ra i se a n d I>. N a k a e 
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studied the catalytic effect on the oxidation of soln. of sodium sulphite ; 
A. Hantzsch and H . Carlsohn, the reaction -with dil. sulphuric acid ; and 
P . Walden, the solubility of the salt in chlOTOSulphonic acid. 

C F . Rammelsberg showed t h a t d ry cobaltous bromide absorbs dry a m m o n i a , 
becoming first red, and then forming brownish-red cobaltous liA'g«.iTHTiiTiftl>mi»iifl̂ > 
CoBr2-BNH3. The salt was also prepared by F . Ephraim in this manner . 
C. F . R am me] s berg added t h a t the complex salt loses ammonia when it is heated ; 
with water i t forms green flecks of bromiferous hydroxide, and a brown ammoniacal 
liquid. W. BiItz and B . Fetkenheuer obtained it by treating a hot, cone , aq. soln. 
of the bromide with cone. aq. ammonia unti l t he precipitate passes into soln., then 
adding air-free alcohol until a turbid i ty appears, and then cooling. The precipi­
t a t ed hexammine can be washed with alcohol. A. Naumann and J . Rill obtained 
the hexammine, in rose-red crystals, by passing ammonia gas into a soln. of 
cobaltous bromide in methyl acetate. W. Biltz observed no evidence of the 
formation of a decammine, analogous to the cobaltous decamminochloride (q.v.), 
which is formed a t approximately —78°. W. Biltz and "E. Birk gave 10*42 A. for 
the lattice parameter (vide supra, the chloride) ; and G. B . Naess and O. Hassel, 
a=10*39 A., and 4*50 A. for the distance between the Co and Br atoms. The 
sp. gr. of the rose-red crystals of the hexammines prepared by the wet process, 
was found by W. Biltz and B . Birk to be 1-871 a t 25°/4°, and the mol. vol. 171-6 ; 
they gave 1-879 for the sp. gr. of the salt prepared by the dry process ; and 
G. I J . Clarke and H . K. Buckner gave 1*955. The mol. vol. of the contained 
ammonia was discussed by W. Biltz. The dissociation temp, for ^p=IOO mm. 
was found by W. Biltz and G. F . Hiit t ig to be 121° ; and F . Ephra im found the 
dissociation press., p mm., a t different temp, to be : 

104° 121*5° 142° 159-5° 170-5° 175° 176-5° 
p . . 7 4 110 207 405 59O 684 728 

The results are plotted in Fig. 113. Observations were also made by W. Peters . 
W. Biltz and B . Fetkenheuer obtained rather larger values than did F . Ephra im ; 
a t 136*8°, they observed JO—20O mm. in place of 
F . Ephra im's 177 mm. W. Biltz and B . Fetken­
heuer found i t melts with decomposition a t 258°. 
The heat of formation from cobaltous bromide and 
ammonia was found by W. Biltz and co-workers to 
be 16*19 CaIs. per mol. of N H 3 ; and from CoBr9. 
2NH 3 , 14 CaIs. per mol. of N H 3 . G. Beck gave F i a * 113.—Dissociation Pres-
i B f t « , x. . . - L - L J. e if A- mL i - J. s u r e o f t h e C o b a l t o u s A m -

452 CaIs. for the heat of formation. The subject minobroinides. 
was discussed by G. Li. Clark, and W. Hieber and 
E . Levy. W. R. Brode and R. A. Morton examined the spectra of soln. of cobalt 
bromide in hydrobromic acid. 

A. Naumann and J . B. Kammerer observed t h a t if ammonia be passed into a 
half-sat. soln. of cobaltous bromide in benzonitrile, the blue precipitate which is 
formed tu rns rose-red, and i ts composition corresponds -with cobaltous tetrammino-
bromide, CoBr2 .4NH3 . I t is soluble in dil. acids, bu t only attacked with difficulty 
by cone, hydrochloric and nitric acids. The thermal dissociation of the hexammine 
gives no evidence of the formation of the tetrammine, since the reaction can be 
symbolized, C o B r 2 . 6 N H 3 ^ C o B r 2 . 2 N H 3 + 4 N H 3 . W. Biltz and B. Fetkenheuer ob­
served t h a t t he hexammine passes into cobaltous diamminobromide, CoBr2 .2NH3 , 
a t 136°. A. Naumann and J . Rill prepared a diammine by heating the hexammine 
to 120°, and, as in the case of the /3-diammiiiochloride (q.v.), the product is called 
stable or a-/or»», or the eis-form, t he other bluish-violet variety is the unstable or 
P-form. or the trans-form. W. Biltz, and W. Biltz and B. Fetkenheuer observed 
t h a t there is complete series of solid soln. between the hexammine and the 
diammine, as in t he analogous case of the amminochlorides (q.v.). The dissociation 
press, of the diammine is 0-43 mm. a t 152*4° ; 0*695 mm. a t 160*5° ; 2 0 4 mm-

0° 100° 200° 300° 400° 
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a t 181-8° ; and 1OO mm. a t 279°—vide Fig. 113. W. Hieber and E . Levy studied 
the energy of formation of t he d iammine ; and W. Klemm and W. Schiith, t h e 
magnetic susceptibilities. The diammine dissociates t o furnish CObaltous 
monamminobromide, CoBr2 ,NH3 . The heat of formation of the diammine is 
20-58 CaIs. per mol. of N H 3 . The m.p. is 260°. W. Biltz and B . Fetkenheuer 
obtained the monammine by heating the diammine to 181 «8°, or, according to 
G. L. Clark and H . K. Buckner, by heating a mixture of the theoretical propor­
tions of cobaltous bromide and its hexammine, in a sealed tube, a t 230°. W. Biltz, 
and W. Biltz and B. Fetkenheuer observed t h a t a t 161-4°, 181-8°, 188-6°, and 208-4° 
the respective dissociation press, are : 0-29, 0-99, 1-22, and 3-46 mm., and a t 297°, 
IOO mm.—vide Fig. 113. The product of the dissociation is anhydrous cobaltous 
bromide. According to W. Biltz and co-workers, the heat of formation of the 
monammine is 21-1 CaIs. 

H . Franzen and O. von Mayer prepared cobaltous dihydraaanodibromide, 
CoBr2 .2N2H4 , by shaking 5 grms. of cobaltic bromopentamminobromide with 50 c.c. 
of a 50 per cent. soln. of hydrazine hydra te . When the evolution of ammonia has 
ceased, the mixture is heated on a water-bath, and on cooling, the salt is deposited 
as a violet powder. The salt is decomposed by boiling water ; and when heated in 
a current of carbon dioxide, the hydrazine is expelled. W. Hieber and co-workers 
studied the energy of formation. A. Ferrat ini reported t h a t cobaltous hemipent-
amminodibromide, CoBr 2 .2N 2H 4 .^N 2H 4 , is formed by aq. soln. of the components, 
and boiling the product with 94 per cent, alcohol. The dark violet powder melts 
between 200° and 213° ; i t is readily soluble in water ; and decomposed by alcohol. 
P . Walden observed t h a t cobaltous bromide is very sparingly soluble in arsenic 
tribromide ; B . A. Isbekoff and W. Plotnikoff found t h a t i t forms a homogeneous, 
bluish-green mass with molten aluminium bromide, and t h a t the sp. conductivity 
of the soln. a t 150° is 0-0008 mho. 

I . Guareschi noted t h a t cobalt bromide is slightly soluble in dry chloroform ; 
and t ha t i t is soluble in methyl alcohol ; and E . Lloyd and co-workers gave for t h e 
solubility, /S grm. of CoBr2 per gram of methyl alcohol : 

20° 30° 35° 40° 50° 60° 70° 80° 
S . . 0-430 0-586 0-800 1-248 1-410 1-531 1-690 1-906 

* w "- ^ - ^ v ' 
CoBra.0CH3OH CoBr„.3CH8OH CoBr2.2CH3OH 

Observations of the complex CoBr2 .6CH3OH were made by A. Hantzsch and 
F . Schlegel ; E . Lloyd and co-workers found the part ia l press, a t 10°, 20°, and 3O 
to be, respectively, 14-4, 31-O, and 64-1 mm. E . Lloyd and co-workers found the 
part ial press, of the complex CoBr2 .3CH3OH to be 17 mm. a t 20°, and of t h e 
complex CoBr2 .2CH3OH, 10 mm. The lat ter complex was also studied by 
A. Hantzsch and F . Schlegel. The colour and absorption spectrum of the soln. were 
studied by F . L. Cooper, A. Hantzsch, and H . C. Jones and J . A. Anderson ; and 
the mol. conductivi ty by H. R. Kreider and H. C. Jones . E . Lloyd and co-workers 
found the solubility, S grm. of CoBr2 per gram of ethyl alcohol, to be : 

10° 20° 30° 40° 50° 60° 65° 70° 80° 
,S . . 0-706 0-771 0-849 0-959 1-050 1-208 1-271 1-294 

< w * w _ * 
CoBrg.3CaH,OH CoBr8.2C,H4OH 

The partial pressure of CoBr2 .3C2H6OH is 1-51, 10-5, and 50-6 mm. , respectively, 
a t 10°, 30°, and 50° ; and 2 mm. a t 20° for CoBr2 .2C2HBOH. A. Hantzsch and 
F . Schlegel obtained CoBr2 .2C2H5OH by concentrating t he alcoholic soln., over 
phosphorus pentoxide. The colour and absorption spectrum of t he soln. werewarfcuttied 
by W. K. Brode, F . L. Cooper, R. A. Houstoun and A. R. Brown, R. A. Houstoun 
a n d A. II . Gray, and H . C. Jones and J . A. Anderson ; t he mol. conductivity, by 
H . R. Kreider and H . C. Jones ; and the t ranspor t number , by H . G. Denham. 
Alcoholic sulphuric acid was found by A. Hantzsch and H . Carlsohn immediately t o 
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decompose the alcoholic soln. of cobalt bromide. A. Hantzsch discussed the colour 
of the soln. in amyl alcohol ; and A. Hantzsch and F . Schlegel, the colour of soln. 
in benzyl alcohol, and also t h e formation of a complex salt. A. Hantzsch discussed 
the colour of soln. in ethylene glycol ; and A. Griin and E . Boedecker observed the 
formation of the complex salts, CoBr2-SC2H4(OH)2, and CoBr2 .2C2H4(OH)2 . A. Griin 
and E . Boedecker also observed a complex salt is formed with pinacone, CoBr2. 
3C 6 H 1 2 (OH) 2 .2H 2 0. A. Hantzsch found t h a t glycerol forms a rose-red soln. 
a t ordinary temp. ; H . C. Jones and W. W. Strong studied the absorption spectrum ; 
and H . C. Jones and J . S. Guy, the mol. conductivity. P . Walden measured the 
conductivity of soln. in acetaldehyde, and in benzaldehyde. C. Dufraisse and 
D. Nakae studied the catalytic action of cobalt bromide on the oxidation 
of acraldehyde, phenylaldehyde, turfuraldehyde, styrene, and turpentine. 
I . Guareschi noted the solubility of the bromide in methylethylketone. A. Hantzsch 
studied the colour of soln. of cobalt bromide in ether ; and F . Ducelliez and A. Ray­
naud, the complex CoBr2 . (C2H5)20. W. Eidmann, A. Hantzsch and H . Carlsohn, 
A. Naumann, and I. Guareschi studied the colour of soln. in acetone. The solubility, 
S grm. of CoBr2 per gram of acetone, was found by W. R. G. Bell and co-workers 
to be : 

()° 10° 15° 30° 40° 
S . . 0-541 0-543 0-650 0-696 0-924 

when the solid phase is CoBr2 .C3H6O, the part ial press, a t 10°, 20°, and 30° are, 
respectively, 4*0, 11*7, and 25-2 mm. I . Guareschi studied the complex with 
acetophenone, namely, CoBr2.CH3.CO.C6H5. 

I . Guareschi found t h a t the bromide forms a bluish-violet soln. with formic 
acid, and P . Walden measured the conductivity of soln. in acetic anhydride. Accord­
ing to A. Naumann, one gram of cobalt bromide dissolves in 9-74 grms. of methyl 
acetate, a t 18°, to form a soln. of sp. gr. 1-013 a t 18°/4° ; and the salt is sparingly 
soluble in ethyl acetate—A. Hantzsch studied the absorption spectrum of the soln. ; 
and J . Schroder and H. Steiner, the raising of the b.p. A. Naumann and J . Rill 
said t h a t hydrogen sulphide produces a slight turbidi ty with the soln., and 
ammonium sulphide precipitates cobalt sulphide quanti tat ively. P . Walden 
measured the conductivity of soln. in cyanoacetic ether, in methyl thiocyanate, 
and in dimethyl malonate. R. Fosse studied the complex formed with dinaphtho-
pyryliumbromide. 

P . Walden said t h a t cold soln. of cobalt bromide in formamide are red, and t h a t 
hot soln. are blue ; I . Guareschi said t h a t both hot and cold soln. are blue. 
P . B. Davis and co-workers measured the viscosity, mol. conductivity, and the 
degree of ionization of soln. a t different temp. When the soln. is heated with 
mercuric chloride, mercury and anhydrous cobalt chloride are formed. A. Nau­
mann observed t h a t warm acetonitrile dissolves cobalt bromide, and A. Hantzsch 
obtained a complex, CoBr2.2CH3CN, from a soln. of cobalt bromide in warm aceto­
nitrile ; P . Walden noted the electrical conductivity of the soln. A. Hantzsch ob­
tained a complex with isopropionitrile, or carbylamine. F . Schlegel studied the 
complex with diacetonitrile. A. Naumann and J . B. Kammerer observed t ha t 
cobalt bromide readily dissolves in benzonitrile, forming a deep blue soln. which 
furnishes CoBr2 .2C6H6CN, and if air is present, CoBr2 .2C6H5CN.6H20. The 
colour of the soln. becomes red when silver ni trate, mercuric chloride, or cadmium 
iodide is added ; l i thium iodide makes the soln. apple-green ; chlorine produces 
cobalt chloride ; hydrogen sulphide yields a small precipitate ; and ammonium 
sulphide precipitates cobalt sulphide quanti tat ively. Double salts are formed with 
cadmium iodide, and mercuric chloride. 

F . Ephra im and R. Iiinn studied the complex salts with methylamine, 
CoBr 2 .6CH sNH 2 ; and W. Hieber and co-workers studied the stability of the 
complex. Similar remarks apply to the complex with ethylamine. G. Barbieri 
and F. Calzolari, and G. Scagliarini and G. Tartarini investigated the complexes 
formed with hexajnethylenetetramine or urotropin ; J . Moitessier, and W. Hieber 
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and co-workers, the complexes wi th phenylhydrazine ; W. Hieber and co-workers, 
with ethylenediamine ; J . Frejka and L. Zahlova, with diaminobutene ; 
W. Hieber and co-workers, and R. Cernatescu and co-workers, the complex 
with phenylenediamine ; G. Spacu, the complex with benzidine ; and with 
toluidine ;* W. Hieber and co-workers, the formation of a complex with aniline ; 
W. Hieber and F . Leuter t , t he complex with acetaldoxime, wi th benzaldoxime, 
and with acetoxime ; and F . Feigl and H . Rubinstein, the complexes with dimethyl-
glyoxime. A. Werner and W. Schmujlow found t h a t cobaltous bromide is soluble 
in pyridine ; W. R. Brode said t h a t the soln. is rose-red a t ordinary t emp, and 
blue when he*ted. W. R. Brode studied the absorption spectrum, and P . Walden, 
the mol. conductivity ; H . Grossmann, W. Biltz, W. Biltz and B . Fetkenheuer, 
R . Weinland and co-workers, W. Hieber and co-workers, and A. Hantzsch studied 
the complexes formed with pyridine ; E . G. V. Percival and W. Wardlaw, the 
complexes with quinaldine ; and F . Blau, the complexes with dipyridyl. E . Beck-
mann found t h a t cobalt bromide is soluble in quinoline, t he soln. is rose-red a t 
ordinary temp. , and blue when heated. W. R. Brode studied the absorption 
spectrum, and P . Walden, the mol. conductivity. H . Grossmann and F . Hunseler 
studied the complex formed with quinoline ; F . Blau, the complex formed with 
phenanthroline ; and M. R. Menz, the complexes formed with camphidine. 

G. F . Campbell prepared caesium cobaltous tetrabromide, Cs2CoBr4, from soln. 
of the component salts with Cs : C o = I : 1 up to a high proportion of the cobalt 
sa l t ; and caesium cobaltous pentabromide, Cs3CoBr5, from soln. of the component 
salts 'with Cs : C o = 2 : 1 up to 1 : 1 . The bromides resemble the chlorides. 
H . Franzen and H. L. Lucking obtained hydrazonium cobaltous tetrabromide, 
CoBr 2 (N 2 H 4 -HBr) 2 ^H 2 O, by mixing soln. of cobaltous bromide and hydrazine 
bromide. A. Mailhe observed t h a t copper cobaltous tlioxydibromide, 3CuO.CoBr2. 
4H 2O, or, according to A. Werner, Cu 2(OH) 4Cu=(OH 2 . : : Co2 .H2O, is formed in 
green hexagonal plates, by the action of a soln. of cobalt bromide on copper 
hydroxide. H . C. Jones and co-workers measured the f.p., the absorption spectrum, 
and the electrical conductivity of some soln. of calcium and cobalt bromides, and of 
calcium bromide and cobalt chloride. R. Varet found t h a t with mercuric Cobaltous 
bromide, the heat of formation of CoBr2 .2HgBr2 is 3-09 CaIs., and of CoBr2 .HgBr2 , 
2*84 CaIs. F . Calzolari and U. Tagliavini obtained a complex with hexamethylene-
te t ramine. A. Mailhe obtained mercuric cobaltous oxybromide, 6CoO. CoBr2. HgBr 2 . 
20H2O, as a green powder, by the action of a soln. of cobalt bromide on mercuric 
oxide. B . R a y man and K. Preis prepared cobaltous stannic hexabromide, 
CoSnBr6 .10H2O—or, according to G. Spacu and J . Dick, [Co(H 2 0) 6 l [SnBr 6 ] .4H 2 0— 
in yellowish-green, tabular crystals, by treat ing a cone. soln. of a cobaltous salt with 
bromostannic acid. G. Spacu and J . Dick observed complex salts are formed 
"with diethylenediamine piperazine ; with hexamethylenetetramine, or urotropine ; 
with benzidine ; and with pyridine. 
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§ 19. Cobaltic Bromide and its Complex Salts 
T h e p r e p a r a t i o n of cobal t ic b r o m i d e , CoBr 3 , a s a chemica l i n d i v i d u a l h a s n o t 

b e e n ach i eved , y e t , a s i n t h e case of t h e coba l t i c sa l t s genera l ly , i t is r e m a r k a b l e 
-what a n e x t e n s i v e v a r i e t y of s t a b l e coba l t i c sa l t s c a n b e o b t a i n e d 'when t h e c o b a l t 
is a s soc i a t ed w i t h o t h e r r ad ic les , e t c . T h e gene ra l p l a n of desc r ip t ion a d o p t e d i n 
t h e case of t h e c o m p o u n d s of coba l t i c ch lor ide will h e r e b e followed, b u t , s ince 
t h e m o d e s of p r e p a r a t i o n a n d severa l p r o p e r t i e s a r e u s u a l l y s imi la r t o t h o s e of t h e 
c o r r e s p o n d i n g ch lor ides , m a n y de t a i l s c a n b e re fer red b a c k t o coba l t i c a m m i n o -
ch lo r ides . 

The COAQ or Hexammine Family. 

I n 1857, F . A . G e n t h 1 de sc r ibed s o m e p r o p e r t i e s of cobal t ic h e x a m m i n o b r o m i d e , 
[ C o ( N H 3 ) 6 ] B r 3 ; a n d S. M. J o r g e n s e n p r e p a r e d t h i s sa l t b y t h e a c t i o n of h y d r o -
b r o m i c ac id on coba l t i c h e x a m m i n o h y d r o x i d e . W . B i l t z o b t a i n e d t h i s s a l t by> 
a d d i n g h y d r o b r o m i c ac id t o a h o t , ha l f - sa t . soln . of t h e h e x a m m i n o c h l o r i d e . T h e 
r h o m b i c , wine-ye l low c r y s t a l s were a lso p r e p a r e d b y A. B . L a m b a n d A. T . L a r s o n . 
G. B o d t k e r - N a e s s a n d O. H a s s e l s t u d i e d t h e l a t t i c e s t r u c t u r e . W . B i l t z a n d 
E . B i r k g a v e 2-34O for t h e sp . gr . a t 25°/4° , a n d 171-3 for t h e m o l . vo l . , a n d W . B i l t z 
c a l c u l a t e d t h a t t h e mol . vol . of t h e N H 3 - g r o u p s is 18 w h e n t h a t in t h e c o r r e s p o n d i n g 
c o b a l t o u s sa l t is 2 1 . T h e sub j ec t w a s d i scussed b y E . B i r k , R . ELlement, a n d 
F . E p h r a i m a n d O. Schi i tz . W . B i l t z obse rved n o m a r k e d c h a n g e i n t h e h e x a m ­
m i n o b r o m i d e a t 216° . A. G o r d i e n k o , A . N . N i k o l o p u l o s , R . L u t h e r a n d 
A . N . Niko lopu los , a n d J . Li fschi tz a n d E . R o s e n b o h m s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . A . W e r n e r a n d A. Mio la t i obse rved t h a t t h e m o l . c o n d u c t i v i t y , /JL, 
of soln. w i t h a mol of t h e sa l t in v l i t res , a t 25° , is : 

1 2 5 25O 50O IOOO 2 0 0 0 
3 4 3 - 8 3 7 8 0 4 0 1 0 4 2 6 - 9 4 4 2 - 2 

a n d A. B . L a m b a n d V . Y n g v e g a v e for t h e mo l . c o n d u c t i v i t y a n d degree of ioniza­
t i o n , a , of soln. w i t h C mo l s p e r l i t re : 

Oe 2 5 ° 

33-23 6-662 1-336 0-2678 33-23 6-662 1-336 0-2678 • 
174-1 215-3 253-7 272-1 219-1 397-O 461-9 502-5 

58-6 72-5 85-4 91-6 57-6 7 7 1 83-4 90-6 

T h e l imi t ing v a l u e of /u ,=297- l a t 0 ° , a n d 5 5 3 0 a t 25° . P . P a s c a l g a v e for t h e 
m a g n e t i c suscep t ib i l i ty , —0-322 x l 0 ~ 6 m a s s u n i t . E . R o s e n b o h m , L . C. J a c k s o n , 
a n d W . Bi l t z a lso s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e sa l t . P . M o s i m a n n , a n d 
F . E p h r a i m a n d co-workers f o u n d t h a t a t 18°, a s a t . a q . soln . h a s 2-404 g r m s . , o r 
0-04O m o l p e r l i t r e . S. M. J o r g e n s e n o b s e r v e d t h a t soln. of t h e b r o m i d e b e h a v e 
t o w a r d s r e a g e n t s v e r y m u c h l ike t h o s e of t h e ch lo r ide . A c c o r d i n g t o F . E p h r a i m , 
t h e h e x a b r o m i d e i n l i qu id a m m o n i a a t —20° , or in ga seous a m m o n i a a t —21° , f o r m s 
coba l t i c e n n e a m m i n o b r o m i d e , [ C o ( N H 3 ) 6 ] B r 3 . 3 N H 3 , a n d t h i s c o m p o u n d , a t — 3 ° , 
fo rms cobal t ic h e p t a m m i n o b r o m i d e , [ C o ( N H 3 ) 6 ] B r 3 . N H 3 , a n d t h i s , a t 4-5° t o 10° , 
r e t u r n s t o t h e h e x a m m i n e . 

F . Ephra im and co-workers observed t h a t t he hexamminobromide forms -with cad­
mium bromide eadmium cobaltic hexammlnohexabromlde, 2[Co(NH8)8 lBr».3CdBr t .3H tO, in 
yellowish-brown, th in plates which have a sp . gr. of 3-006 a t 26° ; and a mol. vol. of 556-4. 
The sp. gr. of the anhydrous Bait is 2-998 a t 25°, and the mol. vol. , 539*9. F . Ephraim 
and co-workers obtained mereurle cobaltic hexammlnopentabromlde, [Co(NHj)1]Br8-HgBr1, 
in rectangular plates of sp . gr. 3*365 a t 25°, a n d mol. vol. , 226-3 ; t hey also obta ined 
lftAreiirie cobaltic hexammlnoenneabromlde, [Co(NHj)8]Br81SHgBr1 , in pale brown needle*. 
T h e y also reported lead cobaltic hcxamminoheptabromlde, [Co(NS s ) c ]Br».PbBr s , in brown 
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need l e s of s p . g r . 2-762 a t 25° /4° , a n d m o l . vo l . , 2 7 8 — b u t t h e r e is s o m e d o n b t a b o u t 
t h e i n d i v i d u a l i t y of t h i s s u b s t a n c e ; lead cobaltic trlshexammlnotrideeabromide, 
3 [ C o ( N H a ) 6 l B r 3 . 2 P b B r 8 , i n o r a n g e - b r o w n need les ; lead cobaltic hexammlnohenabromide, 
L C o ( N H 3 ) 6 ] B r 3 . 4 P b B r 2 . 2 H 2 O , in ye l low p l a t e s ; a n d bismuth cobaltic hexamminohexabro-
mlde, [ C o ( N H s ) 9 ] B r 3 . B i B r 8 , a s a p a l e ye l low, f locculent p r e c i p i t a t e . 

A ; W e r n e r a n d E . Ber l , a n d E . Ber l p r e p a r e d cobalt ic hexa l iydroxy lamine-
bromide, [ C o ( N H 2 O H ) 6 ] B r 3 , b y t h e ac t ion of h y d r o b r o m i c ac id on t h e h e x a h y d r o x y l -
a m i n o c h l o r i d e . T h e c r y s t a l s a r e a d a r k e r ye l low t h a n t h e co r respond ing ch lor ide . 
C. S. B o r z e k o w s k y p r e p a r e d t h e d e x t r o - a n d laevo-forms of cobalt ic h y d r o x y l -
aminebisethylenediamineamminobromide, [Co(NH3)(NH2OH)en2]Br3 . 

H . G r o s s m a n n a n d B . Schi ick , 2 a n d L . Li. Lehr fe ld p r e p a r e d cobalt ic tr i s -
e thy lened iaminebromide , [Co e n 3 ] B r 3 . 3 H 2 0 , b y t h e aer ia l o x i d a t i o n of a soln. of 
c o b a l t o u s b r o m i d e in e t h y l e n e d i a m i n e . T h e p r o d u c t w a s t h o u g h t t o be a d i h y d r a t e , 
b u t t h i s w a s n o t conf i rmed b y A. B e n r a t h a n d W . K o h l b e r g . A. "Werner o b t a i n e d 
i t b y t h e a c t i o n of s o d i u m b r o m i d e on a soln. of t h e co r r e spond ing ch lor ide ; 
A. W e r n e r a n d M. B a s y r i n , b y a d d i n g s o d i u m b r o m i d e t o a soln. of t h e d ich loro-
b i s c thy l ened i aminech lo r ide o r n i t r a t e in a 10 p e r c e n t . a q . soln. of e t h y l e n e d i a m i n e ; 
a n d P . Pfeiffer a n d T . G a s s m a n n , b y w a r m i n g a mol . of c h l o r o p e n t a m m i n o c h l o r i d e 
w i t h 3 mols . of m o n o h y d r a t e d e t h y l e n e d i a m i n e , d issolving t h e p r o d u c t in w a t e r , 
a n d p r e c i p i t a t i n g b y t h e a d d i t i o n of h y d r o b r o m i c ac id . A. W e r n e r r e c o m m e n d e d 
t h e fol lowing p rocess : 

!Dissolve IO g r m s . of c o b a l t ch lo r ide in loO g r m s . of IO p e r c e n t , e t h y l e n e d i a m i n e , a n d 
ox id ize t h e s a l t b y l e a d i n g a i r t h r o u g h t h e so ln . T h e b r o w n so ln . so o b t a i n e d is acidif ied 
w i t h h y d r o c h l o r i c a c id , e v a p o r a t e d t o c ry s t a l l i z a t i o n , t h e c r y s t a l s d i s so lved in w a t e r , a n d 
a m m o n i u m n i t r a t e a d d e d t o t h e so ln . , w h e r e b y t r a n s - d i c h l o r o - d i e i h y l e n e d i a m i n e c o b a l t i c 
n i t r a t e is p r e c i p i t a t e d . Af t e r co l lec t ing t h i s s a l t t h e f i l t ra te is p r e c i p i t a t e d -with s o d i u m 
b r o m i d e , g i v i n g pvire t r i s e t h y l e n e d i a m i n e c o b a l t i c b r o m i d e . 

T h e b r o w n i s h - r e d o r o range- red h e x a g o n a l p l a t e s or s h o r t p r i s m s were found 
b y F . M. J a g e r t o be p seudo-d i t r i gona l , w i t h t h e ax ia l r a t i o a : c—1 : 0-6794 ; h e 
a d d e d t h a t t h e c r y s t a l s a re m o r e p r o b a b l y monoc l in ic , a n d i s o m o r p h o u s w i t h t h e 
c o r r e s p o n d i n g ch lo r ide , b u t w i t h a different c l eavage . F . M. J a g e r gave 1-845 for 
t h e s p . gr . a t 25° /4° . A. B e n r a t h a n d W . K o h l b e r g , a n d A. G. B e r g h m a n m e a s u r e d 
t h e v a p . p ress of t h e h y d r a t e d sa l t , a n d t h e r e su l t s i n d i c a t e d t h a t t h e sa l t is a t r i -
h y d r a t e , a n d t h a t n o d i h y d r a t e is fo rmed u n d e r t h e s e condi t ions—v ide infra. 
H . G r o s s m a n n a n d B . S c h u c k g a v e 271° for t h e m . p . A . B e n r a t h a n d W . K o h l b e r g , 
a n d A. G. B e r g h m a n s t u d i e d t h e v a p . p ress c u r v e s . M. Delej>ine a n d R . C h a r o n n e t 
o b t a i n e d op t i ca l ly a c t i v e sa l t s . A. G o r d i e n k o , T . I n o u e , J . Anger s t e in , W . F . Beyer , 
a n d J . Li fschi tz a n d E . R o s e n b o h m s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; a n d Li. C. J a c k ­
son , t h e m a g n e t i c p r o p e r t i e s . E . R o s e n b o h m g a v e —1202 X 10~ 7 m a s s u n i t for t h e 
m a g n e t i c suscep t ib i l i t y . P . PfeifTer a n d T . G a s s m a n n obse rved t h a t t h e sa l t is 
so lub le in h o t a n d co ld w a t e r , a n d t h a t a n a q . soln. , s a t . a t 10°, c o n t a i n s 4-33 p e r 
c en t , of t h e a n h y d r o u s sa l t . T . I n o u e infer red f rom t h e a b s o r p t i o n s p e c t r u m of 
a q . soln . t h a t in p resence of m e r c u r i c sa l t s , a mercu r i c coba l t i c t r i s e thy l ened i amine 
b r o m i d e is p r o b a b l y fo rmed in so ln . 

A c c o r d i n g t o A . W e r n e r , a dextro-salt, a n d a Icevo-salt c an be p r e p a r e d from e i the r 
t h e b r o m i d e - t a r t r a t e o r t h e c h l o r i d e - t a r t r a t e b y t r i t u r a t i o n w i t h w a r m concen­
t r a t e d h y d r o b r o m i c a c i d . T h e soln . , a f t e r fi l tering, depos i t s large , h e x a g o n a l 
p l a t e s , w h i c h a r e p r o b a b l y a n ac id b r o m i d e ; o n re -crys ta l l iza t ion from wa te r , la rge , 
c o l u m n a r c ry s t a l s of t h e d e x t r o - b r o m i d e , [Co e n 3 ] B r 3 . 2 H 2 0 , a r e o b t a i n e d . T h e 
lsBVo-bromide, \Qo e n 3 ] B r 3 . 2 H 2 0 , is p r e p a r e d , in a s imi lar m a n n e r , f rom t h e gel of 
l a w o - b r o m i d e - t a r t r a t e o r t h e l sevo-ch lo r ide - t a r t r a t e , t h e spar ingly-soluble , i nac t ive , 
o r r a c e m i c b r o m i d e r e m a i n s und i s so lved . Accord ing t o F . M. J a g e r , t h e d e x t r o -
s a l t f o r m s b rowni sh - r ed , t h i c k , p r i s m a t i c c ry s t a l s w i t h wel l -developed faces, whi l s t 
t h e c r y s t a l s of t h e lsevo-salt a r e d o d e c a h e d r o n s . T h e axia l r a t io of t h e b i p y r a m i d a l , 
t e t r a g o n a l c r y s t a l s is a : c = l : 0-8399 ; a n d t h e sp . gr . is 1-971 a t 25 0 /4° . J . Anger ­
s t e i n , a n d J . Lofschitz a n d E . R o s e n b o h m found t h a t a q . soln. of t h e op t i ca l ly 
i n a c t i v e f o r m a n d t h e t w o a c t i v e f o r m s h a v e t h e s ame a b s o r p t i o n s p e c t r u m . T h e 
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sp. rotation of a 1 per cent. soln. 'was found by A. Werner to be [a]=117° for the 
dextro-salt, and —115° for the leevo-salt. Observations were also made by 
W. Kuhn and E. Bein, F. M. Jager, A. P. Smirnoff, and J. Lifschitz and 
E. Rosenbohm. The magnetic properties were examined by E. Rosenbohm, and 
Li. C. Jackson. A. Werner said that the optically-active forms are more soluble 
than the inactive forms. G. and P. Spacu obtained mercury cobaltic trisetnylene-
diaminebromide, [Co en3]HgBr6 . 

P . Pfeiffer a n d T . G a a s m a n n p r e p a r e d cobaltic t r ispropylenedlaminebromide, 
[Co p n s ] B r , . H [ a O , i n s m a l l , ye l low c r y s t a l s , b y a d d i n g h y d r o b r o m i c a c i d t o a n a q . so ln . 
of t h e c o r r e s p o n d i n g c h l o r i d e . A s a t . , a q . so ln . a t 16° c o n t a i n s 0-808 g n n . p e r c .c . of t h e 
a n h y d r o u s b r o m i d e . T h e a b s o r p t i o n s p e c t r a of a q . so ln . "were s t u d i e d b y J . L i f sch i t z 
a n d E . R o s e n b o h m . E . R o s e n b o h m g a v e —4-34 X l O - 7 m a s s u n i t for t h e m a g n e t i c 
s u s c e p t i b i l i t y of t h e so l id . T h e m a g n e t i c p r o p e r t i e s w e r e a l so s t u d i e d b y L . C. J a c k s o n . 
T h e d i h y d r a t e d dextro-salt a n d t h e Icevo-salt w e r e p r e p a r e d b y A . P . Smirnoff, a n d t h e i r 
o p t i c a l p r o p e r t i e s s t u d i e d b y J . L i f sch i t z a n d E . R o s e n b o h m , J". L i f s ch i t z , a n d L . Tschugaef f 
a n d W". Sokoloff. J . F r e j k a a n d L . Z a h l o v a p r e p a r e d cobaltic tris-buty I enediamf no bromide, 
[Co b n 8 ] B r 8 . G . a n d P . S p a c u p r e p a r e d c o m p l e x e s w i t h h e x a m e t h y l e n e t e t r a m m i n e , 
[Co h 6 ] ( S n B r , ) ; w i t h p y r i d i n e , [Co p y , ] ( S n B r 6 ) ; a n d w i t h p i p e r i d i n e , [Co p d , ] ( S n B r 6 ) . 
6 H 8 O . G. S p a c u a n d R . R i p o n p r e p a r e d s o m e c o m p l e x p y r i d i n e s a l t s . 

A . W e r n e r a n d C. K r e u t z e r , 3 K . R . L a n g e , a n d A . W e r n e r p r e p a r e d cobaltic Cls-
bisethylenedlamlnedlamminobromide, f C o ( N H , ) 2 e n , ] B r 8 , b y t r e a t i n g t h e c o r r e s p o n d i n g 
iod ide w i t h f r e s h l y - p r e c i p i t a t e d s i lve r o x i d e , a n d s a t u r a t i n g t h e f i l t r a t e w i t h h y d r o b r o m i c 
a c i d . T h e o r a n g e c r y s t a l s , u n l i k e t h e c o r r e s p o n d i n g t r a n s - s a l t , a r e f reely so lub le i n -water. 
A . W e r n e r a n d Y . S h i b a t a s e p a r a t e d t h e dextro-salt, a n d t h e Icevo-salt f r o m t h e c o r r e s p o n d i n g 
c a m p h o r b r o m o s u l p h o n a t e s . T h e ye l low, a c i c u l a r c r y s t a l s a r e f reely so lub le i n -water. 
T h e s p . r o t a t i o n of a 1 p e r c e n t . a q . so ln . of t h e d e x t r o - s a l t is [a ] = 37° , a n d for t h e laevo-
sa l t , [ a ] = — 3 7 ° . A . W e r n e r a n d c o - w o r k e r s a l so p r e p a r e d cobaltic t rans-bisethylenedi-
aminediamminobromlde b y t h e a c t i o n of l i q u i d a m m o n i a o n t h e d i c h l o r o - b i s e t h y l e n e d i a m i n e -
ch lo r ide , a n d t r ea t ing" t h e so ln . w i t h s o d i u m b r o m i d e ; b y t r e a t i n g a t r a n s -
[ C o ( N H 3 ) e n 2 ( C N S ) ] - s a l t , o r a t r a n s - [ C o en a (CNS) 2 " | - sa l t w i t h p e r h y d r o l , a n d a f t e r w a r d s 
-with h y d r o b r o m i c a c i d ; o r b y t h e a c t i o n of p o t a s s i u m b r o m i d e o n t h e c o r r e s p o n d i n g 

• ch lo r ide . Y . S h i b a t a m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . 
W . K u h n a n d K . B e i n s t u d i e d t h e a b s o r p t i o n s p e c t r u m of cobaltic trlsphenylenedlamfne-

chlorlde, [ C o p n 8 ] B r 3 . A . W e r n e r a n d K . D a w e p r e p a r e d cobalt ic bispropylenediamlne-
diamminobromide, [ C o ( N H 3 ) 2 p n 2 ] B r 3 . H 8 O , in go lden -ye l l ow n e e d l e s , b y a d d i n g a n exces s of 
h y d r o b r o m i c a c i d t o a boi l ing , c o n e . so ln . of t h e c o r r e s p o n d i n g c h l o r i d e . F. M . J a g e r 
and H . B . Blumendal obtained cobaltic ethylenediaminbiscyclopentanedlaminobromide, 
[Co e n ( C 5 H 1 2 N a ) 8 ] B r s . H a O , b y t r e a t i n g t h e i o d i d e w i t h s o d i u m b r o m i d e . P . Pfeiffer a n d 
T . O a s s m a n n , b y h e a t i n g t h e cis- o r t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e w i t h m o n o -
h y d r a t o d p r o p y l e n e d i a m i n e o n a -wa te r -ba th , a n d t h e n a d d i n g c o n e , h y d r o b r o m i c a c i d . 
TC. R o s e n b o h m , a n d L . C. J a c k s o n s t u d i e d t h e m a g n e t i c p r o p e r t i e s . IT. M . J a g e r a n d 
H . B . B l u m e n d a l p r e p a r e d cobaltic blsethylenedlamine-trans^yclopentanedlaminebromlde, 
[Co e n a ( C s H 1 2 N a ) ] B r 8 . H 8 o » b y t r e a t i n g t h e c o r r e s p o n d i n g c h l o r i d e w i t h s o d i u m b r o m i d e . 
T h e y a l so p r e p a r e d t h e dextro-salt, a n d t h e Icevo-salt, a s -well a s cobaltic bisethylenediamlne-
1-cyclopentanediamlncbromide, [Co e n 8 ( l - C 5 H i a N a ) ] B r s . 2 B [ a O , a n d t h e dextro-salt. M . F . J a g e r 
p r e p a r e d cobaltic b ise thylenediamine-a-phenanthrol lne bromide, [Co e n , ( C , , H - N 2 ) I B r , , b y 
t r e a t i n g t h e c o r r e s p o n d i n g iod ide -with s i lve r b r o m i d e . W . T u p i z i n a , R . P l i s c h k e , and. 
Wr. A. Redeker prepared cobaltic pyridinebisethylenediammeamminobromjde, [Co(NH,)en l py]-
Br8 . C. J . £>ippel and F . M. Jager prepared cobaltic trlsdiaminopentanobromide, [Co p t n a ] B r 8 ; 
and cobaltic blsethylenedlaminodiaminepentane, [Co en t p£n]Br„ with a/35- and /905-diamino-
pentane . O. Spacu and J . Dick prepared cobaltic qimiquiesbenzidmopyridmoliydroxybromo-
stannate, [Co bzd8py][SnBr6(OH)]5B:aO ; J . C. Duff, cobaltic succinatobisetbylenedlamlno-
bromide. 

S. M. J o r g e n s e n 4 prepared cobaltic roseobromide, or cobaltic aQUOpentammillO-
bromide, [Co(NHg)5(H2O)]Br8, by adding hydrobromic acid to an aq. or ammoniacal 
soln. of the nitrate ; and A. Werner, by slowly adding hydrobromic acid to a boiling 
ammoniacal soln. of chloropentamminochloride, and then alcohol. The flesh-red 
powder is washed with alcohol and ether. The red octahedra, or rhombic plates 
were found by F. Ephraim and O. Schutz to have a sp. gr. of 2-269 at 25°, and B, 
mol. vol., 177*1, corresponding with a vol. contraction of 59*2 per cent, during its 
formation. A. B. Lamb and J. W. Harden found the vap. press, at 25° is about 
4 mm. The salt may be kept a long time, but S. M. Jorgensen found that it loses 
water rapidly at 100°, and forms bromopentamminobromide. A. B. Lamb and 
JL P. Simmons calculated —9*22 CaIs. for the mol. heat of solution at 25°. The 
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lowering of the f.p. of aq. soln. was studied by J . Petersen ; the absorption spectrum, 
by A. N . Nikolopulos, R. Luther and A. N . Nikolopulos, and J . Angerstein. 
A. Werner and A. Miolati gave for the mol. conductivity, /A, of soln. of a mol of the 
salt in v litres, a t 25° : 

v 125 25O 55O 1000 2000 
ft . 333-6 365-4 390-3 4 1 2 9 436-4 

Measurements were also made by Y. Shibata. J . Petersen calculated the degrees 
of ionization, a, of the salt, from the eq. conductivity of soln. with 4, 50, and 
10OO gram-equivalents per litre, a t 18°, t o be, respectively, a . = 0 5 8 , 0-82, and 
0 9 8 . The polarization tension was studied by N . R. Dhar and G. Urbain—vide 
supra, t he hexamminochloride. IT. Ephra im observed t h a t a sat., aq. soln. a t 17-5° 
contains 0-364 mol per litre. A. B . Lamb and J . W. Marden found t h a t a 
0-013023/-soln. of aquopentamminobromide or bromopentamminobromide in 
0-02Jf-HBr, contains after 30 h r s \ heating a t 70°, 98 per cent, of aquopentammino­
bromide, no ma t t e r which salt was employed a t the s tar t . F . Ephra im observed 
t h a t ammonia acts on the bromide a t —21°, forming a bluish-red cobaltic aquo-
pentadecamminobromide, [Co(NHg)5(H2O)]Br3.1ONH3, and when heated to 21°, a 
series of solid soln. is formed until , a t the limit, cobaltic aquo-octoamminobromide, 
[Co(NH3)5Br]Br2 .3NH3, is produced, and this product is stable up to 90°. The 
solid soln. a t 8° has the composition : [Co(NH3)5(H2O)]Br3 .8NH3 . For the chemical 
reactions, vide supra, t he corresponding chloride. Some double salts have been 
reported. 

F. Epbraim and P. Mosimann -were unable to prepare zinc cobaltic aquopentammino­
bromide, but they obtained cadmium cobaltic aquopentamminoenneabromide, 2[Co(JNM3)5-
(H 8 O)]Br 8 . 3CdJBr 8 , e a s i ly so lub le i n w a t e r . T h e d a r k r e d , t a b u l a r c r y s t a l s of t h e s a t . 
s o l n . w e r e f o u n d b y F . E p h r a i m a n d O . Sch i i t z t o h a v e a s p . g r . of 2-961 a t 25° , a n d 
a m o l . v o l . of 547-3 , c o r r e s p o n d i n g w i t h a v o l . c o n t r a c t i o n of 48*8 p e r c e n t , d u r i n g t h e 
f o r m a t i o n of t h e s a l t . F . . E p h r a i m a n d r . M o s i m a n n p r e p a r e d mercur ic cobaltic aquo-
pen tamminopen tabromlde , r C o ( K H g ) 6 ( H 8 O ) ] B r 8 - H g B r 8 , in p a l e r e d , a c i c u l a r c r y s t a l s , w h i c h 
F . E p h r a i m a n d O . Sch i i t z f o u n d t o h a v e t h e s p . g r . 3-279 a t 25° , a n d t h e m o l . v o l . 
232-5 , c o r r e s p o n d i n g w i t h a v o l . c o n t r a c t i o n of 53-7 p e r c e n t , in t h e f o r m a t i o n of t h e c o m ­
p o u n d . F . E p h r a i m a n d P . M o s i m a n n a l so p r e p a r e d mercur ic cobaltic aquopentammino-
enneabromide, | C o ( N H 3 ) j ( H , 0 ) ] B r 4 . 3 H g B r a ; a n d F . E p h r a i m a n d O . Sch i i t z f o u n d t h e 
s p . g r . t o bo 4-144 a t 25° , a n d t h e m o l . v o l . , 357-8, c o r r e s p o n d i n g w i t h a v o l . c o n t r a c t i o n 
of 44-0 p e r c e n t , i n t h e f o r m a t i o n of t h e c o m p o u n d . E . B i r k a l so s t u d i e d t h e v o l . re la ­
t i o n s of t h e s e s a l t s . F . E p h r a i m a n d P . M o s i m a n n w e r e u n a b l e t o p r e p a r e lead cobaltic 
aquopentamminobromide. H . S e i b t , a n d A . W e r n e r p r e p a r e d t h e cis- a n d trans-forms of 
cobaltic aquobisethylenediamineamminobromide, [Co(NH8)en,(H,0)]Br3.H,0, by the action 
of p o t a s s i u m h y d r o x i d e o r of f r e s h l y - p r e c i p i t a t e d s i lver o x i d e o n t h e s t e reo i somer ic 
c o b a l t i c ch lo ro - a n d b r o m o - b i s e t h y l e n e d i a m i n e a m m i n o s a l t s . I n e v e r y case , p a r t i a l t r a n s ­
f o r m a t i o n t a k e s p l a c e , so t h a t a m i x t u r e of t h e i s o m e r i d e s is p r o d u c e d . T h e p r o d u c t of 
a c t i o n of t h e a l k a l i i s a n h y d r o x o a x n m i n e s a l t , t h e a q u o a m m i n e s a l t b e i n g p r o d u c e d w h e n 
t h e s o l n . i s ac idi f ied . P o t a s s i u m h y d r o x i d e p r o d u c e s a g r e a t e r r e l a t i v e t r a n s f o r m a t i o n 
t h a n s i l ve r o x i d e ; m o r e of t h e trans-isomeride is p r o d u c e d a t l ow t h a n a t o r d i n a r y t e m p . 
T h e m i x t u r e of t h e i s o m e r i d e s is s e p a r a t e d b y t a k i n g a d v a n t a g e of t h e f ac t t h a t t h e trans-
salt is m u c h less s o l u b l e i n d i l . h y d r o b r o m i c a c i d t h a n t h e ci«-sal t . T h e i somer ides c a n b e 
d i s t i n g u i s h e d f rom e a c h o t h e r (i) b y t r a n s f o r m a t i o n i n t o t h e c h l o r o a m m i n o d i t h i o n a t e b y 
w a r m i n g w i t h h y d r o c h l o r i c a c i d , a n d s u b s e q u e n t p r e c i p i t a t i o n w i t h s o d i u m d i t h i o n a t e ; 
(ii) b y w a r m i n g t h e a q . so ln . , t o w h i c h s o d i u m n i t r i t e a n d a l i t t l e ace t i c ac id h a s b e e n a d d e d , 
t o 60° t o 70°. A y e l l o w s o l n . i s p r o d u c e d , w h i c h , [on t h e a d d i t i o n of s o d i u m d i t h i o n a t e , 
g i v e s a n i n s o l u b l e p r e c i p i t a t e if t h e c»*-isomeride is p r e s e n t , o r a p r e c i p i t a t e w h i c h c a n b e 
r e - c r y s t a l l i z e d f r o m w a t e r if t h e «rara«-isomeride is p r e s e n t . T h e trans-Jortn, g ives b r i ck - r ed 
a c i c u l a r c r y s t a l s , a n d t h e cis-form g i v e s a g g r e g a t e s of sma l l , r e d c r y s t a l s . A . G o r d i e n k o 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m . M . R o s n e r p r e p a r e d cobaltic aquobispyridinetr iammino-
bromlde, [ C o ( N H a ) 8 P y 2 ( H 4 O ) ] B r , . 

S. M. JSrgensen 5 prepared cobaltic diaquotetramminobromide, [Co(NH3)4-
(H2O)2]Br3 , by adding 1 : 1-hydrobromic acid to a soln. of carbonatotetrammino-
bromide, in 10 t imes i ts weight of cold water, until the evolution of carbon 
dioxide had ceased, and then adding cone, hydrobromic acid to the well-cooled 
liquid. The separation of da rk red, octahedral crystals is almost quant i ta t ive. 
A t 100°, t he salt loses, in 30 mins., 1 mol. of water, and passes into the greyish-
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violet aquobromotetramminobromide, and A. Werner, and F . Ephra im observed 
t h a t the same transformation occurs when the solid is kep t for some t ime, or if 
i t be allowed to s tand in contact with its soln. in 25 per cent, hydrobromic acid. 
A. Werner and A. Miolati found t h a t the mol. conductivity, fx, of a soln. of a mol 
of the salt in v litres, a t 25°, to be : 

v . . . 1 2 5 25O 50O 10OO 20OO 
yu . . . 325-5 354-8 379-8 399-5 417-4 

The subject was studied by Y. Shibata. F . Ephra im found t h a t a sat., aq. soln. 
a t 22°, has 1*67 mols of the salt per litre. S. M. Jorgensen noted t h a t with potassium 
ferricyanide, or cobalticyanide, the corresponding salts are precipitated from the 
aq. soln. Likewise with hydrochloroplatinic acid ; and with hydrochloroauric 
acid and dil. sulphuric acid, a sulphatobromoaurate is precipitated. 

E . S c h m i d t , a n d A . W e r n e r a n d c o - w o r k e r s p r e p a r e d eobaltic cis-diaquobisethylene-
diaminebromide, ICo e n a ( H 8 0 ) 2 ] B r 3 . 2 I I a O , a n a l o g o u s w i t h t h e b r o m i d e , s t a r t i n g f rom 
t h e c a r b o n a t o b i s e t h y l e n e d i a m i n e b r o m i d o . J . C. Duff a n d K. J . Bi l l s a l so p r e p a r e d t h e 
s a l t in a s imi la r m a n n e r . K . H. L a n g e , a n d A . W e r n e r a n d e o - w o r k e r s o b s e r v e d t h a t t h e 
r e d c r y s t a l s p a s s , o n k e e p i n g , i n t o t h e v i o l e t c * « - d i b r o m o - b i s e t h y I o n e d i a m i n e b r o m i d e , a n d 
i n t h e p r e s e n c e of ac ids , i n t o t h e g r e e n t r a n s - d i b r o m o - s a l t . F o u r m o l s . of w a t e r a r e l o s t 
a t 115°, a n d t h e g r e e n d i b r o m o - s a l t is f o r m e d . T h e c o m p o u n d f o r m s a ye l lowish - red , a q . 
so ln . w i t h a n ac id ic r e a c t i o n . P y r i d i n e or p o t a s h - l y e c o n v e r t s i t i n t o t h e c i« -aquo-
b r o m i d o . A . W e r n e r a n d c o - w o r k e r s a lso p r e p a r e d cobaltic-diaquobisethylenediamfnebromide, 
[Co 6 1 I 2 ( H 2 O ) 2 I B r 3 ^ H 2 O * h y t h e a c t i o n of cone , h y d r o b r o m i c ac id o n d i n i t r a t o b i s e t h y l e n e -
d i a m i n e t h i o c y a n a t e , o r on t h e h y d r o x y a q u o b i s o t h y l e n e d i a m i n e b r o r n i d e . T h e p a l e v io le t -
b r o w n c r y s t a l s f o r m -with w a t e r a d a r k r e d d i s h - b r o w n so ln . , w i t h a n ac id ic r e a c t i o n . O n 
k e e p i n g , t h e s a l t goes i n t o t h e v io l e t c /"«-dibromobromide, a n d if a n ac id is p r e s e n t , g r e e n 
t r a n s - d i b r o m o b r o m i d e is forxnocl. T h e s a l t is d i h y d r a t e d a t 115°, f o r m i n g t h e g r e e n t r a n s -
d i b r o m o b r o m i d e w i t h a l i t t l e of t h e riff-salt. A . W e r n e r a lso p r e p a r e d eobaltic dfaquo-
bispyridinediamminobromlde, I C o ( N H a ) 2 P y 2 ( B I 2 O ) 2 ] B r 3 . 2 H 2 O , b y t h e a c t i o n of h y d r o ­
b r o m i c a c i d o n t h e h y d r o x y a q u o b i s p y r i d i n o t l i a m n n n o c h l o r i d e . T h e y e l l o w i s h - b r o w n , 
t a b u l a r c r y s t a l s fo rm, w i t h a l a r g e p r o p o r t i o n of w a t e r , a b r o w n i s h - r o d so ln . w i t h a n ac id ic 
r e a c t i o n , a n d w i t h a s m a l l p r o p o r t i o n of w a t e r , o r a l coho l , h y d r o x y a q u o b i s p y r i d i n e d i a m -
m i n o b r o r n i d e . 

The CoA5 or Pentammine Family. 
S. M. Jo rgensen 6 prepared eobaltic bromopentamminobromide, [Co(NHg)5-

Br]Br2 , by oxidizing an animoniacal soln. of cobaltous bromide with air, and heating 
the soln. on a water-bath ; or else by the action of hydrobromic acid on aquopent-
amminohydroxide, sulphate, or oxalate. The dichroic, bluish-violet, octahedral 
crystals are almost black, and the sp. gr. is 2-483 a t 18°/4°. F . Kphra imgave , 
2-486 for the sp. gr. a t 25°, and 154-4 for the mol. vol. ; R. Klement, sp. gr. 2-512 
a t 25°/4°, and mol. vol., 152-9 ; and R. Liorenz and I . Posen, and I . Posen, in vacuo, 
2-4739, and mol. vol. a t absolute zero, 150*5. The vol. contraction in the for­
mation of the salt was also studied by E . Birk, and W. Biitz. E . N . Gapon studied 
the diffusion. A. B . Lamb and J . P . Simmons gave —12*663 CaIs. for the mol. 
hea t of soln. a t 25°. A. N. Nikolopulos, R. Luther and A. N . Nikolopulos, and 
J . Angerstein studied the absorption spectrum. A. Werner and A. Miolati found 
the mol. conductivity, ft, for soln. with a mol of the salt in v litres, a t 25°, to be : 

250 500 1000 2000 
230-5 244-7 257-6 268-1 

Observations were also made by Y. Shibata. A. B . Lamb and J . W. Marden found 
t h a t for soln. with 0-003266 mol -per litre, a t 25°, the value of /x rose from 
260*1 after 34 mins., t o 287-2 after 1310 mins., t o 353*1 after 2710 mins. ; and, 
in the steady state , 402-0. The velocity constant for the transformation of the 
salt into aquopentamminobromide in these soln. was calculated by A. B . L a m b 
and J . W. Marden for a unimolecular reaction so t ha t A*—0*000170. J . N . Bronsted 
a n d R. Livingston said t h a t the speed of aquat ion is almost independent of t he 
initial concentraton of the complex ions, bu t is dependent on the H"-ion concen­
tration. A. B. Lamb and J . W. Marden observed t h a t the reaction is almost com-
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p l e t e a t 70°, for a 0-01302il^-soln. in 0-02Af-HBr, a f t e r 24 h r s . , c o n t a i n e d 98-10 p e r 
c e n t , of a q u o p e n t a m m i n o b r o m i d e . A. B . L a m b a n d J . P . S i m m o n s found t h e m o l . 
h e a t of t h i s t r a n s f o r m a t i o n is 1-69 CaIs. a t 25° . E . N . G a p o n s t u d i e d t h e ionic 
m o b i l i t y ; a n d N . R . D h a r a n d G. U r b a i n , t h e po la r i za t ion t ens ion—v ide .supra, t h e 
h e x a m m i n o c h l o r i d e . S. M. J o r g e n s e n sa id t h a t a t 1 0°, 1 j j a r t of t h e sa l t r equ i r e s 53O 
p a r t s of w a t e r for i t s d i s so lu t ion ; F . E p h r a i m g a v e for a s a t . soln. a t 20°, 0-00614 m o l 
p e r l i t r e ; a n d J . N . B r o n s t e d a n d A. P e t e r s e n , 0-00275 m o l p e r l i t re a t 0° . T h e effect 
of s a l t s on t h e so lub i l i t y of b r o m o p e n t a m m i n o b r o m i d e in w a t e r , a n d in m e t h a n o l , 
w a s s t u d i e d b y J . N . B r o n s t e d a n d co -worke r s . F . E p h r a i m sa id t h a t t h e sa l t is 
v i r t u a l l y inso lub le i n h y d r o b r o m i c ac id , or in a q . so ln . of a m m o n i u m or p o t a s s i u m 
b r o m i d e , a s well a s in a lcoho l . H . F r e u n d l i c h a n d R . B a r t e l s s t u d i e d t h e h y d r o l y s i s 
of t h e s a l t . S. M. J o r g e n s e n o b s e r v e d t h a t a cold , f r e sh ly -p repa red a q . soln . fo rms 
t h e c o r r e s p o n d i n g sa l t of t h e ser ies V h e n i t is t r e a t e d w i t h di l . n i t r i c ac id , d i l . 
h y d r o c h l o r i c ac id , p o t a s s i u m iod ide , c h r o m i c ac id , h y d r o c h l o r o p l a t i n i c ac id , or 
s o d i u m b r o m o p l a t i n a t e ; s i lver ch lo r ide c o n v e r t s i t i n t o t h e ch lo r ide of t h e s e r i e s ; 
a n d s i lver ox ide , c a r b o n a t e , o r n i t r a t e p r o d u c e t h e h y d r o x i d e ai»id sa l t s of a q u o -
p e n t a m m i n e , r e spec t i ve ly . F . G. S o p e r s t u d i e d t h e speed of t h e r e a c t i o n w i t h a 
m e r c u r i c sa l t . 

S. M. Jorgensen prepared lilac needles of mercuric cobaltic bromopentamminoctobromide, 
[ C o ( N H 3 ) 6 K r J B r 2 . 3 H g B r 2 ; a n d v i o l e t n e e d l e s of mercuric cobaltic bromopentammlno-
bromoheptachloride, b y a l l owing a w a r m so ln . of t h e b r o i n o p e n t a m m i n o b r o m i d e t o r u n 
i n t o a n excess of a so ln . of m e r c u r i c ch lo r ide ; a n d if t h e b r o m o p e n t a m m i n o b r o m i d e so ln . 
b e r u n i n t o a n e x c e s s of a so ln . of s o d i u m m e r c u r i c ch lo r ide , [Co(NH 3 ) 5 Bi-] 2 Cl 3 I5r .6HgCl 2 , 
is f o r m e d in v io l e t n e e d l e s , a n d t h e r e is e v i d e n c e of t h e f o r m a t i o n of sol id so ln . 

S. M. J o r g e n s e n o b t a i n e d c o b a l t i c bromopentamminod ich lor ide , [Co(NMg) 5Br]Cl 2 , 
b y t r e a t i n g a cold , a q . soln . of t h e b r o m i d e w i t h di l . h y d r o c h l o r i c ac id , or b y p o u r i n g 
a so ln . of t h e b r o m i d e in w a t e r a t 40° i n t o cone , h y d r o c h l o r i c ac id . T h e d a r k , 
o c t a h e d r a l c r y s t a l s a r e d i ch ro i c—vio l e t t o ye l lowish- red ; t h e s p . gr . is 2-095 a t 
1 7 ° / 4 ° ; F . E p h r a i m a n d O. Sch i i t z g a v e 2 0 8 7 a t 25° , a n d t h e m o l . vo l . 1 4 1 - 3 ; 
R . K l e m e n t , 2-089 for t h e s p . gr . a t 25° , a n d 141-3 for t h e mo l . vo l . K. B i rk , a n d 
W . B i l t z s t u d i e d t h e vo l . c o n t r a c t i o n in t h e f o r m a t i o n of t h e c o m p o u n d . 
S. M. J o r g e n s e n o b s e r v e d t h a t t h e sa l t is s p a r i n g l y soluble i n cold w a t e r , b u t 
is m o r e so luble t h a n t h e b r o m i d e . F . E p h r a i m f o u n d t h a t a s a t . soln. a t 20° h a s 
0-0106 m o l p e r l i t r e ; a n d J . N . B r o n s t e d a n d co -worke r s found , a t 0° , 0-00542 
m o l p e r l i t r e , a n d a t 20° , O-Oll m o l ; t h e y a lso m e a s u r e d t h e so lubi l i ty in t h e 
p r e s e n c e of o t h e r s a l t s in a q . a n d in m e t h a n o l so ln . T h e h e a t of t h e t r a n s f o r m a t i o n : 
[Co (NHa) 5 Br]C l 2 -f- [Co(NH 3 ) 5 ( ,T |Br 2 = [Co(NH 3 ) 5 Cl]Cl 2 , + [ C o ( N H 3 ) 5 B r ] B r 2 , is 021 
ca l s . a t 0 0 . S. M. J o r g e n s e n sa id t h a t t h e s a l t is i n so lub le in d i l . h y d r o c h l o r i c ac id , 
a n d in a lcoho l . T h e cold, s a t . soln . g ives c ry s t a l l i ne p r e c i p i t a t e s w i t h di l . h y d r o ­
b r o m i c ac id , hydrof luosi l ic ic ac id , s o d i u m d i t h i o n a t e , a m m o n i u m o x a l a t e , p o t a s s i u m 
d i c h r o m a t e , a n d p o t a s s i u m m e r c u r i c i od ide . I t f o r m s v io le t need les of mercuric 
CObaltiC b r o m o p e n t a m m i n o c t o c h l o r i d e , [ C o ( N H 3 ) 5 B r ] C l 2 . 3 H g C l 2 , w h e n t h e n i t r a t e 
of t h e ser ies is t r e a t e d w i t h s o d i u m m e r c u r i c ch lo r ide . E . Be r l p r e p a r e d c o b a l t i c 
bromobisethylenediaminehydroxy!amine chloride, [Co(NH2OIf) On2Br]CI2. 

H . Seibt prepared cobaltic fluobisethylenediamineamminobromide, 
[ C o ( N H 3 ) e n 2 F ] B r 2 . S. M. J o r g e n s e n p r e p a r e d cobalt ic c h l o r o p e n t a m m i n o -
d ibromide , [Co(NHg) 5 Cl]Br 2 , b y t r e a t i n g t h e co r r e spond ing s u l p h a t e o r n i t r a t e 
w i t h s o d i u m b r o m i d e ; b y t r e a t i n g a n a q . so ln . of t h e c a r b o n a t e w i t h cone , h y d r o ­
b r o m i c ac id ; o r b y d i s so lv ing t h e ch lo r ide i n di l . su lphur i c ac id a t 50°, a n d p o u r i n g 
t h e co ld soln. i n t o wel l -cooled h y d r o b r o m i c ac id . H . P i t z l e r s tud ied t h e e q u i l i b r i u m 
c o n d i t i o n in t h e s y s t e m : [ C o ( N H 3 ) 5 C I ] C l 2 + 2 H B r ^ [ C o ( N H 3 ) 5 C l ] B r 2 + 2 H C l . 
A c c o r d i n g t o S. M. J o r g e n s e n , t h e r edd i sh -v io le t c ry s t a l s h a v e a sp . gr . 2-15 a t 2 5 , 
a n d a m o l . v o l . of 157-3 ; R . K l e m e n t g a v e 2-244 for t h e sp . gr . a t 25° /4° , a n d 151-2 
for t h e m o l . vo l . T h e vo l . c o n t r a c t i o n in t h e f o r m a t i o n of t h e c o m p o u n d w a s a lso 
s t u d i e d b y E . B i r k , a n d W . B i l t z . T h e a b s o r p t i o n s p e c t r u m w a s s t u d i e d b y 
A . N . N i k o l o p u l o s , R . L u t h e r a n d A . N . Niko lopu los , a n d J . Ange r s t e in . A . W e r n e r 
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and A. Miolati found the mol. conductivity, /x, of soln. of a mol of the salt in v 
litres of water, at 25°, to be : 

128 
232-5 

256 
247-7 

512 
259-3 

1025 
27OO 

2048 
275-6 

F. Ephraim found that a sat., aq. soln. at 19° contained 0-0178 mol per litre, 
and J. N. Bronsted and A. Petersen, at 0°, 0-00725 mol per litre. J. N. Bronsted 
studied the effect of other salts on the solubility in water, and in methanol. 
F. Ephraim observed on the solubility in water, and in methanol. F. Ephraim 
observed that no ammonia is taken up by the salt at —21°. S. M. Jorgensen 
prepared the complex : 4[Co(NHa)5Cl]Br2^HgBr2. There is here evidence of the 
formation of solid soln. 

E. Schmidt, and A. Werner prepared optically inactive or racemic cobaltic-cls-bromo-
blsethylenediamlneammlnobromide, [Co(NHa)enaBr]Br,.2H80, by evaporating cis-nitrato-
bisethylenediamineamminothiosulphate, with cone, hydrobrornic acid ; and A. Werner 
and W. E. Boes, and A. Werner and E. Scholze, by warming trans-dibromobisethylene-
diaminebromide with 1 : 1 aq. ammonia ; or by warming diaquo-tetrol-quaterethylonedi-
aminesulpbate with a soln. of ammonium bromide, and then salting out the compound 
with sodium bromide. The dihydrate forms dark reddish-violet, rhombic crystals, 
and the anhydrous salt, dark brownish-red, prismatic crystals. The absorption spectrum 
was studied by A. Gordienko, Y. Shibata, and Y. Shibata and G. Urbain ; and the 
magnetic properties, by L. C. Jackson, and W. Biltz. E. Rosenbohm gave —2-64 X 10~7 

mass unit for the magnetic susceptibility. A. Werner and E. Scholze obtained the dcxtro-
ea.lt t and the lasvo-salt from the corresponding camphor bromosulphonates. The sp. rotation 
of a 1 per cent. soln. of the cZ-salt is [a] = 46-26°, and for the Z-salt, —45°. A. Werner, and 
A. Werner and Y. Shibata found that liquid ammonia converts the active bromide into 
the corresponding active cis-bisethylenediaminediamminobromide, accompanied by a 
little of the trans-salt. E. Rosenbohm gave —3*44 X 1O-7 mass unit for the magnetic 
susceptibility. A. Werner, and A. "Werner and W. E. Boes also prepared dark 
violet, prismatic crystals of cobaltic trans-bromoblsethylonedlamtaeaminlnobromide, 
[Co(NHs)entBr]Brj,.2H20, by the action of hydrobromic acid on the corresponding 
dithionate, or on an aq. soln. of trans-aquobisethylenediamineamminobromide ; or by 
treating trans-thiocyanatobisethylenediamineamminobromide, first with cone, nitric acid, 
and then with hydrobromic acid. C. S. Borzekowsky prepared the dextro- and lsevo-
forms of cobaltic bromohydroxylamjneblsethylenedlainiiiebromide, [Co(NH,OH)en,Br]Br„ 
as well as cobaltic bromohydroxylamineblsethylenedlaminechloride, [Co(NH 8OH)en2Br]Cl2. 

H. Seibt prepared cobaltic cis-fluoblsethylenedlamineamminobromlde, [Co(NH8)On8F]Br2, 
by adding sodium bromide to a cone, aq. soln. of the corresponding fluoride. A. Gordienko, 
and J". Lifschitz and E. Rosenbohm studied the absorption spectrum. H. Seibt also pre­
pared cobaltic trans-fluoblsethylenediamineammlnobromide, by treating the corresponding 
fluoride with ammonium fluoride. E. Berl obtained cobaltic chloroblsethylenedlamfne-
hydroxylamlnebromlde, [Co(NH8OH)en8Cl]Brg, and a double salt with platinous chloride. 

A. Werner prepared bluish-red, optically-active or racemic cobaltic Cls-chlorobisethylcnedl-
amineammtnobromide, [Co(NHs)enjCl]Brt, by treating with cone, hydrobromic acid a 
soln. of c^-chloroaquobisethylenediaminesulphate in cone. aq. ammonia—some trans-
bisethylenediaminediamminobromide is formed at the same time. The salt is also pre­
pared by salting out with sodium bromide a soln. of trans-dichlorobisethylenediamine 
chloride in. liquid ammonia. The absorption spectrum was studied by J. Angerstein, and 
A. Gordienko. A. Werner and V. L. King treated the optically-active camphor bromo­
sulphonates with sodium dithionate, and then acted on the product -with hydrobromic acid. 
They thus obtained the dextro-salt, and the leevo-acdt in cherry-red, tabular crystals. The 
sp. rotation of 1 per cent. soln. had, with the C-line, the [a] ==43*1° for the d-salt, and 
— 43-0° for the Z-salt. The salt is stable in aq. soln. and shows no sign of racemization at 
7U°. L. A. WeIo gave —0-292 x 10~6 for the magnetic susceptibility of the d-salt, and 
— 0-035 x 10-« for the Z-salt. 

J. Meisenheimer and E. Kiderlen prepared violet plates of cobaltic trans-ehloroallylamlne-
blsethylenediamlnebromide, [Co en2(C8Hs.NH8)Cl]Br2, by the action of potassium bromide 
on the chloride. This salt is less soluble in water than the corresponding chloride; they 
also prepared reddish-violet, six-sided prisms of cobaltic cMoroallylanunebisetliylonedlamlno~ 
bromide, [Co en2(C8HN5H8)Cl]Br2.$H20, in a similar manner ; likewise reddish-violet, 
six-sided prisms of cobaltic cUoroanlllneblsethylenedlamlnebromlde, [Co ena(CeH8.NH8)Cl]-
Br2.^H2O; also brownish-red, and violet-red plates of cobaltic ehloro-p-toluldlnebUathyleilC-
dlaminebromide, [Co On2(C7H7NH2)Cl]Br2 ; and lUac cobaltic chlorobenzylamlnebUetiiylcao-
diamlnebromide, [Co en 2 (C 7 H 7 NH 8 )Cl ]Br 8 .$H 8 0. R . Vogel prepared cobaltic ebloropyrldlne-
blsettiylenediaiinnebromlde, [Co On8PyCl]Br8. 

A. Werner obtained cobaltic hydroxypentamiriinobromide, [Co(NHs)6(OH)]Br2. 

ea.lt
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H 2 O , b y h e a t i n g a q u o p e n t a m m i n o b r o m i d e w i t h c o n e , h y d r o b r o m i c a c i d , a n d 
p r e c i p i t a t i n g t h e s a l t w i t h a l c o h o l . T h e b l u i s h - r e d s a l t i s r e a d i l y s o l u b l e i n w a t e r , 
a n d t h e b l u i s h - r e d s o l n . h a s a n a l k a l i n e r e a c t i o n . T h e a b s o r p t i o n s p e c t r u m w a s 
s t u d i e d b y J . A n g e r s t e i n . A . W e r n e r , a n d K . R . L a n g e a l s o o b t a i n e d c o b a l t i c 
h y d r o z y a a u o t e t r a m m i n o b r o m i d e , [ C o ( N H 3 ) 4 ( H 2 0 ) ( O H ) ] B r 2 , i n c a r m i n e - r e d 
c r y s t a l s , b y s a t u r a t i n g a s o l n . o f t h e c h l o r i d e w i t h p o t a s s i u m b r o m i d e . H . J . S . K i n g 
f o u n d t h e e q . c o n d u c t i v i t y , a t 0 ° , t o b e : 

v 64 128 256 512 1024 oo 
A . . 116-3 123-7 129-6 134-7 137-0 146-9 

A . O s w a l d s t u d i e d t h e p h y s i o l o g i c a l a c t i o n . 

M . R o s n e r p r e p a r e d cobaltic hydroxybispyridinetr iammlnobromide, [ [ C o ( N H 3 ) j p y 4 ( O H ) ] . 
B r a . 2 H , 0 . A . W e r n e r , a n d A . W e r n e r a n d S . M a t i s s e n p r e p a r e d cobaltic cis-hydroxy-
aquoblsethylenediaminebromide, [Co e n g ( H 2 0 ) ( O H ) ] B r 2 . H 2 0 , b y w a r m i n g e i s - h y d r o x y -
b r o m o b i s e t h y l e n e d i a m i n e b r o m i d e w i t h a l i t t l e w a t e r ; b y t h e a c t i o n of p y r i d i n e i n a q . 
so ln . o n d i a q u o b i s e t h y l e n e d i a m i n e b r o m i d e , b y t h e a c t i o n of d i l . p o t a s h - l y e o n g r e e n o r 
v i o l e t t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e , fo l lowed b y t r e a t m e n t w i t h c o n e , h y d r o ­
b r o m i c a c i d ; o r b y t h e a c t i o n of p o t a s h - l y e o n a so ln . of c a r b o n a t o b i s e t h y l e n e d i a m i n e -
b r o m i d e in d i l . n i t r i c a c i d a n d s u b s e q u e n t t r e a t m e n t w i t h s o d i u m b r o m i d e . T h e b lu i sh -
r e d c r y s t a l l i n e p o w d e r d e c o m p o s e s a t 115°. I t is less so lub le i n w a t e r t h a n t h e c o r r e s p o n d ­
i n g c h l o r i d e . P o t a s s i u m b r o m i d e a n d iod ide p r e c i p i t a t e t h e c o r r e s p o n d i n g s a l t s f rom t h e 
a q . s o l n . ; s i lve r n i t r a t e p r e c i p i t a t e s s i lver b r o m i d e free f rom s i lver o x i d e ; a n d cone , 
h y d r o c h l o r i c o r h y d r o b r o m i c a c i d f o r m s c i s - d i a q u o b i s e t h y l e n e d i a m i n e b r o m i d e ; c a r b o n 
d i o x i d e a c t s o n t h e a q . s o l n . f o r m i n g a c a r b o n a t o b r o m i d e . T h e bo i l i ng a q . so ln . d e c o m p o s e s , 
f o r m i n g t r i s e t h y l e n e d i a m i n e b r o m i d e , a n d h e x o l - s e x i e s e t h y l e n e d i a m i n e b r o m i d e . T h e m a g ­
n e t i c p r o p e r t i e s w e r e s t u d i e d b y L . C . J a c k s o n ; a n d E . E o s e n b o h m g a v e —3-09 X 1O - 7 

m a s s u n i t for t h e m a g n e t i c s u s c e p t i b i l i t y . A . W e r n e r a l so p r e p a r e d cobaltic t r a n s -
hydroxyaquobisethylenedianunebromide, b y w a r m i n g t r a n s - d i a q u o b i s e t h y l e n e d i a m i n e -
b r o m i d e w i t h c o n e . a q . a m m o n i a ; b y bo i l ing t h e c i s -sa l t w i t h 1 : 1 -potash- lye , a n d t h e n 
n e u t r a l i z i n g t h e ice-cold l i q u o r w i t h h y d r o b r o m i c a c i d ; b y t r i t u r a t i n g a s o l n . of cia-
d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e w i t h sol id s o d i u m b r o m i d e ; a n d b y w a r m i n g t r a n s -
d i b r o m o b i s e t h y l e n e d i a m i n e b r o m i d e w i t h di l . a q . a m m o n i a u n t i l r e d c r y s t a l s b e g a n t o 
f o r m . T h e p a l e b l u i s h - r e d c r y s t a l s a r e less so lub le in w a t e r t h a n t h e c o r r e s p o n d i n g 
c h l o r i d e . T h e m o l . w t . b y t h e f .p . m e t h o d is 139. L . C. J a c k s o n s t u d i e d t h e m a g n e t i c 
p r o p e r t i e s , a n d E . R o s e n b o h m g a v e —3-09 x 10—7 m a s s u n i t for t h e m a g n e t i c s u s c e p t i ­
b i l i t y . A . W e r n e r f o u n d t h a t c a r b o n d i o x i d e , l ed i n t o t h e ice-cold so ln . , fo rms e a r b o n -
a t o b i s e t h y l e n e d i a m i n e b r o m i d e . 

A . W e r n e r r e p o r t e d cobaltic hydroxyaquobispyridinediamminobroniide, [Co(NH 3 ) a p y 2 -
( H 1 O ) ( O H ) ] B r 1 , b y t h e a d d i t i o n of p o t a s s i u m b r o m i d e t o a n a c e t i c ac id so ln . of t h e cor re ­
s p o n d i n g c h l o r i d e ; b y m i x i n g a s a t . so ln . of d i a q u o b i s p y i ' i d i n e d i a m m i n o c h l o r i d e w i t h 
p o t a s s i u m b r o m i d e , o r b y t r e a t i n g t h e c o r r e s p o n d i n g b r o m i d e w i t h w a t e r , or b y a d d i n g 
h y d r o b r o m i c a c i d t o t h e a q . so ln . T h e s m a l l , v io l e t c r y s t a l s a r e s p a r i n g l y so lub le i n w a t e r , 
a n d t h e so ln . r e a c t s feeb ly a l k a l i n e . 

A . W e r n e r ? p r e p a r e d c o b a l t i c c i s - c M o r o a q u o t e t r a m m f n o b r o m i d e , [ C o ( N H 3 ) 4 -
( H 2 O ) 2 C l ] B r 2 , b y s i m p l y k e e p i n g c i s - d i a q u o t e t r a m m i n o b r o m i d e f o r a l o n g t i m e ; 
a n d S . M . J o r g e n s e n , b y a d d i n g a s a t . , a q . s o l n . o f t h e c o r r e s p o n d i n g c h l o r i d e t o 
i c e - c o l d , c o n e , h y d r o b r o m i c a c i d . T h e b l u i s h - v i o l e t c r y s t a l s a r e m o r e s o l u b l e i n 
w a t e r t h a n i s t h e c o r r e s p o n d i n g c h l o r i d e , a n d a l m o s t i n s o l u b l e i n 1 : 1 - h y d r o ­
b r o m i c a c i d . 

A . W e r n e r , a n d A . W e r n e r a n d G . Tschernof f o b t a i n e d cobaltic chloroaquobisethylene-
diamlnebromlde, [Co O n 1 ( H 1 O ) C l ] B r 1 1 H 1 O , b y t r i t u r a t i n g t h e c o r r e s p o n d i n g s u l p h a t e w i t h 
c o n e , h y d r o b r o m i c a c i d , a n d p r e c i p i t a t i n g t h e s a l t w i t h h y d r o b r o m i c a c i d f rom ice-cold 
s o l n . A . G o r d i e n k o m e a s u r e d t h e a b s o r p t i o n s p e c t r u m . A . U s p e n s k y a n d K . Tschibisoff 
n o t i c e d t h a t w h e n t h e s o l n . of t h e s a l t i n c o n e , h y d r o b r o m i c a c i d is e v a p o r a t e d , a c o m p l e x 
m i x t u r e c o n t a i n i n g cis- a n d t r a n s - b r o m o c h l o r o b i s e t h y l e n e d i a m i n e b r o m i d e , a n d t r a n s -
d i b r o m o b i s e t h y l e n e d i a m i n e b r o m i d e i s f o r m e d . H . F i sch l in , a n d A . W e r n e r a n d 
J*. K . S c h w y z e r p r e p a r e d t h e dextro-aaU, a n d t h e Uevo-ealt f rom t h e c o r r e s p o n d i n g c a m p h o r -
b r o m o s u l p h o n a t e s . T h e s p . r o t a t i o n of a 1 p e r c e n t . so ln . of t h e rf-salt is fa] = 215°, a n d 
of t h e i -aal t , — 2 1 5 ° . H . F i s c h l i n , a n d J . L i f sch i t z s t u d i e d t h e r o t a r y d i spe r s ion . C o n e . 
a q . a m m o n i a t r a n s f o r m s t h e s e s a l t s i n t o a c t i v e c h l o r o h y d r o x y - s a l t s ; a n d w i t h a c e t y l -
a c e t o n e o r p r o p i o n y l a c e t o n e , A . W e r n e r a n d J". E . S c h w y z e r o b s e r v e d t h a t o p t i c a l l y 
a c t i v e a o e t y l a o e t o n a t o b i a e t h y l e n e d i a i n i n e or p r o p i o n y l a o e t o n a t o b i s e t h y l e n e d x a m i n e - s a l t s 
a r e f ormed . 
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A . W e r n e r p r e p a r e d cobal t ic ch lorod iaquotr iamminobromide , [Co (NH 3 ) 3 -
(H 2 O) 2 Cl ]Br 2 , b y p o u r i n g a n ice-cold soln . of t h e c o r r e s p o n d i n g ch lor ide i n t o 
cold, cone , h y d r o b r o m i c ac id , a n d d r a i n i n g t h e p r e c i p i t a t e o n p o r o u s t i les . T h e 
smal l , d a r k b l u e need les c a n b e p r e s e r v e d o v e r p o t a s s i u m h y d r o x i d e , b u t t h e sa l t 
is v e r y u n s t a b l e . I n a i r , i t f o rms b r o m o c h l o r o a q u o t r i a m m i n o b r o m i d e . I t f o rms 
a b lue soln . i n w a t e r , a n d f rom t h e ice-cold soln. , h y d r o b r o m i c ac id p r e c i p i t a t e s 
t h e m o n o h y d r a t e of b r o m o c h l o r o a q u o t r i a m m i n o b r o m i d e . 

A . W e r n e r , a n d A . W e r n e r a n d A. W o l b e r g p r e p a r e d cobal t ic bromoaQUO-
t e t r a m m i n o b r o m i d e , [ C o ( N H 3 ) 4 ( H 2 0 ) B r ] B r 2 , b y k e e p i n g c i s - d i a q u o t e t r a m m i n o -
b r o m i d e for s o m e t i m e ; or by a d d i n g a lcohol t o a n a q . soln . of d i b r o m o t e t r a m m i n o -
b r o m i d e a c i d u l a t e d w i t h h y d r o b r o m i c ac id , a t 40° ; W . S c h r a m m , b y t h e a c t i o n 
of m a l o n i c ac id on t r a n s - d i b r o m o t e t r a m m i n o b r o m i d e ; a n d A . W e r n e r a n d 
A . Miola t i , b y t r e a t i n g b r o m o c a r b o n a t o t e t r a m m i n o b r o m i d e w i t h h y d r o b r o m i c 
ac id . T h e b rownish-v io le t p r i s m s fo rm a v io le t , a q . soln. w h i c h soon c h a n g e s t o 
a rose-colour owing t o a q u a t i o n . A . W e r n e r a n d A. Miola t i f o u n d t h a t t h e mol . 
c o n d u c t i v i t y , /x, for a m o l of t h e sa l t i n v l i t res of w a t e r , a t 25° , is : 

v . . . 1 2 5 25O 50O 10OO 20OO 
fx . . . 320-4 349-4 377-3 395-4 413-6 

a n d t h e y a d d e d t h a t t h e r e su l t s ag ree w i t h t h o s e o b t a i n e d w i t h d i a q u o t e t r a m m i n o -
b r o m i d e . A . W e r n e r a n d A. W o l b e r g o b s e r v e d t h a t a m m o n i u m t h i o c y a n a t e con­
v e r t s t h e sa l t i n t o w h a t is p r o b a b l y a t h i o c y a n a t o t e t r a m m i n e ; a n d W . S c h r a m m , 
t h a t oxal ic ac id fo rms o x a l a t o t e t r a m m i n e , a n d ma lon i c ac id fo rms a t r a c e of 
d i b r o m o t e t r a m m i n o b r o m i d e . A. W e r n e r a n d A. W o l b e r g f o u n d t h a t b y d iges t ­
ing t h i s s a l t w i t h cone , h y d r o c h l o r i c ac id of s p . gr . 1-17, smal l , v io le t p r i s m s of 
cobal t ic b r o m o a q u o t e t r a m m i n o c h l o r i d e , [ C o ( N H 3 ) 4 ( H 2 O ) B r ] C l 2 . ^ H 2 O , a r e fo rmed . 
J . A n g e r s t e i n s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 

IS. S c h m i d t , ar id A . W e r n e r a n d I I . S c h m i d t p r e p a r e d cobaltic bromoaquobisethylene-
diaminebromlde, ICa e n z ( H a O ) B r ] B r 8 . H 2 0 , b y t h e fo l lowing m e t h o d s : (1) A so ln . of 
n e u t r a l t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e c o n t a i n i n g n i t r i c a c i d is h e a t e d w i t h a 
c o n e . so ln . of s i lve r n i t r a t e u n t i l i t a s s u m e s a B o r d e a u x - r e d co lour . A f t e r co l l ec t ing t h e 
s i lver b r o m i d e , t h e f i l t r a t e is s a t u r a t e d w i t h s o d i u m b r o m i d e , first f i l te r ing off a n y m o r e 
s i lver b r o m i d e -which m a y b e f o r m e d . A f t e r a few h o u r s , t h e b r o m i d e h a s deposi ted , a s a 
v io le t , m i c r o c r y s t a l l i n e p o w d e r . (2) A c o n e . so ln . of t h e « raw«-d ib romo-bron i ide is h e a t e d 
a t 40° u n t i l i t b e c o m e s v i o l e t in c o l o u r ; a f t e r coo l ing , i t is s a t u r a t e d w i t h s o d i u m b r o m i d e . 
A n y g r e e n c r y s t a l s of d i c h l o r o - b r o m i d e w h i c h a r e p r e c i p i t a t e d w i t h t h e b r o m o a q u o - b r o m i d e 
a r e r e m o v e d b y f r a c t i o n a l so ln . in ice-cold w a t e r , t h e d i c h l o r o - b r o m i d e b e i n g t h e less-
so lub le s a l t . (3) A so ln . of t h e £ r a n # - d i b r o m o n i t r a t o is t r e a t e d s i m i l a r l y t o t h e d i b r o m o -
b r o m i d e , e x c e p t t h a t i t is h e a t e d o v e r t h e b a r e f l ame . (4) T h e c a r b o n a t o - c h l o r i d e o r 
b r o m i d e is t r e a t e d w i t h cone , h y d r o b r o m i c a c i d (rf—1-4). T h e b r o m o a q u o - b r o m i d e is 
s e p a r a t e d f rom t h e less so lub le a « - d i b r o m o - b r o m i d e , -which is f o r m e d a t t h e s a m e t i m e , 
b y f r a c t i o n a l so ln . (5) O i « - d i a q u o - b r o m i d e is h e a t e d a t 40° w i t h j u s t e n o u g h w a t e r t o 
g i v e c o m p l e t e so ln . u n t i l a v io l e t - co lou red so ln . is o b t a i n e d ; t h e b r o m o a q u o - s a l t is t h e n 
p r e c i p i t a t e d w i t h s o d i u m b r o m i d e . T h e d a r k v io l e t , t a b u l a r c r y s t a l s a r e r e a d i l y s o l u b l e 
in w a t e r , f o r m i n g a r e d d i s h - v i o l e t l i qu id . A . G o r d i e n k o s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
A . W e r n e r a n d R . S c h m i d t , a n d A . XJspensky a n d K . Tschibisoff o b s e r v e d t h a t c o n e , 
h y d r o b r o m i c a c i d c o n v e r t s t h e s a l t i n t o c i s - d i b r o m o b i s o t h y l e n e d i a r n i n e b r o m i d e a n d 
a l i t t l e of t h e trans-&a\t ; wh i l s t c o n e , h y d r o c h l o r i c a c i d f o r m s a c o m p l e x m i x t u r e c o n ­
t a i n i n g cis- a n d / r a w « - b r o m o c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e , a n d e h l o r o b i s e t h y l e n e -
diaminechloride. W . Tupizina prepared cobaltic bromopyridinebisethylenedlamlnebromlde, 
[Co On2PrJBr]Br8 . 

The CoA^ or Tetrammine Family. 
A. W e r n e r a n d A . Mio la t i 8 p r e p a r e d cobal t i c d i b r o m o t e t r a m m i n o b r o m i d e , 

[ C o ( N H 3 J 4 B r 2 ] B r , b y t r e a t i n g t h e d i a q u o t e t r a m m i n o b r o m i d e w i t h cone , h y d r o ­
b romic ac id ; a n d A . W e r n e r a n d A . W o l b e r g , b y t r e a t i n g c a r b o n a t o t e t r a m m i n o -
b r o m i d e w i t h cone , h y d r o b r o m i c ac id , o r b y t h e a c t i o n of h y d r o b r o m i c a c i d o n a 
soln. of t h e c o r r e s p o n d i n g ch lo r ide . H . a n d W . B i l t z t h u s de sc r i be t h e p r e p a r a t i o n 
of t h i s sa l t : 

S h a k e , in a flask, 2O g r m s . of c o b a l t i c c a r b o n a t o t e t r a n u n i n o n i t r a t e w i t h 8O grraa. of 
oonc . h y d r o c h l o r i c a c id , a n d c o n t i n u e s h a k i n g whi le t h e flask i s be ing s lowly h e a t e d o v e r 
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a free flame. M u c h c a r b o n d i o x i d e is e v o l v e d , a n d t h e co lour c h a n g e s f rom a r e d d i s h - b r o w n 
t o a p a l e b r o w n , a n d , f inal ly, t o a d u l l g r e e n . W h e n t h e c o l o u r - c h a n g e h a s ceased , l e t t h e 
m i x t u r e cool t o t h e t e m p , of t h e r o o m , a n d a d d 5O c.c . of co ld w a t e r so a s t o d i sso lve a 
l i t t l e a d m i x e d b r o m o a q u o - b r o m i d e . D r a i n t h e p r e c i p i t a t e on a h a r d e n e d filter, a n d w a s h 
i t w i t h co ld w a t e r u n t i l t h e f i l t r a t e is n o longe r g r e y i s h - b r o w n , b u t co lour less . T h e y i e l d 
is 24 g r m s . of a fine, l i g h t ye l l owi sh -g reen , s p a r i n g l y -soluble p o w d e r . 

G. and P . Spacu prepared bismuth, cobaltic dicUorobisethylenediaminebromide, 
[Co en 2Cl 2 ]BiBr 6 ; and stannic cobaltic dichlorobisethylenediaminebromide, 
[Co e n 2 C l 2 ] S n B r 6 . 

F . d e B o e r s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m of a q . soln. A. W e r n e r 
a n d A . Mio la t i o b s e r v e d t h a t t h e d i b r o m o t e t r a m m i n e in a q . soln. r a p i d l y passes 
i n t o t h e d i a q u o t e t r a m m i n c , so t h a t w i t h a soln . of a mol in 5OO l i t res , a t 25° , t h e 
c o n d u c t i v i t y r i ses in 4O rnins. f rom /u, = 1 9 0 5 t o 363-5. T h e final v a l u e cor re­
s p o n d s w i t h t h a t o b t a i n e d w i t h t h e d i a q u o - b r o m i d e . A c c o r d i n g t o A. W e r n e r , 
a n d A. W e r n e r a n d A. Wolbe rg , w h e n t h e s a l t is h e a t e d w i t h a l i t t l e w a t e r , i t f o rms 
h e x o l - d o d e c a m m i n o b r o m i d e ; a n d , a cco rd ing t o W . S c h r a m m , oxa l ic ac id fo rms 
s o m e o x a l a t o t e t r a m m i n o b r o m i d e , b u t t h e a n a l o g o u s s u b s t i t u t i o n does n o t occu r 
w i t h m a l o n i c ac id . A . W e r n e r a n d A. W o l b e r g obse rved t h a t w h e n t h e d i b r o m o -
a m m i n o b r o m i d e is t r i t u r a t e d w i t h cold, cone , h y d r o c h l o r i c ac id , a n d , a f t e r 8 h r s . , 
w a s h e d w i t h ice-cold w a t e r , a n d t h e soln . p o u r e d i n t o cone , hyd roch lo r i c ac id , d a r k 
violet, prismatic needles of cobaltic dibromoamininochloride, [Co(NHg)4Br2]Cl, 
a r e f o r m e d . T h e sa l t d e c o m p o s e s a t 100°. T h e g reen a q . soln . soon c h a n g e s i n t o 
a v io le t so ln . of t h e d i a q u o t e t r a m m i n e . T h i s s a l t fo rms , w i t h au r i c chlor ide , pa l e 
green, soluble, acicular crystals of gold cobaltic dibromotetramminotetrachloride, 
[ C o ( N H a ) 4 B r 2 ] A u C l 4 . 

A . W o r n o r , 33. S c h m i d t , a n d W . T u p i z i n a o b s e r v e d t h a t c o b a l t i c violobromide, o r 
cobaltic c/tf-dibromobisethylenediaminebromide, (Coen 2Br 2]Br, is formed when cis- or trans-
d i a q u o b i s e t h y l e n e d i a m i n e b r o m t d e is k e p t for s o m e t i m e ; a n d w h e n b r o m o a q u o b i s e t h y l e n o -
d i a m i n e b r o m i d e o r a s u l p h i t o b i s e t h y l o n e d i a m i n e s a l t is t r e a t e d -with h y d r o b r o m i c ac id ; 
a n d A . W e r n e r a n d c o - w o r k e r s a l so f o u n d t h a t t h e c i s -sa l t c a n bo o b t a i n e d b y t h e fo l lowing 
p r o c e s s e s : (1) A s o l u t i o n of t h e 2rar*«-bromide is e v a p o r a t e d o n t h e w a t e r - b a t h s e v e r a l 
t i m e s t o a s y r u p y c o n s i s t e n c y . O n k e e p i n g i n a v a c u u m d e s i c c a t o r , b l a c k c r y s t a l s a r e 
t h e n o b t a i n e d , w h i c h g i v e a g r e y i s h - v i o l e t p o w d e r ; t h e y cons i s t chiefly of t h e c i s - i somor ide 
m i x e d w i t h a l i t t l o of t h e t tarts-isottierido. T h e l a t t e r c a n b e e x t r a c t e d w i t h a s m a l l 
q u a n t i t y of w a t e r , l e a v i n g t h e n > - f o r m , w h i c h c a n b e pur i f i ed b y so ln . i n w a t e r a n d 
p r e c i p i t a t i o n w i t h s o d i u m b r o m i d e . (2) B y fission of d i o l - q u a t e r e t h y l e n e d i a m i n e b r o m i d e 
w i t h c o n e , h y d r o b r o m i c a c i d i n t o d i a q u o - b r o m i d e a n d t h e r eq \ i i r ed d i b r o m o - b r o m i d e . 
T h e d i a q u o - s a l t is r e m o v e d f r o m t h e m i x t u r e b y so ln . in a b s o l u t e a l coho l . (3) F r o m 
c a r b o n a t o b i s e t h y l o n e d i a m i n e b r o m i d e b y t r e a t m e n t w i t h a n a l coho l i c o r a q . so ln . of 
h y d r o g e n b r o m i d e b y a m e t h o d s i m i l a r t o t h a t d e s c r i b e d for t h e c o r r e s p o n d i n g d i eh lo ro -
s a l t s . T h e s a l t c a n b e pur i f i ed b y p r e c i p i t a t i o n w i t h s o d i u m b r o m i d e f rom i t s a q . so ln . T h e 
c w - b r o m i d e fu rn i shes s c a l y c r y s t a l s -with a co lou r a n d l u s t r e r e s e m b l i n g t h o s e of g r a p h i t e . 
A . Q o r d i o n k o , a n d M . L . E r n s b e r g e r a n d W . R . B r o d e s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
K . M a t s u n o o b s e r v e d t h a t t h e a q u a t i o n in a q . so ln . c a n b e r e p r e s e n t e d b y t h e e q u a t i o n s : 
[Co e n a B r 2 ] B r ~ v | C o e n 2 ( H 2 0 ) B r ] B r 8 - > [ C o e n ? ( H a O ) 2 ] B i a . A . W e r n e r f o u n d t h a t c o n e , 
h y d r o b r o m i c a c i d c o n v e r t s t h e v io l e t cw- sa l t i n t o t h e g r e e n *raw«-salt ; a n d l iqu id a m m o n i a 
p r o d u c e s a m i x t u r e of cis- a n d £ ran.*-bise t h y l e n e d i a n i i n e d i a i n m i n o b r o r n i d e . S. M. J o r g e n s e n 
p r e p a r e d cobaltic praseochloride, o r cobaltic £r«ri«-dlbromobisethylenedlamlnebromlde. 
A . W e r n e r o b s e r v e d t h a t w h e n cis- a n d / r m « * - d i a q u o b i s e t h y l e n e d i a m i n e b r o m i d e s a r e k e p t 
for a l o n g t i m e , o r w h e n t h e y a r e h e a t e d t o 105° ; b y t h e a c t i o n of w a r m h y d r o b r o m i c a c i d 
o n c h l o r o a q u o b i s e t h y l e n e d i a r n i n e b r o m i d e , o r t h e c h l o r o - b r o m i d e , o r t h e s u l p h a t o - c h l o r i d e ; 
a n d W . S c h r a m m , b y t h e a c t i o n of m a l o n i c a c i d o n c w r - d i a q u o b i s o t h y l e n e d i a m i n e b r o m i d e 
t h e y i e l d is s m a l l . A . W e r n e r a n d c o - w o r k e r s a l so g a v e t h e s e m e t h o d s of p r e p a r a t i o n : 
(a ) A s o l n . of c o b a l t b r o m i d e i n 10 p e r c e n t , e t h y l e n e d i a m i n e is o x i d i z e d b y l e a d i n g a i r 
t h r o u g h i t , a n d t h e n e v a p o r a t e d t o d r y n e s s . T h e r e s i d u e is t h e n r e p e a t e d l y t r e a t e d w i t h 
h y d r o b r o m i c a c i d a n d e v a p o r a t e d u n t i l a u n i f o r m g r e e n s a l t r e m a i n s , w h i c h cons i s t s of 
t h e a c i d b r o m i d e . O n t r e a t m e n t w i t h a l i t t l e w a t e r , t h e lratts-bromide is o b t a i n e d . 
(b) C a r b o n a t o b i s e t h y l e n e d i a m i n o b r o m i d e is h e a t e d o n t h e w a t e r - b a t h w i t h a so ln . of 
h y d r o b r o m i c a c i d , of s p . g r . = 1-49, u n t i l t h e so ln . i s g r e e n . O n cool ing , t h e a c i d b r o m i d e 
s e p a r a t e s , f r o m w h i c h t h e n o r m a l b r o m i d e is b e s t o b t a i n e d b y h e a t i n g a t 110° u n t i l i t 
no, l o n g e r g i v e s a n ac id i c s o l n . T h e s i s k i n - g r e e n c r y s t a l s , f o u n d b y S. M . J o r g e n s e n , h a v o 
a 4 p e r c e n t , s o l u b i l i t y i n w a t e r . A . G o r d i e n k o , C. Sch le icher , a n d M . L . E r n s b e r g e r 
a n d W . K . Brode , s t u d i e d t h e a b s o r p t i o n s p e c t r u m . S . M. J o r g e n s e n o b s e r v e d t h a t 
t h e a q . s o l n . b e c o m e s dark red w h e n boiled, o w i n g t o t h e f o r m a t i o n of t h e aquo-sa l t ; 
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A. Werner said that cis-bromoaquo-bromide is formed ; cone. aq. ammonia converts 
the salt into c««-bromobisetbylenediannheamminobromide, and liquid ammonia P.*0" 
duces c/#-bisethylenediaminediamnmiobromide -with a little of the trans-salt. According 
to S. M. Jorgensen, 1 : 1-hydrochloric acid gives no precipitate, but crystalline pre­
cipitates arc produced in a 4 per cent. soln. by the addition of dil. nitric acid, sodium 
dithionate or bromoplatinate, and by potassium iodide, bromomercurate, or ferrioyanide— 
potassium ferrocyanide colours the soln. red. "W. Schramm found that oxalic acid forms 
the oxalato-broxnide, -whilst malonic acid gives a mixture of violet bromoaquobis-
ethylenediaminebromide, and green dibromobisethylenediaminebromide. H. Seibt prepared 
cobaltic difluorobisethylenediaminebromlde, [Co enaF8]Br. S. M. Jorgensen, and A. Werner 
obtained crystals of oobaltio dibromobisetbylenediaminebromide, [Co en2Br2]Br.2H:20; 
according to H. Orossmann and B. Schiick, the salt is a monohydrate, of m.p. 214°. The 
constitution was discussed by A. Werner, and T. S. Price and S. A. Brazier. S. M. Jorgensen, 
and T. S. Price and J. C. Duff noted the formation of mercuric cobaltfe dibromoblsethylene-
dlaminebromide, [Co en,Br8

-]Br.HgBr8. A. Werner and A. Grtin treated a cone. aq. soln. of 
cobaltic bromochlorodquoethylenediamineamminobromide -with its own vol. of hydrobromic 
acid, and obtained green, stellar aggregates of crystals of cobaltic dibromoaquoethylenedJamine-
amminobromide, [Co(NH8)en(HgO)Br8]Br, which are dichroic—bluish-black, and brown. 
O. Lindenberg prepared cobaltic dibromoblstrlmethylenedlamlnebromide, [Co tr.Br8]Br. 

A. Werner and A. QrUn reported cobaltic dibromoaquoetli^lenedJamlneamminobroinJde, 
[Co(NHg)en(HsO)Br,]Br, by warming bromochloroaquoethylenediamineamminobromide 
with -water, and then an equal vol. of hydrobromic acid of sp. gr. 1*49. The small, 
stellate aggregates of needles are strongly dichroic from bluish-black to brown, and when 
powdered, the salt is green. I t forms a brown soln. with -water. 

A. Werner prepared cobaltic cis-dichlorotetrammlTiobromide, [Co(NH3)4Cl2]Br, 
by the action of an aq. soln. of a m m o n i u m bromide on the corresponding dithionate , 
and precipitation from the aq. soln. b y a m m o n i u m bromide. The violet-blue 
crystals are sparingly soluble in water, and the blue, aq. soln. rapidly changes t o 
violet because of the formation of the aquo-salt . S. M. Jorgensen, and A. Werner 
and A. Klein also obtained cobalt ic trans-d ichJorotetramminobromide b y adding 
hydrobromic acid t o an aq. soln. of the sulphate. The green, rhombic crystals were 
found b y F . Ephraim and O. Schutz t o have a sp . gr. of 2*143 a t 25°, a mol . vo l . 
of 129*7, and a vo l . contract ion of 59*6 per cent , in the formation of t h e salt . W h e n 
heated at 100° for 24 hrs., i t loses 2 percent . , and in 6 weeks , 25 per cent , in weight . 
A. N . Nikolopulos , and R. Luther and A. N . Nikolopulos s tudied the absorption 
spectrum. A . Werner and A. Miolati found t h a t t h e mol . conduct iv i ty of a soln. 
of a mo l of the salt in 512 litres of water at 25° , changes in 40 mins . from/ / ,=116*6 
t o 332*1, as the green soln. passes t o a violet-red soln. of t h e aquo-salt . The 
aquat ion was studied b y Li. TschugaefE. J . N . Bronsted and co-workers found that 
a sat . aq. soln. a t 0° contains 0-00632 mol per litre, and t h e y studied the effect 
produced b y the presence of different salts . A. Werner said t h a t silver nitrate 
precipitates from the soln. what is probably a double salt. 

A. Werner and R. Feenstra reported cobaltic trans-dlchloroquaterpyrldinobromlde, 
[Co Py4Cl8]Br, to be formed by the action of potassium bromide on a soln. of the corre­
sponding chloride. The pale blue crystals can be freed from water only by long-continued 
drying in the desiccator. P. Larisch prepared cobaltic dichloroblsethylenediamlnebromide, 
[Co en8Cla3Br.H2O, i n violet crystals, by the action of solid potassium bromide on a cold, 
sat. soln. of the corresponding chloride ; 1OO c.c. of water at 1° dissolve 0*878 grm. of the 
salt. A. Werner, and A. Werner and O. Tschernoff obtained the tiextro-sa.lt and the 
Icevo-salt, in indigo-blue crystals, by adding alcohol to a soln. of the camphor bromoaul-
phonates in hydrobromic acid. The sp. rotation of a 0-25 per cent. soln. is f a ]= 168° for 
the dextro-salt, and [et] =—176° for the lsevo-salt. S. M. Jorgensen obtained cobaltic 
trans-dichloroblsethylenedlamuiebromide, as a matte green powder by treating the corre­
sponding chloride with hydrobromic acid. E. Petersen measured the lowering of the f.p., 
and the mol. conductivity of the soln. at 0° and 25°, and inferred that at 0° the salt is stable 
in aq. soln. The subject was discussed by A. Werner and C. Herty, and W. I>. Harkins 
and co-workers. G. and P. Spacu prepared the double salt : im-JmflwITrt OObaltlC 
dichlorobisethylenedlamlnebromide, CCo en2C1 ,J2CdBr4. A. Werner and A. Frohlioh, and 
Et. E. Watts prepared cobaltic trans-dlchlorobispropyldiaminebromide, [Co p n 2 d 2 ] B r . H , 0 , 
by the action of potassium bromide on the corresponding chloride. The matte green, 
crystalline powder is very soluble in -water, but cannot be re-crystallized from aq. soln. 
A. Werner and F. Chaussy obtained cobaltic cls-HlichloroethyleiMdlajnincdiaiiuiuiiobroinldc, 
[Co(NBI8) ,OnCl2]Br, as a violet-blue precipitate, by treating carbonatoethylenediamine-
diaxnminochloride with very cone, hydrochloric acid at —18% when the development of 

tiextro-sa.lt
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c a r b o n d i o x i d e h a s cea sed , a d d i n g a m m o n i u m b r o m i d e ; cobaltlo trans-dlchloroethylene-
dlaminedlammlnobromide, w a a l ikewise f o r m e d a s a g r e e n p r e c i p i t a t e , b y t h e a c t i o n of 
h y d r o b r o m i c a c i d o r a m m o n i u m b r o m i d e o n a c o n e , a q . so ln . of t h e ch lo r ide a t 0° . 

A . W e r n e r p r e p a r e d cobaltlo cls-hydroxychlorobisethylenediamlnebromide, [Co e n a -
( O H ) C l ] B r , i n b r o w n i s h - v i o l e t c r y s t a l s , b y a d d i n g cone , a m m o n i a t o e h l o r o a q u o -
b i s e t h y l e n e d i a m i n e b r o m i d e . I n w a r m a q . so ln . , a q u a t i o n occu r s , a n d t h e c i s - h y d r o x y a q u o -
b r o m i d e is f o r m e d , a n d -with h o t , c o n e , h y d r o c h l o r i c ac id , c i s -d ieh loro-ch lor ide , a c c o m p a n i e d 
b y a s m a l l p r o p o r t i o n of t r a n s - d i c h l o r o c h l o r i d e , is f o r m e d . T h e deoctro-salt a n d t h e losvo-
aalt, a s m o n o h y d r a t e s , w e r e p r e p a r e d b y H . F i s c h l i n f rom t h e c o r r e s p o n d i n g c h l o r o a q u o -
b r o m i d e s b y t r e a t m e n t f i rs t w i t h cone , a m m o n i a , a n d t h e n w i t h 1 : 1-alcohol. Af t e r w a s h ­
i n g •with a l i t t l e c o n e , a q . a m m o n i a , t h e b r o w n i s h - v i o l e t c r y s t a l s a r e d r i e d b y a lcoho l a n d 
e t h e r . T h e s p . r o t a t i o n of a 0*1 p e r c e n t . a q . so ln . of t h e deactro-sal t is [a ] = 695° , a n d of 
t h e h e v o - s a l t , — 6 8 7 ° . 

A . W e r n e r r e p o r t e d cobaltlo hydroxy bromobisethylenediaminebromide, [Co e n 2 ( O H ) -
B r ] B r , t o b e f o r m e d a s a b r o w n i s h - v i o l e t s a l t b y t r e a t i n g b r o m o a q u o b i s e t h y l e n e d i a m i n e -
b r o m i d e w i t h c o n e , a m m o n i a . W h e n t h e s a l t is w a n n e d w i t h a l i t t l e w a t e r , a q u a t i o n 
o c c u r s a n d t h e o i s - h y d r o x y a q u o b r o m i d e is f o r m e d ; a n d w h e n t r i t u r a t e d w i t h c o n e 
h y d r o b r o m i c ac id , t h e c i s - d i a q u o - b r o m i d e is p r o d u c e d . A . G o r d i e n k o s t u d i e d t h e a b s o r p ­
t i o n s p e c t r a of a q . so ln . A . W e r n e r a l so p r e p a r e d , i n a s i m i l a r m a n n e r , cobaltic hydroxy -
ehloroblsethylenedlamfnebromlde, [Co e n s ( O H ) C l ] B r , a s a b r o w n i s h - v i o l e t m u s h of c r y s t a l s , 
b y t r e a t i n g c h l o r o a q u o b i s e t h y l e n e d i a m i n e b r o m i d e w i t h cone , a m m o n i a . W i t h h o t , c o n e , 
h y d r o c h l o r i c a c i d , i t f o r m s c i s -d ich lo ro -ch lo r ide a c c o m p a n i e d b y a s m a l l p r o p o r t i o n of 
t r a n s - d i c h l o r o - c h l o r i d e . 

A. Werner and A. Griin prepared cobaltic bromochloroaquotxiammmobromide, 
[Co(NH3)3(H20)ClBr]Br, by the action of fuming hydrobromic acid on the chloro-
diaquotr iamminosulphate. The olive-green crystals furnish a green soln. "which 
quickly tu rns blue. If an aq. soln. of blue chlorodiaquotriamminobromide is 
t rea ted with hydrobromic acid, or if cone, hydrobromic acid is added to an aq. 
soln. of dichloroaquotriamminochloride, chocolate-brown crystals of the mono-
hydrate are formed. The soln. in water is green a t 0°, bluish-violet a t ordinary 
temp. , and red a t higher t emp. The crystals lose a mol. of water a t 100°. Potas­
sium iodide precipitates the brown iodide from the cold, aq. soln., and cone, nitric 
acid, the green ni t ra te . 

A . W e r n e r , a n d A . W e r n e r a n d G . Tschernof f p r e p a r e d cobaltic bromochlorobisethyl-
enediaminebromide, [Co en a C l B r ] B r . H 2 O , b y c o v e r i n g 2 g r r a s . of c h l o r o b i s e t h y l e n e d i a m i n e -
b r o m i d e w i t h 2 c .c . of c o n e , h y d r o b r o m i c ac id , a n d t h e m i x t u r e h e a t e d u n t i l c o m p l e t e so ln . 
t a k e s p l a c e . O n cool ing , a m i x t u r e of t h e g r e e n a n d v i o l e t s a l t is o b t a i n e d , w h i c h is w a s h e d 
-with a l c o h o l a n d e t h e r , d r i e d , a n d t h e n t r e a t e d w i t h a s m a l l q u a n t i t y of w a t e r t o d i sso lve 
o u t t h e g r e e n s a l t . T h e v io l e t s a l t (c is - i somer ido) is co l l ec ted , w a s h e d w i t h w a t e r a n d 
a l c o h o l , a n d d r i e d . T h e g r e e n n i t r a t e g ives p r e c i p i t a t e s w i t h m e t a l l i c s a l t s , w h i c h g ive 
a n a l y t i c a l r e s u l t s c o r r e s p o n d i n g 'with a m i x t u r e of d i b r o m o - a n d c h l o r o b r o m o - s a l t s . T h e 
s a l t i s a l so f o r m e d -when c h l o r o a q u o b i s o t h y l e n e d i a m i n e b r o m i d e is h e a t e d for 2 h o u r s a t 
110° , w h e r e b y a m i x t u r e of t h e cis- a n d t r a n s - c h l o r o b r o m o - b r o m i d e s is p r o d u c e d . T h i s 
is s e p a r a t e d a s be fo re . T h e dextro-acdt, a n d t h e Icevo-salt a r e d e r i v e d f rom t h e cor re­
s p o n d i n g c a m p h o r b r o m o s u l p h o n a t e s , ixx d a r k g r ey i sh -v io l e t , c r y s t a l l i n e p o w d e r s , w h i c h 
lose a m o l . of w a t e r a t 110*. T h e s p . r o t a t i o n of t h e d e x t r o - s a l t is [a]== 148°, a n d of 
t h e lsevo-sal t , — 1 5 5 ° . M. L . E r n s b e r g e r a n d W . R . B r o d e s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
T h e c o r r e s p o n d i n g cobaltic bromochlorobisethylenediaminechloride, [Co e n , C l B r ] C l . H 9 O , w a s 
p r e p a r e d in a n a n a l o g o u s m a n n e r a s d a r k g r e y i s h - v i o l e t c r y s t a l l i n e p o w d e r . T h e s p . 
r o t a t i o n of t h e dextro-salt is [<*] = 164°, a n d of t h e lcevo-«alt, —176° . I f a cone. so ln . of 
d i c h l o r o a q u o e t h y l e n e d i a m i n e a m m i n o c h l o r i d e is t r e a t e d wi t l i h y d r o b r o m i c ac id , cobaltic 
bromochloroaquoethylenediamlneammlnobromlde, [ C o ( N H a ) e n ( H a O ) C l B r | B r , is f o r m e d in 
o l i ve -g reen c r y s t a l s . Cone , n i t r i c a c i d c o n v e r t s i t i n t o t h e n i t r a t e , a n d p o t a s s i u m iod ide , 
i n t o t h e i o d i d e of t h e se r i e s . 

The CoA3 or Triammine Family. 
E . B i rko prepared cobaltic t r ib romot r i ammine , [Co(NHa)3Br3], by treat ing 

tr iol-hexamminobromide with cone, hydrobromic acid. 

Complexes with Two or More Cobalt Atoms. 
A. W e r n e r 1 0 prepared cobaltic /x-amino-decanriminobromide, [(NH3)5Co 

- N H 3 - C o ( N H 8 ) S ] B r 6 - H 2 O , by the action of ammonium bromide on t h e ni t ra te , 
sulphate, or di thionate . The reddish-brown needles form a 0*5 per cent. soln. 
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w i t h w a t e r a t r o o m t e m p . A m m o n i u m b r o m i d e p r e c i p i t a t e s t h e sa l t a l m o s t 
q u a n t i t a t i v e l y f rom i t s a q . so ln . T h e sa l t loses w a t e r a t 80° t o 85° w i t h o u t 
decompos i t ion , b u t w i t h w a r m , cone , su lphur ic or n i t r ic acid , t h e h e x a m m i n o - a n d 
c h l o r o p e n t a m m i n o - s a l t s a r e fo rmed . 

A. W e r n e r , a n d A. Basel l i , p r e p a r e d cobalt ic bromoaquo-^t-amino-OCtammino-
bromide , [ ( H 2 O ) ( N H g ) 4 C o — N H 2 - C o ( N H g ) 4 B r ] B r 4 , b y t h e a c t i o n of cone , h y d r o -
b r o m i c ac id on )Lt-amino-ol-octamminosulphate . T h e d a r k b r o w n , ac icu la r c ry s t a l s 
d issolve i n w a t e r , a n d t h e r e d d i s h - b r o w n soln. h a s a n acidic r e a c t i o n ; t h e a q . soln. 
soon b e c o m e s c a r m i n e - r e d owing t o t h e fo rma t ion of fx-amino-ol-octamminobromide. 

A . W e r n e r a n d F . M. GrigoriefT, a n d I . F t i r s t enbe rg ob ta ined cobalt ic t e t ra -
bromo - /x - amino - hexamminobromide, [Br2(NH3J3Co-NH2—Co(NH3)3Br2]Br.-
2 H 2 O , b y w a r m i n g a n aq . soln. of / z - amino-d io l -hexamminobromide w i t h cone , 
h y d r o b r o m i c ac id on t h e -water-bath. T h e sa l t is also p r e p a r e d b y r e d u c i n g 
/Lt-amino-peroxo-ol -hexamminobromide w i t h s u l p h u r o u s ac id , a n d t h e a d d i t i o n of 
cone, h y d r o b r o m i c ac id t o t h e resu l t ing soln. g ives g reen i sh-b lack c rys t a l s . T h e 
green ish-brown, c rys ta l l ine p o w d e r loses 2 mols . of w a t e r a t 70° t o 80° ; i t i s 
insoluble in cold w a t e r ; a n acidified soln. of s i lver n i t r a t e , /z-amino-diol -
h e x a m m i n o n i t r a t e or d iaquo-**-amino-o l -hexamminoni t ra te is fo rmed in a q . soln. 

A . W e r n e r p r e p a r e d cobal t ic d io l -oc tamminobromide , [ ( N H 3 ) 4 C o ~ ( O H ) 2 
^ l i C o ( N H 3 ) 4 ] B r 4 . 4 H 2 0 , b y t r e a t i n g t h e co r r e spond ing chlor ides w i t h a s a t . so ln . 
of p o t a s s i u m b r o m i d e . T h e r u b y - r e d c rys t a l s a r e freely soluble in w a t e r , a n d 
p o t a s s i u m b r o m i d e p r e c i p i t a t e s t h e sa l t f rom i t s a q . soln. T w o mols . of w a t e r a r e 
los t o v e r su lphur i c ac id ; a n d al l is g iven off a t 80° . O b s e r v a t i o n s on t h e sa l t 
were m a d e b y H . F r a n k ; L . C. J a c k s o n s t u d i e d t h e m a g n e t i c p rope r t i e s ; a n d 
E . R o s e n b o h m g a v e —1*19 X 10~ 7 m a s s u n i t for t h e m a g n e t i c suscep t ib i l i ty . 

A . W e r n e r a n d J . R a p p o r t p r e p a r e d cobalt ic d io l -quatere thy lened iamine-
bromide, [en 2 Co ( O H ) 2 - ^ C o Cn 2 ]Br 4 . 4H 2 O. T h e a c t i o n of cone , hyd roch lo r i c 
ac id on hexo l - s ex i e se thy l ened i aminen i t r a t e , furn ishes c r y s t a l s of c i s -d iaquobis -
e thy l ened iaminech lo r ide , a n d , w h e n t h i s p r o d u c t is d iges t ed w i t h p y r i d i n e a n d 
s o d i u m d i t h i o n a t e , i t y ie lds c ry s t a l s of c i s - h y d r o x y a q u o b i s e t h y l e n e d i a m i n e d i t h i o -
n a t e . T h i s sa l t a t 100° t o 110° loses wa te r , t o fo rm t h e d i t h i o n a t e of t h e r e q u i r e d 
sa l t . W h e n t h e d i t h i o n a t e is t r i t u r a t e d w i t h a m m o n i u m b r o m i d e a n d w a t e r , i t 
y i e lds r edd i sh -v io le t needles of t h e tetrahydrate, w h i c h loses t w o mols . of w a t e r a t 
100°, or ove r cone , su lphur i c acid, fo rming t h e dihydrate, T h e p r e p a r a t i o n of 
t h e sa l t w a s also desc r ibed b y H . F r a n k , a n d b y J . V. D u b s k y . I J . C. J a c k s o n 
s t u d i e d t h e m a g n e t i c p r o p e r t i e s ; a n d E . R o s e n b o h m f o u n d t h e m a g n e t i c 
suscep t ib i l i t y t o be —2-64 X 10~ 7 m a s s u n i t . A. W e r n e r a n d J . R a p p o r t f o u n d 
t h a t a t 12°, fuming h y d r o b r o m i c ac id c o n v e r t s t h e sa l t i n t o c i s -d ib romobis -
e t h y l e n e d i a m i n e b r o m i de . 

A . W e r n e r p r e p a r e d cobalt ic / x -d ia imno-oc tamminobromide , [ ( N H 3 ) 4 C o 
TT.(NH 2 ) 2 i -LCo(NH 3 ) 4 ]Br 4 .4H 2 0. H e said t h a t in t h e p r e p a r a t i o n of c is -dichloro-
t e t r a m m i n o c h l o r i d e f rom d io l -oc t amminoch lo r ide , t h e c r u d e s u b s t a n c e s o m e ­
t i m e s a s s u m e s a superficial r e d co lour w h e n d r i e d over p h o s p h o r u s p e n t o x i d e . 
I f t h i s p a r t l y - c h a n g e d p r o d u c t is d issolved in w a t e r , a n d s o d i u m d i t h i o n a t e a d d e d 
a f te r ha l f a n h o u r , o range-ye l low c rys t a l s of / x - d i a m i n o - o c t a m m i n o d i t h i o n a t e a r e 
p r e c i p i t a t e d , a n d on t r i t u r a t i n g t h e p r e c i p i t a t e w i t h a l i t t l e w a t e r a n d a m m o n i u m 
b r o m i d e , r e d c r y s t a l s of t h e tetrahydrate a r e fo rmed . 

A. Werner obtained cobaltic hydro^aquo-peroxo-ol-hexamniinobroriiide, 
[ ( O H ) ( N H 3 ) 3 C o = = ( O H ) 0 2 _ : C o ( N H 3 ) 3 ( H 2 0 ) ] B r 3 , b y r u b b i n g u p t h e s u l p h a t e w i t h 
a m m o n i u m b r o m i d e a n d a l i t t l e w a t e r . T h e g r een i sh -b rown need les fo rm, w i t h 
w a t e r , a b r o w n soln . h a v i n g a feebly ac id ic r e a c t i o n . T h e sol id b e c o m e s r e d 
on keep ing . 

A. Werner,ii prepared cobaltic ^-ammonium-peroxo-qu^terethylene&amine-
bromide, [ e n 2 C o = 0 2 ( H N . H B r 3 ) = C o e n 2 ] B r 3 . 3 H 2 0 , b y t r e a t i n g a so ln . of t h e co r re ­
s p o n d i n g n i t r a t e w i t h potass ium b r o m i d e ; r e d c r y s t a l s of t h e trihydrate a r e f o r m e d . 
T h e c rys ta l s dissolve i n w a t e r , w h i c h is t u r n e d r ed , a n d t h e n g reen b y mineral 
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ac ids . A monohydrate c a n a lso b e o b t a i n e d . A. W e r n e r a n d co -worke r s o b t a i n e d 
t h e a n h y d r o u s dextro-salt, a n d Icevo-salt b y t r e a t i n g a n ice-cold soln. of t h e /A-amino-
p e r o x o - q u a t e r e t h y l e n e d i a m i n e b r o m i d e w i t h h y d r o b r o m i c ac id . T h e i m p u r e , 
r e d d i s h - b r o w n c r y s t a l l i n e p o w d e r c a n b e puri f ied b y c o n v e r t i n g i t i n t o t h e d i t h i o n a t e 
a n d r u b b i n g u p t h e p r o d u c t w i t h s o d i u m b r o m i d e a n d w a t e r , w a s h i n g t h e p a l e red , 
c r y s t a l l i n e p o w d e r w i t h alcohol a n d e t h e r , a n d d r y i n g i t ove r ca l c ium ch lo r ide . 
T h e s p . r o t a t i o n of a 0*125 p e r c e n t . soln. of t h e d e x t r o - s a l t is [a.]=^2080 . 

A . W e r n e r a n d R . F e e n s t r a o b t a i n e d c o m p o u n d s w h i c h a p p e a r e d t o c o n t a i n a n i m i n o -
g r o u p , b u t , a c c o r d i n g t o A . W e r n e r , t h e q u e s t i o n is a n o p e n o n e . B y t r e a t i n g i m i n o b i s -
p y r i d i n o o e t a n x r n i n o t e t r a c h l o r i d e -with c o n e , h y d r o b r o m i c ac id , cobaltic iminobispyridine-
oetamminotetrabromide, [ ( N H , ) 4 p y . C o . N H . C o ( N H 4 ) p y ] C l 4 , w a s f o u n d m b r o w n , a c i c u l a r 
c r y s t a l s ; a n d b y t r e a t i n g a so ln . of d i a q u o - ^ - a m i n o - o l - h e x a m i n i n o m t r a t e w i t h h y d r o ­
b r o m i c a c i d , A . W e r n e r a n d F . S t e i n i t z e r o b t a i n e d a d i r t y g r e e n p o w d e r of cobaltlc 
iminohexamminobromide, C o ( N H a ) 8 ( N H ) B r 4 , b u t i t s n a t u r e h a s n o t y e t b e e n e s t a b l i s h e d . 

T h e r e is a l so t h e b l a c k , c r y s t a l l i n e p o w d e r , cobaltic diozo-trimidodexamminobromide, 
( O a ) 2 ( N H ) 3 C o 4 ( N H 8 ) 1 0 B r s . H 2 0 , p r e p a r e d b y A . W e r n e r a n d c o - w o r k e r s b y t h e a c t i o n of 
h y d r o b r o m i c a c i d o n t h e n i t r a t e . J t s c o n s t i t u t i o n h a s n o t b e e n e s t a b l i s h e d . 

A. W e r n e r a n d F . B e d d o w , 1 2 a n d A. W e r n e r a n d A. d r i i n o b t a i n e d cobal t ic 
/Lt-aminoHPeroxo-octamminobromide, [(NH3)4Co - ( N H 2 ) 0 2 £ I Co(NH3)4]Br4 -H2O, 
b y t r i t u r a t i n g Gr. V o r t m a n n ' s s u l p h a t e — v i d e supra, t h e c o r r e s p o n d i n g c h l o r i d e — w i t h 
c o n e , h y d r o b r o m i c a c i d ; or b y s imi la r ly t r e a t i n g t h e s u l p h a t e of t h e ser ies . T h e 
m i c r o c r y s t a l l i n e p o w d e r cons i s t s of g r een p r i s m s . T h e a q . soln. of t h e sa l t d e c o m ­
poses r a p i d l y . 

A . W e r n e r a n d c o - w o r k e r s 1 3 p r e p a r e d coba l t i c /4 -amino-peroxo-quatere thy lene -
d i a m i n e b r o m i d e , [ en 2 Co— ( N H 2 ) O 2 ^ C o e n 2 J B r 4 . 6 H 2 0 , b y t r e a t i n g a cold, s a t . so ln . 
of t h e c o r r e s p o n d i n g n i t r a t e w i t h a m m o n i u m b r o m i d e . T h e cub ic c r y s t a l s of t h e 
hexahydratc a p p e a r a l m o s t b l ack in ref lected l igh t , a n d ye l lowish-green in t r a n s ­
m i t t e d l igh t . T h e sa l t b e c o m e s a n h y d r o u s a t 110°. T h e a q . soln. is ye l lowish-
g reen , a n d i t h a s a n e u t r a l r e a c t i o n . J . Ange r s t e in , a n d A. G o r d i e n k o s t u d i e d t h e 
a b s o r p t i o n s p e c t r a of a q . soln . T h e dextro-salt, a n d t h e hrvo-salt c a n be o b t a i n e d 
f rom t h e c o r r e s p o n d i n g c a m p h o r b r o m o s u l p h o n a t e s . T h e g reen i sh-b lack , p r i s m a t i c 
c r y s t a l s , in OO 25 p e r c e n t . a q . soln. , h a v e t h e sp . r o t a t i o n s La . ]~840 0 for d e x t r o - s a l t , 
a n d - 840° for t h e hevo-sa l t . 

A. Werner 1 4 i>repared cobaltic dibromo-/£-amino-peroxo-hexaminobromide, 
i n symmetrical a n d asymmetrical f o rms : 

[(BNH1)3C0<N0BVC,«(NH8)JBr» [^»=>^<T 2VC"<
BNH 3 )JB r» 

* Symmetrical form Asymmetrical form 
T h e s y m m e t r i c a l v a r i e t y w a s o b t a i n e d b y t h e a c t i o n of cone , h y d r o b r o m i c ac id 
o n a w a r m , a q . soln . o f / x - a m i n o - p e r o x o - o l - h e x a m m i n o b r o m i d e ; t h e smal l , greenish-
b l a c k c r y s t a l s a r e s p a r i n g l y so luble in w a t e r . T h e a s y m m e t r i c a l f o r m w a s p r e p a r e d 
b y t h e a c t i o n of a m m o n i u m b r o m i d e an t h e a s y m m e t r i c a l ch lo r ide . T h e d a r k 
b r o w n c r y s t a l s a r e eas i ly so luble i n w a t e r , a n d p a s s i n t o / z - a m i n o - p e r o x o - o c t a m m i n o -
b r o m i d e w h e n t r e a t e d w i t h l i qu id a m m o n i a . A . W e r n e r a n d A. Basell i 1 5 

f o u n d t h a t cobal t ic / x - a m i n o - o l - o c t a m m i n o b r o m i d e , f ( N H 3 ) 4 O o = ( N H 2 ) (OH) 
C o ( N H 4 ) 4 ] B r 4 . 4 H 2 0 , s e p a r a t e s o u t w h e n a n a q . soln . of b romoaquo- /x -amino-

o c t a m m i n o b r o m i d e is a l lowed t o s t a n d for s o m e t i m e , a n d t h e s a m e sa l t is p r o d u c e d 
w h e n t h e s u l p h a t e is r u b b e d u p w i t h cone , h y d r o b r o m i c ac id , a n d t h e p r o d u c t 
c ry s t a l l i z ed f rom w a t e r a c i d u l a t e d w i t h ace t i c ac id . T h e g a r n e t - r e d , p r i s m a t i c 
c r y s t a l s of t h e tetrahydrate effloresce o v e r s u l p h u r i c ac id ; a t 60° , a n d o v e r p h o s ­
p h o r u s p e n t o x i d e , al l 4 mo l s . of w a t e r a r e g iven off. W a t e r dissolves a b o u t 1-3 p e r 
c e n t , of t h e s a l t ; a n d cone , h y d r o b r o m i c ac id c o n v e r t s i t i n t o b romoaquo- /x -amino-
o c t a m m i n o b r o m i d e . A . W e r n e r p r e p a r e d d a r k r e d c ry s t a l s of cobalt ic / x -amino-
ol-quaterethylenediaminebromide, [ en 2 Co=(NH 2 ) ( O H ) _ Co Cn 2 ]Br 4^H 2O, in dark 
r e d c r y s t a l s , b y t r i t u r a t i n g t h e i od ide w i t h a m m o n i u m b r o m i d e . 

A . W e r n e r 1 6 p r e p a r e d cobal t ic t r i o l - h e x a m m i n o b r o m i d e , [ ( N H 3 ) S C o - ( O H ) 8 



734 I N O K G A N I C A N D T H B O B B T I C A L , C H E M I S T R Y . 

~ C o ( N H 3 ) 3 ] B r 3 , b y w a r m i n g 10 g r m s . of b r o m o c h l o r o a q u o t r i a m m i n o b r o m i d e 
w i t h 50 c.c. of w a t e r for a few m i n u t e s a t 60°. T h e s a l t fo rms r ed , ac i cu la r 
p r i s m s . T h e sa t . , a q . soln . h a s 7-7 p e r c en t , of t h e s a l t a t r o o m t e m p . T h e 
a q . soln . is d e c o m p o s e d b y h e a t . O . R . Mines s t u d i e d t h e phys io log ica l a c t i o n . 

A . W e r n e r , a n d I . F u r s t e n b e r g o b t a i n e d CObaltic / x - a m i n o - d i o l - h e x a m m i n o -
bromide , [ ( N H a ) 3 C o ^ ( N H a ) ( O H ) 2 E C o ( N H s ) 3 ] B r 3 , b y t r e a t i n g a w a r m soln . of 
d i a q u o - f t - a m i n o - o l - h e x a m m i n o n i t r a t e w i t h a m m o n i u m b r o m i d e ; o r b y t r i t u r a t i n g 
t h e co r r e spond ing iod ide w i t h s i lver b r o m i d e . T h e smal l , needle- l ike c r y s t a l s a r e 
spa r ing ly soluble i n co ld w a t e r , a n d t h e a q . soln. h a s a n e u t r a l r eac t i on . A . W e r n e r , 
a n d A. W e r n e r a n d F . M. Grigorieff p r e p a r e d cobaIt ic~/u,-amino-peroxo-ol-hexammine, 
a n d A . W e r n e r a n d F . M. Grigorieff p r e p a r e d cobalt ic /Li-amino-peroxo-ol-
h e x a m m i n o b r o m i d e , [ ( N H 3 ) 3 C o Z ( N H 2 ) ( O H ) 0 2 E C ! o ( N H 3 ) 3 ] B r 8 . 2 H 2 0 — v i d e supra, 
t h e co r r e spond ing ch lor ide . T h e b l a c k ch lo r ide is t r i t u r a t e d w i t h a c o n e . soln . 
of s i lver n i t r a t e , a n d w h e n t h e n i t r a t e is s a t u r a t e d w i t h a m m o n i u m b r o m i d e , d a r k 
g reen c rys t a l s of t h e dihydrate a r e fo rmed . T h e a q . soln. h a s a n e u t r a l r e a c t i o n . 
T h e sa l t is r e d u c e d b y s u l p h u r o u s ac id t o a /Lc-amino-diol-hexammino-sal t . 

A . W e r n e r 1 7 p r e p a r e d cobalt ic hexo l -hexarnrmnobromide , [ ( N H g ) 3 C o = ( O H ) 3 
::::Co:::" :(OH)3==Co(NH3)3]Br3 , b y t r e a t i n g 2 g r m s . of t h e c o r r e s p o n d i n g ch lo r ide 
w i t h 1 c .c . of c o n e , a q . a m m o n i a , a n d 80 c.c . of w a t e r , a n d a d d i n g a m m o n i u m 
b r o m i d e t o t h e rap id ly- f i l t e red l iqu id . T h e smal l , b r o w n , sca ly c r y s t a l s a r e w a s h e d 
w i t h a lcohol a n d e t h e r . 

A . W e r n e r 1 ^ o b t a i n e d cobal t ic hexol-dCHJecamminobromide, [Co{(OH) 2 
= C o ( N H 3 ) 4 } 3 ] B r f l . 8 H 2 O , b y h e a t i n g d i b r o m o t e t r a m m i n o b r o m i d e w i t h a l i t t l e 
w a t e r , a n d filtering r a p i d l y , w h e n t h e soln. , a l m o s t b l ack , d e p o s i t s b l ack , t a b u l a r 
c r y s t a l s . I t i s a l so o b t a i n e d b y p r e c i p i t a t i o n f rom a soln . of a n o t h e r s a l t of t h e 
series b y m e a n s of s o d i u m b r o m i d e . I t c a n be re -c rys ta l l i zed f r o m cone , ace t i c 
ac id , a n d w a s h e d w i t h a lcohol a n d e t h e r . W h e n a i r -d r ied , t h e p r o d u c t is t h e 
octohydrate. A . W e r n e r a l so p r e p a r e d t h e dexlro-salt, a n d t h e Icevo-salt b y a d d i n g 
sufficient s i lver c a m p h o r b r o m o s u l p h o n a t e t o p r e c i p i t a t e a l l t h e ch lo r ine , a n d t h e n 
t r e a t i n g t h e soln . w i t h d i l . ace t i c ac id . T h e first c r o p s of c r y s t a l s of t h e d - c a m p h o r -
b r o m o s u l p h o n a t e a r e u s u a l l y l sevo- ro ta to ry , a n d t h o s e of t h e Z-camphorbromosul -
p h o n a t e , d e x t r o - r o t a t o r y . T h e a c t i v e b r o m i d e s w e r e p r e p a r e d b y d i sso lv ing t h e s e 
sa l t s in j u s t sufficient a q . a c e t o n e (50 p e r c e n t . ) , a d d i n g sma l l q u a n t i t i e s of s o d i u m 
b r o m i d e u n t i l t h e p r e c i p i t a t e h a d a m a r k e d a c t i v i t y , a n d t h e n d i l u t i n g t h e m o t h e r -
l iquor w i t h a b s o l u t e a lcohol . T h e d e x t r o - a n d l scvo-bromides c rys ta l l i zed a s 
dihydrates. T h e 0-05 p e r c e n t . so ln . i n 1 : 1 a q u e o u s a c e t o n e , a n d A = 5 6 0 , h a d t h e . 
s p . r o t a t i o n s [ a ] = 1 0 5 0 ° for t h e d e x t r o - s a l t , a n d —4500° for t h e lsBVo-ealt. T h e 
a n o m a l o u s d i spers ion w a s s t u d i e d b y A. W e r n e r , a n d J . "Lifschitz. A . W e r n e r 
prepared cobaltic hexol-sexiesethylenediainineobromide, [Co{(OH)2=Co en2}3]Br6, 
b y t r e a t i n g a cone . soln. of t h e n i t r a t e w i t h s o d i u m b r o m i d e . T h e r e d d i s h - b r o w n , 
ac i cu l a r c ry s t a l s a r e freely so luble i n w a t e r . Coba l t i c h y d r o x i d e s e p a r a t e s f rom t h e 
boi l ing , a q . s o l n . ; h y d r o b r o m i c ac id c o n v e r t s i t i n t o g reen t r a n s - d i b r o m o b i s e t h y l e n e -
d i a m i n e b r o m i d e . 
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§ 20. Cobaltous Iodide 
O. Xi. E r d m a n n x o b t a i n e d coba l tou s iodide* C o I 2 , b y h e a t i n g p o w d e r e d c o b a l t 

a n d iod ine in a g lass t u b e , a n d a d d e d t h a t t h e r e su l t i ng p r o d u c t is g rey i sh -g reen , 
w i t h o u t m e t a l l i c l u s t r e , a n d fuses w h e n h e a t e d , b u t does n o t s u b l i m e . I t is a l so 
o b t a i n e d b y h e a t i n g c o b a l t in a c u r r e n t of i od ine v a p o u r . W . B i l t z a n d E . B i r k 
o b t a i n e d t h e i od ide b y h e a t i n g s p o n g y c o b a l t — o b t a i n e d b y h e a t i n g t h e o x a l a t e i n 
h y d r o g e n — i n a c u r r e n t of h y d r o g e n iod ide be low t h e m . p . of c o b a l t iod ide , 400° 
t o 500° , t h e n r a i s ing t h e t e m p , t o a b o u t 550° , w h e n t h e i od ide m e l t s , a n d finally 
cool ing i n v a c u o , so a s t o r e m o v e t h e a b s o r b e d gases . W . N . H a r t l e y , a n d A . l £ t a rd 
d e h y d r a t e d t h e h e x a h y d r a t e b y k e e p i n g i t i n a v a c u u m o v e r cone , s u l p h u r i c ac id for 
5 or 6 d a y s ; W . N . H a r t l e y , b y h e a t i n g t h e h e x a h y d r a t e t o 130° ; a n d A. F e r r a r i 
a n d F . Giorgi , b y d r y i n g a n d m e l t i n g t h e h e x a h y d r a t e i n a c u r r e n t of h y d r o g e n 
a n d h y d r o g e n iod ide . C. F . R a m m e l s b e r g , a n d O. L . E r d m a n n o b t a i n e d a n a q . 
so ln . of t h e s a l t b y p l a c i n g t h e finely-divided m e t a l in c o n t a c t w i t h iod ine a n d 
w a t e r , w h e n t h e t e m p , r ises a n d a r e d l i qu id is fo rmed . I . BolschakofE obse rved 
t h a t if t h e a q . so ln . b e e v a p o r a t e d a n d t h e n cooled, c r y s t a l s of t h e hexahydrate, 
C o I 2 . 6 H 2 O , a r e f o r m e d a s r ed , h e x a g o n a l p r i s m s — W . N . H a r t l e y r e c o m m e n d e d 
cool ing t h e l i q u i d t o a b o u t 16° ; a f u r t h e r c o n c e n t r a t i o n a n d coo l ing of t h e soln. , 
b y a f reezing m i x t u r e , y i e ld s t h e enneahydrate, C o I 2 . 9 H 2 O , w h i c h f o r m s r ed , r h o m b i c 
p l a t e s ; a n d t h e s e c r y s t a l s , a t 6-4°, f o r m t h e h e x a h y d r a t e . A . fitard o b t a i n e d t h e 
tetrahydrate, C o I 2 . 4 H 2 O , in g r een p l a t e s f r o m h o t , c o n e . so ln . ; a n d W . N . H a r t l e y , 
a n d C. F . R a m m e l s b e r g o b t a i n e d t h e g r e e n dihydrale, C o I 2 . 2 H 2 O , b y e v a p o r a t i n g 
a c o n e . soln . of t h e s a l t o v e r s u l p h u r i c ac id . 

A c c o r d i n g t o W . B i l t z a n d E . B i r k , t h e v a p o u r of o r d i n a r y c o b a l t iod ide 
i n v a c u o , p a r t l y c o n d e n s e s a s i od ine , a n d p a r t l y a s a n ochre-ye l low sub ­
l i m a t e of u n s t a b l e /?-Cobalt iodide ; t h e o r d i n a r y b lack , s t a b l e f o r m is a-CObalt 
iodide . T h e s p . gr . of t h e ^ - i o d i d e is 5-45 a t 25°/4° , be ing r a t h e r less t h a n t h a t of 
t h e a - i o d i d e . W h e n t h e ye l low yS-iodide i s h e a t e d t o 400°, i t fo rms t h e b l ack a - iod ide . 
T h e a - iod ide f o r m s a rose - red so ln . w h e n d i s so lved in w a t e r , b u t t h e a q . soln . of t h e 
/3-iodide is p a l e wine-ye l low, a n d t h e so ln . i s a l m o s t colourless if free iod ine h a s 
b e e n r e m o v e d b y ch lo ro fo rm. T h e a q . so ln . of t h e /J-iodide is s t a b l e for a b o u t a 
d a y , a n d w i t h w a r m i n g or c o n c e n t r a t i o n i n v a c u o , i t becomes rose - red . B o t h 
t h e ro se - r ed a n d t h e p a l e ye l low so ln . h a v e t h e s a m e e lec t r ica l c o n d u c t i v i t i e s . 

O r d i n a r y c o b a l t i od ide , a - iod ide , is b l a c k ; a n d , acco rd ing t o A . H a n t z s c h , t h e 
V O L . x i v . * 3 B 
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greenish colour which i t usually appears to have, is due to the presence of a little 
free iodine. The crystals are hexagonal, and A. Ferrari and F . Giorgi observed 
t ha t the space-lattice is of the cadmium iodide type, with a—3-96 A., c=6-65 A., 
and a : c = l : 1-68. W. Biltz and E . Birk gave 5-584 for the sp. gr. a t 25°/4° ; 
and G. L. Clark and H . K. Buckner gave 5*68—A. Ferrari and F . Giorgi calculated 
5-75 from the X-radiograms. W. Biltz and E . Birk gave 56-02 for the mol. vol., 
and the subject was discussed by F . Ephraim, and F . Ephra im and O. Schiitz. 
G. I J . Clark and H . K. Buckner gave 2-90 for the sp. gr. of the hexahydrate , and 
said t h a t there is an 11 «2 per cent, contraction in the reaction : CoI2-I-GH2O 
=-=CoI2.6H2C G. Devoto and A. Guzzi gave 495° for the m.p., bu t W. Biltz and 
E . Birk gave 515° to 520° in vacuo, and A. Ferrari and F . Giorgi, 515° in a current 
of iodine. I . Bolschakofi found the enneahydrate passes into the hexahydrate a t 
6-4° ; W. N. Hart ley said t ha t the hexahydrate loses its water slowly in vacuo over 
sulphuric acid, or rapidly a t 130°. The iodide begins to lose iodine a t about 540°, 
and it boils a t 570° to 575° with the dissociation of pa r t of the iodide into iodine 
and cobalt. Some /3-iodide is formed as a sublimate. K. Jellinek and R. Ulroth 
found the partial press, of the iodine a t 535°, 605°, and 685° to be, respectively, 
P 1 8 = 1-91 XIO- 3 , 6-76 X 1O -3, and 2-57 X 10~2. W. Geller measured the vap . press. 
of aq. soln. G. Devoto and A. Guzzi gave for the heat of formation from gaseous 
iodine (Co,I2)=39-13 CaIs. ; W. Biltz, (Co,I2 ,Aq.)=57 CaIs. ; and M. Berthelot, 
and Li. Pigeon, 54-3 CaIs. With iodine in soln., J . Thomsen gave (Co,I2,Aq.) 
=42-52 CaIs. ; L. Pigeon, 41-5 CaIs. ; and M. Berthelot, 40-7 CaIs. G. Devoto 
and A. Guzzi gave 18 CaIs. for the heat of soln. of a mol of the anhydrous iodide 
in 1900 mols of water a t 18° ; and A. Mosnier, 18-8 CaIs. F . Ephra im and 
O. Schiitz, and E . Rabinowitsch and E . Thilo discussed the heats of formation of 
the halides of the cobalt family. G. Devoto and A. Guzzi calculated for the free 
energy of formation of the molten salt, 13,800 cals. 

H . Fesefeldt measured the absorption spectrum of thin films of the iodide. 
A. l£tard observed t h a t between —22° and 20°, the aq. soln. is dark red ; a t higher 
temp. , i t becomes olive-green ; and above 35°, green. Observations on the colour 
and absorption spectrum were made by W. Ackroyd, W. R. Brode and R. A. Morton, 
W. R. Brode, F . TLi. Cooper, G. Deniges, and R. A. Houstoun and co-workers. 

W. Riedel found the electrical conductivity of soln. with a mol of the iodide, in 
v litres, a t 25° : 

v . . . 2 0 ° 8 0 ° 3 2 0 ° 1 2 8 0 ° 5 1 2 0 ° 
fjL . . 9 9 0 2 109*03 1 1 6 1 5 1 2 1 - 5 0 1 2 7 - 9 3 
a . . 0 - 7 7 0 - 8 5 _ 0 - 9 0 0 - 9 4 0 - 9 9 5 

The limiting value a t infinite dilution is 128-61. The calculated degrees of ionization, 
a, are indicated above ; the t ranspor t numbers for the anion for v—20-8, 203-5, 
and 432, a t 18°, are, respectively, 0-6218, 0-6062, and 0-6040 ; and for the cations, 
0-3782, 0-3938, and 0-3960. The degrees of the hydrolysis for soln. with 0-05 
and 0-01 mol per litre, are, respectively, 0*05 and 0-11 per cent., and the H*-ion 
concentration, respectively, 10^4 '9 0 , and 10~4 '9 5 . G. Dickhaus gave for a soln. of 
0-0458 grm. of CoI2 in 1OO c.c. of water, a t different t emp : 

33° 34° 37° 38° 46° 47° 
C o n d u c t i v i t y . 1 8 4 - 9 3 5 1 8 1 - 4 7 5 1 7 2 - 4 0 6 1 6 9 - 1 6 8 1 4 8 - 4 6 O 1 4 5 - 9 7 3 

There are irregularities between 33-6° and 33-7°, between 37-7° and 37-8°, 
and between 46-2° and 46-3° ; irregularities were also observed by J . Hamacher 
between 24° and 25°, between 39° and 41°, between 35° and 39°, and 
between 40° and 42°. P . Walden measured the conductivity of soln. of 
the salt in phosphoryl chloride. G. Devoto and A. Guzzi found the decom­
position potential of the molten iodide is 0-872 volt a t 700°, 0-802 volt 
a t 750°, 0-704 volt a t 800°, and 0-590 volt a t 850°. W . Biedel gave for the 
e.m.f. of the cell P t (H 2 ) | CoI2 [ KCUt . »oin. I 0-IaT-KC^Hg2Oa | H g , with the cobalt 
iodide soln. containing 0-05 and 0-01 mol. per li tre, !respectively, 0-6270 and 
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O 6 3 0 v o l t . G. T a m m a n n a n d H . O. v o n S a m s o n - H i m m e l s j e r n a s t u d i e d t h e 
p o t e n t i a l of c o b a l t i n soln . of t h e iod ide . W . K l e m m a n d W . S c h u t h f o u n d t h e 
m a g n e t i c suscept ib i l i t i es a t 91° K . , 195° K . , 293° K . , 513° K . , a n d 673° K . t o b e , 
r e spec t ive ly , x X 1 0 « = 1 0 0 , 51-4, 34-4, 19-4, a n d 14-6. O. L i e b k n e c h t a n d A. P . Wi l l s 
f o u n d t h e m a g n e t i c su scep t ib i l i t y of a n a q . soln. t o b e 3 3 X 10~"6 m a s s u n i t a t 18° . 

C o b a l t iod ide is r e d u c e d t o t h e m e t a l w h e n h e a t e d in h y d r o g e n . !K. J e l l i n e k 
a n d R . U l r o t h found t h a t in t h e b a l a n c e d r e a c t i o n : C o I 2 + H 2 ^ C o - f -2HI , t h e 
e q u i l i b r i u m c o n s t a n t , - P H I 2 / J P H 8 , is 0*30, 0-57, a n d 1-21, respec t ive ly , a t 535°, 605°, 
a n d 686° . A c c o r d i n g t o A . lS ta rd , t h e p e r c e n t a g e solubi l i ty , S9 of t h e sa l t in 
w a t e r , is : 

— 22° —8° —2° 9° 25° 46° 82° 111° 156° 
£? . . 52-4 56-7 58-7 61-4 66-4 7 9 O 80-7 80-9 8 3 1 

A . lS ta rd s u p p o s e d t h e solid p h a s e for t h e rose - red soln. be low 20° t o c o n t a i n t h e 
h e x a h y d r a t e ; t h e m i x e d colour , o l ive-green b e t w e e n 20° a n d 35° , r e p r e s e n t e d a 
m i x t u r e of t h e h e x a h y d r a t e a n d t h e t e t r a h y d r a t e ; a n d t h e g reen co lour a b o v e 
35° , t h e t e t r a h y d r a t e ; a n d h e f o u n d t h e solid p h a s e a b o v e 46° t o b e t h e d i h y d r a t e . 
A c c o r d i n g t o I . BolsehakofF, t h e t r a n s i t i o n t e m p , for t h e ennea - a n d h e x a h y d r a t e s 
is 6*4° ; a n d for t h e h e x a - a n d t e t r a h y d r a t e s , 27° . C F . R a m m e l s b e r g obse rved 
t h a t c o b a l t iod ide d issolves i n a sma l l p r o p o r t i o n of w a t e r , fo rming a g reen soln. , 
a n d w i t h a l a rge r p r o p o r t i o n of w a t e r , a r ed soln. W . N . H a r t l e y a d d e d t h a t w h e n 
t h e s a l t is d i s so lved in t h e sma l l e s t poss ib le p r o p o r t i o n of w a t e r , t h e soln. is r ed 
a t —10° , a n d w i t h a r i s ing t e m p , t h e l iqu id pas ses t h r o u g h all s h a d e s of colour , f rom 
b r o w n t o o l ive-green, a t 75° . T h e sub j ec t w a s d iscussed b y J . H . G lads tone , a n d 
W . A c k r o y d — v i d e supra, c o b a l t o u s ch lo r ide . W . N . H a r t l e y obse rved t h a t t h e 
h y d r a t e , a t 100°, loses n e a r l y all i t s w a t e r , t o fo rm c o b a l t oxy iod ide , CoOI 3 , a n d 
C. F . R a m m e l s b e r g o b t a i n e d w h a t h e r e g a r d e d a s a bas ic sa l t . B y a d d i n g a m m o n i a 
t o a d i l . soln. of c o b a l t iod ide , a b r o w n l iqu id is f o r m e d — p r e s u m a b l y t h e p e p t i z e d 
h y d r o x i d e — a n d a b lue p r e c i p i t a t e is p r o d u c e d wh ich t u r n s g reen w h e n w a s h e d 
a n d d r i ed . W . R i e d e l o b s e r v e d t h a t c o b a l t o u s iod ide u n i t e s w i t h iod ine t o fo rm a 
Cobaltous polyiodide , poss ib ly CoI 4 , in a q . soln . ; t h e c o n d u c t i v i t i e s c o r r e s p o n d i n g 
w i t h soln . c o n t a i n i n g a m o l of t h e sa l t in v l i t res , a t 25° , a n d t h e degrees of ion iza t ion , 
<x, a r e : 

v . . . 2 0 80 320 1280 5120 oo 
ft . . . 85-45 9 4 1 6 102-92 110-33 114-98 114-39 
a . . . 0-745 0-821 0-899 0-962 l-OOO 

R . F . W e i n l a n d a n d F . Schlege lmi lch found t h a t w h e n a s a t . soln. of c o b a l t o u s 
ch lo r ide is t r e a t e d w i t h iodine , d a r k o range - red c ry s t a l s of c o b a l t chloroiodide , 
CoCl 2 . IC l 3 . 8H 2 O, a r e fo rmed . T h e iod ine ch lo r ide c a n b e e x t r a c t e d w i t h c a r b o n 
t e t r a c h l o r i d e . P . W a l d e n o b s e r v e d t h a t t h e iod ide fo rms a v io le t soln. w i t h 
t h i o n y l ch lo r ide ; a n d a ye l lowi sh -b rown so ln . w i t h s e l en ium m o n o c h l o r i d e . 
C. Dufra i sse a n d £>. N a k a e s t u d i e d t h e c a t a l y t i c o x i d a t i o n of s o d i u m su lph i t e soln. ; 
a n d A . H a n t z s c h a n d H . Car l sohn , t h e a c t i o n of d i l . s u l p h u r i c ac id on t h e sa l t . 

C. F . R a m m e l s b e r g f o u n d t h a t w h e n d r y c o b a l t iod ide is h e a t e d in d r y a m m o n i a , 
i t swells u p t o fo rm a r ed p o w d e r , coba l tous h e x a m m i n o i o d i d e , CoI 2 . 6NH 3 , o r 
[ C o ( N H s ) 6 ] I 2 . W . B i l t z cou ld n o t o b t a i n cobalt decatntninoiodide ana logous w i t h 
t h e d e c a m m i n o c h l o r i d e . C. F . R a m m e l s b e r g a l so descr ibed cobaltous tetrammino-
iodide, C o I 2 . 4 N H 3 , sa id t o b e f o r m e d , i n rose - red c rys ta l s , b y cool ing t h e v io le t 
l i q u i d o b t a i n e d b y a d d i n g a n excess of a m m o n i a t o a w a r m cone . soln. of coba l t 
i od ide . W . B i l t z a n d B . F e t k e n h e u e r f o u n d t h a t t h e p r o d u c t is t h e h e x a m m i n e , 
n o t t h e t e t r a m m i n e , a n d t h e y modif ied t h e p rocess b y t r e a t i n g a ho t , cone . so ln . 
of c o b a l t iod ide w i t h c o n e . a q . a m m o n i a u n t i l t h e p r e c i p i t a t e which is first f o r m e d 
p a s s e s i n t o soln. , t h e n a d d i n g air - f ree a lcohol u n t i l a s l ight t u r b i d i t y a p p e a r s , 
coo l ing t h e soln . , a n d w a s h i n g t h e p r e c i p i t a t e w i t h cone , a m m o n i a , a n d finally 
w i t h a lcoho l . I t i s i m p o r t a n t t o e m p l o y air-free l iqu ids , s ince t h e i od ide u n d e r 
t h e s e c o n d i t i o n s i s r e a d i l y ox id ized . T h e c ry s t a l s a r e d a r k rose- red , w i t h a ye l low 
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tinge ; the powder is pale rose-red. P . Stoll found t h a t the X-radiograms corre­
spond with a cubic lattice of the calcium fluoride type. The elementary cube has 
the parameter -4=10-92, and contains 4 mols. The arrangement is t h a t indicated 
in connection with the corresponding chloride, Fig. 114. W. Biltz and E . Birk 
gave a=10-93 A., and G. B . Naess and O. Hassel, o=10-91 A., and 4-73 A. for t he 
distance bet-ween the Co and I a toms. The subject was discussed by W. Biltz, 
and H . Hentschel and F . Rinne. W. Biltz and E. Birk gave 2-096 for the sp. gr. 
a t 25°/4°, and 198-0 for the mol. vol. ; G. L,. Clark and H . K. Buckner gave 2-36 
for the sp. gr. The mol. vol. of the NH3-groups was also discussed by W. Hieber 
and E . Levy, W. Biltz and E . Birk, and W. Biltz. F . Ephra im found for the 
dissociation press., p mm., of the ammonia : 

V 

and the results are indicated in Fig. 114. W. Biltz and B. Fetkenheuer said t h a t 
the results of W. Peters are too low. W. Biltz and G. F . Htit t ig found t h a t the 

dissociation temp, a t 1OO mm. press, is 141°. The heat of 
formation from cobaltous iodide is 16-43 CaIs. per mol of 
NH 3 . The subject was discussed by W. Biltz and co­
workers, G. Li. Clark, and by F . Ephra im. When the 
hexammine is heated to 156°, and the containing vessel 

0s 100° WO6^ 300* repeatedly evacuated, i t passes into cobaltous diammino-
Fio. 114.—Dissociation iodide, CoI2 .2NH3 . This dark blue variety is considered 

AmSSoio^ides00150^^ t o b e t h e stahle or <*-for*n, or cis-form as contrasted with 
the malachite-green salt or unstable or /3-form, or trans­

form which is obtained when the hexammine is heated a t 92°, in vacuo, over 
sulphuric acid. The ;8-forin is more readily decomposed by exposure to air than 
is the case with the a.-form ; and the /J-form passes into the ct-form when i t is 
heated. The diammine forms solid soln. with the hexammine. The dissocia­
t ion press, a t 136-5° was 0*17 mm., and a t 153-5°, 0-94 mm. The decomposition 
t emp , for 100 mm. press, is 272°. The salt melts a t 222°. W. Biltz and co-workers 
found t h a t the heat of formation is 10*17 CaIs. per mol of N H 3 . The subject was 
discussed by G. Ii . Clark, and W. Hieber and E . Levy ; and the magnetic sus­
ceptibility, by W. Klemm and W. Schiith. I n a t tempt ing t o prepare cobaltous 
monatnminoiodide, CoI2-NH3 , by heating a mixture of cobalt iodide and hex-
amminoiodide, in theoretical proportions, only a mixture of cobalt iodide and 
diamminoiodide was formed. According to H . Franzen and H . L. Lucking, when 
cone. soln. of cobalt iodide and hydrazine iodide are mixed, a rose-red, crystalline 
powder of cobaltous dihydrazinoiodide, CoI2 .2N2H4 , is formed. The chlorides 
and bromides under similar conditions furnish double salts. A bet ter yield is 
obtained by mixing aq. soln. of cobalt iodide and hydrazine hydra te . The 
product is sparingly soluble in water, and freely soluble in acids. 

According to P . Walden, cobalt iodide is soluble in phosphoryl chloride, and in 
arsenic trichloride, but nearly insoluble in arsenic tribromide. O. L. Erdmann 
said t h a t cobalt iodide is readily soluble in ethyl alcohol ; forming a blue soln. studied 
by W. R. Brode, F . L. Cooper, and A. Hantzsch and H . Carlsohn; the blue soln. 
formed with ether was studied by A. Hantzsch, and A. Hantzsch and H. Carlsohn. 
W. Eidmann, and A. Naumann found t h a t the iodide is soluble in acetone ; and 
A. Naumann, t h a t i t is soluble in methyl acetate.. P . Walden measured the 
electrical conductivity of the soln. in acetonitrile. A. Naumann found t h a t t he 
soln. in benzonitrile is apple-green. P . Walden measured the conductivi ty of soln. 
in methyl thiocyanate, in dimethyl sulphide, and in methyl sulphate. B. Kdhnlein 
observed no marked reaction with propyl chloride ; F . Ephra im and R. Linn, and 
W. Hieber and co-workers studied the complex salt wini methylamine, and also 
with ethylamine ; F . Ephra im a n d R . Linn obtained no complex with dimethyl* 
amine ; G. A. Barbieri and F . Calzolari, and F . Calzolari and U. Tagliavini obtained 
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complexes with hexamethylenetetramine ; Gr. Spacu and G. Suciu, and W. Hieber 
and co-workers with ethylenediamine ; J . Frejka and L. Zahlova, with diamino-
butane ; W. Hieber and E . Levy, and W. Hieber and co-workers, with aniline ; 
W. Hieber and co-workers, and R. Cernatescu and co-workers, with phenylenedi-
a m i n e ; W. Hieber and F . Leuter t , with acetoxime ; F . Calzolari, with caffein ; 
"W. R. Brode, A. Hantzsch, W. Hieber and E . Levy, W. Hieber and F . Miihlbauer, 
W. Hieber and A. Woerner, A. Naumann and J . Schroder, E . G. V. Percival and 
"W. Wardlaw, F . Schlegel, and R. F . Weinland and co-workers, with pyridine ; 
E . G. V. Percival and W. Wardlaw, with quinaldine ; and F . Blau, with dipyridyl, 
and with phenanthroline. E . Beckmann, and W. R. Brode observed t h a t cobalt 
iodide is soluble in quinoline. M. R. Menz studied the complexes formed with 
camphidine ; and A. Tet tamanzi and B . Carli, with triethanolamine. C. Dufraisse 
and X). Nakae studied the catalytic action on the oxidation of acraldehyde, 
benzaldehyde, furturaldehyde, styrene, and turpentine. 

G. F . Campbell prepared caesium cobaltous tetraiodide, Cs2CoI4, from soln. 
of the component salts in the rat io Cs : C o = I : 4 to 16. The green deliquescent 
crystals are whitened by decomposition "when brought in contact with water or 
alcohol. Although sodium cobaltous tetraiodide, 2NaI2-CoI2 , has not been pre­
pared, L. Cambi has obtained complexes with acetone, and acetic anhydride. 
A. Ferrar i and A. Inganni observed t h a t a continuous series of solid soln. is formed 
with cadmium and cobalt iodides, bu t no compound is formed. D . DobroserdofE 
prepared mercuric cobaltous hexaiodide, 2HgI 2 .CoI 2 .6H 2O, in dir ty red octahedra, 
by evaporating in vacuo a mixed soln. of the component salts. The crystals are 
like those of chrome alum ; and A. Duboin likened them to those of the corre­
sponding iron salt. The salt is decomposed by water ; and i t is soluble in alcohol, 
and acetone. J}. DobrosertlofT also obtained mercuric cobaltous tetraiodide, 
HgI 2 .CoI 2 .6H 2 O, from the mother-liquor obtained in preparing the hexaiodide. 
The salt is not decomposed by water ; F . Calzolari and IJ. Tagliavini obtained 
a complex salt with hexamethylenetetramine. A. Mosnier prepared lead cobaltous 
hexaiodide, PbI 2 .2CoI 2 .3H 2O, from soln. of the component salts ; it is decomposed 
by water . 
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§ 2 1 . Cobaltic Iodide and its Complex Salts 
The higher iodide of cobalt—cobaltic iodide, CoI3—has not yet been isolated, 

but a remarkable number of stable complex salts of the ammine family has been 
prepared. The general properties are treated more fully in connection with the 
chlorides. 

The COAQ or Hexammine Family. 

E. Fremy,1 and O. W. Gibbs and F. A. Genth prepared cobaltic hexammino-
iodide, [Co(NH3)fl]I3, by precipitation from a soln. of a cobaltic hexammino-salt 

by a soln. of potassium iodide. S. M. Jor-
9 Co -atom gensen obtained it by adding hydriodic acid 

to a soln. of the hexamminohydroxide. The 
o NH3 - groups orange-red to garnet-red crystals are hexa-

T ^M ,*,L, ^, kisoctahedra belonging to the cubic system, @ I^oms^kmd) a n d t h e y w e r e de*crfbed b y R M ^ j a g e r ; 

• I-atoms (2^kind) and W. Nowaki. The X-radiograms ob­
tained by K. Meisel and W. Tiedje fur-

Fio. llsT—The Cobalt Atom and its nished data from which they derived the 
Surroundings. following structure. Each cobalt atom is 

surrounded by six nitrogen atoms of the six 
NHg-groups arranged at the apices of an octahedron, Fig. 115, so that the 
distances between the cobalt and nitrogen atoms are 1-9 A. These distances 
are exaggerated in Fig. 116. The cobalt atoms are also surrounded by two sets 
of iodine atoms—(i) eight iodine atoms of the first kind are arranged at the 
apices of a cube and at a distance of 4-7 A. from the cobalt atom ; and (ii) 
six iodine atoms of the second kind are arranged at the apices of another 
octahedron at a distance of 5-45 A. from th.e cobalt atom. This gives a kind 
of structure which is a combination of the sodium chloride, and the calcium 
fluoride lattices. Each cobalt atom is arranged in the lattice as indicated in 

Ze.it
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F i g s . 116 a n d 117. T h e s y s t e m s a b o u t t h e different c o b a l t a t o m s , F i g . 115, 
be long i n p a r t t o o t h e r c o b a l t a t o m s , a n d l ikewise a lso w i t h t h e e l e m e n t a r y cel ls , 
F i g s . 116 a n d 117. A s a r e su l t , t h e r e a r e , o n t h e a v e r a g e , four [Co(NHg) 6 ] I 3 -
molecu le s p e r u n i t ce l l . T h e f ace -cen t red , cub ic cells h a v e a n edge of l e n g t h 
a = 1 0 - 9 1 A . R . W . G. Wyckoff a n d T . P . McCutcheon , G. N a t t a , O. H a s s e l a n d 

F i o . 116. Tlio Arrangement of t h e Cobalt 
A t o m s in the Lat t i ce ; and of the N H 3 -
groupa a b o u t each Cobalt A t o m . 

F i o . 117. T h e A r r a n g e m e n t of t h e Dif­
ferent A t o m s in tho Face -centred L a t ­
t ice . 

G. B . N a e s s , a n d O. H a s s e l g a v e a== 10-88 A. ; H . H e n t s c h e l a n d F . R i n n e , 10-91 A . ; 
a n d P . S to l l , 10-92 A . W h i l s t K . Meisel a n d W . Tiedje c a l c u l a t e d 1-9 A . for t h e 
p a r a m e t e r b e t w e e n t h e Co a n d N - a t o m s , R . W . G. Wyckoff a n d T . P . M c C u t c h e o n 
g a v e 2-2 A . ; H . H e n t s c h e l a n d F . R h i n e , 1-64 t o 1-91 A . ; a n d P . S to l l , 4-1 A . 
G. B . N a e s s a n d O. H a s s e l s t u d i e d t h e l a t t i c e s t r u c t u r e . G. N a t t a g a v e for t h e 
c a l c u l a t e d sp . gr . , 2-83 ; F . M. J a g e r f ound t h e s p . gr . t o be 2-526 a t 15° ; t h e m o l . 
vo l . , 214-52 ; a n d t h e t o p i c a x i a l r a t i o s x ' «A : ">—5-9864 : 5-9864 : 5-9865. W . B i l t z 
a n d E . B i rk , f o u n d t h e s p . gr . t o be 2-746 a t 25° /4° , a n d i t s mo l . vo l . 197-3 ; a n d 
F . E p h r a i m a n d O. Sch i i t z , s p . g r . 2-636 a t 25° , a n d mo l . vol . , 205-6. W . B i l t z 
c a l c u l a t e d t h e m o l . vo l . of t h e N H 3 - g r o u p s in t h e coba l t i c h e x a m m i n o i o d i d e t o b e 
19 , w h e r e a s for t h e c o r r e s p o n d i n g c o b a l t o u s s a l t i t is 24 . O b s e r v a t i o n s on t h e 
s u b j e c t were a lso m a d e b y R . K l e m e n t , a n d E . B i r k ; a n d W . Bi l t z , E . F e y t i s , 
a n d Li. C. J a c k s o n s t u d i e d t h e m a g n e t i c p r o p e r t i e s . P . P a s c a l , a n d E . R o s e n b o h m 
g a v e for t h e m a g n e t i c su scep t ib i l i t y , —0*323 X 10~ 6 m a s s u n i t . 

S. M. J o r g e n s e n f o u n d t h e i od ide t o b e less so luble in w a t e r t h a n t h e b r o m i d e . 
F . E p h r a i m a n d co -worke r s , a n d P . M o s i m a n n o b s e r v e d t h a t a s a t . , a q . soln. , a t 
18°, c o n t a i n s 0-015 m o l o r 0-819 g r m . p e r l i t r e . F . E p h r a i m a n d P . M o s i m a n n p r e ­
p a r e d a po ly iod ide , cobalt ic hexaxnininoeniieaiodide,[Co(NH 3)^JT 3 .3I 2 , b y t h e a c t i o n 
of a so ln . of iod ine i n p o t a s s i u m iod ide o n t h e h e x a m m i n o c h l o r i d e . W h e n t h e b r o w n 
need l e s a r e e x t r a c t e d w i t h c a r b o n d i s u l p h i d e , t w o - t h i r d s of t h e i od ine is r e m o v e d . 
F . E p h r a i m f o u n d t h a t w h e n t h e h e x a m m i n o i o d i d e is t r e a t e d w i t h l i qu id a m m o n i a , o r 
w i t h g a s e o u s a m m o n i a a t —21° , a r edd i sh -ye l l ow cobal t ic h e x a d e c a m m i n o i o d i d e , 
[ C o ( N H 3 ) 6 ] I 3 . 1 0 N H 3 , i s fo rmed , a n d t h i s c o m p o u n d , a t —15-5° , y ie lds c o b a l t i c 
enneamminoiodide, [Co(NH3)6]I3.3NH3; and at 14°, cobaltic heptamminoiodide, 
[ C o ( N H 3 ) 6 ] I 3 . N H 3 , w h i c h h a s a d i s soc ia t ion t e m p , of 45*5°. F . E p h r a i m a n d 
c o - w o r k e r s o b t a i n e d r e d d i s h - b r o w n c r y s t a l s of mercur ic c o b a l t i c h e x a m m i n o -
penta iodide , [ C o ( N H 3 ) 6 ] I 3 . H g I 2 , of s p . g r . 3-55O a t 25° , a n d mo l . vol . 2 8 0 - 7 ; 
also mercuric cobaltic hexamminoenneaiodide, [Co(NH3)6]T3.3HgI2.6H20, in 
s m a l l , r e d d i s h - b r o w n c r y s t a l s ; a n d b i s m u t h c o b a l t i c h e x a m m i n o h e x a i o d i d e , 
[Co (NHg) 6 ] I 3 -B i I 3 , a s a ye l l ow p r e c i p i t a t e . N o z i n c c o b a l t i c h e x a m m i n o i o d i d e , 
o r c a d m i u m cobal t i c hexa i i imino iod ide cou ld be p r e p a r e d , b u t s t a n n o u s iod ide 
w i t h t h e h e x a m m i n o i o d i d e f o r m s b r o w n c r y s t a l s of p r e s u m a b l y s t a n n o u s cobalt ic 
h e x a m m i n o i o d i d e , w h i c h soon d e c o m p o s e . F . W . B e r g s t r o m obse rved t h a t n o 
def in i te p r o d u c t i s f o r m e d b y t h e a c t i o n of an a m m o n i a soln. of p o t a s s i u m a m i d e . 

P . Pfeiffer a n d T . G a s s m a n n , 2 a n d Li. L». Lehr fe ld h e a t e d coba l t i c c h l o r o p e n t -
a m m i n o c h l o r i d e w i t h 3 m o l a r p a r t s of m o n o h y d r a t e d e t h y l e n e d i a m i n e u n t i l t h e 
m a s s b e c a m e ye l low, a n d t h e n a d d e d p o t a s s i u m iod ide t o a n a q . so ln . of t h e p r o d u c t , 
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and obtained cobaltic trigethylenediairiineiodide, [Co en 8 ] I 8 .H 2 0 , in yellow crystals 
—the mother-liquid slowly deposited yellow, acicular crystals. F . M. Jager pre­
pared the same salt by the addition of potassium iodide to a soln. of the bromide, 
and in re-crystallizing the product from hot water, obtained dark red t o reddish-
brown crystals, which were rhombic bipyramids with the axial ratios a : b : c 
=0-8700 : 1 : 1-7399, and had a sp. gr. of 2-270 a t 25°/4°. Observations on the 
crystals were also made by F . M. Jager and P . Koets. J . Angerstein studied the 
absorption spectrum. P . Pfeiffer and T. Gassmann added t h a t a t 16° the aq. soln. 
contained 2-55 per cent, of the anhydrous iodide. A. Benrath and W. Kohlberg, and 
A. G. Bergmann found t h a t the vap . press, measurements agreed with the existence 
of t h e monohydrate. P . PfeifFer and M. Tilgner prepared cobaltic trisethylene-
diamineheptaiodide, £Co en3]I3 .2I2 , in black, tabular or acicular crystals, by the 
heating of a soln. of the thiocyanate with an alcoholic soln. of iodine and potassium 
iodide, or by the action of a soln. of iodine and potassium iodide on the iodide. I t 
forms yellow soln. with alcohol and pyridine ; and is decomposed by dil. acids. 
G. Spacu and co-workers prepared cobaltic trisethylenediaminechloroiodo-
mercurate, [Co en3]Cl(HgI4) ; and cobaltic trisethylenediamineiodomercurate, 
[Co en3]I(HgI4) . 

F . M . J a g e r p r e p a r e d t h e dextro-salt, a n d t h e Icevo-salt b y t r e a t i n g t h e c o r r e s p o n d ­
i n g b r o m i d e s w i t h a c o n e . s o l n . o f p o t a s s i u m i o d i d e . T h e r h o m b i c b i p y r a m i d s o f 
t h e d e x t r o - s a l t h a v e t h e a x i a l r a t i o s a : b : c = 0 - 8 2 7 6 : 1 : 0 - 7 3 8 6 , a n d o f t h e l s e v o -
s a l t , 0 - 8 2 5 6 : 1 : 0 - 7 3 9 5 . T h e s p . g r . a r e , r e s p e c t i v e l y , 2 - 2 8 9 a n d 2 - 2 8 8 a t 2 5 ° / 4 ° . 
E . R o s e n b o h m g a v e — 3 - 8 4 X 1 O - 7 m a s s u n i t f o r t h e m a g n e t i c s u s c e p t i b i l i t y o f t h e 
d e x t r o - s a l t . I i . C . J a c k s o n s t u d i e d t h e m a g n e t i c p r o p e r t i e s ; a n d F . M . J a g e r , 
t h e o p t i c a l p r o p e r t i e s . G . a n d P . S p a c u p r e p a r e d s i l v e r c o b a l t i c t r i s e t h y l e n e -
diamineiodide, [Co en 3 ] (AgI 2 ) 2 I ; and lead cobaltic trisethylenediaminoiodide, 
[Co en3](PbI3)3 . C. S. Borzekowsky prepared the dextro- and lsevo-forms of co ­
baltic hydroxylaminebisethylenediamineamminoiodide, [Co(NH3)(NH2OH)en2]I3 . 

P . Pfeiffer a n d T . G a s s m a n n o b t a i n e d o p t i c a l l y i n a c t i v e , o r r a c o m i c cobalt ic t r i s -
propylenediaminelodide, [Co p n 8 ] I 8 . H a O , b y a d d i n g p o t a s s i u m iod ide t o a n a q . so ln . of 
t h e c o r r e s p o n d i n g c h l o r i d e . F . M . J a g e r a n d H . B . B l u m e n d a l p r e p a r e d c o b a l t i c t r i s cyc lo -
p e n t a n e d i a m i n e i o d i d e b y t h e a c t i o n of s o d i u m iod ide o n a so ln . of t h e c h l o r i d e ; a n d t h e d e x t r o -
sa l t , a n d IaBvo-salt, b y t h e a c t i o n of s o d i u m iod ide o n so ln . of t h e c o r r e s p o n d i n g o p t i c a l l y -
a c t i v e c h l o r i d e s . T h e go lden-ye l low need l e s , a c c o r d i n g t o E . R o s e n b o h m , h a v e a m a g n e t i c 
s u s c e p t i b i l i t y of —0-391 X 1O - 8 . T h e m a g n e t i c p r o p e r t i e s -were s t u d i e d b y L . C. J a c k s o n . 
L . Tschugaeff a n d W . Sokoloff f o u n d t h a t a q . so ln . , s a t u r a t e d a t 25° , c o n t a i n s 5-98 p e r c e n t , 
of t h e i o d i d e ; a n d , a c c o r d i n g t o P . Pfeiffer a n d T . G a s s m a n n , o n e s a t u r a t e d a t 16° c o n t a i n s 
4*29 p e r c e n t . T h e s a l t i s r e p r e c i p i t a t e d b y p o t a s s i u m i o d i d e ; a n d p o t a s s i u m t h i o c y a n a t e 
p r e c i p i t a t e s t h e c o r r e s p o n d i n g t h i o c y a n a t e . T h e Icevo-salt, i n b r o w n need le s , -was p r e ­
p a r e d b y L . Tschugaeff a n d W . Sokoloff b y h e a t i n g o n a w a t e r - b a t h a n a q . so ln . of c h l o r o -
p e n t a m m i n o c h l o r i d e a n d Z-propyld iamine , a n d a f t e r w a r d s a d d i n g p o t a s s i u m i o d i d e . A n 
a q . so ln . s a t u r a t e d a t 25° c o n t a i n s 11-36 p e r c e n t , of t h e i o d i d e — i . e . t h e s o l u b i l i t y is n e a r l y 
d o u b l e t h a t of t h e r a c e m i c s a l t . T h e s p . r o t a t i o n of a 3-38 p e r c e n t . a q . so ln . for N a - l i g h t 
is [a] = 23-63°. J . Frejka and L.. Zahlova prepared cobaltic trisbutylenediaminolodide, 
[Co Dn 8 ] I 3 . 

F . O . M a n n a n d W . J . P o p e o b t a i n e d cobaltic bistriaminopropanediamminolodlde, 
[ C o ( N H 8 ) a p t n 8 ] I s , i n o r ange -ye l l ow n e e d l e s b y t h e a c t i o n of p o t a s s i u m i o d i d e o n a s o l n . 
.of t h e c h l o r i d e . T h e s a l t is n o t d e c o m p o s e d a t 320° , i t i s less so lub le i n w a t e r t h a n t h e 
c h l o r i d e ; a n d . i t i s n o t so lub l e i n a l coho l . F . C M a n n p r e p a r e d cobaltic blsdlamlnodiethyl-
eneamlnotrilodlde, C o { ( H a N . C 8 H 4 ) a N H } a ] T 8 . A . W e r n e r a n d C. K r e u t z e r , a n d A . W e r n e r a n d 
R . S a m a n e k p r e p a r e d cobalt ic cis-bisethylenediamlnodiammtnolodide, [Co(NMa) 8 On 8 ] I 8 , b y 
i the a c t i o n of p o t a s s i u m i o d i d e o n a so ln . of t h e n i t r a t e a t 60° . T h e g a r n e t - r e d , r h o m b i c 
p l a t e s a r e s t r o n g l y r e f r a c t i v e ; 5-6 p a r t s of w a t e r d i s so lve 1 p a r t of t h e i o d i d e a t 23° . 
A . W e r n e r a n d Y . S h i b a t a p r e p a r e d t h e dextro-salt, a n d t h e Icevo-salt, in d a r k ye l l ow n e e d l e s 
b y t h e a c t i o n of a m m o n i u m iod ide o n t h e corx*esponding b r o m i d e s . T h e s p . r o t a t i o n for 
t h e d e x t r o - s a l t i s [ a ] = 29° , a n d for t h e lsevo-sal t , — 2 8 ° . A . W e r n e r a n d R . S a m a n e k 
a l so p r e p a r e d cobaltic cis-bisethylenediaminediamminopolylodlde. A . W e r n e r a n d c o - w o r k e r s 
o b t a i n e d cobaltic trans-bisethylenediamlnediamminoiodlde, i n b r o w n i s h - y e l l o w p l a t e s b y 
t h e a c t i o n of p o t a s s i u m i o d i d e o n t h e c o r r e s p o n d i n g c h l o r i d e . O n e p a r t of t h e 
i o d i d e d i s so lves i n 40-86 p a r t s of w a t e r a t 23° . A . W e r n e r a n d K . D a w e r e p o r t e d 
cobaltic blspropylenedlaminediammlnolodide, [ C o ( N H a ) 8 P n 8 ] I 8 - H 8 O , b y a d d i n g p o t a s s i u m 
i o d i d e t o a h o t s o l n . of t h e c o r r e s p o n d i n g c h l o r i d e . T h e d a r k o r a n g e - r e d -crystal l ine m a s s 
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gradually forms yellow needles. F . M. Jager and H . B . Blumendal obtained cobaltlc 
ethylenedtamlnebiscyclopentanediamlneiodide, [Co On(C6H1 aN a ) a ] I s , in yellowish-brown 
needles, by fractional crystallization of the product of the action of sodium iodide on the 
corresponding chloride. P . Ffeiffer and T. Gassmann obtained cobaltlc propylenediamlne-
bisethylenediamineiodlde, [Co en 8 pn]I 8 .3£H 2 0, in brownish-yellow needles, as in the case 
of the bromide. "Water sa tura ted a t 16° contains 4-O per cent, of the anhydrous salt . 
E.- Rosenbohm said t h a t the deostro-saU has a magnetic susceptibility of —O-385 X 1O-•. 
L . C. Jackson studied the magnetic properties. F . M. Jager and H . B . Blumendal prepared 
cobaltlc cis-bisethylenediaminecyclopentaneiodide, [Co en8(CBH1 8N2)]I8 , by t reat ing the corre­
sponding chloride -with sodium iodide. The brownish-red, rhombic bipyramids have 
the axial ratios a : b : e— 1*7699 : 1 : 0-6494. They also prepared the desctro-aa.ltf and the 
Icevosedt. F . M. Jager obtained cobaltlc a-phenantbrolinebisethylenedlamineiodide, 
[Co en2(C1 2H8N2)JI3 , by the action of sodium iodide on the chlorosulphate. The dark brown, 
triclinic crystals have the axial rat ios a : 6 : c = 0*6487 : 1 : 0-4692. H e also prepared the 
dextro-ealt, and the Icevo-salt. H. Plischke, and W. A. Redeker prepared cobaltlc pyridine-
blsethylenediamineamminoiodlde, [Co(NH s)engpy]I8 . F . M. Jager and P . Roots obtained 
cobaltlc blstriamlnotrlethylaminesexlesethylenediamineiodide, [Co sen6(C6H18N4)2]I3 , by the 
act ion of sodium iodide on the chloride, or of bar ium iodide on the sulphate . 
The blood-red, acicular or columnar rhombic crystals have the axial ratios a : b : c 
= 0-6498: 1 : 0-9959. The crystals are dichroic—blood-red and orange-yellow. C. J . Dippel 
and J . M. Jager prepared cobaltlc trlsdiaminopentanoiodide, [Co p tn 3 l l a , with cz/9S- and 
/3/3S- diaminopentanes. 

S. M. J o r g e n s e n 3 p r e p a r e d cobal t ic a q u o p e n t a m i n o i o d i d e , [ C o ( N H a ) 5 ( H 2 O ) ] I 3 , 
b y n e u t r a l i z i n g a n a q . so ln . of t h e c o r r e s p o n d i n g h y d r o x i d e o r c a r b o n a t e w i t h d i l . 
h y d r i o d i c ac id , a n d p r e c i p i t a t i n g t h e sa l t w i t h t h e cone , ac id ; a n d F . E p h r a i m , 
b y a d d i n g p o t a s s i u m iodide t o a c o n e . soln . of t h e co r r e spond ing ch lor ide . T h e 
d a r k r ed o c t a h e d r a o r s ix-s ided p l a t e s were found b y G. N a t t a t o h a v e a s t r u c t u r e 
s imi la r t o t h a t of t h e h e x a m m i n o i o d i d e . T h e face-cen t red , cub ic l a t t i ce h a s 4 mo l s . 
p e r cell , a n d t h e p a r a m e t e r is a = 10-84 A. E a c h c o b a l t a t o m is a t t h e c e n t r e of 
a n o c t a h e d r o n , t h e ve r t i ce s of which a r e occup ied b y t h e N H 3 - a n d H 2 0 - g r o u p s . 
T h e s u b s t i t u t i o n of one of t h e N H 3 - g r o u p s b y a H 2 0 - g r o u p p r o d u c e s a s l igh t con­
t r a c t i o n in t h e l a t t i c e , wh ich o the rwi se r e m a i n s u n a l t e r e d . O. H a s s e l , a n d O. Hasse l 
a n d Cr. B . N a e s s a lso found a c o n t r a c t i o n of t h e l a t t i c e f rom a — 1 0 8 8 A . t o 
« = 1 0 - 8 1 A. b y t h e r e p l a c e m e n t of t h e N H 3 - b y t h e H 2 0 - g r o u p . G. N a t t a ca l ­
c u l a t e d 2-81 for t h e s p . gr . F . E p h r a i m a n d O. S c h u t z g a v e 2-697 for t h e s p . g r . 
a t 25° , a n d for t h e m o l . vo l . 2Ol *3, c o r r e s p o n d i n g w i t h a vo l . c o n t r a c t i o n of 55-8 
p e r c e n t , in t h e f o r m a t i o n of t h e c o m p o u n d . N . K . D h a r a n d G. U r b a i n m e a s u r e d 
t h e p o l a r i z a t i o n t ens ion—v ide t h e h e x a m m i n o c h l o r i d e . P . J o b s t u d i e d t h e e lec t ro -
m e t r i c t i t r a t i o n of t h e soln. w i t h s i lver n i t r a t e . 

S. M. J o r g e n s e n o b s e r v e d t h a t t h e iod ide is less so luble t h a n t h e b r o m i d e ; a n d 
F . E p h r a i m a n d O. S c h u t z f o u n d t h a t a s a t . aq.. so ln . of t h e i od ide h a s 0*155 m o l 
p e r l i t r e a t 17*5°. S. M. J o r g e n s e n sa id t h a t a t 100°, t h e a q . so ln . in t h e p resence 
of h y d r i o d i c ac id , shows n o i nc l i na t i on t o p a s s i n t o i o d o p e n t a m m i n o i o d i d e . T h e 
a q . so ln . g ives n o p r e c i p i t a t e w i t h h y d r o b r o m i c ac id , o r w i t h s o d i u m d i t h i o n a t e , b u t 
p r e c i p i t a t i o n o c c u r s w i t h p o t a s s i u m iod ide , f e r r i cyan ide , c h r o m a t e , a n d d i c h r o m a t e ; 
d i l . s u l p h u r i c ac id f o r m s a n i o d o s u l p h a t e ; h y d r o c h l o r o p l a t i n i c ac id gives a b r o w n 
so ln . w h i c h soon d e p o s i t s p l a t i n i c iod ide . F . E p h r a i m f o u n d t h a t a t —18° in 
a m m o n i a ga s , t h e p r o d u c t a p p r o x i m a t e s t o cobal t ic aquopentadecarnrninoiodide, 
[ C o ( N H g ) 5 ( H 2 O ) ] I 3 . 1 0 N H 3 , a n d a s t h e t e m p , r i ses t o 56° , all t h e a m m o n i a is expel led . 
V a r i o u s sol id so ln . a r e f o r m e d i n b e t w e e n . F . E p h r a i m a n d P . Mos imann obse rved 
t h a t neither zinc cobaltic aquopentamminoiodide, nor cadmium cobaltic 
a q a o p e n t a m m i n o i o d i d e is f o r m e d f rom a soln . of t h e c o m p o n e n t iodides , b u t 
yellowish-red needles of mercuric cobaltic aquopentam minopentaiodide, 
[ C o ( N H 3 ) 5 ( H 2 0 ) ] I 3 . H g I 2 , a r e r e a d i l y p r o d u c e d . 

A. Werner prepared cobaltlc trans-aquoblsethylenedlamineammlnoiodlde, [Co(NH3)en2-
(H8O)JIa-H8O, in brownish-red prisms, by the action of potassium iodide on the corre­
sponding bromide. 

F . E p h r a i m r e p o r t e d c o b a l t i c d i a a u o t e t r a m m i n o i o d i d e , p r o b a b l y 
[ C o ( N H a ) 4 ( H 8 O ) 2 ] I 3 , t o b e f o r m e d in d a r k b r o w n c rys t a l s w i t h a v io le t t i nge , b y 
t h e a c t i o n of p o t a s s i u m iod ide o n a soln . of t h e co r r e spond ing n i t r a t e or ch lo r ide . 
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The CoA6 or Pentammine Family. 

A. Werner 4 prepared Cobaltic iodopentamminiodide, [Co(NHg)6I]I2 , by heat ing 
the aquopentamminoiodide between 60° and 80° ; and also by rubbing up the 
n i t ra te of the series with potassium iodide. The olive-green, crystalline powder 
was found by R. Klement to have a sp. gr. of 2-926 a t 25°/4°, and a niol. vol., 179-4. 
E . Birk, and W. Biltz discussed the mol. vol. of the contained NH 3-groups. 
F . Ephra im found t h a t a t 20° a litre of water dissolves 0-002 mol of the salt. The 
polarization tension was studied by N . R. "Dhar and G. TJrbain. 

A. Werner obtained cobaltic iodopentamminocbloride, [Co(NH3)5I]Cl2 , by 
rubbing up the n i t ra te with ammonium chloride and a little water, and then 
adding cone, hydrochloric acid to the cold aq. soln. The dark green, crystalline 
mass was found by R. Klement to have a sp. gr. 2*355 a t 25°/4°, and a mol. vol. 
145-2. The mol. vol. of the contained NH3-groups was discussed by E . Birk, and 
W. Biltz. R. Ephra im observed t h a t a sat. , aq. soln. a t 20° has 0-0154 mol per 
litre. The cold, aq. soln. was found by A. Werner t o give precipitates with nitric 
and hydrobromic acids, and with potassium iodide, chromate, or dichromate, b u t 
no t with sulphuric acid, sodium dithionate, ammonium sulphate or carbonate, or 
with potassium cyanide or thiocyanate . A. Werner prepared cobaltic iodopent-
amminobromide, [Co(NH3)5I]Br2 , in an analogous manner. The yellowish-green, 
crystalline powder was found by R. Klement to have a sp. gr. 2-926 a t 25°/4°, and 
a mol. vol. 179-4. E . Birk, and W. Biltz discussed the mol. vol. of the contained 
NH3-groups. F . Ephra im observed t h a t a sat. , aq. soln. has 0-00076 mol of the salt 
per litre a t 20°. 

F . Ephra im prepared cobaltic bromopentaxnminoiodide, (Co(NH3) 5 Br]I 2 , 
by the action of potassium iodide on the bromide of the series. The dark violet, 
tabular crystals were found by R. Klement to have a sp. gr. 2*721 a t 25°/4°, and a 
mol. vol. 175-6 ; F . Ephra im and O. Schiitz gave 2-665 for the sp. gr. a t 25°, and 
179-3 for the mol. vol. This corresponds with a vol. contraction of 55-8 per cent , 
in the formation of t he salt. E . Birk, and W. Biltz discussed the mol. vol. of t h e 
contained NH3-groups. F . Ephra im found t h a t a sat. , aq. soln. had 0*0101 
mol per litre a t 20°. J . N . Bronsted and co-workers discussed the solubility in 
water, and in methanol . E . Schmidt prepared cobaltic bromoaquobisethylenedi-
amineiodide, [Co Cn2(H2O)Br]I2-H2O. C. S. Borzekowsky prepared the dextro-
and lsevo-forms of cobaltic bromohydroxylaim^ebisethylenediamineiodide, 
[Co(NH2OH)en2Br]I2 . 

S. M. Jorgensen obtained cobaltic cMoropentamminoiodide, [Co(NH3)6Cl]I2 , 
by t reat ing a soln. of the corresponding n i t ra te wi th potassium iodide ; or t h e 
chloride with sodium iodide. R . Klement gave 2*502 for the sp. gr. a t 25°/4°, 
and 173-3 for the mol. vol. ; F . Ephra im and O. Schiitz gave 2*417 for the sp. gr. 
a t 25°, and 179-3 for the mol. vol. The vol. contraction in the formation of t h e 
compound was also studied by W. Biltz, and E . Birk. F . Ephra im observed t h a t a 
sat . , aq . soln. has 0-0418 mol per litre a t 19°. J . N . Bronsted and co-workers 
discussed the solubility in water and in methanol . S. M. Jorgensen, and F . Eph ra im 
and P . Mosimann described a cobaltic cMoropentainiiunopolyiodide, prepared by 
the action of a soln. of iodine in hydriodic acid on the corresponding carbonate , or 
of a soln. of iodine and potassium iodide on the n i t ra te . F . Ephra im found t h a t 
by t reat ing the salt with ammonia a t —21°, cobaltic chlorohenamminoiodide, 
[Co(NH3)5Cl]I2 .6NH3 , is formed, and this , a t —8°, passes in to cobaltic chloxo-
hexamminochloride, [Co(NH3)5C1]I2.NH3. F . Ephra im and P . Mosimann, and 
S. M. Jorgensen obtained mercuric cobaltic cbloropentainininotetraiodide, 
[Co(NHg)5Cl]I2-HgI2 , in brown p la t e s ; S. M. Jorgensen, mercuric cobaltic cbloro-
pentamminohexaiodide, [Co(NH3)5Cl]I2 .2HgI2 , in sparingly soluble, brown needles ; 
a n d F . Ephra im and P . Mosimann, bismuth cobaltic chloropentamminoctoiodide, 
[Co(NH3)5Cl]I2 .2BiI8 , as a red, crystalline powder. 
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A. 'Werner and W. E. Bocs obtained cobaUlc bromobisethylenediamineamminolodide, 
[Co(NHa)On8Br]I8-II8O, in reddish-brown needles, by the action of ammonium iodide on 
the corresponding dithionate. E. JBerl prepared cobaltic broxnobisethylenediamine-
hydroxylamineiodide, [Ck)(NH,OH)enBr]I,. J. Meisenheimer and E. Kiderlen pre­
pared cobaltic chloroethylaminebisethylenediamineiodide, [Co en8(C2H6.NH2)Cl]I2 ; cobaltic 
trans-chloroallylaminebisethylenedlamlneiodide, [Co en2(C8H6.NH8)Cl]Ia, in dark violet-
red plates, sparingly soluble in water ; cobaltic chloroanllinebisethylenediamineiodide, 
[Co en2(C6H8.NH2)Cl]12, in reddish-brown prisms, decomposed at 40° to 50° ; cobaltic 
Chlorotoluldinebisethylenediamineiodide, [Co en2(C7H7.NH8)Cl]I2, in reddish-brown, six-
sided prisms which decompose at 35° ; and cobaltic cblorobenzylamlnebisethylenediamine-
lodlde, [Co en8(C7H7.NH2)Cl]I8, in raspberry-red needles. Pt. Vogel prepared cobaltic 
ehloropyridinebisethylenediainineiodide, [Co en2py Cl]I2. 

G. T. Morgan and J. D . M. Smith 5 obtained cobaltic hydroxypentammino-
iodide, [Co(NH3)5(OH)]I2, as a violet, crystalline powder, by treating the chloride 
with potassium iodide. M. Rosner obtained cobaltic hydroxydipyridinetri-
amminoiodide, [Co(NH3)3py2(OH)]I2. A. Werner prepared hydrated cobaltic 
c^-hydroxyaquobisethylenediamineiodide, [Co Cn2(HsO)(OH)]I2. Brownish-red 
needles of the monohydrate are formed by adding pyridine to a dil. aq. soln. of the 
cis-diaquobisethylenediaminebromide, and then potassium bromide, and re-crystal­
lizing the product from its aq. soln. R. Klement obtained the dihydrate, in small, 
brown crystals, by saturating with potassium iodide a cold, 10 per cent. aq. soln. 
of the corresponding phosphate. A. Werner obtained cobaltic trans-hydroxyaquo-
bisethylenediamineiodide, by adding potassium iodide to an aq. soln. of a salt of 
the Zraw-s-diaquobisethylenediamine ; or by heating trans-diaquobisethylenedi-
aminechloride first with cone, potash-lye and then with potassium iodide. The 
reddish-brown plates are sparingly soluble in water. 

The CoA^ or Tetrammine Family. 

H. J. 8. King « prepared cobaltic dihydroxytetramminoiodide, 
[Co{Co(NH3)4(OH)2}3]I6. H. Seibt prepared cobaltic cis-difluobisethylenediamine-
iodide, [Co en2F2]I, as a red, crystalline powder, by the action of sodium iodide on 
a soln. of difluobisethylenediaminenuoride ; and cobaltic trans-difluobisethylene-
diamineiodide, in green needles, by the action of ammonium iodide on the corre­
sponding fluoride. A. Werner obtained cobaltic cis-dicblorotetramminoiodide, 
[Co(NH3)4F2]F, in greyish-blue needles, by rubbing up the corresponding dithionate 
with ammonium chloride, and treating a soln. of the product with potassium iodide. 
The salt decomposes on keeping. A. Werner, and A. Werner and A. Klein prepared 
cobaltic trans-dichlorotetramminoiodide as a siskin-green, soluble powder by the 
action of potassium iodide on the corresponding hydrosulphate. The sp. gr. found 
by F. Ephraim and O. SchUtz is 2-342 at 25°, the mol. vol. is 138-7, and the vol. 
contraction during the formation of the compound is 57-8 per cent. The aq. soln. 
decomposes in a short time. S. M. Jorgensen, P. Larisch, and A. Werner and 
P . Larisch prepared cobaltic cis-dichlorobisetnylenediamineiodide, [Co en2Cl2]I, 
by adding potassium iodide to a sat., aq. soln. of the corresponding chloride. 
P. Larisch found that the dark violet, crystalline powder dissolves in 100 c.c. of 
water at 1°. S. M. Jorgensen, P. Larisch, and T. S. Price and S. A. Brazier pre­
pared cobaltic trans-dichlorobisethylenediamineiodide, from the corresponding 
chloride, by the addition of potassium iodide. According to P. Larisch, 0-250 grm. 
of the green, tabular crystals dissolves in 100 c.c. of water at 1°. G. and P. Spacu 
prepared double salts: cadmium cobaltic dichlorobisethylenediamineiodide, 
[Co en2Cl2]2CdI4 ; and mercury cobaltic dichlorobisethylenediamineiodide, 
[Co en2Cl2]HgI3. C. Rix, and A. Werner prepared cobaltic trans-dichloro-
ethylenediaminediaiTiniiTloiodide, [Co(NH3)2enCl2]I, as a green to brown preci­
pitate, by adding potassium iodide to a cold, aq. soln. of the corresponding 
chloride. The powder is sensitive to light. 

G. and P. Spacu prepared the polyiodides [Co en2(N02)2]I4 ; [Co en2(CNS)2]I3 ; 
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TCo en2Cl2]I3 ; [Co en 2 I 2 ] I 3 ; Co[Co en2(OH)2I3I3 ; Co[Co en2(OH)2]3I6 ; and 
[Co en3JI3 . 

A. Werner and A. Wolberg prepared cobaltic trans-dibromotetramminoiodide, 
[Co(NHg)4Br2]I, in greenish-brown prisms, by the action of potassium iodide on 
the corresponding chloride. The salt is sparingly soluble in water, ̂  and it decom­
poses when kept for a long t ime. A. Werner obtained cobaltic cis-dibromobis-
ethylenediamineiodide, [Co en2Br2]I, in scales resembling graphite, by adding 
potassium iodide to a soln. of the corresponding bromide. M. I*. Ernsberger 
and W. R. Brode studied the absorption spectrum. A. Werner and A. Griin 
prepared cobaltic bromochloroaquotriatiriiifiiiioioflide, presumably [Co(NH3)3-
(H2O)ClBr]LnH2O, as a brown precipitate, by the action of potassium iodide on 
a soln. of the corresponding bromide; and similarly with cobaltic bromochloro-
aqurothylenediamineamminoiodide, presumably [Co(NH3)en(H20)ClBr]I. 

Complexes with Two or More Cobalt Atoms. 

G. Vortmann 7 prepared cobaltic peroxo-decamminoiodide, [NH3) 5Co-O2-
Co(NH3)6]I4, by adding potassium iodide t o an oxidized ammoniacal soln. of 
cobaltous chloride ; or by tr i turat ing the corresponding ni t rate with a sat. soln. 
of potassium iodide. The small, green needles are stable in air ; and sparingly 
soluble in water. They are decomposed, with the evolution of oxygen, by a large 
excess of water. 

A. Werner and E . Kindscher prepared cobaltic diol-OCtamminoiodide, 
[(NH3)4Co~(OH)2 Co(NHg)4]T4.2H2O, by the action of potassium iodide on a 
soln. of the corresponding chloride. The dark violet crystals decompose above 
60° ; they are coloured brown by exposure to air ; and are readily dissolved by 
water. J". V. Dubsky and H. Frank, and H. F rank obtained cobaltic diol-quater-
ethylenediamineiodide, [en2Co—(OH)2^Co en2]I4 , as a brownish-red, crystalline 
powder, by the action of potassium iodide on a soln. of the bromide. 

A. Werner prepared cobaltic ^-arnino-peroxo-quarterethylenedianiineiodide, 
[ en 2 Co=(NH) 2 O 2 =Co en 2 ] I 3 .5H 2 0, in small, brown needles, by rubbing up cobaltic 
/Lt-amino-peroxo-quaterethylenediaminebromide with aq. ammonia and then adding 
sodium iodide ; and also by rubbing up the corresponding dithionate with a soln. 
of potassium iodide. The salt is not precipitated from aq. soln. by potassium or 
ammonium bromide. The dextro-salt and the Imvo-salt were obtained by A. Werner 
and co-workers from the corresponding /x-amino-peroxo-salt, as above. The sp. 
rotation of 0*125 per cent. aq. soln. is [a.]= ±160° . 

A. Werner and F . Steinitzer obtained cobaltic iininohexainniinoiodide, 
Co2(NH3)e(NH)Cl4, by treating a warm, aq. soln. of diaquo-ft-amino-ol-hexammine-
nitrate with hydriodic acid. The pale brown powder is sparingly soluble in cold 
wa te r ; and it is decomposed by warm water. A. Werner obtained cobaltic 
/x-amino-ol-quaterethylenediamineiodide, [ e n 2 C o - ( N H 2 ) ( O H ) - C o en2]I4 , as a 
pale red, crystalline powder, by the action of sodium iodide on an acetic acid soln. 
of ft-amino-peroxo-quaterethylenediaminenitrate, adding sodium thiosulphate in 
excess, and salting out with sodium iodide. A. Werner obtained the Icovo-salt 
from the corresponding /x-amino-peroxo-nitrate, as jus t indicated. 

A. Werner, and I. Fiirstenberg prepared cobaltic /x-aminOHliol-hexammino-
iodide, [(NH3)3CoZI(NH2)(OH)2~Co(NH3)3]I3 , by the action of potassium iodide 
on a soln. of the bromide. The brownish-red needles are sparingly soluble in 
water, and the aq. soln. reacts neutral . The aq. soln. decomposes when heated. 

A. Werner and G. Jantsch obtained cobaltic diaquo-tetrol-quaterethylene-
diamineiodide, [en2Co-=(OH)2;:;;Co(H20)2::;;(OH)2=Co en 2 ] I 4 2H 2 0 , by rubbing 
up a soln. of the sulphate with barium chloride, then with potassium iodide, and 
salting out the product from the aq. soln. by potassium iodide a t 30°. The 
brownish-red powder is sparingly soluble in cold water, but readily soluble in hot 
water. I t suffers no loss in weight over cone, sulphuric acid. 
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A. Werner prepared cobaltic hexol-sexiesethylenediamineiodide, [Co{(OH)2 
= C o en2}3]l6-3H20, by the action of sodium iodide on a c o n e , aq. soln. of the 
corresponding n i t ra te . The violet-brown, crystalline powder is sparingly soluble 
in cold water, bu t i t dissolves readily in hot water and at the same time is part ial ly 
decomposed. 
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of t h e S y s t e m : 

§ 22. Cobalt Sulphides 

M. von Orlowsky,* O. Schumann, E. Schurmann, E. F. Anthon, E. V. Britzke 
and A. F. Kapustinsky, G. Tammann and H. O. von Himmelstjerna, and 

W. Guertler discussed the relative affinity of the 
metals of the iron group for sulphur. According to 
J. Li. Proust, when sulphur is projected on to the red-
hot metal, combination is attended by fusion, and the 
mass becomes incandescent. P. Berthier heated dry-
cobalt sulphate in a carbon crucible at a white-heat, 
and obtained what T. H. Hiortdahl regarded as cobalt 
tetritatrisulphide, Co4S3; and T. H. Hiortdahl ob­
tained the same product by passing hydrogen sulphide 
over red-hot cobaltic oxide. The grey, greyish-yellow, 

- ^ -JQ j = ^ or brass-yellow product has a granular fracture. It 
V Per cent of sulphur dissolves in acids, with the evolution of hydrogen 

-c~ i io -c • * sulphide, and presumably hydrogen. It was also pre-
F l ° ~ H 8 . - F r e e z m _ g - p o m t p a £ d b y K J ( £ l m e k ^ / j £ a k o ^ s k v > a n d R S c h e u e r . 

V. Caglioti and G. Roberti found that the structure 
resembles that of bornite, and corresponds with a cubic, 

face-centred lattice having o=9-91 A. K. Friedrich examined mixtures of cobalt 
with up to 33-6 per cent, of sulphur, and the results are summarized in Fig. 118. 
Cobalt alone separates from alloys rich in cobalt, and the f.p. curve falls to a 
.eutectic at 879° and 26-6 per cent, of sulphur; it then rises to a maximum at 
935° and 29*3 per cent, of sulphur, corresponding with the tetritatrisulphide. 
This compound forms solid soln. with up to 72-3 per cent, of cobalt. The form 
of the curve indicates the existence of a compound CoS, but alloys of this com­
position lose sulphur at ordinary atm. press. At lower temp., there are indications 
of the formation of a cobalt hexitapentasulphide, Co6S5—the composition may 
be Co5S4. It was found that the mixtures become porous as the sulphur is 
increased and the colour passes progressively from cobalt-white to bronze-yellow. 
Only alloys with over 68-7 per cent, of cobalt are attracted by a magnet. 

J. Middleton described a simple cobaltous sulphide, CoS, or cobalt sulphide, 
as occurring in steel-grey masses at the Khetri mines, Jaipur—also spelt Jeypoor, 
and Syepoore—Rajputana, India. Hence, the mineral was called jaipnzite—also 
jeypoorite, by W. A. Ross; syepoorite, by J. F. "JL. Hausmann, and J. Nicol; and 
Graukobalterz, by F. von Kobell. According to R. A. Cooper, the so-called mineral 
tnodderite is jaipurite. The evidence is not conclusive. J. Middleton said that the 
mineral is used by Indian jewellers for staining gold a delicate rose-colour. The 
sp. gr. is 5-45. According to F. R. Mallet, only cobaltite and danaite occur in the 
Jaipur locality, and the cobalt ore from the Khetri mines, sold to the Indian 
enamellers under the name of sehta, produces different shades of blue, not red, 
enamels on gold and silver. A. Breithaupt also described a mineral resembling 
linneeite from Reuss, in Rutenia, and hence called it rutenite. The compact, 
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s i lve r -whi t e t o b ronze-ye l low m a t e r i a l h a s a b l a c k s t r e a k , a h e x a h e d r a l c l eavage , 
a n u n e v e n f r a c t u r e , s p . gr . 4*923, a n d h a r d n e s s 4 t o 5 . M. A d a m s u p p o s e d t h a t 
t h i s m i n e r a l is t h e s a m e as j a i p u r i t e ; C F . P l a t t n e r sa id t h a t r u t e n i t e is a c o b a l t 
s u l p h i d e w i t h v e r y l i t t l e n icke l , a n d t r a c e s of a r sen ic . 

J . Li. P r o u s t , a n d W . A . L a m p a d i u s obse rved t h a t c o b a l t a n d s u l p h u r u n i t e 
•with i ncandescence , w h e n t h e m i x t u r e is h e a t e d . R . Scheuer sa id t h a t 475° is a 
s u i t a b l e t e m p . , a n d if t h i s t e m p , b e exceeded v e r y m u c h , t h e p r o d u c t -will h a v e t o o 
sma l l a p r o p o r t i o n of s u l p h u r . R . S c h e n c k a n d E . R a u b o b t a i n e d coba l t su lph ide 
b y t h e ac t i on of s u l p h u r d iox ide on t h e m e t a l a t 700° . T h e r eac t i on : 3CoH-SO 2 
= C o S + 2 C o O , i s i r r eve r s ib le ; t h e y a lso o b t a i n e d t h e su lph ide b y t h e ac t ion of 
c o b a l t s u l p h a t e o n t h e m e t a l a t a b o u t 300° : C o S O 4 + 4 C o = C o S + 4 C o O — t h e 
v a p . p re s s , is a b o u t 1 a t m . a t 540° . 

A . B a u m e o b t a i n e d t h e s u l p h i d e b y h e a t i n g c o b a l t w i t h a n a lka l i a n d ca l c ium 
s u l p h a t e . J . ~L. P r o u s t a lso p r e p a r e d t h e s u l p h i d e b y d e h y d r a t i n g t h e h y d r a t e d 
s u l p h i d e , a n d a lso b y t h e a c t i o n of s u l p h u r o n c o b a l t ox ide . E . W e i n s c h e n k 
o b t a i n e d r e g u l a r c r y s t a l s of t h e su lph ide b y s u b l i m a t i o n f rom a m i x t u r e of c o b a l t 
ox ide , s u l p h u r , a n d a m m o n i u m ch lor ide , a n d a lso b y h e a t i n g a m i x t u r e of c o b a l t 
o x i d e a n d a m m o n i u m t h i o c y a n a t e i n a sea led t u b e a t 180°. R . Scheue r o b t a i n e d 
a m i x t u r e of s u l p h i d e s — C o S 2 , Co 2 S 3 , a n d C o S — b y pass ing h y d r o g e n s u l p h i d e 
o v e r t h e ox ide a t a h igh t e m p . — a t 500° , t h e d i su lph ide p r e d o m i n a t e s ; a t 650° , 
t h e h e m i t r i s u l p h i d e ; a n d a t 700° , t h e h e m i t r i s u l p h i d e a n d t h e m o n o s u l p h i d e a r e 
p r e s e n t i n a b o u t e q u a l p r o p o r t i o n s . G. P . S c h w e d e r o b t a i n e d t h e su lph ide b y 
r e d u c i n g c o b a l t s u l p h a t e w i t h h y d r o g e n , c a r b o n , o r c a r b o n m o n o x i d e ; A . Mour lo t , 
•with c a r b o n ; a n d H . R o s e , w i t h a d m i x e d s u l p h u r in a n a t m . of h y d r o g e n . 
T . H . H i o r t d a h l o b t a i n e d t h e s u l p h i d e i n s tee l -grey , p r i s m a t i c c r y s t a l s b y fusing 
a m i x t u r e of a n h y d r o u s c o b a l t s u l p h a t e , b a r i u m su lph ide , a n d a n excess of s o d i u m 
ch lo r ide ; a n d H . B a u b i g n y , b y h e a t i n g a n e u t r a l soln. of c o b a l t s u l p h a t e , s a t . 
w i t h h y d r o g e n su lph ide , in a sea led t u b e . A . C a r n o t a d d e d t h a t w h e n h y d r o g e n 
s u l p h i d e is £>assed o v e r a h e a t e d c o b a l t sa l t , a m i x t u r e of su lph ides is f o rmed , 
n o t of c o n s t a n t c o m p o s i t i o n . G. Ge i tne r o b t a i n e d t h e su lph ide b y h e a t i n g c o b a l t 
s u l p h i t e in a sea led t u b e a t 200° . 

So lu t i ons of c o b a l t sa l t s , in t h e p resence of free ac id , a r e n o t p r e c i p i t a t e d 
b y h y d r o g e n s u l p h i d e , b u t , i n t h e absence of free ac id , hydrated coba l tous su lphide 
is p r e c i p i t a t e d . T h e f o r m a t i o n of t h i s h y d r a t e b y t h e a c t i o n of h y d r o g e n su lph ide 
on a so ln . of, s ay , c o b a l t a c e t a t e , b y t h e a c t i o n of w a t e r s a t u r a t e d w i t h h y d r o g e n 
s u l p h i d e o n a s l u r r y of c o b a l t h y d r o x i d e or c a r b o n a t e , a n d b y t h e a c t i o n of a n 
a lka l i s u l p h i d e o n a soln . of a c o b a l t s a l t , w a s desc r ibed b y J . Li. P r o u s t , K . J e l l i nek 
a n d J . Z a k o w s k y , L . I J . d e Kxminck , L . Moser a n d M. B e h r , O. Ruff a n d B . Hi r sch , 
R . Scheue r , a n d A . Vil l iers . F . S t r o h m e i e r o b t a i n e d a p r e c i p i t a t e wh ich filters 
r e a d i l y b y s a t u r a t i n g w i t h h y d r o g e n s u l p h i d e 1OO c.c . of a 0*12V-soln. of a coba l t 
s a l t , a d d i n g 5 c .c . of 52V-NH 4 OH, a n d p a s s i n g h y d r o g e n ^ 
s u l p h i d e i n t o t h e bo i l ing soln . T h e p r e c i p i t a t e is w a s h e d 
w i t h a h o t so ln . of 0 1 2 V - N H 4 N O 8 a n d 0 0 5 2 V - ( N H 4 ) 2 S . 
A c c o r d i n g t o H . B a u b i g n y , t h e c o m p o s i t i o n of t h e p r o d u c t 
of t h e a c t i o n of h y d r o g e n s u l p h i d e o n n e u t r a l a n d feebly 
ac id ic so ln . of c o b a l t s a l t s d e p e n d s o n t h e c o n c e n t r a t i o n 
of t h e soln. , o n t h e n a t u r e of t h e ac id—v ide 1 0 . 57 , 9 — 
o n t h e c o n c e n t r a t i o n of t h e h y d r o g e n s u l p h i d e in t h e soln. , 
a n d o n t h e t i m e . C o b a l t s u l p h i d e p r e c i p i t a t e s m o r e 
q u i c k l y t h a n n i c k e l s u l p h i d e f rom n e u t r a l , a n d v e r y 
feeb ly ac id i c so ln . , a n d i n m o r e ac id ic soln. , n icke l 
s u l p h i d e i s p r e c i p i t a t e d m o r e q u i c k l y . T h e e r ro r d u e 
t o t h e i n c o m p l e t e n e s s of t h e p r e c i p i t a t i o n , w i t h inc reas ing . , 
a c i d i t y of t h e so ln . , i s i l l u s t r a t e d b y F i g . 119, d u e t o M. M. H a r i n g a n d 
M. Leather m a n . G . B r u n i a n d M . P a d o a s t u d i e d t h e effect of inc reas ing t h e c o n e . 
of t h e h y d r o g e n s u l p h i d e in t h e soln . b y w o r k i n g a t p ress , a b o v e a t m o s p h e r i c . 
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A. Terreil found t h a t if acetates, citrates, tar t ra tes , and salts of other organic 
acids be present, cobalt sulphide is precipitated from soln. of cobalt salts by 
hydrogen sulphide, and this t h e more rapidly, the less the acidity of the soln. All 
the cobalt is not precipitated if oxalates are presen t ; and F . Field observed t h a t 
tar tar ic or citric acid inhibits the precipitation of cobalt sulphide by hydrogen 
sulphide. The subject was discussed by F . Uebelhor, H . Vestner, L. L.. de Koninck, 
Ii. Li. de Koninck and M. Ledent, L . Bruner, H . Delffs, G. Chesneau, O. F . Tower, 
and A. Villiers—vide nickel sulphide. U. Dreyer and A. Richter obtained cobaltous 
sulphide by the action of sodium sulphide on a soln. of potassium cobaltic ni tr i te . 
O. W. Gibbs said t h a t when a soln. of a cobaltous salt is t rea ted with a boiling 
soln. of sodium sulphide, the precipitated sulphide is stable in air, and the precipi­
t a t e is not soluble in an excess of colourless ammonium or sodium monosulphide, 
bu t with higher sulphides, the cobalt sulphide may dissolve—the soln. is stable 
in air, and i t is not decomposed by boiling, or by the addition of sulphuric acid, 
bu t the sulphide is precipitated by ammonium chloride. According to W. Herz, 
cobalt sulphide prepared by precipitation from a soln. of cobalt n i t ra te , by 
ammonium sulphide, and washed by decantation with water, is, when freshly-
prepared, soluble in dilute, say, 2iV-hydrochloric acid, with the evolution of hydrogen 
sulphide. When the precipitate is exposed to air, i t is par t ly converted into 
cobalt sulphate, and when t rea ted with dil. hydrochloric acid, i t par t ly dissolves 
without evolving hydrogen sulphide ; the remainder of the cobalt sulphide is insoluble, 
presumably because i t has been polymerized or coagulated—vide nickel sulphide. 
S. M. Kusmenko found t h a t with mixtures of cobalt and zinc or manganese sulphates 
in gelatin, the less soluble sulphide is precipitated first by sodium sulphide. Accord­
ing to G. Chesneau, and R. Scheuer, when a soln. of a cobalt salt is t reated with a 
soln. of an alkali polysulphide, sat . with sulphur, a black cobalt hemiheptasulphide 
is formed, approximating Co2S7. The black crystals are said to be insoluble in a 
soln. of an alkali monosulphide, bu t soluble in a soln. of sulphur in alkali mono-
sulphide. 

A. Terreil, and F . J . Fak to r observed t h a t when sodium thiosulphate is added 
to a rose-red soln. of a cobalt salt, t he colour becomes blue, and when the mixture 
is boiled, some cobalt sulphide is precipitated, and on evaporating the mixture and 
heating i t t o 100° or 120°, the conversion t o sulphide is complete. O. W. Gibbs, and 
J . T. Norton observed t h a t cobalt is quant i ta t ively precipitated as sulphide when a 
cobalt salt is heated with sodium thiosulphate in neutral soln., or in soln. acidified 
with acetic acid, bu t not so if a mineral acid is present. O. Brunck found t h a t 
sodium hyposulphite precipitates t h e sulphide from soln. of cobalt salts—par­
ticularly if the liquid be warm ; t h e presence of ammonia favours the precipitation. 
R . Schiff and N . Tarugi found t h a t ammonium thioacetate in ammoniacal, bu t 
no t in acidic, soln. precipitates cobalt sulphide. E . Beutel and A. Kutzelnigg 
studied t h e anodic formation of sulphide films. 

H . Vestner observed t h a t wi th 0-0012V- to 0-OOOliV-soln. of cobalt salts, hydrogen 
sulphide furnishes a colloidal solution of cobalt sulphide ; and O. Winssinger 
prepared a colloidal soln. of cobalt sulphide by working with very dil. soln. and 
removing the soluble salts by dialysis. The greenish-brown hydrosol can be 
prepared only in very dil. soln., since i t so easily flocculates ; and i t is readily 
oxidized by air. The preparation of the hydrosol was also described by A. Lotter-
moser. A. Miiller employed glycerol to prevent the coagulation of the hydrosol, 
and J . Hausmann recommended gelatin as a protective colloid. The preparat ion 
of rhythmic rings by the diffusion of a soln. of sodium sulphide in gelatin associated 
with a cobalt salt, was discussed by J . Hausmann, S. M. Kusmenko, a n d O. F . Tower 
and E . E . Chapman; and F . E . Lloyd and V. Moravek, and E . R . Riegel obtained 
rhythmic rings in silica gel. P . B . Ganguly and N . R . Dhar s tudied t h e coagulation 
of the colloidal soln. in light. 

Precipi tated cobalt sulphide is a black powder, b u t t he silver-white crystals 
prepared by E . Weinschenk have a reddish t inge. According t o N . Alsen, W. F . de 
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J o n g a n d H . W . V . Wi l l ems , P . P . E w a l d a n d C. H e r m a n n , a n d V. M. G o l d s c h m i d t , 
t h e c r y s t a l s of t h e a n h y d r o u s su lph ide , l ike mi l le r i te , a r e t r i gona l , w i t h a = 3 - 3 7 A. , 
c = 5 - 1 4 A. , a n d a : c = l : 1-52. V . Cagl iot i a n d G. R o b e r t i g a v e a = 3 - 3 8 A. , 
c = 5 - 2 0 A. , a n d a : c==l : 1-54 ; t h e Co-S a t o m s a r e 2-33 A. a p a r t . T h e s u b j e c t 
w a s d i scussed b y A . W e s t g r e n , O. S te l l ing , a n d J . W . G r u n e r . J . Midd l e ton g a v e 
5-45 for t h e s p . g r . of j a i p u r i t e ; a n d A . B r e i t h a u p t , 4-923 for t h e s p . gr . of r u t e n i t e . 
W . F . d e J o n g a n d H . W . V. W i l l e m s ca l cu l a t ed 5-98 for t h e s p . gr . f rom t h e l a t t i c e 
c o n s t a n t s . H . V . K e g n a u l t o b t a i n e d O-12512 for t h e sp . h t . b e t w e e n 13° a n d 98° . 
A . M o u r l o t f o u n d t h a t t h e s u l p h u r c a n b e n e a r l y all expe l l ed b y h e a t i n g t h e s u l p h i d e 
i n a n e lec t r ic -a rc f u r n a c e . T h e m . p . of c o b a l t s u l p h i d e d e p e n d s on t h e s u l p h u r -
c o n t e n t , a n d dec rea se s a s t h e p r o p o r t i o n of s u l p h u r is r e d u c e d , F i g . 117 ; K . F r i e d -
r i ch g a v e 1116° for t h e m . p . of CoS, a n d W . B i l t z sa id t h a t t h e m . p . exceeds 1100° . 
J . T h o m s e n g a v e for t h e h e a t of f o r m a t i o n ( C o , S , A q . ) = 2 1 -71 CaIs. , a n d M. B e r t h e l o t , 
21-9 CaIs. ; a n d J . T h o m s e n g a v e for t h e r e a c t i o n [ C o ( O H ) 2 , H 2 S a q . ] = 17-41 CaIs. ; 
a n d for [Co(NOg) 2 ,H 2 Saq . ]=—3-68 CaIs. T h e s u b j e c t w a s d i scussed b y G. B e c k , 
a n d K . J e l l i n e k a n d J . Z a k o w s k y . W . H e r z s t u d i e d t h e e n t r o p y , a n d t h e v i b r a t i o n 
f r equency . O. C. M. D a v i s a n d F . W . R i x o n s t u d i e d t h e r e l a t i on b e t w e e n t h e h e a t 
of f o r m a t i o n a n d t h e colour . 

M. K i m u r a a n d M. T a k e w a k i o b s e r v e d t h a t c o b a l t s u l p h i d e s t r o n g l y a b s o r b s 
u l t r a - v i o l e t r a y s ; A. Mickwi t z s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; O. S te l l ing , 
t h e X - r a y a b s o r p t i o n s p e c t r u m ; O. R o h d e , a n d B . A u l e n k a m p , t h e p h o t o ­
e lec t r i c p r o p e r t i e s ; a n d F . T r e y , t h e e lec t ro lys is of t h e c o m p r e s s e d p o w d e r . 
W . A. I ^ a m p a d i u s , a n d G. W i e d e m a n n sa id t h a t c o b a l t s u l p h i d e is feebly fer ro­
m a g n e t i c ; T . H . H i o r t d a h l sa id t h a t i t is n o n - m a g n e t i c ; a n d S. Veil obse rved t h a t 
t h e m a g n e t i c su scep t ib i l i t y dec rea se s w i t h r e p e a t e d h e a t i n g u n d e r w a t e r a t 120° t o 
210° . W . K l e m m a n d W . S c h i i t h found t h e m o l . m a g n e t i c suscept ib i l i t i es a t 20° , 
250° , 290° , 365° , a n d 425° t o be , r e spec t ive ly , Xmoi. X 1 0 « = 5 5 7 , 436, 4 4 3 , (456) , 
a n d 434 for a field of 2040 g a u s s . 

A c c o r d i n g t o H . R o s e , if c o b a l t su lph ide a n d s u l p h u r be h e a t e d in h y d r o g e n , 
t h e p r o d u c t s o b t a i n e d v a r y a c c o r d i n g t o t h e t e m p . — c o b a l t d i su lph ide , h e m i t r i -
s u l p h i d e , a n d t h e m o n o s u l p h i d e , a n d a t a w h i t e - h e a t , cobalt hemisulphide, C o 2 S . 
G. P . S c h w e d e r a lso n o t e d t h e r e d u c t i o n of t h e h e a t e d su lph ide b y h y d r o g e n . 
S. M i y a m o t o n o t e d t h a t t h e s u l p h i d e is r e d u c e d b y h y d r o g e n in t h e s i lent d i s c h a r g e . 
G . C. W i n k e l b l e c h , H . W . F . W a c k e n r o d e r , R . Scheue r , a n d W . H e r z o b s e r v e d 
t h a t m o i s t , p r e c i p i t a t e d s u l p h i d e s lowly oxid izes w h e n i t is exposed t o a i r , w i t h t h e 
f o r m a t i o n of c o b a l t s u l p h a t e . P . d e C l e r m o n t a n d H . G u i o t obse rved t h a t w h e n 
t h e m o i s t , f r e sh ly -p rec ip i t a t ed s u l p h i d e is e x p o s e d t o a i r , o x i d a t i o n is n o t r a p i d 
e n o u g h t o p r o d u c e a r ise of t e m p , s u c h a s occur s w i t h n icke l a n d m a n g a n e s e sul­
p h i d e s . O. W . G i b b s sa id t h a t t h e d r y s u l p h i d e is s t a b l e in a i r a t o r d i n a r y t e m p . , 
a n d oxid izes t o s u l p h a t e o n l y w h e n i t is h e a t e d . K . F r i e d r i c h o b s e r v e d t h a t w h e n 
t h e s u l p h i d e is h e a t e d i n a i r , s u l p h u r d iox ide beg in s t o be e v o l v e d a t 684° ; a n d in 
o x y g e n , a t 708° , w h e n t h e g ra in - s ize is O l t o 0-2 m m . ; w i t h inc reas ing gra in-s ize , 
t h e t e m p , of o x i d a t i o n is r a i sed . T h e s u l p h i d e d o e s n o t d e c r e p i t a t e w h e n h e a t e d 
a t a low t e m p . F . Fe ig l s h o w e d t h a t w h e n bo i l ed w i t h a n i m a l cha rcoa l i n a lka l ine 
soln. , c o b a l t s u l p h i d e is ox id ized t o s u l p h a t e b y t h e o x y g e n a d s o r b e d b y t h e cha rcoa l . 
A . Mai l fe r t f o u n d t h a t ozone c o n v e r t s t h e s u l p h i d e first i n t o s u l p h a t e , a n d t h e n i n t o 
s u l p h u r i c ac id a n d c o b a l t p e r o x i d e . 

T . H . H i o r t d a h l o b s e r v e d t h a t w a t e r s lowly t r a n s f o r m s c o b a l t su lph ide in t o t h e 
s u l p h a t e . H . V. R e g n a u l t , a n d F . F o r e m a n found t h a t a t a r e d - h e a t , w a t e r v a p o u r 
a t t a c k s t h e s u l p h i d e m o d e r a t e l y ; a n d J . A . M c L a r t y , t h a t w i t h w a t e r v a p o u r 
u n d e r p ress . , c o b a l t ox ide a n d h y d r o g e n s u l p h i d e a re fo rmed . Acco rd ing t o 
O . Weige l , w a t e r d i sso lves 4 1 - 6 2 X l O - 6 m o l of c o b a l t su lph ide p e r l i t r e , o r 
O-000379 p e r c e n t . L,. Moser a n d M. B e h r g a v e l<)-»*28 mo l p e r l i t re for t h e solu­
b i l i t y i n w a t e r , a n d 1 -9 X lO"* 7 for t h e so lub i l i ty p r o d u c t . A . Mickwi tz c a l c u l a t e d 
for t h e so lub i l i t y , 0-3 X 1 O - 6 t o 1 - O x I O - * p e r c en t , m e t a l coba l t . O b s e r v a t i o n s 
were also m a d e b y L.. Bruner a n d J . Z a w a d s k y , a n d I. M. Kolthoff . J . L . R . M o r g a n 

voi*. x i v . 3 c 
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and A. H . Gotthalf found the relative solubility products of some sulphides, in 
mols per litre, in the presence of the S"- and HS'-ions, contained in 0-IiV-K2S, t o 
be Ni, 00191 ; Co, 0 0 0 3 4 ; Cu, 0-00021 ; and P b , 000024 . A. Mickwitz found 
t h a t in dil. soln., with Na 2 S as precipitating agent, sat . soln. contain 0*3xl0~~5 per 
cent, of Co, and the precipitate is cobalt hydroxyhydrosulphide, Co(OH)(HS), 
and when an excess of hydrogen sulphide is used as precipitant , there is evidence 
of the formation of cobalt hydrosulphide, Co(SH)2 . According to J . A. Arfvedson, 
if hydrogen be passed over red-hot cobalt sulphate, sulphur dioxide and water are 
evolved, and what was thought to be cobalt oxysulphide, Co2OS, or CoO.CoS, 
is formed. When heated in air t o redness, this product forms sulphur dioxide and 
cobaltic oxide ; and with cold hydrochloric acid, cobalt oxide passes in to soln., 
and cobalt sulphide remains ; with the hot acid, some cobalt sulphide is also 
dissolved. 

H . Rose found t h a t cobalt sulphide is not a t tacked by chlorine in t he cold, 
and the a t t ack is slow when the sulphide is heated. E . Zielinsky studied the 
chloridizing of the sulphide. H . W. F . Wackenroder said t h a t the precipitated 
sulphide dissolves in mineral acids when tolerably concentrated, bu t is very 
sparingly soluble in cold, dil. acids. E . Weinschenk observed t h a t crystalline 
cobalt sulphide is a t tacked very slowly by cone, hydrochloric acid ; and O. W. Gibbs, 
and Li. Lt. de Koninck said t h a t t he sulphide is insoluble in dil. hydrochloric 
acid, bu t T. H . Hior tdahl said t h a t i t is soluble. Atlhough cobalt and nickel 
sulphides are virtually insoluble in cold, dil. hydrochloric acid, neither is pre­
cipitated in the presence of t h a t reagent by hydrogen sulphide; consequently, the 
sulphide probably changes into a less soluble form as soon as i t has been precipi­
tated—vide nickel sulphide. Li. Moser and M. Behr found t h a t freshly-precipitated, 
moist cobalt sulphide dissolves in hot or cold 0-5iV-HCl, with the evolution of 
hydrogen sulphide ; and air-dried cobalt sulphide dissolves part ial ly in hydro­
chloric acid without giving off hydrogen sulphide. The air-dried sulphide is t hus 
supposed to consist of sulphate mixed with insoluble, or polymerized sulphide. 
W. Herz noted t h a t the precipitated sulphide becomes insoluble in 2iV-HCl, as i t 
is allowed to age. A. S. Komarowsky observed t h a t the presence of a few drops 
of a 3 per cent. soln. of hydrogen dioxide makes cobalt sulphide dissolve very easily 
in 0*5JV-soln. of mineral acids. P . Berthier observed t h a t t he moist sulphide 
dissolves in sulphurous acid ; and J . Milbauer and J . Tucek, t h a t the sulphide is 
oxidized by sulphur dioxide t o form sulphate : 

500° ' 600° 700° 800° 
Cobalt su lphate . 44-08 17-29 1O-18 6-97 per cent . 
Cobalt ox ide . — 53-75 71-29 91-93 

H . Danneel and F . Schlot tmann found t h a t cobalt sulphide resists a t t ack by sul-
phuryl chloride a t ordinary temp. , and a t 300° to 350°, 5 to 9 per cent, is decomposed 
in one hour. Xi. Moser and M. Behr found t h a t a t 20°, a 22V-soln. of sulphuric 
acid, sa tura ted with hydrogen sulphide, dissolves l * 7 2 x l 0 ~ 4 mol of the cobalt 
sulphide per l i tre. V. Stanek observed t h a t when the freshly-precipitated sulphide 
is heated with colourless ammonium sulphide in a sealed tube , a t 200°, for 8 hrs . , i t 
suffers no perceptible change ; bu t R. Popper found t h a t cobalt sulphide is com­
pletely soluble in a soln. of ammonium polysulphide. P . de Clermont, and P . de 
Clermont and J . From m el found t h a t the sulphide is slowly decomposed b y a 
boiling soln. of ammonium chloride. 

G. P . Schweder observed t h a t the sulphide is desulphurized when heated with 
carbon ; and A. Mourlot noted the same thing in a n electric furnace. F . Feigl 
found t h a t the sulphide is oxidized to sulphate when boiled with water and bone 
charcoal. According t o T. H . Hiortdahl , cobalt sulphide dissolves very slowly in 
acetic acid, bu t H . W . F . Wackenroder, and L. Li. de Koninck said t h a t t he sulphide 
is scarcely soluble in dil. acetic acid. A. S. Komarowsky observed t h a t in t h e 
presence of a little 3 per cent. soln. of hydrogen dioxide, t h e dissolution of the sulphide 
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in ace t i c ac id p r o c e e d s v e r y qu i ck ly . F . F i e ld obse rved t h a t t h e s u l p h i d e is s l i gh t ly 
so luble in t a r t a r i c a n d c i t r ic ac ids . IL. L. d e K o n i n c k sa id t h a t t h e s u l p h i d e is n o t 
so lub le i n a co ld so ln . of p o t a s s i u m c y a n i d e ; a n d A. G u y a r d a d d e d t h a t t h e f reshly-
p r e c i p i t a t e d s u l p h i d e is so lub le i n n o t v e r y d i l . soln . of p o t a s s i u m c y a n i d e , a n d i n 
t h i s r e s p e c t i t differs f r o m n icke l s u l p h i d e — J . H a i d l c n a n d R . F r e s e n i u s sa id t h a t 
a b rown i sh -ye l l ow soln . of a c o m p l e x c y a n i d e is f o rmed . A . G u y a r d found t h a t a 
h o t so ln . of a lka l i t h i o c y a n a t e s lowly d issolves t h e s u l p h i d e . B . L . M o l d a v s k y a n d 
Z . I . K u m a r i s t u d i e d t h e c a t a l y t i c effect of t h e su lph ide on t h e h y d r o g e n a t i o n of 
t h i o p h e n e . 

N . P a r r a v a n o a n d P . Agos t i n i o b s e r v e d t h a t a l u m i n i u m , in t h e t h e r m i t e p rocess , 
r e d u c e s t h e s u l p h i d e t o m e t a l . J . B . C a m m e r e r o b s e r v e d t h a t a soln . of ferr ic 
ch lo r ide s lowly t r a n s f o r m s t h e s u l p h i d e i n t o c o b a l t o u s ch lo r ide . E . S c h i i r m a n n 
f o u n d t h a t c o b a l t s u l p h i d e in c o n t a c t w i t h soln . of c o p p e r s u l p h a t e o r l ead n i t r a t e 
is c o m p l e t e l y c o n v e r t e d ; p a r t i a l l y d e c o m p o s e d i n c o n t a c t w i t h soln. of z inc , 
n icke l , or f e r rous s u l p h a t e ; a n d n o t d e c o m p o s e d b y a soln . of m a n g a n e s e s u l p h a t e . 
E . F . A n t h o n o b s e r v e d t h a t p r e c i p i t a t e d c o b a l t s u l p h i d e p r e c i p i t a t e s s u l p h i d e s 
f rom a q . so ln . of c a d m i u m s u l p h a t e , l ead a c e t a t e , ferr ic ch lo r ide , n icke l n i t r a t e , 
c o p p e r s u l p h a t e , a n d s i lver n i t r a t e . C. P a l m e r a n d E . S. B a s t i n found t h a t c o b a l t 
s u l p h i d e p r e c i p i t a t e s s i lver f rom a soln . of s i lver n i t r a t e . A c c o r d i n g t o R . S c h e n c k 
a n d E . R a u b , n icke l r e a c t s r a p i d l y w i t h s u l p h u r d iox ide a t 550° , b u t e q u i l i b r i u m 
is e s t ab l i shed on ly a f te r m a n y d a y s , c o m p l e t e conve r s ion i n t o n icke l ox ide a n d 
m o n o s u l p h i d e b e i n g effected. T h e e q u i l i b r i u m is u n i v a r i a n t , a s t h e r e a r e t h r e e 
sol id p h a s e s , b u t b y r e m o v i n g p a r t of t h e s u l p h u r d iox ide , one of t h e s e d i s a p p e a r s 
a n d t h e e q u i l i b r i u m b e c o m e s b i v a r i a n t . T h e t h r e e p h a s e s a p p e a r t o b e n icke l 
o x i d e , n icke l s u l p h i d e , a n d t h e y sol id so lu t ion ; w i t h low p r e s s u r e s of s u l p h u r 
d i o x i d e , t h e n i cke l s u l p h i d e p h a s e d i s a p p e a r s . T h e r eve r se r e a c t i o n , w i t h t h e 
f o r m a t i o n of n icke l f rom n icke l ox ide a n d su lph ide , p r o c e e d s o n l y a s far a s t h e sol id 
so lu t ion p h a s e be low t h e m . p . , a t a b o u t 1400° ; b u n d l e s of fine, h a i r c ry s t a l s of t h i s 
p h a s e , o r poss ib ly of N i 3 S 2 , c a n b e seen t h r o u g h o u t t h e r e a c t i n g m a s s i n t h e e a r l y 
s t a g e s of t h i s r e ac t i on . 

H . d e S e n a r m o n t , a n d R . S c h e u e r p r e p a r e d CObaltosic su lphide , Co 3 S 4 , a s a 
d a r k g rey p o w d e r , b y h e a t i n g a soln. of c o b a l t ch lor ide a n d a m m o n i u m p o l y s u l p h i d e 
in a sea led t u b e a t 160° . I . a n d L«. Bel lucc i o b t a i n e d i t b y k e e p i n g a m i x t u r e of 
c o b a l t c a r b o n a t e , p o t a s s i u m c a r b o n a t e a n d s u l p h u r a t a w h i t e - h e a t for a long 
t i m e . W . F . d e J o n g a n d H . W . V . W i l l e m s o b t a i n e d i t b y h e a t i n g p r e c i p i t a t e d 
c o b a l t su lph ide for IO h r s . a t 400° t o 450° i n a c u r r e n t of h y d r o g e n su lph ide . T h e 
X - r a d i o g r a m co inc ides w i t h t h a t of l inna^ite, a n d i t h a s a f ace -cen t red , cub ic l a t t i c e 
a—9-36 A. , 8 mo l s . p e r u n i t cell ; a n d a c a l cu l a t ed s p . gr . of 4*86. T h e X - r a d i o g r a m s 
of G. Menze r i n d i c a t e t h a t t h e t h r e e m i n e r a l s , l innaeite, Co 3 S 4 , p o l y d y m i t e , N i 3 S 4 , 
a n d s y c h n o d y m i t e , (Co,Cu,Ni) 3 S 4 , a r e s t r u c t u r a l l y t h e s a m e ; a n d M. N . S h o r t 
a n d E . V . S h a n n o n c o n c l u d e d t h a t t h e r e a r e t e r n a r y a n d b i n a r y series of i somor-
p h o u s m i x t u r e s i n w h i c h t h e t e r m i n a l m e m b e r s a r e i dea l p o l y d y m i t e , idea l l innseite, 
a n d t h e u n k n o w n s u l p h o m a g n e t i t e , F e 3 S 4 — v i d e infra. H . d e S e n a r m o n t f o u n d 
t h a t coba l tos ic s u l p h i d e i s n o t a t t a c k e d b y d r y a i r ; a n d J . J o I y n o t e d t h a t s u l p h u r 
b e g i n s t o b e e v o l v e d n e a r 480° . J . L e m b e r g f o u n d t h a t a boi l ing su lphur i c ac id 
so ln . of s i lver s u l p h a t e co lours a s ec t ion b l u e i n a b o u t 5 m i n s . ; a n d b r o m i n e i n 
a l k a l i n e soln. p r o d u c e s a d a r k film in 15 m i n s . M. L e o obse rved t h a t in a soln. of a 
s a l t of gold , a film of go ld is d e p o s i t e d o n t h e s u l p h i d e ; a n d w i t h a soln . of p o t a s s i u m 
bromate , i t i s b l a c k e n e d . E . F . S m i t h f o u n d t h a t t h e su lph ide is comple t e ly d e c o m ­
p o s e d b y s u l p h u r m o n o c h l o r i d e i n a sea led t u b e a t 170°. 

J . J . Berze l ius , a n d "L. R . v o n F e l l e n b e r g p r e p a r e d cofoaltic sulphide* Co 2 S 3 , 
o r cobalt sesquisulphide, b y h e a t i n g c o b a l t ox ide s t r o n g l y w i t h s u l p h u r a n d p o t a s s i u m 
h y d r o x i d e o r c a r b o n a t e , a n d w a s h i n g t h e cold p r o d u c t — R . Schne ide r a d d e d t h a t 
t h e c o b a l t i c s u l p h i d e so o b t a i n e d is i m p u r e . The su lph ide is ob t a ined b y h e a t i n g 
t o b r i g h t r e d n e s s , c o b a l t ch lo r ide w i t h 12 t i m e s i t s we igh t of a m i x t u r e of 
e q u a l p a r t s of s o d i u m c a r b o n a t e , a n d s u l p h u r . J . J . Berze l ius o b t a i n e d i t b y 
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h e a t i n g coba l t i c ox ide n o t q u i t e t o r ednes s in a c u r r e n t of h y d r o g e n s u l p h i d e 
a n d J . A . Arfvedson, b y pas s ing h y d r o g e n s u l p h i d e ove r r e d - h o t c o b a l t o x y s u l p h i d e . 
T . H . H i o r t d a h l , a n d R . Scheue r o b t a i n e d coba l t i c s u l p h i d e b y h e a t i n g a m i x t u r e 
of c o b a l t a n d s u l p h u r p re fe rab ly b e t w e e n 350° a n d 400° ; o r b y t h e a c t i o n of 
h y d r o g e n su lph ide on coba l t i c ox ide b e t w e e n 600° a n d 6 5 0 ° — s o m e c o b a l t m o n o -
s u l p h i d e a n d d i su lph ide a r e f o r m e d a t t h e s a m e t i m e . R . S c h e u e r obse rved t h a t 
ye l low a m m o n i u m su lph ide p r e c i p i t a t e s c o b a l t d i su lph ide , a l o n g -with a l i t t l e 
coba l t i c su lph ide , f rom a cold soln . of a c o b a l t o u s sa l t ; a n d w h e n t h e m i x t u r e i s 
boi led, w i t h exc lus ion of a i r , coba l t i c su lph ide is fo rmed in excess . E . M. D i n g i e r 
o b s e r v e d t h a t "when a n a m m o n i a c a l soln. of a c o b a l t sa l t is ox id ized b y a i r , a n d 
t h e n t r e a t e d w i t h a ye l low soln. of a m m o n i u m su lph ide , h y d r a t e d coba l t i c 
s u l p h i d e is p r e c i p i t a t e d ; a n d t h e s a m e p r o d u c t is o b t a i n e d w h e n a coba l t i c 
h e x a m m i n e or p e n t a m m i n e sa l t is s imi la r ly t r e a t e d . Coba l t i c su lph ide a p p e a r s 
in i ron-g rey , t a b u l a r c ry s t a l s . F . W . C la rke r e p o r t e d t h a t t h e sp . g r . is 4*8. 
I . a n d L . Bel lucci sa id t h a t coba l t i c su lph ide is n o n - m a g n e t i c , a n d w h e n h e a t e d , 
g ives off s u l p h u r . I t is n o t d e c o m p o s e d b y w a t e r or b y a lka l i - lye . L . R . v o n 
Fe l l enbe rg obse rved t h a t w h e n h e a t e d in ch lo r ine , i t is d e c o m p o s e d , fo rming s u l p h u r 
a n d c o b a l t ch lor ides . R . Schne ide r found t h a t i t is s lowly a t t a c k e d b y cold 
hyd roch lo r i c ac id a n d a q u a reg ia , a n d w h e n boi led, s u l p h u r s e p a r a t e s o u t . 
Acco rd ing t o H . F l e c k , t h e h y d r a t e d coba l t i c s u l p h i d e is n o t so luble in a so ln . 
of p o t a s s i u m c y a n i d e — v i d e infra, h o r b a c h i t e . 

Acco rd ing t o J . J . S e t t e r b e r g , c o b a l t d i su lphide* CoS 2 , c a n be p r e p a r e d b y r a p i d l y 
ign i t ing t h e r e c e n t l y - p r e c i p i t a t e d c a r b o n a t e , a n d h e a t i n g t o a l i t t l e be low r e d n e s s 
a m i x t u r e of t h e p r o d u c t w i t h 3 t i m e s i t s w e i g h t of s u l p h u r — i f t h e p r o d u c t is n o t 
b lack , i t i s a g a i n m i x e d wi th s u l p h u r a n d i gn i t ed . Xi. P l a y f a i r a n d J . P . J o u l e 
used a s imi la r p rocess . I . a n d Li. Bel lucc i o b t a i n e d , n o t t h e d i su lph ide , b u t o n l y 
coba l t i c su lph ide b y t h i s p rocess , a n d b y k e e p i n g t h e t e m p , a t a w h i t e - h e a t for a 
long pe r iod . Cobal tos ic su lph ide is a l so o b t a i n e d b y p a s s i n g h y d r o g e n s u l p h i d e 
o v e r coba l t i c ox ide a t a t e m p , m u c h be low r ednes s a n d boi l ing t h e d a r k g r e y m a s s 
w i t h h y d r o c h l o r i c ac id . R . S c h e u e r e m p l o y e d a t e m p , b e t w e e n 250° a n d 600° , 
a n d o b t a i n e d t h e d i s u l p h i d e m i x e d w i t h coba l t i c a n d c o b a l t o u s s u l p h i d e s . H e 
a lso o b t a i n e d i t b y h e a t i n g a m i x t u r e of c o b a l t a n d s u l p h u r t o 175° t o 225° . Ye l low 
a m m o n i u m su lph ide also p r o d u c e s t h i s s u l p h i d e m i x e d w i t h coba l t i c su lph ide w h e n 
i t is a d d e d t o a h o t o r a cold soln . of a c o b a l t o u s s a l t . W . F . d e J o n g a n d 
H . W . V . Wi l l ems o b t a i n e d t h e d i su lph ide b y h e a t i n g p o w d e r e d c o b a l t su lph ide w i t h 
s u l p h u r a t 160° for 30 t o 40 h r s . , a n d w a s h i n g o u t t h e free s u l p h u r w i t h c a r b o n , 
d i su lph ide . K . J o h a n s s o n desc r ibed coba l t i f e rous p y r i t e — c o b a l t p y r i t e , (Co ,Fe)S 2 , 
of sp . gr . 4*965, a n d h a r d n e s s 6. 

T h e X - r a d i o g r a m s h o w e d t h a t t h e c ry s t a l s a r e c u b i c , a n d of t h e p y r i t e t y p e , 
w i t h t h e p a r a m e t e r a = 5 * 6 4 A. , t h e Co-S a t o m s a r e 2*38 A. a p a r t . T h e l a t t i c e 
s t r u c t u r e w a s also d iscussed b y J . W . Grune r , V. M. G o l d s c h m i d t , P . Niggl i , a n d 
P . P . E w a l d a n d C. H e r m a n n . A c c o r d i n g t o W . F . d e Jong a n d H . W . V. Wi l l ems , 
t h e ca l cu l a t ed s p . gr . is 4-55. Acco rd ing t o Zi. P l ay fa i r a n d J . P . J o u l e , t h e s p . g r . 
is 4*269. J . J . S e t t e r b e r g , a n d R . Scheue r found t h a t t h e du l l b l a c k p o w d e r g ives 
off s u l p h u r a t a r e d - h e a t t o fo rm t h e g rey m o n o s u l p h i d e ; i t is n o t a t t a c k e d b y bo i l ing 
a lka l i , or b y ac ids , w i t h t h e e x c e p t i o n of n i t r i c ac id a n d a q u a reg ia . T h e p r o d u c t 
o b t a i n e d b y t h e second p rocess is oxidized t o s u l p h u r i c ac id a n d c o b a l t o u s s u l p h a t e 
w h e n exposed , i n a m o i s t s t a t e , t o a i r . 

R . Schne ide r 2 m e l t e d c o b a l t , or a c o b a l t s a l t , w i t h p o t a s s i u m c a r b o n a t e a n d 
s u l p h u r , a n d , o n w a s h i n g t h e cold p r o d u c t w i t h w a t e r , o b t a i n e d g r e y i s h - w h i t e , 
h e x a g o n a l p l a t e s m i x e d w i t h a b l ack , c rys t a l l i ne p o w d e r , b u t h e w a s u n a b l e t o 
s e p a r a t e t h e t w o . J . Mi lbaue r m e l t e d c o b a l t ox ide w i t h five t i m e s i t s w e i g h t of 
p o t a s s i u m t h i o c y a n a t e for ha l f a n h o u r a t a r e d - h e a t , a n d w a s h e d t h e p r o d u c t 
w i t h w a t e r . T h e d a r k g r e y m a s s h a d a me ta l l i c l u s t r e , a n d u n d e r t h e m i c r o s c o p e 
s h o w e d a c rys ta l l ine s t r u c t u r e . T h e a n a l y s i s c o r r e s p o n d e d w i t h p o t a s s i u m coba l t 
decasulphide , K 2 C o 1 1 S 1 0 . I t d i sso lves s lowly i n h y d r o c h l o r i c ac id , a n d i n a q u a 
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reg ia i n t h e co ld ; r a p i d l y w h e n h e a t e d . Hydrof luor i c a n d s u l p h u r i c ac ids d isso lve 
i t o n l y w h e n w a r m . A soln . of a m m o n i u m su lph ide , even w h e n h o t , h a s n o a c t i o n ; 
o r g a n i c ac ids , 12 p e r c e n t , h y d r o c h l o r i c ac id , a lkal i - lye , a n d soln . of p o t a s s i u m 
c y a n i d e , c o p p e r s u l p h a t e , a n d s i lver n i t r a t e a r e w i t h o u t a c t i o n . H . B r u n n e r 
r e p o r t e d s o d i u m CObalt d isulphide , N a 2 C o S 2 , t o b e fo rmed a s a yel low, c rys t a l l i ne 
m a s s , b y h e a t i n g c o b a l t o x a l a t e w i t h s o d i u m t h i o s u l p h a t e . T h e p r o d u c t is eas i ly 
ox id i zed i n a i r . F . J . F a k t o r h e a t e d a m i x t u r e of a n h y d r o u s c o b a l t ch lor ide a n d 
a n h y d r o u s s o d i u m t h i o s u l p h a t e , a n d o b t a i n e d a g reen m a s s wh ich , w h e n w a s h e d 
w i t h w a t e r a n d a lcoho l , fu rn i shed s o d i u m cobal t pentasulphide , N a 2 C o 4 S 6 , a s a 
b l a c k p o w d e r . I . a n d I i . Bel lucc i o b t a i n e d o n l y c o b a l t sesqui su lph ide w h e n 
m i x t u r e s of a c o b a l t s a l t , a l ka l i h y d r o x i d e , a n d s u l p h u r a r e fused a t a h i g h t e m p . 
A s imi l a r p r o d u c t w a s o b t a i n e d in t h e co r r e spond ing a t t e m p t t o p r e p a r e b a r i u m 
cobalt sulphide. 

W . I J . F a b e r desc r ibed a m i n e r a l f rom t h e P a t a p s c o m i n e in Carrol l Co. , M a r y ­
l a n d , a n d h e ca l led i t carrol l i te . A n a l y s e s b y W . L . F a b e r , J . L . S m i t h a n d 
G. J . B r u s h , E . V . S h a n n o n , W . F . d e J o n g a n d A . H o o g , a n d F . A . G e n t h c o r r e s p o n d 
w i t h copper SUlphocobaltite, CuS-Co 2 S 3 , o r Cu(CoS 2 ) 2 ; i t c a n also be r e g a r d e d a s 
a m e m b e r of t h e g r o u p of s u l p h o m a g n e t i t e s , R 3 S 4 , w h i c h inc ludes polydymite, 
linnceite, a n d sycknodymite—vide n icke l su lph ides . T h e m i n e r a l occurs in o c t a h e d r a l 
c r y s t a l s be long ing t o t h e cub ic s y s t e m , a n d i t a l so occurs mas s ive . I t s co lour is 
l igh t s tee l -grey , w i t h a f a in t r e d d i s h t i n t . I t s f r ac tu re is u n e v e n , a p p r o a c h i n g 
concho ida l , a n d t h e l u s t r e is me ta l l i c . W . F . d e J o n g a n d A. U o o g obse rved t h a t 
t h e X - r a d i o g r a m s a r e v e r y s imi la r t o t h o s e of p o l y d y m i t e , a n d l innari te . T h e 
face -cen t red , cub i c l a t t i c e h a s e i g h t R 3 S 4 - , o r CuCo 2 S-molecules p e r u n i t cell ; a n d 
t h e p a r a m e t e r a = 9 * 4 5 8 A . T h e s p . gr. is 4-85 ; a n d t h e h a r d n e s s , 5-5. 

W . G u e r t l e r a n d I I . S c h a c k found t h a t l ead a n d c o b a l t a n d t h e i r su lph ides a r e 
i n c o m p l e t e l y misc ib le w h e n m o l t e n ; a n d in t h e s y s t e m : P b - C o - P b S - C o S , t h e y 
o b s e r v e d t h e sol id p h a s e s : P b + C o - J - C o 5 S 4 ; P b - h P b S + Co 5 S 4 ; a n d Co5S4-}-CoS 
-+-PbS. M. H o u d a r d h e a t e d a m i x t u r e of a l u m i n i u m a n d c o b a l t in a c u r r e n t of 
h y d r o g e n s u l p h i d e , a n d o b t a i n e d golden-ye l low spangles , w h i c h r a p i d l y b l a c k e n e d . 
N o def ini te a l u m i n i u m cobalt su lphide w a s fo rmed . F . Fe ig l r e p o r t e d s t a n n i c 
coba l t su lph ide t o be fo rmed w h e n a m i x e d so ln . of s t a n n i c a n d coba l t s a l t s is 
h e a t e d With h y d r o g e n su lph ide . W . Gue r t l e r , a n d W . G u e r t l e r a n d H . S c h a c k 
m a d e a s t u d y of a p a r t of t h e t e r n a r y s y s t e m : Pb-Co—S, b u t d id n o t obse rve t h e 
formation of lead cobalt sulphide. 

I n 1746, G. B r a n d t 3 f ound a f e r rug inous c o b a l t s u l p h i d e — " c o b a l t w i t h i ron 
a n d s u l p h u r i c a c i d " — a t B a s t n a e s , n e a r R i d d a r h y t t a n , S w e d e n ; A. Crons t ed 
ca l led i t cobaltutn ferro sulphurato mineralisatem ; C. LinnsBUS, cobalt pyriticosum ; 
a n d B . G. S a g e , a n d J . B . L . R o m e d e TIsIe , mine de cobalt sulfureuse, af ter 
W . H i s i n g e r ' s a n a l y s i s , wh ich s h o w e d t h e m i n e r a l t o be a c o b a l t su lph ide . 
J . F . I*. H a u s m a n n ca l led i t cobalt pyrites ,* C. F . R a m m e l s b e r g cal led i t cobalt-
nickel pyrites; F . S. B e u d a n t , koboldin ; a n d W . H a i d i n g e r , l inneeite, a f te r 
Linnaeus . J . D . D a n a d e s c r i b e d a n ickel i ferous v a r i e t y f rom Siegon, P russ ia , a n d 
ca l l ed i t s iegeni te—v ide infra ; a n d one f rom M u s e n , P r u s s i a , he cal led tnusenite. 

THo occurrences of linneeite i n W e s t p h a l i a and. t h e R h i n e provinces were described b y 
A . Bre i thaupt , C. Heus ler , R . H u n d t , HL Laspeyres , F . R o t h , R . Scheibe, C. Schnabel , 
M. Schulze , a n d J . C. TTllmann ; in S a x o n y , b y A . Frenzel ; irx Siberia, b y M. W e b s k y ; 
in Moravia , b y F . A . Ko lenat i , a n d F . Kre t schmer ; in Great Britain, b y A . Terreil and 
A . des Cloizeaux ; in S w e d e n , b y W . His inger , G. Leonhard, A. E r d m a n n , a n d J. J. Berzel ius ; 
a t K a t a n g a , B e l g i u m Congo, b y H . B u t t g e n b a c h ; in the U n i t e d S ta tes—Maryland and 
Missour i—by F . A . G e n t h . 

A n a l y s e s w e r e r e p o r t e d b y T . H a e g e , F . C. W e r n e k i n c k , W . W i t t e b o r g , 
C. F . R a m m e l s b e r g , P . T . Cleve, G. Wolf, M. Legraye , a n d F . A. G e n t h . M. I i . F r a n -
kenhe im, a n d L . S . R a n d a l l g a v e t h e fo rmu la , CoS-Co2S3 , OrCo 3 S 4 ; C. F . R a m m e l s ­
b e r g g a v e 2 R S . R S 2 , a n d l a t e r , R 2 S 1 1 , o r 2 R S - S R 2 S 3 ; P . G r o t h , a n d A. S c h o e p , 
(Ni ,Co ,Fe) (Ni ,Co ,Fe)S2CoS 2 , o r (Co,Ni) 3 S 4 ; H . F . Collins, (Ni ,Cu ,Fe ,Co)S .CoS 2 ; 
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W . S t a h l , (Ni ,Co ,Cu ,Fe) 4 S 5 ; a n d A . E i c h l e r a n d co -worker s , 5Co 3 S 4 . 6NiS 4 . T h e 
m i n e r a l l innseite w a s cons ide red b y M. N . S h o r t a n d E . V . S h a n n o n t o b e one of 
t h e t e r m i n a l m e m b e r s , Co 3 S 4 , of t h e t e r n a r y i s o m o r p h o u s ser ies , (Co ,Ni ,Fe) 8 S 4 , 
j u s t a s p o l y d y m i t e , N i 3 S 4 , i s t a k e n t o b e a second e n d - m e m b e r , a n d F e 3 S 4 , a t h i r d 
e n d - m e m b e r . T h e fo rmula , CoS-Co 2 S 3 , o r Co(CoS2)2» m a k e s l innseite a n a l o g o u s 
w i t h t h e spinels , o r a m e m b e r of t h e sulpho-spinels. 

Liinnseite occu r s i n g r a n u l a r o r c o m p a c t masse s a s well a s i n o c t a h e d r a l c r y s t a l s 
be long ing t o t h e c u b i c s y s t e m . T h e f r ac tu r e is u n e v e n a n d a l m o s t concho ida l . 
T h e co lour is p a l e s tee l -g rey , o r c r e a m w i t h a t i n g e of ye l low, a n d i t t a r n i s h e s t o a 
ye l lowish- red , o r t o coppe r - r ed ; t h e s t r e a k is b l ack i sh -g rey ; a n d t h e l u s t r e is 
me ta l l i c . T h e cub ic c l eavage is imper fec t . T w i n n i n g s o m e t i m e s occurs a b o u t t h e 
( U 1) -p lane , a s i n t h e sp inels . F . B e c k e found t h a t t h e cor ros ion figures a re a n a l o g o u s 
t o t h o s e of m a g n e t i t e . T h e s u b j e c t w a s a lso d iscussed b y H . B a u m h a u e r . T h e 
c r y s t a l s were e x a m i n e d b y C. K le in , J . C. U l l m a n n , M. Schu lze , R . Sche ibe , 
H . L a s p e y r e s , R . N o v a c e k , A . Ter re i l a n d A . d e s Clo izeaux, P . T . Cleve, a n d 
F . A . G e n t h . G. M e n z e r e x a m i n e d t h e X - r a d i o g r a m s of p o l y d y m i t e , l innseite, 
a n d s y c h m o d y m i t e , a n d found t h e m a l m o s t i den t i ca l . T h e face -cen t red , cub ic 
l a t t i c e h a s t h e p a r a m e t e r a = 9 - 3 9 8 A. ; a n d t h e r e a re e i g h t Co 3 S 4 -molecules in 
t h e e l e m e n t a r y cel l . W . F . d e J o n g f o u n d a = 9 - 2 6 A. for l innseite f rom L i t t f e l d ; 
9*42 A. , for t h a t f rom Musen . A n art if icial p r e p a r a t i o n , o b t a i n e d b y h e a t i n g 
c o b a l t o u s su lph ide i n h y d r o g e n s u l p h i d e a t 400° t o 450° for 10 h r s . , w a s v e r y 
l ike n a t u r a l l innsei te . G. N a t t a a n d Li. Pas se r in i f ound t h a t t h e cub ic l a t t i c e 
of C o 3 S 4 a n d of N i 3 S 4 is of t h e sp ine l t y p e , w i t h a = 9 - 4 1 A . C F . R a m m e l s -
b e r g g a v e 4-8 for t h e s p . gr . ; P . T . Cleve, 4-755, a n d 4-825 ; C. S c h n a b e l , 5-0O ; 
A . E i c h l e r a n d co-workers , 4 - 8 5 ; H . B u t t g e n b a c h , 4-82 ; a n d I . I . S a s l a w s k y , 
4-808 t o 4-816. T h e l a s t - n a m e d a l so s t u d i e d t h e m o l . vo l . W . F . d e J o n g ca l ­
c u l a t e d a s p . g r . 4-86 f rom t h e l a t t i c e d a t a . T h e h a r d n e s s is 5 t o 6. H . F i z e a u 
g a v e for t h e coeff. of t h e r m a l e x p a n s i o n <x—0*041037 a t 40° . J . J o I y g a v e 480° 
for t h e m . p . F . Be i j e r inck f o u n d t h a t t h e l innsei te i s a good e lec t r ica l c o n d u c t o r ; 
a n d T . W . Case s h o w e d t h a t a n e x p o s u r e of t h e m i n e r a l t o l i g h t does n o t p e r c e p t i b l y 
affect i t s e lec t r ica l r e s i s t ance . E . T . W h e r r y f o u n d l innsei te t o b e a fa i r r a d i o -
d e t e c t o r . J . L e m b e r g o b s e r v e d t h a t a n a lka l ine soln. of b r o m i n e a t t a c k s t h e 
m i n e r a l a n d p r o d u c e s a sur face film of m e t a l p e r o x i d e . E . F . S m i t h o b s e r v e d t h a t 
t h e m i n e r a l is b r o k e n d o w n b y s u l p h u r m o n o c h l o r i d e a t 170°. Linnse i te d issolves 
in n i t r i c ac id , w i t h t h e s e p a r a t i o n of s u l p h u r . J . L e m b e r g f o u n d linnseite is n o t 
r e a d i l y co loured b y a soln. of s i lver s u l p h a t e , b u t a b lue co lo ra t ion a p p e a r s a f t e r a 

. p r o l o n g e d a c t i o n a t 100° . 

T h e proport ion of nickel in t h e linnseite of t h e Mine la Motte , Madison Co. , e x c e e d s 
t h a t of t h e cobalt , a n d in t h a t case M. N . Short a n d E . V . Shannon prefer t h e t erm slegenite, 
ind icated above . T h e analysis agrees w i t h (Fe ,Co,Ni ) 3 S 4 ; t h e mineral i s i sotropic ; i t 
has a cream colour -with a t inge of ye l low ; n o c leavage pi ts h a v e b e e n observed ; w i t h 
nitric ac id a pol ished surface acquires a brown sta in , and there is s o m e effervescence ; 
mercuric chloride g i v e s indicat ion of producing a brown s ta in in p laces ; a n d n e g a t i v e 
resu l t s were obta ined w i t h hydrochloric acid, so ln . of po tas s ium cyan ide a n d ferric chloride, 
a n d -with potash- lye . These properties all resemble those of p o l y d y m i t e a n d of linnseite, b u t 
differ from violarite i n t h e absence of a perfect cubic c leavage , a n d in t h e colour. 

A. K n o p 4 desc r ibed a m i n e r a l occur r ing w i t h t h e c h a l c o p y r i t e in t h e gne iss 
a t H o r b a c h , n e a r S t . B las ien , in t h e B l a c k F o r e s t . I t w a s ca l led horbach i t e . 
A n a l y s e s were r e p o r t e d b y A. K n o p , a n d E . W e i n s c h e n k . C. F . R a m m e l s b e r g 
r e p r e s e n t e d t h e compos i t i on b y t h e fo rmu la : 1 5 F e 2 S 3 . 4 N i S 3 ; a n d P . G r o t h a n d 
K . Miele i tner , b y F e 8 N i 2 S 1 5 , or (Fe 1 Ni) 2 S 3 . E . W e i n s c h e n k r e g a r d e d h o r b a c h i t e 
a s a m i x t u r e of i r on a n d nickel m o n o s u l p h i d e s , ( F e , N i ) S , w h e n F e : N i = 3 : 1 o r 
4 : 1 . T h e or ig in of t h e mine ra l w a s d i scussed b y W . S a u e r , a n d E . B e y s c h l a g 
a n d co-workers . T h e colour of h o r b a c h i t e is d a r k b r o n z e - b r o w n or s t ee l -g rey . 
T h e s t r e a k is b l ack . I t occurs in c ry s t a l l i ne m a s s e s , w i t h a n impe r f ec t c l e a v a g e . 
T h e s p . g r . is 4-43 ; a n d t h e h a r d n e s s , 4*5. F . Be i j e r inck sa id t h a t t h e m i n e r a l 



COBALT 759 

is a very good electrical conductor. The mineral readily decomposes under the 
influence of water and moisture, forming sulphates of iron and nickel. 

W. Guertler 5 discussed the nickel-cobalt sulphides. "W. Guertler and H . Schack 
observed t h a t cobalt penti tatetrasulphide, Co5S4, and nickel tri tadisulphide, Ni3S2 , 
form a continuous series of solid soln. above 475° ; below this temp. , the mass is 
completely decomposed, with the separation of two new solid soln. 
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§ 23 . Cobaltous Sulphate 
F . A . C. G r e n , 1 a n d W . A . L a m p a d i u s o b t a i n e d a soln. of coba l tous su lphate , 

o r s i m p l y cobal t su lphate , CoSO 4 , b y d i sso lv ing t h e m e t a l o r t h e ox ide in d i l . 
s u l p h u r i c ac id . A n a q . soln . of c o b a l t o u s s u l p h a t e is o b t a i n e d b y d i sso lv ing t h e 
ox ide , h y d r o x i d e , o r c a r b o n a t e in d i l . s u l p h u r i c a id ; a n d o n e v a p o r a t i n g t h e 
l iqu id a t o r d i n a r y t e m p . , t h e heptahydrate, C o S O 4 . 7 H 2 O , c rys ta l l i zes o u t — I . K o p p e l 
a n d H . W e t z e l sa id t h a t t h e h e p t a h y d r a t e c rys ta l l i zes f rom t h e soln . be low 4 0 7 ° , 
a n d C. D . C a r p e n t e r a n d E . R . J e t t e , be low 45*1°. 

A n h y d r o u s c o b a l t o u s s u l p h a t e w a s p r e p a r e d b y E . Rothoff, a n d J . Li. P r o u s t 
b y t h e d e h y d r a t i o n of t h e h y d r a t e d s a l t a t a d u l l r e d - h e a t ; T . E . T h o r p e a n d 
J . I . W a t t s r e c o m m e n d e d m a i n t a i n i n g t h e h y d r a t e a t 250° u n t i l all t h e c o m b i n e d 
w a t e r h a s been expe l l ed ; a n d t h e K a l i F o r s c h u n g s a n s t a l t o b s e r v e d i t b y h e a t i n g 
a s a t . soln. in a n a u t o c l a v e a t 200° . T h e a n h y d r o u s sa l t w a s p r e p a r e d b y A. l£ t a rd , 
b y boi l ing a soln . of t h e h y d r a t e d sa l t in cone , s u l p h u r i c ac id ; A . W . D a v i d s o n , b y 
a d d i n g a l i t t l e c o n e , s u l p h u r i c ac id t o a n ace t i c ac id soln . of c o b a l t n i t r a t e ; a n d 
b y P . K l o b b , b y a d d i n g t h e h y d r a t e d sa l t t o m o l t e n a m m o n i u m s u l p h a t e , a n d 
h e a t i n g t h e m i x t u r e , p r o t e c t e d f rom r e d u c i n g gases , u n t i l t h e a m m o n i u m sa l t is all 
vo la t i l i zed . C. L e p i e r r e a n d M. L a c h a u d e m p l o y e d a s imi la r p rocess , a n d obse rved 
t h a t w h e n a m m o n i u m h y d r o s u l p h a t e is e m p l o y e d , i n s t e a d of t h e n o r m a l sa l t , t h e 
c o b a l t s u l p h a t e fu rn i shes fusi form, p r i s m a t i c , h e x a g o n a l c r y s t a l s , w h e r e a s w i t h t h e 
n o r m a l sa l t , c a n a r y - y e l l o w , o c t a h e d r a l c r y s t a l s a r e f o r m e d . T h e difference is 
d u e t o t h e p r e s e n c e of a b o u t 0*5 p e r c e n t , of free s u l p h u r i c ac id in t h e fusiform 
c r y s t a l s . A . Cha t i l l on , H . P . Corson, R . R o m e r , T . T h o m a s , a n d R . H o c a r t a n d 
A . Se r re s p r e p a r e d c r y s t a l s of t h e s a l t ; a n d F . Fe ig l a n d H . J . K a p u l i t z a s ob t a ined 
i t f r o m nickel-free o x i d e . 

T h e h e p t a h y d r a t e occu r s r a r e l y a s a m i n e r a l . T h e m i n e r a l w a s cal led cobalt 
vitriol b y M. Ie B l a n c , B . G. S a g e , J . H . K o p p , a n d C. C. v o n L e o n h a r d . I t w a s a l so 
ca l l ed red vitriol. F . S. B e u d a n t p r o p o s e d t h e n a m e rhodalose—from poSoeis, 
rose-co loured , a n d <5As-, s a l t — b u t t h i s g a v e w a y t o W . H a i d i n g e r ' s t e r m b i ebe r i t e , 
a f t e r t h e l o n g e s t - k n o w n loca l i ty , B i ebe r , i n Hesse , w h e r e i t occu r s in t h e r u b b i s h 
of s o m e old m i n e s . C F . R a m m e l s b e r g m e n t i o n e d i t s occur rence i n some m i n e s 
a t S iegen ; F . S a n d b e r g e r , a t A l p i r s b a c h ; J . F . Vogl , a t J o a c h i m s t a l , B o h e m i a ; 
A . L a c r o i x , a t C h a l a n c h e s , D e p t . I s e r e , F r a n c e ; a n d W . J . Tay lo r , a t T re s P u n t a s , 
Copiapo, ChUi. C. M. K e r s t e n n o t e d t h e occur rence of t h e h e p t a h y d r a t e o n 
spec imens o f c o b a l t speiss k e p t i n m u s e u m s . Ana lyses of b i ebe r i t e w e r e r e p o r t e d 
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b y G. C. Winke lb lec l i , C. F . R a m m e l s b e r g , F . S. B e u d a n t , a n d J . H . K o p p ; a n d 
of t h e h e p t a h y d r a t e , b y J . L . P r o u s t , E . Mi t scher l i ch , a n d C. F . B u o h o l z . 

I . K o p p e l a n d H . W e t z e l f o u n d t h a t , w i t h sa t . , a q . soln. , t h e h e p t a h y d r a t e is 
t h e solid p h a s e u p t o 40° , a n d h e e s t i m a t e d t h a t t h e t r a n s i t i o n f rom t h e h e p t a ­
h y d r a t e t o t h e hexahydrate, C o S 0 4 . 6 H 2 0 , occu r s a t a b o u t 40*7°, b e c a u s e J . C. G. d e 
M a r i g n a c o b s e r v e d t h a t t h e h e x a h y d r a t e s e p a r a t e s f rom t h e a q . so ln . b e t w e e n 40° 
a n d 50° . T h e t r a n s i t i o n t e m p , i s l owered i n t h e p re sence of s o d i u m s u l p h a t e . 
C. D . C a r p e n t e r a n d E . R . J e t t e g a v e 45-1° for t h e t r a n s i t i o n t e m p . E . Mi t sche r l i ch , 
W . Mi i l l e r -Erzbach , a n d T . E . T h o r p e a n d J . I . W a t t s sa id t h a t t h e h e x a h y d r a t e i s 
o b t a i n e d b y c r y s t a l l i z a t i o n f rom a n a q . soln . of c o b a l t s u l p h a t e b e t w e e n 20° a n d 30° . 
R . R h o m e r a lso p r e p a r e d t h e h e x a h y d r a t e . W . Mi i l l e r -Erzbach sa id t h a t t h e 
h e x a h y d r a t e c a n b e o b t a i n e d b y d r y i n g t h e h e p t a h y d r a t e ove r s u l p h u r i c ac id ; a n d 
Li. d e B o i s b a u d r a n a lso o b t a i n e d t h e h e x a h y d r a t e b y careful ly w a r m i n g t h e h e p t a ­
h y d r a t e , o r b y c o n t a c t of t h e h e p t a h y d r a t e w i t h a f r a g m e n t of t h e h e x a h y d r a t e — 
vide infra, t h e t h e r m a l d e c o m p o s i t i o n of t h e s u l p h a t e . L . P l a y f a i r a n d J . P . J o u l e , 
G. N . Wyrouboff , T . E . T h o r p e a n d J . I . W a t t s , a n d E . S . L.arsen a n d M. L.. G l e n n 
r e p o r t e d t h e pentahydrate, C o S 0 4 . 5 H 2 0 , b y d r y i n g t h e h e p t a h y d r a t e or t h e h e x a ­
h y d r a t e o v e r s u l p h u r i c ac id . T . E . T h o r p e a n d J . I . W a t t s o b t a i n e d t h e tetrahydrate, 
C o S O 4 . 4 H 2 O , b y d r y i n g t h e p o w d e r e d h e p t a h y d r a t e t o a c o n s t a n t w e i g h t o v e r 
s u l p h u r i c ac id ; H . O. H o f m a n a n d W . Wanjukoff , b y p a s s i n g a c u r r e n t of d r y a i r 
o v e r t h e h e p t a h y d r a t e ; A. F r o h d e , b y a d d i n g cone , su lphur i c ac id t o a c o n e . soln . 
of c o b a l t s u l p h a t e ; a n d G. V o r t m a n n , b y h e a t i n g coba l t i c c h l o r o p e n t a m m i n o -
ch lo r ide w i t h a l i t t l e w a t e r a n d cone , s u l p h u r i c ac id u n t i l a l l is d i sso lved , a n d 
t h e n h e a t i n g t h e m i x t u r e on a s a n d - b a t h a t 220° . W h e n , on cool ing, t h e t e t r a ­
h y d r a t e s e p a r a t e s o u t , t h e s u l p h u r i c ac id is p o u r e d a w a y f r o m t h e c ry s t a l l i ne 
p o w d e r , w h i c h is w a s h e d w i t h cold w a t e r a n d a lcohol , a n d d r i e d on a p o r o u s t i l e . 
R . R o h m e r p r e p a r e d t h e t e t r a h y d r a t e . G. V o r t m a n n r e p o r t e d t h e poss ib le ex is t ­
ence of a trihydrate, C o S O 4 . 3 H 2 O ; a n d T . E . T h o r p e a n d J . I . W a t t s , a n d 
L . P l a y f a i r a n d J . P . J o u l e sa id t h a t t h e dihydrate, C o S O 4 . 2 H 2 O , is f o r m e d b y 
boi l ing t h e p o w d e r e d h e p t a h y d r a t e w i t h a b s o l u t e a l c o h o l ; a n d M. A . R a k u z i n a n d 
D . A . B r o d s k y , b y a l lowing t h e h i g h e r h y d r a t e t o s t a n d for s o m e t i m e o v e r s u l p h u r i c 
ac id . R . R o h m e r a lso p r e p a r e d t h e d i h y d r a t e . A c c o r d i n g t o A . a n d H . B e n r a t h , 
t h e solid p h a s e i n t h e a q . soln . a t 97° is t h e monohydrate, C o S O 4 - H 2 O , w h i c h 
E . Woulf , H . Lescoeur, a n d A. lS ta rd p r e p a r e d b y m i x i n g a c o n e . soln . of c o b a l t 
s u l p h a t e w i t h cold, cone , s u l p h u r i c ac id . R . R o h m e r also p r e p a r e d t h e m o n o h y d r a t e . 
T . E . T h o r p e a n d J . I . W a t t s o b t a i n e d t h e m o n o h y d r a t e b y h e a t i n g t h e h e p t a ­
h y d r a t e t o 100° ; M. A . R a k u z i n a n d D . A . B r o d s k y , b y h e a t i n g t h e h e p t a h y d r a t e 
3 h r s . a t 98° ; F . Kraf f t , a n d A . A d o l p h s , b y confining a h i g h e r h y d r a t e i n v a c u o 
o v e r p h o s p h o r u s p e n t o x i d e ; H . O. H o f m a n a n d W . WanjukofE, b y p a s s i n g d r y a i r 
o v e r t h e h e p t a h y d r a t e a t 58° ; E . S. L a r s e n a n d M. Li. G l e n n , b y d r y i n g t h e 
h e x a h y d r a t e i n a d e s i c c a t o r ; G. V o r t m a n n , f rom t h e m o t h e r - l i q u o r a f t e r t h e 
p r e p a r a t i o n of t h e t e t r a h y d r a t e ; W . IpateefE a n d B . Zr jag in , b y h e a t i n g 1-52V- o r 
22V-CoSO4 i n a hydrogen o r n i t r o g e n a t m . u n d e r p ress , a t 150°, b u t J . H . W e i b e l 
a d d e d t h a t i n h y d r o g e n o r c a r b o n m o n x o i d e , t h e r e is n o s e p a r a t i o n a t 150° , m e t a l 
a n d o x i d e a r e p r e c i p i t a t e d a t 250° , a n d m e t a l o n l y a t 300° . T h e e v i d e n c e of 
t h e chemica l i n d i v i d u a l i t y of m a n y of t h o s e h y d r a t e s is n o t v e r y c o n v i n c i n g . 
A . P . R o s t k o w s k y ' s v a p . p r e s s , c u r v e s s h o w t h a t only t h e h e p t a - , hexa- , a n d 
m o n o h y d r a t e s a r e f o r m e d a s c h e m i c a l i n d i v i d u a l s . R . R e i n i c k e s t u d i e d t h e 
h y d r a t e s . 

* P . K l o b b sa id t h a t t h e crysta l s of t h e a n h y d r o u s sa l t a r e a m a r a n t h - r e d o c t a h e d r a 
be longing t o t h e cub ic s y s t e m . A . l £ t a r d , a n d C. I i ep ie r re a n d M. Lachaud r e p o r t e d 
w h a t t h e y cons idered t o b e d i m o r p h o u s f o r m s — h e x a g o n a l a n d cub ic—v ide supra. 
R . H o c a r t a n d A. Ser res f ound t h a t t h e c r y s t a l s of t h e s a l t d e h y d r a t e d a t 400° 
a n d 700° in a m m o n i u m h y d r o s u l p h a t e , a r e r h o m b i c , w i t h a space - l a t t i c e h a v i n g 
a = 4 - 6 5 A. , 6 = 0 7 1 A. , a n d c==8*45 A. , a n d 4 m o l s . p e r u n i t cel l . T h e d i m e n s i o n s 
of t h e l a t t i ces of t h e spec imens a r e t h e same, b u t t h e s t r u c t u r e s a n d magnet i c 
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p r o p e r t i e s a r e different . T h e c a r m i n e - r e d c rys t a l s of t h e h e p t a h y d r a t e were 
found b y H . J . B r o o k e t o b e monocl in ic w i t h t h e ax ia l r a t i o s a : b : c 
1-1835 : 1 : 1-4973, a n d £ = 1 0 4 ° 5 5 ' ; a n d J . C. G. d e M ar ignac g a v e 
1*1815 : 1 : 1-5325, a n d / J = 1 0 4 ° 4 0 ' . O b s e r v a t i o n s were m a d e b y E . Mitscher l ich . 
A. Rosens t i eh l obse rved t h a t t h e c r y s t a l s of t h e h e p t a h y d r a t e a r e i s o m o r p h o u s 
w i t h t h e co r r e spond ing h e p t a h y d r a t e d z inc , m a n g a n e s e , i ron, a n d nickel s u l p h a t e s , 
a n d t h e sub j ec t w a s d iscussed b y A. A r z r u n i , C F . R a m m e l s b e r g , a n d E . S. v o n 
FedorofT. J . M. T h o m s o n n o t e d t h e seeding of s u p e r s a t u r a t e d soln. of m a g n e s i u m 
s u l p h a t e w i t h c ry s t a l s of h e p t a h y d r a t e d c o b a l t s u l p h a t e . E . S. L a r s e n a n d 
M. TJ. Glenn found t h e op t i c ax ia l angle , 2V, of t h e monocl in ic t a b l e t s is n e a r 90° ; 
M. W . P o r t e r g a v e for 2 F — 8 8 ° 1' , a n d h e n o t e d c leavages on t h e (OC)I)- a n d t h e 
(HO)-faces. H . G. K . W e s t e n b r i n k e x a m i n e d t h e X - r a d i o g r a m a n d ca lcu la t ed 
for t h e cell p a r a m e t e r s a—15-45 A. , 6 = 1 3 - 0 8 A. , a n d c—20-04 A. , a n d t h e r e a r e 
4 mols . p e r u n i t cell. T h e r ed c rys t a l s of t h e h e x a h y d r a t e were found b y J . C G. de 
M a r i g n a c t o be monocl in ic p r i s m s w i t h t h e ax ia l r a t i o s a : b : c=1-3957 : 1 : 1-6976, 
a n d j8—98° 41" . T h e c rys t a l s a r e i s o m o r p h o u s w i t h t h e co r r e spond ing s a l t s of 
m a g n e s i u m a n d z inc . G. N . WyroubofT g a v e for t h e op t i c ax ia l angle 2Ha—8°, 
a n d r e p o r t e d a possible d i m o r p h o u s form. G. R o a s i o d iscussed t h e o r i e n t a t i o n of 
t h e c rys t a l s g r o w n in a m a g n e t i c field. E . S. L a r s e n a n d M. L . Glenn found t h a t 
t h e c rys t a l s of t h e p e n t a h y d r a t e a r e t r ic l in ic w i t h a m e d i u m op t i c ax ia l angle , 2 V. 
A. F r o h d e sa id t h a t t h e t e t r a h y d r a t e furnishes a c rys ta l l ine p o w d e r of a p e a c h -
b lossom colour , a n d a s imi la r r e m a r k w a s m a d e b y G. Wou l f a b o u t t h e m o n o -
h y d r a t e ; E . S. L a r s e n a n d M. L . G lenn o b t a i n e d t h e m o n o h y d r a t e in fibres a n d 
c r u s t s b y e v a p o r a t i n g a n a q . soln. of t h e sa l t t o d rynes s , w h e r e a s t h a t o b t a i n e d b y 
t h e d e h y d r a t i o n of t h e h e x a h y d r a t e in a des icca to r furnishes c rys t a l s w i t h a n 
op t i c ax ia l ang le h a v i n g 2 V n e a r l y 90° . 

Accord ing t o L . P l ay fa i r a n d J . P . J o u l e , t h e specific grav i ty of t h e a n h y d r o u s 
s u l p h a t e is 3-531 ; O. P e t t e r s s o n g a v e 3-614, 3-615 a t 15-6° t o 16° ; L . P lay fa i r , 
3-444 ; T . E . T h o r p e a n d J . I . W a t t s , 3-472 a t 157° ; a n d C. Lep ie r r e a n d M. L a c h a u d , 
3-65 for t h e o c t a h e d r a l c rys ta l s , a n d 3-64 for t h e p r i s m a t i c c rys ta l s . E . B i r k 
a n d W . Bi l t z g a v e 3-791 a t 15°/4° for c ry s t a l s d e h y d r a t e d a t a dul l r e d - h e a t ; 
G. L . Clark a n d co-workers , 3-7IO a t 25°/4° for c rys t a l s d e h y d r a t e d a t 280° ; a n d 
E . Moles a n d M. Crespi , 3-666 a t 25°/4° for c r y s t a l s d e h y d r a t e d a t 350°. H . Schiff 
g a v e 1-924 for t h e sp . gr . of c rys t a l s of t h e h e p t a h y d r a t e ; O. Pe t t e r s son , 1-958 
a n d 1-964 for c rys t a l s a t 15-5° t o 15-6° ; H . Schroder , 1-958 ; E . G u n t h e r , 1-938 ; 
B . Gossner , 1-948 ; G. L . Clark a n d co-workers , 1-948 a t 24 c /5° ; M. H . BeIz, 
1-950 ; E . W i d m e r , 1-96 a t 18° t o 21° ; a n d E . Moles a n d M. Crespi , 1-93O a t 25°/4° . 
H . G. K . W e s t e n b r i n k ca l cu l a t ed t h e sp . gr. t o be 1-889 f rom t h e l a t t i ce c o n s t a n t s . 
F o r t h e h e x a h y d r a t e , T . E . T h o r p e a n d J . I . W a t t s g a v e 2-019 a t 15°/15° ; 
B . Gossner , 2-000 ; a n d G. L . C la rk a n d co-workers , 2-029 a t 25°/34°. F o r t h e 
p e n t a h y d r a t e , T . E . T h o r p e a n d J . I . W a t t s , a n d L . P l a y f a i r gave 2-134 ; a n d 
E . W i d m e r , 2-2 a t 18° t o 21°. F o r t h e t e t r a h y d r a t e , T . E . T h o r p e a n d J . I . W a t t s 
g a v e 2-327 a t 15°/15°. F o r t h e d i h y d r a t e , T . E . T h o r p e a n d J . I . W a t t s , a n d 
L . P l a y f a i r g a v e 2-712. F o r t h e m o n o h y d r a t e , T. E . T h o r p e a n d J . I . W a t t s g a v e 
3-125 a t 15°/15° ; a n d E . Moles a n d M. Crespi , 3-076 a t 25°/4°. D e t e r m i n a t i o n s 
of t h e sp . gr . of a q . soln. we re m a d e b y G. C h a r p y , F . Dreye r , A. M. Morr ison, 
J . W a g n e r , W . W . J . Nicol , G. Qu incke , R . W . R o b e r t s , R . C. Cante lo a n d 
A. J . Berger , G. J a g e r a n d H . D e c k e r , W . M a n c h o t a n d co-workers , a n d 
J . N . R a k s h i t . T h e International Critical Tables g a v e for soln. w i t h C p e r cent , of 
CoSO 4 : 

C . . . . . 1 2 4 6 8 p e r cent. 
_. / 0° . . . 1 0 1 0 7 1 0 2 1 5 1-0436 1 0 6 6 2 1 0 8 9 0 
S p . g r . j 2 6 o 1 0 0 7 2 1 0 1 7 4 1 0 3 8 0 1 0 5 8 8 1 0 8 0 0 

B . C a b r e r a a n d co-workers g a v e for 0-2212 p e r cent , soln., 1-2638{1— 0-0327(0—20)}, 
a n d for 0-1478 p e r cen t , soln. , 1-1649{1 — 0-0326(0—20)}. T h e molecular v o l u m e 
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of the salt was discussed by E . N. Gapon, R. C. Cantelo and H . E . Phifer, and 
J . A. Groshans. T. E . Thorpe and J . I . Wa t t s studied the sp. vol. of cobalt sulphate 
and of its hydrates ; E . Moles and M. Crespi, the mol. vol. of the water of hydrat ion ; 
and E. N. Gapon, the relation between the sp. gr., the m.p., and the ionization of 
salts. A. Baladin, and H. H . Stephenson studied the contraction which occurs 
in the formation of the anhydrous salt from its elements ; A. Baladin, H . H . Stephen­
son, J . N . Rakshit , and G. Li. Clark and co-workers, the contraction during the 
formation of the heptahydrate from the anhydrous salt and water ; G. L. Clark 
and co-workers, and J . N. Rakshit , the contraction which occurs during the 
formation of the hexahydrate ; J . N. Rakshit , the pentahydrate ; G. L.. Clark and 
co-workers, and J . N. Rakshit , the te t rahydrate ; and J . N. Rakshit , the mono-
hydrate . C. Charpy, and J . N. Rakshit studied the vol. contraction of the 
anhydrous salt when it is dissolved in water. F . Dreyer gave for the temp, of 
maximum density of aq. soln. with C per cent, of cobalt sulphate : 

C . . O 0 - 1 8 1 0 - 3 6 6 0 - 7 3 5 1-536 1-823 p e r c e n t . 
T e m p . . 3 - 9 6 ° 3 - 7 0 ° 3 - 4 4 ° 2 - 9 2 ° 1-78° 1-43° 

M. Torre measured the ra te of diffusion of cobalt sulphate in water and found 
for the change in concentration, in grams of CoSO4 per 100 c . c , after 24 hrs. , with 
an initial cone, of: 

0-775 grm. pe r 1OO c.c. O-155 grin, per 100 c.c. 
. * . / " * 

30° 40° 50° 30° 40° 50° 
R a t e of d i f f u s i o n . . O-194 0 - 3 2 2 0 - 4 5 0 0 0 4 1 0 - 0 6 5 0 0 8 7 

E. Ditt ler discussed the diffusion of the salt in the crystalline form ; and J . J . Cole­
man, aq. soln. G. Tammann discussed the relation of the mol. a t t ract ion to the 
internal pressure ; S. Oka, the surface tension of the soln. ; and Z. H . Skraup 
and Co-workers, the capillary rise of the soln. in paper. R. C. Cantelo and 
A. J . Berger, and O. Pulvermacher made observations on the viscosity, and 
J . Wagner found for the relative values of the viscosity, -water unity, a t 25° : 

2^- 0-5JV- 0-252V- O-1252V-
1 - 3 5 4 3 1-159O 1 0 7 6 6 1 0 4 0 2 

and for soln. containing : 
21-167 per cent . CoSO4 7-239 per cent . CoSO4 

, ^ „ , /> , 
15° 25° 36° 45° 1J>° 25° 35° 45° 

17 . . 1 - 9 3 6 0 1 4 0 2 0 1 1 3 O O 0 - 8 9 9 5 0 - 8 6 7 2 0 - 6 8 7 2 0 - 5 4 9 6 0 - 4 5 0 8 

H. Kopp found the specific heat of the heptahydrate between 15° and 80° to be 
0*343. K. Jauch , and N. de Kolossowsky studied the subject. W. A. Tilden gave 
96° to 98° for the melting-point of the hep tahydra te ; and E . N. Gapon studied 
the relation between the sp. gr., the m.p., and the ionization. Li. Kahlenberg 
found the lowering of the freezing-point of aq. soln. containing 1*457 and 14*143 
grms. of CoSO4 per 100 grms. of water to be, respectively, 0*209° and 1-587° ; and 
for soln. with 0*879, 10*54, and 17*58 grms., H . C. Jones and F . H . Getman gave, 
respectively, 0143° , 1-187°, and 2073° . Observations were made by F . Dreyer, 
and N. Tarugi and G. Bombardini. Lt. Kahlenberg measured the raising of the 
boiling-point of aq. soln. with 4-446, 9-596, 20-60, and 32-84 grms. of CoSO4 per 
100 grms. of water, and found, respectively, 0-110°, 0-262°, 0-568°, and 1-055°. 

G. Wiedemann, W. Miiller-Erzbach, and H. Lescoeur measured the vapour 
pressure of the heptahydrate , p mm.y and C. D. Carpenter and B . R. J e t t e observed : 

25-00° 4 O l 8° 45-07° 45-17° 5O-10* 55-20° 60-22° 65-16° 70-16° 
P . 17-O 4 8 1 66-0 66-5 8 4 - 9 1 0 7 - 7 1 3 4 - 9 1 6 7 - 3 2 0 4 - 3 

there is a transition point a t 45-1°, where the vap . press, of t he hepta- and the 
hexahydrates and of a sat. soln. are the same. Observations were made by 
W. C. Schumb. A. P . Rostkowsky gave for the heptahydra te , and t h e hexahydra te , 

C o S O 4 
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18 m m . a t 25° . H e o b s e r v e d ev idence of t h e ex i s t ence of o n l y t h e h e p t a - , hexa- , 
a n d m o n o h y d r a t e s . G. T a m m a n n found t h e lowering of t h e v a p . press , of a q . 
soln. w i t h 10*55, 28-89, a n d 52-16 g r m s . CoSO 4 p e r 100 g rms . of w a t e r t o b e , respec­
t ive ly , 7-5, 20-4, a n d 54*2 m m . O b s e r v a t i o n s were also m a d e b y H . !Lescoeur, a n d 
I . Bencowi t z a n d H . T . H o t c h k i s s . C. C. T a n n e r s tud i ed Sore t ' s effect. 

H . B a u b i g n y a n d E . P e c h a r d , a n d M. A. R a k u z i n a n d D . A. B r o d s k y found t h a t 
t h e dehydrat ion of t h e h e p t a h y d r a t e r ead i ly occurs , w i t h t h e loss of a mol . of w a t e r , 
t o fo rm t h e h e x a h y d r a t e , b y e x p o s u r e t o d r y a i r ; a n d Li. d e B o i s b a u d r o n n o t e d 
t h a t gen t l e w a r m i n g of t h e h e p t a h y d r a t e h a s a s imi lar resu l t . M. A. R a k u z i n a n d 
D # A. B r o d s k y o b s e r v e d t h a t t h e d i h y d r a t e is f o r m e d over su lphur i c acid. L . H a c k -
spil l a n d A. P . Kieffer, F . Kraf f t , a n d A. A d o l p h s f o u n d t h a t t h e m o n o h y d r a t e 
i s fo rmed in v a c u o ove r p h o s p h o r u s p e n t ox ide . T . E . T h o r p e a n d J . I . W a t t s 
f o u n d t h a t t h e h e p t a h y d r a t e is c o m p l e t e l y d e h y d r a t e d a t 250° , a n d t h a t a t 100°, 
t h e h e p t a h y d r a t e pa s se s i n t o t h e m o n o h y d r a t e . O b s e r v a t i o n s -were m a d e b y 
A . £ t a r d , G. V o r t m a n n , C Gaude f roy , a n d M. Cop i sa row. F . Kra f f t sa id t h a t t h e 
s e v e n t h m o l . of w a t e r is r e t a i n e d b y e x p o s i n g t h e s a l t i n t h e v a c u u m r e q u i r e d for 
p r o d u c i n g t h e c a t h o d e l igh t . W h e n g e n t l y h e a t e d i n a c u r r e n t of d r y a i r , t h e 
h y d r a t e d s u l p h a t e w a s found b y H . O. H o f m a n a n d W . Wanjukoff t o b e c o m e 
a n h y d r o u s a t 276° ; E . Moles a n d M. Crespi sa id 220° t o 260° ; a n d for c o m p l e t e 
d e h y d r a t i o n , A . A d o l p h s , K . F r i e d r i c h a n d co-workers , a n d L . H a c k s p i l l a n d 
A. P . Kieffer r e c o m m e n d e d 300° t o 420° for c o m p l e t e d e h y d r a t i o n — v i d e supra. 
P . T h e o d o r i d e s g a v e 275° for t h e t r a n s i t i o n t e m p , of t h e m o n o h y d r a t e t o t h e 
a n h y d r o u s s u l p h a t e . 

P . K l o b b o b s e r v e d n o c h a n g e in t h e a n h y d r o u s s u l p h a t e a t o r d i n a r y t e m p . , 
b u t a t h igh t e m p . , F . A . C. Gren , a n d J . C. G. d e M ar ignac n o t e d t h a t t h e s a l t i s 
d e c o m p o s e d i n t o c o b a l t ox ide , s u l p h u r d iox ide , a n d o x y g e n . "According t o 
J . L . P r o u s t , t h e c ry s t a l s of t h e h e p t a h y d r a t e g ive off w a t e r w h e n h e a t e d , a n d 
b e c o m e rose-coloured , b u t t h e y d o n o t lose s u l p h u r t r i o x i d e a t a r e d - h e a t . A . D i t t e 
sa id t h a t t h e thermal decompos i t i on of t h e s u l p h a t e beg ins a t 440° ; G. M a r c h a l , 
690° ; J . A. H e d v a l l a n d J . H e u b e r g e r , 940° ; a n d K . F r i e d r i c h a n d A. Bl ickle 
g a v e 880° for t h e t e m p , of d e c o m p o s i t i o n ; a n d K . F l ick , 905° , a n d 760 m m . p re s s . 
W . N . H a r t l e y o b s e r v e d t h a t t h e r e is n o ev idence of d e c o m p o s i t i o n a t 300° , a n d 
t h a t s a l t b e c o m e s l i lac-coloured b e t w e e n 500° a n d a r e d - h e a t , b u t , on cool ing, t h e 
o r ig ina l r e d co lour of t h e sa l t is r e s to r ed . O. B a r t h found t h e a n h y d r o u s s u l p h a t e 
t o be s t a b l e a t 600° ; 3*4 p e r c e n t , d e c o m p o s i t i o n c a n b e d e t e c t e d af ter h e a t i n g 
3 h r s . a t 615° ; a n d c o m p l e t e d e c o m p o s i t i o n o c c u r r e d af ter h e a t i n g 2 h r s . a t 735° . 
H . O. H o f m a n a n d W . Wanjukoff g a v e 692° for t h e beg inn ing of d issocia t ion , a n d 
720° t o 770° for t h e t e m p , of c o m p l e t e d issocia t ion . R . Schenck a n d E . R a u b 
obse rved t h a t t h e d issocia t ion press , for 2CoS0 4 ==2CoO-4-2S0 2 - f -0 2 , r ises v e r y 
r a p i d l y in t h e v i c in i t y of 900° . T h e t e m p , of d e c o m p o s i t i o n is lowered a p p r e c i a b l y 
in t h e p resence of porce la in she rds . G. M a r c h a l obse rved t h a t t h e decompos i t ion 
of t h e s u l p h a t e begins a t a b o u t 690°, a n d t h a t t h e p a r t i a l p ress , of t h e gaseous 
c o n s t i t u e n t s , p m m . , a n d t h e t o t a l p ress . , I* m m . , a r e : 

F 

^ S O 8 • 

PoM 

H . H . W i l l a r d a n d R . D . F o w l e r b a s e d a m e t h o d of s e p a r a t i n g t h e m e t a l s o n t h e 
d i f f e r e n c e s i n t h e r a t e s o f t h e r m a l d e c o m p o s i t i o n . 

J . T h o m s o n g a v e f o r t h e h e a t o f f o r m a t i o n ( C o 9 H 2 S O 4 A q . ) = 1 9 - 7 1 C a I s . ; 
( C o , £ O 2 . H 2 S O 4 A q . ) = 8 8 0 7 C a I s . ; . ( C o , 0 2 , S 0 2 , 7 H 2 0 ) = 162-97 C a I s . ; a n d M . B e r t h e -
l o t g a v e ( C o , S , 2 0 2 , 7 H 2 0 ) = 2 3 4 - 0 5 C a J s . R . S c h e n c k a n d E . R a u b g a v e 2 2 8 - 8 C a I s . 
f o r t h e h e a t o f f o r m a t i o n o f C o S O 4 . J . T h o m s e n g a v e f o r t h e h e a t o f n e u t r a l i z a t i o n 
( * C o ( O H ) 2 , * H 2 S 0 4 ) = 1 2 - 3 3 6 C a I s . G . M a r c h a l g a v e 50*6 C a I s . f o r t h e h e a t o f 

" "" o f t h e a n h y d r o u s s u l p h a t e b e t w e e n 8 2 0 ° a n d 9 5 0 ° . J . T h o m s e n 

720° 
1 1 5 
0 1 
0 -7 
O-35 

800° 
3 - 8 
0-25 
2-36 
1 1 8 

845° 
9-18 
0-69 
6-07 
3 0 3 

900° 
29-1 

2 1 8 
17-95 

8-97 

950° 
67-4 

8 1 7 
41-49 
20-74 

1000° 
1 4 4 

11-25 
88-5O 
44-25 

1030° 
217-7 

1 7 0 8 
133-74 
66-87 
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gave for the heat of solution of a mol of the heptahydrate in 8OO mols of water, 
—3*57 CaIe.; and P . A. Favre and C. A. Valson gave —1*68 CaIs. for the heat of 
soln. of the heptahydrate . T. E . Thorpe and J . I . Wat t s studied the relation 
between the sp. vol. of the various hydrates and the heat of soln. 

The index of refraction of the heptahydra te was found by E . Widmer for 
Na-light to be 1-483, and the molecular refraction 55-68. According to E . S. Larsen 
and M. JLi. Glenn, the indices of refraction of the monoclinic heptahydra te are 
a = l - 4 7 7 , )8—1-483, a n d y = l - 4 8 9 , the dispersion is feeble, and the optical character 
is negative. M. W. Porter gave ct=l-4748, £=1-4820, a n d y = l - 4 8 8 5 . E . S. Larsen 
and M. L. Glenn gave for the uniaxial hexahydrate, <x=l-531, £=1-549 , a n d y = l - 5 5 2 , 
and the optical character is negative. They gave for the triclinic pentahydrate , 
a = l - 5 2 9 , £=1-546 , a n d y = 1 - 5 4 8 , and the optical character is negative. E . Widmer 
gave for the mean value in Na-light, 1-545, and for the mol. refraction, 35-17. The 
fibrous monohydrate has ct=l-600, and y = 1 - 6 4 5 , and the crystals <x=l-603, 
£=1-639 , and y=1-683, and the optical character is positive. H . C. Jones and 
F . H . Getman measured the index of refraction of aq. soln. with C mols of CoSO4 
per litre, and found : 

C . . . 0 0 5 6 7 0-2267 0-6799 0-9066 1 1 1 9 9 1 1 3 3 3 
ft . . . 1-32751 1-33248 1-34423 1-34974 1-35240 1-35588 

Measurements were also made by Xi. R. Ingersoll, and R. W. Roberts . Observations 
on the magnetic rotation of the plane of polarization of aq. soln. were made by 
R. Wacksmuth, L. R. Ingersoll, M. Scherer and R. Cordonnier, F . Allison and 
E . J . Murphy, R. W. Roberts , and E . Miescher. W. Ackroyd and H . B . Klnowles 
said t h a t the heptahydrate is almost opaque to the X-rays. R. Robl observed 
no luminescence in ultra-violet light ; and M. Trautz, no triboluminescence. 
T. Svensson studied the photoelectric effect with soln. of the sulphate ; and 
P . Niggli, the reflexion maxima. 

According to W. N. Hart ley, the colour of the anhydrous sulphate is rose-red, 
or, according to G. L. Clark and co-workers, lavender-red. W. N. Har t ley observed 
t h a t the rose-red colour persists a t 300°, but a t 500° to a red-heat, i t becomes lilac, 
and decomposition then begins. The original colours of the sulphate return on 
cooling. The presence of traces of ni t rate , chloride, or ammonium salts make the 
salt red. Hot , cone, sulphuric acid does not change the colour of the salt, although 
F . Gr. Donnan and H . Bassett said t h a t the boiling acid impar ts a bluish tinge. 
M. Bamberger and R. Grengg observed t h a t the colour of the heptahydrate a t 
ordinary temp. , is dark red ; but a t —190°, the colour is pale yellowish-red. 
A. H. Pfund added t h a t there is a maximum reflection in the ultra-red a t 9-05/x. 
The colour of dil. aq. soln. is rose-red, and t h a t of cone. soln. is a deep red. 
H . M. Vernon, and M. Kahanowicz and P . Orecchioni studied the changes in colour 
which occur on dilution, and on raising the temp. , when the colour becomes blue— 
vide supra, the colour of cobaltous chloride. The colour, and absorption spectra 
of soln. of cobalt sulphate were examined by P . Bovis, F . Xi. Cooper, A. E ta rd , 
A. Hantzsch, J . Hildebrand, R. Hill and O. R. Howell, R. A. Houstoun and 
co-workers, H. C. Jones and co-workers, J . Lifschitz and E. Rosenbohm, B . E . Moore, 
R. W. Roberts and co-workers, W. J . Russell, and P . Vaillant. A. Miiller discussed 
the colour of a mixed soln. of cobalt and nickel sulphates. 

E . Franke found the eq. electrical conductivity, A, of soln. with a gram equi­
valent of the salt in v litres, a t 25°, t o be : 

v . . . 3 2 62 128 256 5 1 2 1064 
A . . . 62-35 72-45 81-88 91-68 100-6 108-0 

Observations were made by P . D . Chroustschoff, N. Tarugi and G. Bombardini , 
G. Vicentini, and R. C. Cantelo and A. J . Berger. H . H . Hosford and H . C. Jones, 
and H. C. Jones and co-workers gave for the mol. conductivity, /Lt, of soln, with a 
mol of the salt in v litres, when the temp. coefE. is a, and the degree of ionization, a ; 
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V 

a 

( 0° . 
\ 25° . 
I 0 0 - 1 0 ° 
{ 1 0 0 - 2 5 ° 
f 2 5 ° - 3 5 ° 
/ 0° . 

1I 25° . 

2 16 32 128 512 1024 2048 
29-47 49-26 56-26 75-89 94-88 101-9 HO-9 
55-10 91-97 105-4 143-4 180-2 196-9 214-1 

0-97 1-63 1-88 2-56 3-21 3-57 3-75 
1 0 6 1-76 2 0 2 2-79 3-55 3-95 4-38 
1-04 1-74 2 0 4 2-87 3-79 4-23 4-51 

26-6 44-4 50-7 68-4 85-6 91-9 IOOO 
25-7 4 3 O 49-2 6 7 O 84-2 92-O IOOO 

2 
0-313 
0 0 0 3 1 

4 
0-210 
0 0 0 4 2 

8 
0-163 
0-0065 

1 6 
0 1 0 7 
0-0085 

3 2 
0 0 9 3 
0-0149 

R . C. Can t e lo a n d E . C. "Payne f o u n d t h a t t h e transport n u m b e r s , n, of c o b a l t 
C o " , in soln. of c o b a l t s u l p h a t e , a r e : 

2V-CoSO4 . 0-233 0-753 1-444 1-86O 2-833 3-994 
Tt . . . 0-396 0-373 0-316 0-286 0-260 O-149 

I t i s a s s u m e d t h a t c o m p l e x ions a r e fo rmed , a n d t h a t t h e dec rea s ing v a l u e of t h e 
t r a n s p o r t n u m b e r s c o r r e s p o n d s w i t h a n increase in t h e a m o u n t s of c o b a l t c a r r i e d 
t o t h e a n o d e a s c o m p l e x ions . T h e sub j ec t w a s s t u d i e d b y R . W . M o n e y a n d 
C. W . D a v i e s , a n d H . C. J o n e s a n d co -worke r s . P . V a i l l a n t c a l c u l a t e d t h e degree 
of i on i za t ion , <x p e r cen t . , f rom t h e c o n d u c t i v i t y d a t a — v i d e supra. A c c o r d i n g t o 
H . G. D e n h a m , t h e degrees of hydro lys i s a n d t h e H"- ion c o n c e n t r a t i o n of a q . so ln . 
w i t h a m o l of t h e sa l t in v l i t r es , a t 25° , a r e : 

v 
[ H ' l x l O * . 
H y d r o l y s i s 

T h e h y d r o l y s i s w i t h n icke l s u l p h a t e is g r e a t e r t h a n w i t h c o b a l t s u l p h a t e . 
M. Ie B l a n c , P . B a u m a n n , S. L a b e n d z i n s k y , A . Coehn a n d M. Glaser , 
a n d H . W . Toepffer s t u d i e d t h e d e c o m p o s i t i o n potent ia l of soln. of c o b a l t 
s u l p h a t e , a n d n o t e d t h e a n o d i c ox ide f o r m a t i o n a t 1-248 vo l t s w i t h -ZV^-CoSO4, 
a n d t h e evo lu t i on of o x y g e n a t 1-448 vo l t s . A . Coehn a n d M. Glase r f o u n d 
t h a t in s l igh t ly a lka l ine soln. , c o b a l t s u l p h a t e furn ishes ox ide a t 1-21 v o l t s ; 
in s l igh t ly acidic soln. , c o b a l t o x i d e is d e p o s i t e d o n t h e a n o d e a t 1*52 v o l t s ; 
a n d in m o r e s t r o n g l y ac id ic soln. , n o ox ide is depos i t ed . T h e depos i t ed ox ide 
h a s t h e compos i t i on Co 2 O 3 -WH 2 O—with t h i n depos i t s , n — 2 , a n d w i t h t h i c k 
depos i t s , n = 3 . H . T . K a l m u s a n d co -worke r s g a v e 2*16 v o l t s for t h e d e c o m ­
pos i t i on p o t e n t i a l of AT -CoS0 4 w i t h p l a t i n u m e l e c t r o d e s ; K . F . Ochs s t u d i e d t h e 
e l e c t r o m o t i v e force of t h e cells Ptpiat-nized I C o S O 4 9 H 2 S O 3 | KT,I | P t , a n d 
Ptpiatmized | C o S 0 4 , H 2 0 2 , H 2 S 0 4 | K I J | P t ; a n d H . G. D e n h a m , t h e cell 
H 2 I C o S 0 4 a q . | N H 4 N 0 3 a q . | H g 2 C l 2 | H g . H . F r e s e n i u s a n d F . B e r g r a a n n , a n d 
A . Gaifife s t u d i e d t h e e lec tro lys i s of soln. of c o b a l t s u l p h a t e w i t h p l a t i n u m e lec t rodes 
—v ide supra—and E . S. H e d g e s n o t e d pe r iod ic fluctuations of t h e p o t e n t i a l . 
J . L i f sch i tz obse rved t h e BeCQjaerel effect. R . S a x o n m a d e s o m e o b s e r v a t i o n s on 
t h e e lec t ro lys is of t h e s e soln. ; a n d A . N . SchtschukarefE s t u d i e d t h e m a g n e t i c effect 
w h i c h occurs in t h e e lec t ro lys is of soln. of t h e s u l p h a t e . 

T h e m a g n e t i c propert ies of t h e a n h y d r o u s s u l p h a t e were s t u d i e d b y G. Wiede­
m a n n , P . P lessner , P . We i s s a n d G. F o e x , E . F e y t i s , G. J a g e r a n d H . Decke r , 
M. H . BeIz , A. Cha t i l lon , R . H o c a r t a n d A. Se r re s , P . K r i s h n a m u r t i , P . H a u s k n e c h t , 
T . I s h i w a r a , a n d K . H o n d a a n d T . I s h i w a r a . P . T h e o d o r i d e s gave for t h e 
m a g n e t i c suscept ib i l i ty of t h e a n h y d r o u s s u l p h a t e , ^ = 6 2 * 2 5 X 10~« m a s s u n i t ; 
A . Se r res g a v e : 

280-5° 364-5° 476-6° 504-6° 695-4° 728-5° 
X X 1 0 « . . 66-91 53-31 4 2 1 0 34-29 29-75 28-46 

a n d Li. C. Jackson : 

x x l O « 
16-5° 

62-21 
—103-35° 

96-96 
— 195-73° 

169-7 
— 252-55° 

378-8 
— 255-56° 

420-7 
— 258-23 

461-8 

A c c o r d i n g t o P . T h e o d o r i d e s , A . Cha t i l lon , a n d A. Serres , t h e Curie p o i n t is n e a r 
0 ° ; P . T h e o d o r i d e s o b s e r v e d a n i r r e g u l a r i t y in t h e c u r v e a t 275° co r re spond ing w i t h 
t h e t r a n s f o r m a t i o n of t h e m o n o h y d r a t e i n t o t h e a n h y d r o u s sa l t . O b s e r v a t i o n s 
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1 9 ° 
3 7 0 

—103-5° 
61-6 

— 195-7° 
126-9 

— 209-2° 
144-6 

— 252-6° 
4 0 3 0 

— 258-24° 
535-9 

were made by T. Ishiwara, P . C. R a y and H . Bhar, N . S. Krishnan and co-workers, 
P . Weiss, B. Cabrera and co-workers, and L. C. Jackson and H . K. Onnes. G. Meslin 
gave 73-6 X 10~6 vol. unit for the magnetic susceptibility of the heptahydrate ; 
and W. Finke gave 70-9 X 1Or-6 vol. unit in t he direction of the a-axis, 64*0 XICT"6 vol. 
unit in the direction of the 6-axis, and 68»5 XIO""6 vol. unit in the direction of the 
c-axis. P . Weiss and G. Foex gave for the sp. susceptibility, x = 3 l * 9 x 10"""6 mass 
unit a t 20° ; M. H . BeIz, 33-85 x 10~« mass uni t a t 16°. E . Feytis , L.. C. Jackson 
and H . K. Onnes, A. A. Liutheroth, P . Weiss and E. D . Bruins, P . Weiss and G. Foex, 
and B . Cabrera made observations on the subject ; and Li. C. Jackson gave : 

X x 10« 

Ii. C. Jackson's results for the reciprocal mol. susceptibility of the heptahydrate and 
the anhydrous salt are summarized in 
Fig. 120. B . W. Bar t le t t studied the 
subject. E . Feytis gave for the mono-
hydrate , x ~ °3-6 x IO*"6 mass uni t . 
G. Meslin observed t h a t aq. soln. of 
cobalt sulphate are paramagnetic, and 
observations were made by G. Wiede­
mann. O. Liebknecht and A. P . Wills 
gave 65-6x10-6 mass unit a t 1 8 ° ; 
G. Jager and H . Decker, and S. Meyer, 
58-1 x 10~6 mass unit a t 18° ; G. Quincke, 
7 3 x 1 0 - 6 mass unit a t 18° to 2 0 ° ; 
P . Weiss and G. Foex, 31-9x10-« a t 
20° ; and G. Meslin, 34-5x10-« a t a tm. 
temp. P . Vaillant, A. Quartaroli , 
B . Cabrera and co-workers, H . Stude-
mann, C. Statescu, R. H . Weber, and 
A. Chatillon made observations on the 

effect of the concentration of the soln. on the magnetic proper t ies ; and G. Jager 
and H . Decker gave for soln. with C per cent, of CoSO4, a t 20° : 

2oo° eso° 3&?X 

F i o . 120 .—The Effect of Temperature on 
t h e Reciprocal Molecular Magnet ic Suscep­
t ib i l i ty . 

G . 
X X 1 0 - » 

1172 
-0-0032 

0-938 
- 0 1 4 1 9 

0-703 
0-2805 

O-203 
-0-5340 

0-117 
— 0-6456 

0-023 per c e n t . 
— 0-7148 

The magneton numbers of the anhydrous salt were discussed by B . Cabrera,* 
A. Chatillon, G. Foex, L. C. Jackson, A. Serres, P . Theodorides, and P . Weiss and 
G. Foex ; those of the heptahydrate , by B . Cabrera, and Li. C. Jackson and 
co-workers ; and those of the aq. soln., by A. Chatillon, A. Quartaroli, R. H . Weber, 
and P . Weiss and G. Foex. The magnetic moment of the anhydrous salt was 
discussed by K. Honda and T. Ishiwara. W. Sucksmith studied the gyromagnetic 
effect. H . E . Armstrong and E . H . Rodd, and G. Boasio observed the orientation 
of the crystals of the heptahydrate grown in a magnetic field ; and W. Konig, the 
effect of the deformation of gelatin cylinders containing the salt. 

G. P . Schweder found t h a t when the sulphate is heated in hydrogen, it is reduced 
to sulphide, provided the temp, is not too high ; J . H . Weibel studied the react ion; 
and S. Miyamoto observed the reduction with hydrogen and the silent discharge. 
According to J . Z1. Proust , the crystals of the heptahydrate have a faintly astringent, 
slightly bitter, metallic tas te ; and G. Vortmann noted t h a t the anhydrous salt in 
air is very hygroscopic. The heptahydrate effloresces in d ry air, as previously 
indicated. E . S. Larsen and M. L. Glenn, H . Baubigny and E . Pechard, and 
A. P . Rostkowsky also noted the efflorescence of the hexahydra te in d ry air. 
G - V o r t m a m i n o t e d t n a t t h e monohydrate is ra ther less hygroscopic t h a n the 
anhydrous salt. P . Klobb noted t h a t the sulphate is no t chemically changed by 
exposure to air at ordinary t emp. A* Mailfert observed t h a t with ozone, sulphuric 
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a c i d a n d a p e r o x i d e a r e fo rmed . B . B r u n n e r s t u d i e d t h e o x i d a t i o n of a q . so ln . by-
ozone . 

F . A . C. G r e n , P . K l o b b , a n d C. L e p i e r r e a n d M. L a c h a u d n o t e d t h a t t h e 
a n h y d r o u s s u l p h a t e d isso lves s lowly i n boi l ing w a t e r ; a n d G. V o r t m a n n a d d e d 
t h a t t h e m o n o h y d r a t e d issolves m o r e s lowly t h a n t h e a n h y d r o u s sa l t . G. J . Mulde r , 
C. v o n H a u e r , E . Tob le r , C. Li. W a g n e r , R . M. C a v e n a n d W . J o h n s t o n , C. M o n t e -
m a r t i n i a n d !L. L o s a n a , A . a n d H . B e n r a t h , a n d I . K o p p e l a n d H . W e t z e l m e a s u r e d 
t h e so lub i l i ty of c o b a l t s u l p h a t e , £• g r m s . of C o S O 4 i n 100 g r m s . of soln. , a n d t h e i r 
r e s u l t s c o r r e s p o n d w i t h : 

0° 10° 20° 30° 40° 50° 60° 70° 80° 100° 
^ . 20-35 23-4O 26-58 29-70 32-81 35-56 37-65 39-66 41-18 45-35 

I . K o p p e l a n d H . W e t z e l , in a g r e e m e n t w i t h J . C. G. d e M ar ignac , sa id t h a t t h e 
h e p t a h y d r a t e is t h e solid p h a s e u p t o 40-7°, w h e n i t passes i n t o t h e h e x a h y d r a t e . 
C. D . C a r p e n t e r a n d E . R . J e t t e g a v e 45*1 for t h i s t r a n s i t i o n p o i n t ; a n d 
A . P . R o s t k o w s k y o b s e r v e d o n l y t h e t h r e e h y d r a t e s — h e p t a - , h e x a - , a n d m o n o -
h y d r a t e s . P . T h e o d o r i d e s g a v e 215° for t h e t r a n s i t i o n t e m p . , C o S O 4 . H 2 O ^ C o S O 4 
4 - H 2 O , b a s e d o n m a g n e t i c o b s e r v a t i o n s ; I . K o p p e l a n d H . W e t z e l g a v e —3*0° for 
t h e e u t e c t i c t e m p , of t h e h e p t a h y d r a t e . A . l £ t a r d obse rved a dec reas ing so lub i l i ty 
w i t h a r ise of t e m p , a b o v e IOO, a n d a soln . s a t . a t 15° beg ins t o depos i t a solid a t 
a b o u t 145°, so t h a t a t 220° t h e soln. c o n t a i n s o n l y 1 p e r c en t , of sa l t , a n d a t 250° 
t h e a m o u n t of sa l t i n soln . a p p r o a c h e s ze ro . A c c o r d i n g t o K . J a b l c z y n s k y a n d 
co -worke r s , t h e r a t e of d i s so lu t ion of t h e h y d r a t e in w a t e r a n d n o n - a q u e o u s s o l v e n t s 
follows t h e ru le c h a r a c t e r i s t i c of t h a t for t h e less so luble sol ids. D . N . B h a t t a c h a r y y a 
a n d 1ST. R . D h a r , a n d N . R . D h a r n o t e d t h e t e n d e n c y of t h e s a l t t o fo rm super ­
s a t u r a t e d soln . 

A s i n d i c a t e d a b o v e , t h e s a l t is s l igh t ly h y d r o l y z e d in a q . soln. A n u m b e r of 
bas ic s a l t s h a v e been r e p o r t e d , a l t h o u g h t h e r e is l i t t l e t o s h o w w h i c h a r e chemica l 
i n d i v i d u a l s , a n d -which a r e m i x t u r e s . A c c o r d i n g t o H . F u c h s , w h e n c o b a l t o u s 
h y d r o x i d e is s h a k e n w i t h soln . of c o b a l t s u l p h a t e , u n t i l e q u i l i b r i u m is a t t a i n e d , 
t h e cone , of t h e so ln . a t t a i n s 25 g r m s . i n 1(X) g r m s . of w a t e r , t h e solid 
p h a s e a s s u m e s a c o n s t a n t c o m p o s i t i o n for c o n c e n t r a t i o n s u p t o 3O g r m s . of 
c o b a l t s u l p h a t e p e r 1OO g r m s . of w a t e r , a n d a p p r o x i m a t e s cobal t t e t roxy-
SUlphate, C o S 0 4 . 4 C o 0 . 1 4 H 2 0 , or [ ( H 2 O . H 2 0 ) 2 . C o . ( O C o . H 2 O . H 2 0 ) 4 ] S 0 4 ( H 2 0 ) 2 , i n 
a c c o r d w i t h t h e o b s e r v a t i o n s o n t h e v a p . p res s , of t h e tetradecahydrate t h a t 
4 mo l s . of w a t e r a r e los t o v e r cone , s u l p h u r i c ac id , t o furn ish t h e decahydrate, 
[ ( H 2 O . H 2 0 ) . , . C o . ( O C o . H 2 0 ) 4 ] S 0 4 ( H 2 0 ) 2 . A t 100°, 4 m o l s of w a t e r were los t in 
7 h r s . , a n d [ ( H 2 0 ) 4 . C o . ( O C o . H 2 0 ) 2 ] S 0 4 ( H 2 0 ) 2 w a s fo rmed . S. U . P i c k e r i n g 
r e p o r t e d cobal t t r ioxysu lphate , 4CoO.SO 3 , t o b e fo rmed b y a d d i n g a lka l i - lye 
t o soln . of c o b a l t s u l p h a t e . J . H a b e r m a n n r e p o r t e d c o b a l t t e t r o x y s u l p h a t e , 
C o S O 4 . 4 C o O . 4 H 2 O , t o be f o r m e d b y a d d i n g a q . a m m o n i a g r a d u a l l y t o a boi l ing, 
n e u t r a l so ln . of c o b a l t s u l p h a t e . T h e b lue , flocculent p r e c i p i t a t e is s t ab l e a t 
o r d i n a r y t e m p . I t loses s o m e w a t e r a t 150°, a n d al l is los t a t 288° t o 292°, t o 
fu rn i sh 5CoO.SO 3 . W . F e i t k n e c h t f o u n d t h a t t h e l a t t i c e of t h e sa l t of t h e t y p e 
CoSO 4 . 3Co(OH) 2 , cons i s t s of a l t e r n a t e l a y e r s of t h e n o r m a l sa l t a n d h y d r o x i d e . 
D . S t r o m h o l m r e p o r t e d cobal t p e n t o x y s u l p h a t e , 6 C o O . S 0 3 . n H 2 0 , t o be fo rmed b y 
a d d i n g s o d i u m h y d r o x i d e , c a r b o n a t e , o r h y d r o c a r b o n a t e t o a soln. of c o b a l t sul­
p h a t e ; a n d N . A t h a n a s e s c o , t h e d e c a h y d r a t e , 6 C o C S O 3 . K ) H 2 O , a s a b lu i sh-green , 
c r y s t a l l i n e p o w d e r , b y boi l ing a n a q . so ln . of 5 g r m s . of c o b a l t s u l p h a t e w i t h 1 or 2 
g r m s . of c a l c i u m or b a r i u m c a r b o n a t e , for 6 t o 8 h r s . , e v a p o r a t i n g t h e l iqu id d o w n 
t o 4O c . c , a n d t h e n h e a t i n g t h e p r o d u c t i n a sealed t u b e a t 200°. A . B e r n a r d i found 
t h a t c o b a l t o u s s u l p h a t e b e h a v e s l ike t h e ch lor ide (q.v.) t o w a r d s sod ium h y d r o x i d e , 
p r o d u c i n g a g r een p r e c i p i t a t e . R . K u h n a n d A. W a s s e r m a n n s tud i ed t h e a c t i o n 
of t h e s u l p h a t e o n h y d r o g e n d iox ide . 

H . W o l f m a n n f o u n d t h a t t h e s a l t in soln . in d i l . su lphur i c ac id is ox id ized b y 
fluorine t o c o b a l t i c s u l p h a t e . F . Ephraim, a n d C. H e n s i g e n o b s e r v e d t h a t hydrogen 

voi*. xiv. 3 o 
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chloride does not at tack anhydrous cobalt sulphate a t ordinary temp. S. E . Moody 
found tha t the salt in boiling, aq. soln. is hydrolyzed by a mixture of potassium 
iodide and iodate : 3CoS044-5KI+KIOa+3H20==3Co(OH)2-+-3K2S04+3I2 . 
S. S. Bhatnagar and co-workers said tha t the reaction is not influenced by a 
magnetic field. Unlike ferrous hydroxide similarly formed, the precipitated 
cobaltous hydroxide is not oxidized. The action of hydrogen sulphide on a soln. 
of the salt was studied by G. Bruni and M. Padoa, and H. Baubigny and E . Pechard 
—vide supra. C. Montemartini and IJ . Losana studied the system with sulphuric 
acid and cobalt sulphate. H . Brintzinger and H. Osswald studied the complex 
sulphates, [Co2(S03)4]4"~. J . T. Norton found tha t when the sulphate is heated 
with sodium thiosrulphate in a sealed tube, a t 140° to 200°, cobalt sulphide and 
sulphur are formed. C. Dufraisse and D. Nakae studied the catalytic oxidation 
of soln. of sodium sulphite in the presence of cobalt sulphate. C. Montemartini 
and L. .Losana studied the solubility of the salt in sulphuric acid, and in soln. of 
potassium sulphate ; and A. B . Prescott, the decomposition of the sulphate by 
hydrochloric acid. C. Montemartini and I*. : Losana observed the formation of 
cobalt hydrosulphate , CoSO4H2SO4, or Co(HS04)2 . 

G. Gore, and E . C. Franklin and C. A. Kraus noted t ha t anhydrous cobalt 
sulphate is insoluble in liquid ammonia . W. R. Hodgkinson and C C. Trench 
studied the reduction of the sulphate heated in ammonia gas. H. Rose observed 
t h a t the sulphate vigorously absorbs ammonia, to form cobaltous hexammino-
sulphate, CoSO4.6NH3. The reaction is accompanied by the evolution of heat, 
to form a pale red, voluminous powder. The compound was also prepared by 
M. A. Rakuzin and D. A. Brodsky, G. L. Clark and co-workers, and E. Birk and 
W. Biltz. F . Ephraim said t h a t the reaction is favoured by the condensation of 
the ammonia. E . Fremy obtained i t by the action of ammonia on a c o n e , 
aq. soln. of cobalt sulphate while air is excluded, and then precipitating the salt 
with alcohol. E . Birk and W. Biltz found the sp. gr. to be 1 -6545 a t 25°/4°, and 
the mol. vol. 155*5. F . Ephraim discussed the mol. vol. of the contained 
ammonia ; and the dissociation press, of the ammonia, p mm., was found to be : 

66° 80-5° 90° 98-5° 102-5° 100° 109-3° 
p . 8 7 174 292 414 484 538 596 

so tha t the dissociation temp, a t 760 mm. works out to be 389*5° ; the calculated 
heat of formation is 73-9 CaIs. per mol. of NH 3 . The powder is electrified when 
shaken. According to H . Rose, the salt is readily soluble in aq. ammonia ; but it is 
hydrolyzed by water. When heated to redness, the salt melts, turns blue, evolves 
much ammonia, and gives a small sublimate of ammonium sulphite. D. M. Bose 
studied the magnetic properties ; and G. Wiedemann found t h a t the magnetic 
susceptibility is similar to t ha t of ammonium cobaltous sulphate. 

According to F . Ephraim, there is evidence of the formation of a higher ammine, 
probably the decammine, a t very low temp. The pentammine, described by 
G. Ii. Clark and co-workers, could not be prepared by F . Ephraim. At temp, 
between 106° and 116°, the hexammine passes into violet-rose cobaltous tetram-

- nunosulphate, CoS04 .4NH3 . The dissociation press, of the tetrammine a t 113-5°, 
124°, and 135° are, respectively, 210, 404, and 656 mm., so t ha t the dissociation 
temp, a t 760 mm. is 409-5°, The heat of formation is 14-78 CaIs. per mol. of 
ammonia. G. 1«. Clark and co-workers reported cobaltous diaOLUOtetaamillino** 
sulphate* [Co(NH3)4(H20)2]S04 , t o be formed by passing ammonia into a hot , 
cone. soln. of cobaltous sulphate, and subsequently cooling the liquid ; or by 
heating a mixture of 20 grms. of hydrated cobaltous sulphate, 40 c.c. of cone , aq. 
ammonia, and 10 c.c. of alcohol in a press, flask heated on a water-bath. The red 
crystals have a sp. gr. 1-804; and mol. vol., 143-67 ; and they are stable in d ry air, 
bu t oxidize in moist air. F . Ephra im observed the formation of what is possibly 
cobaltous triamminosulphate, CoSO4.3NH3, by heating a higher ammine between 
132° and 135°, and cobaltous diamminosulphate, CoSO4-SNH8, by heating a 
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h ighe r a m m i n e a t 254° . T h e d i ssoc ia t ion press , of t h e v io l e t p o w d e r a t 147° is 
4O m m . I f a h i g h e r a m m i n e be h e a t e d b e t w e e n 254° a n d 257°, c o b a l t o u s h e m i -
a m m i n o s u l p h a t e , C o S O 4 . ^ N H 3 , is fo rmed . I t s d issocia t ion t e m p , exceeds 320° . 
G. P o m a a d d e d a so ln . of c o b a l t s u l p h a t e t o a soln. of p o t a s s i u m iod ide s a t u r a t e d 
w i t h a m m o n i a , a n d o b t a i n e d rose - red p o t a s s i u m c o b a l t o u s h e x a m m i n o d i i o d o -
su lpbate , 2 K I . C o S 0 4 . 6 N H 3 , w h i c h is eas i ly ox id ized in a i r ; he a lso o b t a i n e d t h e 
analogous potassium cobaltous hexamininodibromosulphate, 2KBr.CoS04.6NH3. 
O. R . F o z a n d L . d e B o u c h e r s t u d i e d t h e a m m i n o s u l p h a t e s . 

T . C u r t i u s a n d F . S c h r a d e r o b s e r v e d t h a t a f lesh-coloured p r e c i p i t a t e is f o rmed 
w h e n h y d r a z i n e h y d r a t e is a d d e d t o a soln . of c o b a l t s u l p h a t e ; a n d H . F r a n z e n 
a n d O. v o n M a y e r p r e p a r e d coba l tous t r i h y d x a z m e s u l p h a t e , C o S O 4 ^ N 2 H 4 , i n a 
s imi l a r m a n n e r . T h e buff, c rys t a l l i ne p o w d e r is inso lub le in w a t e r ; i t is d e c o m ­
p o s e d b y boi l ing w a t e r ; a n d is r e ad i l y so luble in di l . a c ids a n d i n a q . a m m o n i a . 
P . C. R a y a n d H . B h a r found t h e m a g n e t i c su scep t ib i l i t y a t 26° t o - b e 3 5 - 9 X l O - 6 

m a s s u n i t . W . F e l d t obse rved t h a t w h e n a soln . of h y d r o x y l a m i n e s u l p h a t e 
a n d c o b a l t o u s s u l p h a t e , in a n a t m . of h y d r o g e n , is t r e a t e d w i t h a n a lcohol ic so ln . 
of h y d r o x y l a m i n e , rose-red , ac icu la r c ry s t a l s of c o b a l t o u s d i a q u o b y d r o x y l a m i n e -
SUlpha te , C o S O 4 . N H 2 O H . 2 H 2 0 , a r e fo rmed . T h e sa l t is inso luble in cold w a t e r , 
b u t so luble in h o t w a t e r . T h e h o t , a q . soln. is qu ick ly ox id ized . W . M a n c h o t 
a n d co -worke r s f o u n d t h a t so ln . w i t h 12-217 a n d 24-433 g r m s . of CoSO 4 p e r 1OO c.c . 
d i sso lve , r e spec t ive ly , 27-8 a n d 17-5 c.c. of n i t r o u s o x i d e . F . L . Usher , a n d 
G. Hi i fner s t u d i e d t h e a b s o r p t i o n of n i t r i c o x i d e b y soln. of c o b a l t s u l p h a t e . 
P . C. a n d K. R a y o b t a i n e d a c o m p l e x c o b a l t o u s e t h y l p h o s p h o n i u m s u l p h a t e , 
C o S O 4 . { ( C 2 H 5 ) 4 P } 2 S 0 4 . 8 H 2 O . A . V . P a v l i n o v a s t u d i e d t h e o x i d a t i o n of a m m o n i a c a l 
s o l u t i o n s of a r s e n i t e s in p resence of c o b a l t o u s s u l p h a t e a s c a t a l y s t . 

W . M a n c h o t a n d co -worke r s f ound t h a t soln. w i t h 12-356 a n d 24-712 grrns . of 
CoSO 4 p e r 1OO c.c. d isso lve , r e spec t ive ly , 0-94 a n d 38*0 c.c . of a c e t y l e n e . 
G. P . S c h w e d e r n o t e d t h a t w h e n h e a t e d w i t h c a r b o n , a t n o t t o o h igh a t e m p . , c o b a l t 
s u l p h a t e is r e d u c e d t o c o b a l t su lph ide . J . H . We ibe l s t u d i e d t h e ac t ion of c a r b o n 
m o n o x i d e . C. A . L . d e B r u y n found t h a t 1OO p a r t s of a b s o l u t e m e t h y l a l c o h o l 
d isso lve 1-04 p a r t s of a n h y d r o u s c o b a l t s u l p h a t e a t 18° ; a n d 54-5 p a r t s of t h e 
h e p t a h y d r a t e a t 18°, a n d 42-8 p a r t s a t 3° ; a l so 1OO p a r t s of 93-5 p e r cen t , m e t h y l 
a lcohol d isso lve 13-3 p a r t s of t h e h e p t a h y d r a t e a t 3° ; a n d 1OO p a r t s of 5O pe r cen t , 
m e t h y l a lcohol d i sso lve 1-8 p a r t s of t h e h e p t a h y d r a t e a t 3° . Aga in , IOO p a r t s of 
a b s o l u t e e t h y l a l c o h o l d isso lve 2-5 p a r t s of t h e h e p t a h y d r a t e a t 3° . G. C. Gibson 
a n d co -worke r s f o u n d t h e solubi l i t ies in m e t h y l a n d e t h y l a lcohols , S g r m . of CoSO 4 
p e r 1OO g r m s . of so lven t , t o be : 

C H S ° * I C1J8II5OH 
/ * * * " v 
1 5 ° 2 5 ° 4 5 ° 5 3 ° 15° 2 5 ° 4 5 ° 5.">° 

S . . 0 - 3 0 0 0 - 4 1 8 0 - 3 7 3 0 - 2 6 7 0 - 0 1 7 0 - 0 1 8 0 - 0 2 3 O-OUO 

F . W . O. de Con inck found t h a t e t h y l e n e g lyco l d issolves 3 t o 3-2 p e r cent , of 
c o b a l t s u l p h a t e , a n d A. Gr i in a n d F . Bock i sch o b t a i n e d a complex salt.. 
C o S O 4 . 3 C H 6 O 2 . H . > 0 ; t h e y a l so p r e p a r e d a c o m p l e x w i t h g lyce ro l , n a m e l y . 
C o S O 4 ^ C 3 H 6 ( O H ) 3 - H 2 O ; a n d w i t h g lycero l -c t -monomethy l in , CoSO - 1 .2C4H1 0O3 . 
C. Duf ra i s se a n d D . N a k a e s t u d i e d t h e c a t a l y t i c ox ida t i on of a c r a l d e h y d e , b e n z -
aldehyde, furfuraldehyde, styrene, and turpentine in the presence of cobalt 
s u l p h a t e . J . P e r s o z o b s e r v e d t h a t a c e t i c a c i d p rec ip i t a t e s coba l t s u l p h a t e f rom i t s 
a q . soln . , a n d F . L . Cooper s t u d i e d t h e a b s o r p t i o n s p e c t r u m of soln. in cone , ace t ic 
a c i d . A . W . D a v i d s o n f o u n d t h a t t h e a n h y d r o u s s u l p h a t e is insoluble in a soln. of 
a m m o n i u m ace ta te . A . N a u m a n n f o u n d t h a t t h e h e p t a h y d r a t e is insoluble in 
e t h y l ace ta te , a n d i n benzoni tr i l e . S . H a k o m o r i s t ud i ed t h e ac t ion of o x a l i c a c i d , 
a n d of Citric ac id . F . W . O. d e C o n i n c k obse rved t h a t g lycol c an dissolve 2-5 p e r 
c e n t , of c o b a l t s u l p h a t e . A . W e r n e r a n d W . S p r uck , J . Meye r a n d K . Grohler , 
a n d W . H i e b e r a n d co -worke r s s t u d i e d t h e c o m p l e x sa l t w i t h e t h y l e n e d i a m i n e , 
[Co e n 3 ] S 0 4 ; J . F r e j k a a n d L . Z a h l o v a , w i t h d i a m i n o b u t a n e ; F . Calzolari , a n d 
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M. R. Meiiz, the complex salt with hexamethylenetetramine, CoSO4 .C6H1 2N4 .9H2O; 
M. R. Menz, with camphidirie ; and A. Rosenheim and co-workers, with thio-
carbamide, 2CoS04 .3CS(NH2)2 . Boiling aniline was found by A. I4. Leeds to have 
no influence on the anhydrous sulphate, and S. Glasstone and co-workers, and 
D . Tombeck obtained a complex, with aniline, namely, CoSO 4 ^C 6 H 6 NH 2 ; G. Spacu 
and R. Ripan, with benzylamine ; J . Moitessier, and H . Schjerning, with pheny l -
hydrazine ; W. Hieber and co-workers, and R. Cernatescu and co-workers, with 
phenylenediamine ; A. Smolka and A. Friedrieh, with phenylguanidine ; E . Thilo 
and H . Heilborn, with diacetyldioxime, [Co(CH3CNOH)2]SO4 ; F . Reitzenstein, 
F . Schlegel, R . F . Weinland and K. Emnger, A. Hantzsch, and G. Spacu and 
co-workers, with pyridine ; G. Canneri, with guanidine ; F . "Lt. H a h n and co­
workers, with a-acetaminopyridine ; E . Borsbach, and F . Reitzenstein, with 
quinoline ; P . C. and N. Ray, with ethylsulphonium sulphate, CoS04.{<C2H6)3S}2-
SO4-IOH2O ; W. Hieber and co-workers, with t r ihydroxyethylamine ; K. A. Jensen 
and E . R. Madsen, with thiosemicarbazide; and A. Tettamanzi and B. Carli, with 
t r ie thanolamine . A. V. Pavlinova studied the oxidation of ammoniacal solutions 
of potass ium ferrocyanide in the presence of cobalt sulphate as catalyst . 

G. Gore discussed the adsorption of cobalt sulphate from its aq. soln. by silica. 
R. Kremann and co-workers found t h a t z inc or cadmium will precipitate cobalt 
from soln. of i ts sulphate ; and t h a t a t room. temp, the precipitate contains metal 
and hydroxide—the proportion of hydroxide decreases with a rise of temp. , and 
increases with the rat io of the zinc or cadmium to the precipitated cobalt. T. Hey-
mann and K. Jellinek studied the equilibrium with nickel : N i + C o " ^ C o + N i * " , 
and R. Schenck and E . R a u b represented the reaction with cobalt : CoSO 4+4Co 
—4CoO+CoS. E . J . Mills and J . J . Smith studied the mutual precipitation of 
cobalt and nickel by hydroxides by adding alkali- lye to aq. soln. of their sulphates— 
vide supra, basic salts. G. Vor tmann found t h a t boiling alkali-lye has very little 
action on the monohydrated sulphate. J . A. Hedvall , and J . A. Hedvall and 
J . Heuberger found t h a t moist s t ront ium oxide begins to react with the anhydrous 
sulphate a t 2° to 30° ; and the dry oxide, a t 60°. The reaction with baryta begins 
a t 328° ; with s t ront ia , a t 431° ; with l ime, a t 533° ; and with magnesia, a t 592°. 
D . Balareff and B . Srebrow studied the reaction with bary ta . R. Schenck and 
E . R a u b studied the action of the sulphate on cobalt sulphide (q.v.) ; and 
O. Ruff and B. Hersch, the action of ferrous sulphide, and of nickel hydroxide. 
W. Meigen found t h a t aq. soln. of cobalt sulphate, colour calcite b lue; and 
aragonite, lilac. D . Ltingauer studied the system : C o S O 4 + 2 K C l ^ C o C l 2 + K 2 S O 4 -
J . L. Proust discussed the sympathet ic ink (q.v.) made with a soln. of cobalt 
sulphate. 

T h e double sal ts Of COhalt su lphate .—J. L.. Proust ,2 and E . Mitscherlich pre­
pared a m m o n i u m cobaltous disulphate, (NH 4 ) 2Co(S0 4 ) 2 .6H 20, by crystallization 
from a soln. of the component salts. A. and H . Benrath ' s s tudy of the system : 
CoSO4-(NH4)SSO4-H2O, is summarized in Fig. 121. The region of t he 1 : 1 : 6 
double salt is stippled, and Co1, Co2, and Co3 refer, respectively, t o t h e mono-, 
hexa-, and hepta-hydrates of cobalt sulphate. R. M. Caven and W. K. G a r d n e r s 
observations on the ternary system, a t 25°, are summarized in Fig. 122. The 
ruby-red crystals of the double salt are either short prisms, or more or less t a b u l a r ; 
they were found by J . C. G. de Marignac to be monoclinic, with the axial 
ratios a : b : c=0-7392 : 1 : 0-4985, and £ = 1 0 6 ° 56 ' ; A. E . H . Tu t ton gave 
0-7386 : 1 : 0-4975, a n d £ = 1 0 7 0 2 ' . The crystals were also examined by J . Grailich 
and V. von Lang, and W. Hofmann. The optic axial angles observed by A. Mur-
mann and L,. Rot ter were 2-^=^155° 12', and 2 F a = 8 1 ° 39' . A. E . H . Tu t ton gave : 

2E . 
2 f l « . 
2H0 . 
2Va • 

IiI-
156° 17' 

72° 38' 
85° 5O' 
82° 1' 

C -

156° 35' 
72° 36' 
86° 46' 
82° 2' 

N a -

158° 38' 
72° 26' 
85° 20' 
82° 9' 

T l -

160° 47' 
72° 16' 
84° 64' 
82° 17' 

O d -
— 

72° 3O' 
84° 30' 
82° 21 ' 

.F-liBht 

72° 3 ' 
84° 20' 
82° 27' 
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The value of 2JS for Na- l ight is 153° 5' a t 70°, corresponding with a decrease in t h e 
opt ic axial angle t o t h e e x t e n t of 5*5° for a rise of t e m p , of 55°. F . Hall a and 
E . Mehl examined t h e X-radiograms, and obtained for the parameters a = 9 - 2 3 A. , 
6 = 1 2 - 4 9 A. , and o = 6 - 2 3 A. , and J B = 1 0 6 0 56' , and the e lementary cell conta ins 
2 mole. The pleochroism of t h e crystals w a s discussed b y H . de Senarmont , 
J . Muller, A. Murmann and Ti. Rot ter , and C. Ehlers. H . SchifE gave 1*873 for t h e 
sp . gr. ; F . L . Perrot , 1-88 ; O. Pettersson, 1-902 a t 18°, and 1-907 a t 16-6° ; 
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F i a . 1 2 1 . — T h e T e r n a r y S y s t e m : 
( N H J 2 S O 4 - C o S O 4 - H 1 O . 

MoIs (M^)2 SO, per /OW g-rms. H2O 
F i o . 122. T h e T e r n a r y S y s t e m : 

( N H 4 ) j S 0 4 - C o S 0 4 - H 2 O , a t 25° . 

H . Schroder, 1-893 ; R . Krickmeyer , 1-905 a t 18°/4° ; F . Hal la and E . Mehl, 
1-899 t o 1-909 at 25°/4° ; a n d A. E . H . Tut ton , 1-9Ol a t 20 0 /4° , a n d for the mol . 
vol . 206-40. J . A. Groshaus, and O. Pettersson s tudied the mol . vol . and the 
contract ion which a t t e n d s the formation of the salt . B . Bert isch studied solid 
soln. of copper and cobalt a m m o n i u m sulphates . A. E . H . T u t t o n gave for the 
topic ax ia l ratios, or the mol . distance ratios, x '• */* : <*>—6-186O : 8-3753 : 4-1667. 
G. Quincke found the sp . gr. of a 12-64 per cent . soln. t o be 1*1055. A. E . H . Tut ton 
found tha t the salt , when heated, g ives OfE water wi thout melt ing. R. M. Caven 
and J . Ferguson found the v a p . press. , p m m . , of the hexahydrate t o be : 

35-3° 
6-7 

43-8° 
1 1 8 

50-7° 
19-3 

61-7° 
41-2 

67-3° 
58-7 

82-2° 
140-9 P t 

or l o g ^ = 7 - 6 0 0 4 - 3 3 2 9 T - i —l,039,OOOT~2 as i t passes t o the dihydrate. The heat 
of hydrat ion of the d ihydrate is 74-8 CaIs. per mol. of water vapour at 50°, and 
1-03 CaIs. per mol . of l iquid water. E . R o u y e r studied the mol . raising of the b.p. 
of aq. soln. , and found indicat ions of a marked dissociation of t h e double salt a t 
100°. C. Schaefer and M. Schubert observed m a x i m a in t h e reflection at 9-15ft, 
a n d 16-18/x., a n d the first m a x i m u m when taken parallel t o the a-axis, is a t 9-15/u.; 
t o the 6-axis, 9-21/u. ; and t o the c-axis, 8-83/x.. A. E . H . T u t t o n found the refractive 
indices t o be, for : 

a 
P 
V 

Ll-
1-4871 

. 1-4922 

. 1-5001 

C-
1*4876 
1-4927 
1-5006 

N a -
1-4902 
1-4953 
1-5032 

Tl-
1-4930 
1-4982 
1-5060 

C d -
1-4946 
1-4998 
1-5076 

F-
1-4964 
1-5014 
1-5094 

G-light 
1-5Ol8 
1-5067 
1-5148 

T h e m e a n value for Na- l ight is 1-4962 ; and the double refraction, y—a.=00130. 
E . Widmer gave 1*4962 for t h e m e a n va lue in the Na-light ; and H . de Senarmont, 
1-492. A . Murmann and Ti. Rot ter , for yel low-l ight, a = 1 - 4 8 9 , £ = 1 - 4 9 4 , and 

y = l - 5 0 1 ; and / 3 = 1 - 4 9 2 for red-l ight, and 1-497 for green-light. A. E . H . Tut ton 
g a v e £=l-4826-+-441,773A-2-|-4:4:9,4O0,O00,O00A-4+ . . . The index a is repro­
d u c e d if t h e cons tant 1-4826 i s reduced b y 0-0051 ; and the index y, if the constant 
1-4826 is increased b y 0-0079. Observat ions a t 70° show that the values of a are 
d iminished b y about 0-0020, a n d t h e values of y b y about 0*0025 for 55° rise of 
t e m p . T h e sp . refractions for t h e /^- formula for the C(H0) and # y ( n e a r G) -rays 
are, respect ively , a—O-1515, and 0-1552 ; £ = 0 - 1 5 2 8 , and 0 1 5 6 5 ; and y = 0 1 5 4 9 , 
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and 0-1586; the corresponding mol. refractions are a=59-4:3, and 60-89; £=59*95 
and 62-22 ; and y==60-77, and 62-22 ; or with the fx—formula and the C-ray, 
a=100-64 , /8=101-70, and y=103-33-mean 101-89 ; the sp. dispersions for the 
/u,2-formula and the G- and C-rays are ci=/3=y—0-0037 ; and the mol. dispersions 
a==l-46, and £ = A = l - 4 5 . C. Ehlers discussed the absorption spectrum of the 
solid ; and W. W. Coblentz, the absorption spectrum of the soln. ; L. R. Ingersoll, 
and R. W. Roberts studied the magnetic rotation of the plane of polarization ; and 
W. Hi. Goodwin, the feeble t ransparency for X-rays. Observations on the magnetic 
susceptibility were made by G. Wiedemann, and N. S. Krishnan and co-workers. 
W. Finice gave for the susceptibilities of the hexahydrate in the three axial directions, 
o, b, and c, respectively, 55-95 X 1O -6 , 43-55 X10-«, and 45-50x10-° vol. uni t . 
H . Moehle found the magnetic susceptibility to be 3-84 X 1O -6 mass unit . I . I . Rab i 
observed with the three planes of symmetry a t 27°, xi—29-6 x 1O -6, X 2 = 2 1 * 4 X 1O -6 , 
and ^ 3 = 2 5 - 7 x 1 0 - 0 mass unit ; and L. C. Jackson, a t 17-8°, —232-7°, and 258-22°, 
respectively, x X l 0 6 = 2 4 - 6 1 , 241-2, and 321-6 mass unit—see Fig. 119. Obser­
vations were also made by IJ . C. Jackson and H. K. Onnes. The magneton 
numbers were also discussed by I J . C. Jackson, "Li. Pauling and M. Li. Huggins, 
and IJ. C. Jackson and H. K. Onnes. According to G. Quincke, the magnetic 
susceptibility of an aq. soln. of the salt is 37-2 X l O - 6 mass uni t a t 18° to 20°. 
Observations were also made by H. Moehle, and B. W. Bart let t . H . E . Armstrong 
and E . H . Rodd studied the crystallization in a magnetic field. C. von Hauer 
found t h a t a t 20°, a sat. soln. has 14-9 ; a t 40°, 20-8 ; a t 60°, 25-6 ; and a t 80°, 
33-0 per cent, of the anhydrous salt ; J . Locke observed t h a t a t 25°, a litre of 
water can dissolve 147-2 grms. of the anhydrous sa l t ; and E . Tobler found the 
solubility, *S' grms. of anhydrous salt per 1OO grms. of water, t o be : 

0° 10° 18° 23° 35° 40° 45° 50° 60° 75° 
S . 8-9 11-6 15-2 1 7 1 19-6 22-3 2 5 0 28-7 34-5 43-3 

Observations on the solubility were also made by B . Bertisch, and I I . T. Kalmus 
and co-workers. A. W a t t described the use of the salt for the electrodeposition 
of cobalt. S. Miyamoto studied the reduction of the salt by hydrogen in the silent 
discharge. E . Alberts studied the action of carbon dioxide. G. Spacu and R. Ripan 
prepared a complex with benzylamine, namely, [Co(NH2CH2 . C6H5)2(H.>0)2]-
(NH 4 S0 4 ) 2 ; and with pyridine, [Co py 2 (H 2 0) 4 ] (NH 4 S0 4 ) 2 . 

C. Lepierre and M. Lachaud prepared ammonium cobalt pentasulphate, 
2(NH4)2S04 .3CoSO4 , by fusing anhydrous cobalt sulphate, or the oxide, hydroxide, 
or carbonate, "with 5 or 6 t imes i ts weight of ammonium hydrosulphate. The 
carmine-red, octahedral, cubic crystals can be rapidly washed with cold water and 
alcohol. The crystals become hydra ted in contact with water. If the salt is 
heated with ammonium sulphate, i t furnishes octahedral crystals of anhydrous 
cobalt sulphate. 

T. Curtius and F . Schrader obtained hydrazine CObaltous disulphate, 
(N2H5)2Co(S04)2 , in rose-red, microscopic crystals, by mixing cone. soln. of 
hydrazine and cobalt sulphates. One par t of the salt dissolves in 305*16 par t s of 
water a t 12°. When the red, ammoniacal soln. is boiled, it furnishes a red precipitate 
of CoSO4 .3N2H4 .H2O. The salt is oxidized by nitric acid, and it is insoluble in 
hydrochloric acid. 

J . L. Proust, and E . Mitscherlich prepared potassium CObaltous disulphate* 
K 2Co(S0 4 ) 2 .6H 20, from a mixed soln. of the component salts. The red crystals 
of the hexahydrate resemble those of the corresponding potassium magnesium, 
disulphate. F . R. Mallet prepared carmine-red, te t rahedral crystals of t he 
anhydrous salt by fusing a mixture of the component sulphates in theoretical 
proportions. C. von Hauer obtained very well-developed crystals in t he presence 
of some zinc sulphate. The salt rapidly forms the hexahydra te on exposure to air. 
O. Aschan, O. Aschan and G. V. Petrelius, and H . Marshall obtained i t by the action 
of a soln. of potassium persulphate on cobalt sulphate. A. Ploin studied solid 
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soln. of copper and cobalt potassium sulphates. G. Calcagni and D . Marot ta 
studied the f.p. curves of the binary system : K2SO4-CoSO4 , and the results are 
summarized in Fig. 123. The compound K2SO4-CoSO4 is formed, and decom­
poses a t 560° ; and there is also formed potas­
sium cobaltous trisulphate, K2SO4.2CoSO4, which 
crystallizes a t 736°, and has a eutectic a t about 
725° with 31 per cent. K 2SO 4 . At 735° there 
is a eutectic corresponding with 6O per cent. 
K 2SO 4 . There is no sign of the potassium 
cobaltous pentasulphate, 3K2SO4 .2CoSO4 , re­
ported by S. P . Sadtler t o be formed in crystals 
with a definite m.p., when the component salts 
are fused together in theoretical proportions. 
This salt was also examined by O. W. Gibbs and 
F . A. Genth, and A. A. Julien. R. M. Caven 
and W. Johnston examined the te rnary system : F l £ ' 1 2 3 V l ? 0

 0
F ^ e e z i n g - P™n t 

CoSO 4 -K 2SO 4 - I I 2O, a t 25°, and expressing the g £ S T . o f t h e S y s t e m : K * s o * ~ 
concentrations of sat. soln. in mols of salt per 
10OO grins, of water, they obtained the following results (plotted in Fig. 124) : 

ZO -4O 60 80 /OO 
fbr cent. /?ot<3ss/e//r? s£/l/?/&£e 

C o S O 4 
K 2 S O 4 

O 
0-680 

0-150 
0-737 

G-239 
0-780 

0-458 
0-531 

1-095 
G-361 

2-205 2-557 2-536 2-433 
0-24O 0-212 0-190 O 

K 2 SO 4 K 2Co(SO 1)^eH 2O C o S 0 . . 7 H 8 0 

A. and H . Benrath 's s tudy of the ternary system is summarized in Fig. 125. The 
region of the 1 : 1 : 6 double salt is stippled. Co1, Co6, and Co7, respectively, 
denote the mono-, hexa-, and hepta-hydrates of cobalt sulphate. Observations 
on t h e crystals were made by E . Mitscherlich, W. Hofmann, and J . Grailich and 

v0 02 0-4 0-6 08 fiO 
Mols /TtSO, 

F i a . 1 2 4 . — T h e S y s t e m : 
K 2 S O 4 - C o S O 4 - H 2 O , a t 25° . 

U 

20° 

-40° 

60° 

80° 

/nn° 

Ki^U* 

-
/. /:t M ? ' C4 

n 
A i Co 

Li ~ G ZO 40 60 80CoSO1. 

Fia. 1 2 5 . — T h e T e r n a r y S y s t e m 
K 2 S 0 4 - C o S 0 4 - H 2 0 . 

V. von Lang. C. Montemartini and L. Losana stvidied the quaternary system : 
C O S O 4 - K O S O 4 - H ^ S O 4 - H 2 O , a t temp, between 0° and 25°. The solid phases were 
CoSO4, CoS0 4 . 6H 2 0 , CoS0 4 . 2H 2 0 , CoSO4-H2SO4, K2SO4-CoSO4GH2O, K H S O 4 H 2 O , 
KHSO 4-H 2SO 4 , and K 2 S 0 4 . K H S 0 4 . H 2 0 . 

According t o A. E . H . Tut ton , the crystals of the hexahydrate, K 2 Co(S0 4 ) 2 .6H 2 0, 
are prismatic or tabular , monoclinic crystals with the axial ratios a : b : c 
=0-7404 : 1 : 05037 , and / ?=104 0 55 ' . A. Murmann and L. Rot ter gave 
0*7327 : 1 : 0-4705, and £ = 1 0 5 ° 7 ' . There is a cleavage parallel to the (201)-face. 
The optic axial angles, measured by A. E . H . Tut ton, are : 

2JE 
2Ha 
2Ho 
2V 

Li-
113° 56 ' 

61° 4 ' 
96° 13' 
68° 38 ' 

C-
114° O' 

61° 2 ' 
96° 5' 
68° 3 9 ' 

Na-
114° 2 5 ' 

60° 5 1 ' 
95° 40 ' 
68° 4 1 ' 

Ti­
l l 4° 5 6 ' 

60° 4O' 
95° 11' 
68° 44 ' 

.F-Hght 
115° 4 0 

60° 12 
94° 35 ' 
68° 4 8 
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A rise of temp, increased 223? about 2° 15' for 50° rise of t emp. Observations 
on the crystals were also made b y H . Topsoe and C. Christiansen ; and the for­
mation of solid soln. with the corresponding K 2 SO 4 -CuSO 4 ^H 2 O, by A. Ploin. 
H . Schroder gave 3-105 for the sp. gr. of the anhydrous salt ; and for the hexa-
hydrate, H. Schiff gave 2 1 5 4 ; R . Krickmeyer, 2-218 at 2 0 7 4 ° ; O. Pettersson, 
2-205 at 16-8°, and 2-214 at 16-6° ; and A. E . H . Tutton, 2-219 a t 20 0 /4° , 195-68 for 
the mol. vol. , and for the mol. distance ratios, i.e. the topic axial angles, x ' *A : aj 

= 6 0 4 0 5 : 8-1583 : 4-1093. The subject was discussed b y J . A. Groshaus. The 
mol. vol. , and the contraction which occurs in the formation of the salt were dis­
cussed b y F . Ephraim and co-workers, P . Niggli , and O. Pettersson. G. Tammann 

„ measured the rate of diffusion of the salt. R. M. Caven and J . Ferguson found 
the vap . press., p mm. , for the hexahydrate t o be : 

20 5° 39 6° 45-7° 51-1° 57 Oa 00 6° 60 3° 70-3° 
p . . 7 - 2 19-2 30-6 44-2 64-2 81-6 114-6 201-3 

or log ^ = 6 - 7 6 4 — 2 6 5 - 7 T - i ~ 4 5 1 , 3 5 0 T ~ 2 for the passage t o the dihydrate. The 
heat * of hydration of the dihydrate is 14*0 CaIs. per mol of -water vapour. 
R. M. Caven and J. Ferguson gave for the heat of hydration, 52O cals. of l iquid 
water, and at 50°, 14 cals. per mol of water vapour. A. E . H. Tut ton gave for the 
refractive indices of the hexahydrate : 

JA- C- Na- Tl- F- 0-llRl»t 
a . . . 1 - 4 7 8 0 1 - 4 7 8 4 1 -4807 1-483O 1 - 4 8 6 1 1 - 4 9 0 4 
£ . . . 1 - 4 8 3 8 1 - 4 8 4 2 1 - 4 8 6 5 1 - 4 8 8 9 1 - 4 9 1 9 1 -4961 
Y . - . 1 - 4 9 7 3 1 -4977 1 - 5 0 0 4 1 - 5 0 2 8 1 - 5 0 5 9 1 - 5 1 0 5 

The mean value for Na-l ight is 1-4892, and the double refraction y—<x=0-0197. 
H. de Senarmont gave for the refractive index, 1-465 ; and C. Schaefer and 
M. Schubert, for the Z>-line, c t = l - 4 8 0 7 , £ = 1 - 4 8 6 7 , andy==l -5004 ; and A. Murmann 
and Ia. Rotter gave £ = 1 - 4 8 2 for red-light, 1-487 for yellow-light, and 1-490 for 
green-light. A. E . H . Tut ton represented his results b y £ = l - 4 7 3 7 - h 5 1 4 8 2 4 A ~ 2 
H-l,962,700,000,000A-4-f- . . . ; and for a, the constant 1-4737 is diminished b y 
0*0058, and for y , the constant is increased by 0-0138. The indices of refraction 
are lowered by about 0-0020 for 50° rise of t emp. The optical character is posit ive. 
The sp. refractions wi th the /u,2-formula, for the C- and Gr-rays, are, respectively, 
a = 0 1 2 8 2 , and 0 1 3 0 9 ; £ = = 0 1 2 9 5 , and 0-1322 ; and y = 0 - 1 3 2 5 , and 0 1 3 5 4 ; the 
mol. refractions, c t=56-08 , and 57-28 ; £ = 5 6 - 6 6 , and 57-84 ; and y = 5 8 - 0 0 , and 
59-26 ; the mol refraction for the C-line wi th they- formula are a—94-72, £ = 9 5 - 8 7 , 
and y=98-54 ; the sp. dispersions for the G- and O-rays for the /x2-formula are 
o . = £ = 0 - 0 0 2 7 , and y=0-0029 ; and the mol. dispersions a = l - 2 ( ) , £ = 1 - 1 8 , and 
y = l - 2 6 . These values are nearly constant for all t emp, a t which the crystals 
are stable, because refraction and sp. gr. vary wi th t emp, in the same direction. 
C. Schaefer and M. Schubert found m a x i m a in the reflection t o occur in the ultra-red 
at 9 -03 /A and 15-90/z; and the first max ima in the directions of the three axes are 
a a t 9-10/u. ; 6 a t 8-89/z, ; and c a t 8-76/t. The mol . refractions were discussed b y 
W. J . Pope, E . Widmer, and C. Ehlers ; the absorption spectrum, b y C. Ehlers ; 
the slight transparency for X-rays , b y W . L. Goodwin, and the feeble tribo-
luminescence, b y A. Imhof. H . Moehle found the mass susceptibil i ty t o be 
3-448 x 10~° vol . u n i t ; and W. Finke gave for the three axial directions, o, b, and C9 
respectively, 66-59 X l O - 6 , 4 9 - 6 2 X l O - 6 , and 77-15 X 10~° vol . unit . I . I . Rab i 
found for the three planes of symmetry , x 1 = 2 5 - 9 X 10"-6, X 2 = 2 0 - l X 10*~°, and 
X 3 = 2 1 - 9 x l 0 ~ ° mass u n i t ; and L. C. Jackson, and L. C. Jackson and H. K. Onnes 
gave, respectively, X 1 X l O 6 , X 2 X 1 O 6 * and x s X l O 6 , a t 17°, 28 : 4, 2 3 0 , and 24-6 
mass u n i t ; at —43°, 37 0, 27-0, and 30-1 mass unit ; and a t —103°, 52-7, 32-8, 
and 38-8 mass unit . Observations were also made by B . W . Bart let t , and 
N. S. Krishnan and co-workers. The magneton numbers were discussed b y 
B . Cabrera, and L. C. Jackson and H . K. Onnes. H . Baubigny and E . Pechard found 
tha t the rate of efflorescence of the crystals in dry air is considerably increased i f 
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the salt is deposited from slightly acidic soln. J. L. Proust noted that the salt is 
less soluble in water than is cobalt sulphate. C. von Hauer found that a sat. soln. 
at 20° has 14 ; at 40°, 19-5 ; at 60°, 24-4 ; and at 80°, 31-8 per cent, of anhydrous 
salt ; J. Locke, that a litre of water at 25° dissolves 128-8 grms. of anhydrous salt ; 
and E. Tobler found that the solubility, S grms. of the anhydrous salt in 100 grms. 
of water, is : 

O' 12° 15° 20° 25° 30° 35° 40° 49° 
£? . 19 -1 3O 3 2 - 5 3 4 - 9 4 5 - 3 5 1 - 9 5 5 - 4 6 4 - 6 8 1 - 3 

Observations were made by G. J. Mulder, and R. M. Caven and W. Johnston 
(Fig. 124). R. M. Caven and J. Ferguson observed a dihydrate is formed at 80°, 
and the anhydrous salt at 95°. G. Spacu prepared complex salts -with pyridine, 
namely, K2Co(S04)2.3C5H5N.3H20, and K2Co(S04)2.2C6H5N.4H20. The results 
of p . Langauers study on the reciprocal pairs of salts : CoSO44-K2Cl2^CoCl2 
-J-K2SO4, are summarized in Fig. 126. 

20°\ 

40°^ 

60* 

SO 

/00' 
O 2O 4O 6O SOCoSCh 

F I G . 1 2 7 . — T h e T e r n a r y S y s t e m : 
R b 8 S O 4 - C o S O 4 - H 8 O . 

R. Buusen and G. Kirchhoft prepared rubidium cobaltous disulphate, 
Rb2Co(S04)2.6H20, from a soln. of the component salts. F. R. Mallet obtained 
crystals of the anhydrous salt by fusing a mixture of the theoretical proportions 
of the component salts. A. and H. Benrath's study of the system : Rb2SO4-CoSO4-
U2O, is summarized in Fig. 127. The region of the 1 :1 :6 double salt is stippled, 
Co1, Co6, and Co7, respectively, refer to the mono-, hexa-, and hepta-hydrates of 
cobalt sulphate. The ruby-red or reddish-brown crystals of the hexahydrate are 
usually tabular or prismatic, and belong to the monoclinic system having the 
axial ratios a : b: c=07391 : 1 : 05011, and /3=106° 1'. F. L.. Perrot gave 
0-738986 : 1 : 0494805, and £=106° 2' 25". A. E. H. Tutton observed that the 
cleavage parallel to the (201)-face is well developed. The crystals are isomorphous 
with those of the corresponding magnesium, zinc, cadmium, manganous, and 
nickel salts. The optic axial angles are : 

Ll- C-
2E . . 1 2 9 ° 4 6 ' 1 2 9 ° 5 1 ' 
2Ha . . « 6 ° 3 7 ' 6 6 ° 3 4 ' 
2H0 . . 9 0 ° 5 3 ' 9 0 ° 4 9 ' 
2Va . . 7 5 ° 1 5 ' 7 5 ° 1 4 ' 

The optical axial angle 2JS increases about 2° for every 50° rise of temp. F. L. Perrot 
gave 2-56 for the sp. gr., and A. E. H. Tutton, 2-567 at 200/4°, and mol. vol. 205-03. 
The mol. distance ratios, i.e. the topic axial ratios, X : ^ : ̂ =6*1494 : 8-32Ol : 4-1692. 
The mol. vol. and the vol. contraction were studied by F. Ephraim and co-workers, 
and P. Niggli. R. M. Caven and C. J. Ferguson found the vap. press., p mm., 
of the hexahydrate to be : 

F i a . 1 2 6 . — S o l i d P h a s e s i n t h e R e a c t i o n 
C o S O 4 + K a Cl a ^ C o C l a -J- K a S 0 4 . 

m, zinc, 

N a -
1 3 0 ° I O ' 

6 6 ° 1 9 ' 
9 0 ° 3 3 ' 
7 5 ° 1 1 ' 

cadmium, 

T l -
1 3 0 ° 2 9 ' 

6 6 ° 1 ' 
9 0 ° 1 2 ' 
7 5 ° 8 ' 

manganous, 

F-liKht 
1 3 0 ° 5 5 ' 

5 4 ° 3 7 ' 
8 9 ° 4 4 ' 
7 5 ° 3 ' 

28-4° 
4 3 

83-3° 
6 - 8 

38-4° 
9 * 7 

45-3° 
1 6 - 3 

52-6° 
2 6 - 9 

58-9° 
4 1 - 7 

0 5 1 ° 
5 9 - 9 

76-1° 
1 1 2 - 2 
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or log j » = 3 - 7 4 0 - f - 1 5 9 4 T - 1 — 7 6 2 , 7 4 O T - 2 for t h e pas sage t o t h e d i h y d r a t e . T h e h e a t 
of h y d r a t i o n of t h e d i h y d r a t e is 14-3 CaIs. p e r mo l of w a t e r v a p o u r . Accord ing t o 
A. E . H . T u t t o n , t h e re f rac t ive indices a r e : 

!Li- C- Na- TI- F- <7-llght 
a. . . . 1-4833 1-4837 1-4859 1-4882 1-49IO 1-4954 
£ . . . 1-4889 1-4893 1-4916 1-494O 1-4968 1-5011 
y . . . 1-4985 1-4989 1-5014 1-5038 1-5068 1-5114 

T h e m e a n v a l u e for N a - l i g h t is 1*4962, a n d t h e doub le re f rac t ion y—c*.=0-0130. 
T h e op t ica l c h a r a c t e r is pos i t i ve . O b s e r v a t i o n s were m a d e b y F . L . P e r r o t , a n d 
W . J . P o p e . F . L . P e r r o t g a v e a = l - 5 0 1 2 3 , £ = 1 - 4 9 1 6 5 , a n d y = l * 4 8 5 9 6 for 
t h e ZMine . A . E . H . T u t t o n found t h a t t h e i n d e x £ = 1 * 4 7 8 9 + 5 0 7 , 7 6 3 A ~ 2 
+ 1 , 8 4 1 , 6 0 0 , 0 0 0 , 0 0 0 A - * + . . . T h e a indices c a n be r e p r e s e n t e d b y t h i s f o r m u l a 
if 1-4789 be lowered b y 0-0057 ; a n d t h e y ind ices if t h e c o n s t a n t 1*4789 be ra i sed 
b y 0*0098. T h e re f rac t ive indices a r e lowered b y a b o u t 0*0016 for 50° r ise of t e m p . 
T h e sp . re f rac t ions w i th t h e /x~2-formula for t h e C- a n d 6r-rays a r e , r e spec t ive ly , 
ct—0-1119, a n d 0 1 1 4 2 ; £ = 0 1 1 3 0 , a n d 0 1 1 5 3 ; a n d y = 0 1 1 4 9 , a n d O l 173 ; a n d 
t h e mol . re f rac t ions , c t = 5 9 - 3 1 , a n d 60-53, £ = 5 9 * 9 0 , a n d 61*12, a n d y = 6 0 * 8 9 , 
a n d 62*18. T h e co r r e spond ing s p . d i spers ions for t h e G- a n d C- rays a r e a—/3 
= 0 0 0 2 3 , a n d y = 0 - 0 0 2 4 ; a n d t h e mol . d i spers ions , a = ) 8 = l - 2 2 , a n d y = l * 2 9 . 
T h e mo l . re f rac t ions b y t h e /Lt-formula, a n d t h e C-line, a r e a = 1 0 0 * 3 4 , / 3 = 101*50, 
a n d y = 1 0 3 - 4 9 . A. A . L u t h e r o t h s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e c r y s t a l s . 
I . I . R a b i obse rved t h a t for t h e t h r e e p l a n e s of s y m m e t r y , t h e m a g n e t i c suscep t i ­
b i l i ty , a t 27°, a r e Xi=22-0 X 1O - 6 , X 2 = 1 6 - 7 X 1O-**, a n d X 3 = 1 9 * l X l ( T « m a s s u n i t ; 
a n d I J . C. J a c k s o n a n d H . K . O n n e s found t h e v a l u e s of ^ X l O 6 a t 25°, —195-6° , 
a n d —258*34°, a r e , r espec t ive ly , 20-98, 65*06, a n d 268*0 m a s s u n i t . T h e m a g n e t o n 
n u m b e r s were d i scussed b y B . Cab re r a , a n d I*. C. J a c k s o n a n d H . K . O n n e s . 
J . L o c k e found t h a t a l i t re of w a t e r , a t 25°, d issolves 92-8 g r m s . of t h e a n h y d r o u s 
sa l t . O b s e r v a t i o n s were m a d e b y E . B i r o n . 

R . B u n s e n a n d G. Kirchhoff p r e p a r e d caes ium coba l tous d i su lphate , 
Cs 2 Co(S04)2 .6H 2 0 , f rom a soln. of t h e c o m p o n e n t s a l t s ; a n d F . R . Mal le t o b t a i n e d 
c ry s t a l s of t h e a n h y d r o u s sa l t b y fusing a m i x t u r e of t h e t h e o r e t i c a l p r o p o r t i o n s 
of t h e c o m p o n e n t s a l t s . T h e b r o w n i s h - r e d c r y s t a l s of t h e hexahydrate a r e p r i s m a t i c , 
a n d , acco rd ing t o A. E . H . T u t t o n , t h e y be long t o t h e monoc l in ic s y s t e m , a n d h a v e 
t h e ax ia l r a t i o s a : b : c = 0 * 7 2 7 0 : 1 : 0*4968, a n d £ = 1 0 7 ° 8 ' . T h e c l eavage pa ra l l e l 
t o t h e (201)-face is well deve loped . T h e op t i c a x i a l ang le 2E is v e r y la rge , for t h e 
N a - l i g h t t h e ang le is p r o b a b l y n e a r 156° 4 0 ' ; t h e o t h e r op t i c ax ia l angles a r e , for : 

IA- C- Na- Tl- .F-liKlit 
2Ha • • 73° 29' 73° 12' 73° 7' 72° 48' 72° 25' 
2Ho . . 87° 34' 87° 30' 87° 19' 87° 9' 86° 49' 
2Va • • 81° 42' 81° 4O' 81° 34' 81° 29' 81° 22' 

T h e s p . gr . is 2-844 a t 20°/4° ; t h e m o l . vol . , 2 1 8 1 1 ; a n d t h e m o l . d i s t a n c e r a t i o s , 
i.e. t h e t o p i c a x i a l r a t i o s , a r e x ' 1P '• co=6*2386 : 8-5814 : 4-2632. T h e m o l . vo l . , 
a n d t h e vo l . c o n t r a c t i o n were s t u d i e d b y F . E p h r a i m a n d co -worke r s , a n d P . Niggl i . 
R . M. C a v e n a n d J . F e r g u s o n found t h e v a p . p ress . , p m m . , of t h e h e x a h y d r a t e t o b e : 

29-2° 41-0° 47-0° 53-8° 60-2° 7 5 0 ° 
P . . . . 5 - 1 12-2 19-6 31-3 47-6 118-6 

or l o g 7 > = 8 1 6 4 — 1 2 2 1 T - 1 - 3 1 3 , 2 7 0 T ~ 2 , for t h e pas sage t o t h e d i h y d r a t e . T h e 
h e a t of h y d r a t i o n of t h e d i h y d r a t e is 14*4 CaIs. p e r mo l . of w a t e r v a p o u r . A c c o r d i n g 
t o A. E . H . T u t t o n , t h e ind ices of re f rac t ion a r e : 

Ll- C- Na- Tl- F- G-llght 
a . . 1-5028 1-5032 1-5037 1-5079 1-5112 1*5159 
P . . 1-5057 1-5061 1-5085 1-5110 1*5142 1*5188 
Y • • • 1-5102 1-5106 1-5132 1-5156 1*5187 1-5237 

T n e m e a n va lue for N a - l i g h t i s 1-5091, a n d t h e d o u b l e r e f rac t ion y — a = 0 * 0 0 7 5 . 
T h e o p t i c a l c h a r a c t e r is pos i t i ve . T h e v a l u e s for P c a n b e r e p r e s e n t e d b y 
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)3= l -4 :952H-532 ,337A-2+ l ,971 ,500 ,000 ,000A-*+ . . . T h e a, ind ices a r e c losely 
reproduced, if t h e c o n s t a n t 1*4952 is d imin i shed b y 0 0 0 2 9 , a n d t h e y indices if t h a t 
c o n s t a n t is i nc reased b y 0 0 0 4 6 . T h e re f rac t ive ind ices a r e lowered 0*0018 b y a 
r ise of t e m p , of 50° . T h e sp . r e f rac t ions w i t h t h e /x2-formula for t h e C- a n d 6r-rays 
a r e , r e spec t ive ly , ot==0*1043, a n d 0-1065 ; £ = 0 1 0 4 8 , a n d 0-1070 ; a n d y = 0 * 1 0 5 6 , 
a n d 0-1079 ; t h e m o l . r e f rac t ions , <x=65-19, a n d 66-57 ; / 3 = 6 5 - 5 1 , a n d 6 6 - 8 9 ; 
a n d y = 6 6 - 0 0 , a n d 67-41 ; t h e s p . d i spers ions , cx=j3==0-0022, a n d y = 0 - 0 0 2 3 ; a n d 
t h e m o l . d i spers ions , a = £ = l - 3 8 , a n d y = l - 4 1 . T h e mo l . r e f rac t ions w i t h t h e 
/x-formula a r e a = H O - 9 5 , £ = 1 1 1 - 5 8 , a n d y = 1 1 2 - 5 7 . O b s e r v a t i o n s on t h e s u b j e c t 
w e r e m a d e b y W . J . P o p e , a n d E . W i d m e r . J . L o c k e f o u n d t h a t a l i t r e of w a t e r 
a t 25° d issolves 418-8 g r m s . of t h e a n h y d r o u s sa l t . T h e s u b j e c t w a s s t u d i e d b y 
E . B i r o n . 

C. F . R a m m e l s b e r g w a s u n a b l e t o p r e p a r e l i t h i u m c o b a l t o u s s u l p h a t e ; a n d 
G. Ca lcagn i a n d D . M a r o t t a obse rved n o s ign of such a c o m p o u n d on t h e f .p . 
c u r v e s of t h e b i n a r y s y s t e m : L i 2 S O 4 - C o S O 4 . T h e r e is a l imi t ed field of sol id soln . 
f rom a b o u t ICK) t o 8 3 p e r cen t , of L i 2 S O 4 , a n d t h e r e is a e u t e c t i c a t 595° a n d 63 p e r 
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F i O . 1 2 8 . — F r e e z i n g - p o i n t C u r v e s o f 
t h e S y s t e m : L i 2 S O 4 - C o S O 4 . 

F i a s . 1 2 9 a n d 1 3 O . — M u t u a l S o l u b i l i t i e s o f 
S o d i u m a n d C o b a l t o u s S u l p h a t e s . 

c e n t . L i 2 S O 4 . J . K o p p e l a n d H . W e t z e l , a n d H . W e t z e l p r e p a r e d pa le r e d s o d i u m 
Cobaltous d i su lphate , N a 2 ( 1 o ( S 0 4 ) 2 . 4 H 2 0 , b y m e l t i n g t o g e t h e r eq . p r o p o r t i o n s 
of t h e h y d r a t e d s a l t s a t 25° ; a n d t h e i r o b s e r v a t i o n s on t h e s y s t e m : N a 2 S O 4 -
C o S O 4 - H 2 O a r e s u m m a r i z e d in F i g s . 129 a n d 13O. Cor re spond ing soln. a r e 
des igned w i t h s imi la r l e t t e r s in b o t h d i a g r a m s , t h o s e w i t h o u t t h e d a s h refer t o 
c o b a l t s u l p h a t e , a n d t h o s e w i t h t h e d a s h t o s o d i u m s u l p h a t e . T h e c u r v e s FG 
a n d F'G' refer t o t h e solubi l i t ies of m i x t u r e s of t h e c o m p o n e n t s u l p h a t e s ; GJ a n d 
G'J\ t o t h e so lub i l i ty of t h e c o m p l e x sa l t N a 2 C o ( S 0 4 ) 2 . 4 H 2 0 ; GH a n d G'H', t o 
t h a t of a m i x t u r e of t h e c o m p l e x sa l t a n d c o b a l t s u l p h a t e ; GKL a n d G'K'L/, t o 
t h a t of a m i x t u r e of t h e c o m p l e x sa l t a n d s o d i u m s u l p h a t e ; OAB, t o t h e solubi l i ty 
of c o b a l t s u l p h a t e ; OQZ)F!, t o t h e so lub i l i ty of c o b a l t s u l p h a t e ; JL, t o t h e eu tec t i c 
C o S O 4 , 7 H 2 O a n d ice ; a n d C, t o t h e e u t e c t i c N a 2 S O 4 - I O H 2 O a n d ice. T h e t e m p . 
of f o r m a t i o n of t h e c o m p l e x sa l t is 17-5° ; t h e t r a n s f o r m a t i o n t e m p , of d e c a h y d r a t e d 
s o d i u m s u l p h a t e in t h e p re sence of c o b a l t s u l p h a t e , is 31 -5° ; a n d t h e eu tec t ic w i th a 
m i x t u r e of t h e t w o h y d r a t e d s u l p h a t e s is —4*5°. A. a n d H . B c n r a t h e x a m i n e d 
t h e t e r n a r y s y s t e m a t 97° , a n d t h e fol lowing is a select ion of t he i r resu l t s for soln. 
i n w h i c h t h e p r o p o r t i o n s of s o d i u m a n d c o b a l t s u l p h a t e s a re expressed in pe r cen t ages 
b y w e i g h t ; x d e n o t e s t h e m o l . p r o p o r t i o n of CoSO 4 in t h e m i x t u r e , a n d M3 t h e 
n u m b e r of mol s of w a t e r p e r m o l . of s a l t : 

C o S O 4 

N a 2 S O 4 
x 
M 

O 
3 - 5 0 
O 

15*56 

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

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

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

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

2 8 1 3 
1O-34 
74-4O 
1 3 - 4 3 

2 8 - 9 1 
9-Ol 

74-6O 
1 3 - 7 9 

3 1 - 2 1 
2 - 9 6 

9O-55 
1 6 - 4 5 
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T h e re su l t s a r e p l o t t e d in F ig . 131 ; t h e d o t t e d l ine refers t o t h e sp . gr . of t h e soln . 
A . a n d H . "Benrath 's r e su l t s a t different t e m p , a r e s u m m a r i z e d i n F igs . 131 a n d 132. 
R . M. Caven a n d W . K . G a r d n e r a lso s t u d i e d t h e sub jec t . 

too 
CoSO+ 

F I G . 131.—Equi l ibr ium in t h e Ternary 
S y s t e m : N a 2 S O 4 - C o S O 4 - H 2 O , a t 97°. 

Na2SO4 

^J/00° 
CoSO4 

F i o . 132 .—The Ternary S y s t e m 
N a 2 S O 4 - C o S O 4 - H aO. 

O. Asehan r e p o r t e d t h e f o r m a t i o n of c rys t a l s of s o d i u m cobal t disulph&te, 
N a 2 S O 4 . C o S 0 4 . 6 H 2 0 , b y t h e ac t i on of coba l t t u r n i n g s on a soln. of s o d i u m persu l ­
p h a t e ; a n d M. W i k u l , of c rys t a l s of s o d i u m hydrodisulpnate , NaHSO 4 - (CoO) 2 SO 4 . 

9 H 2 O , b y t h e ac t i on of a soln. of c o b a l t 
\H*0 n i t r a t e a n d s o d i u m s u l p h a t e i n cone . 

s u l p h u r i c ac id . T h e w a t e r of h y d r a t i o n 
is expel led a t 130°. G. Calcagnr a n d 
D . M a r o t t a obse rved t h a t fused m i x ­
t u r e s of s o d i u m a n d c o b a l t o u s s u l p h a t e s 
fo rm a c o m p o u n d s o d i u m coba l tous 
te trasulphate , 3Na 2 SO 4 .CoSO 4 , F i g . 134, 

,£0 \ a n d i t decomposes a b o v e 425°. Sol id 

PoSCU-
GKO 

NdzSQ, 80 60 4o ZO CoSQ. 
F i o . 1 3 3 . — T h e Ternary S y s t e m : 

N a a S 0 4 ~ N i S 0 4 - H a O. 

23S° 

20 4O 6O SO fOO 
Per cetjfe sod/um sulphate 

F i o . 134 .—Freez ing-point Curves of t h e 
Ternary S y s t e m : N a 8 S O 4 - C o S O 4 . 

soln. a r e fo rmed w h e n 100 t o 67 p e r cen t , of N a 2 S O 4 a r e p r e sen t , a n d t h e r e is 
a eu tec t i c a t 575° w h e n 50 p e r cen t , of e i the r c o m p o n e n t is p r e s e n t . 

J . v o n Lieb ig desc r ibed w h a t h e r e g a r d e d a s a copper cob a l t ou s s u l p h a t e , 
CuSO 4 . 2CoSO 4 . 30H 2 O, in monoc l in i c p r i s m s r e sembl ing h e p t a h y d r a t e d f e r rous 
s u l p h a t e , d a r k g reen in reflected l ight , a n d rose-red in t r a n s m i t t e d l igh t . T h e r e w a s 
h e r e a n e r ro r in t h e d e t e r m i n a t i o n of t h e w a t e r of c rys t a l l i za t ion , s ince C. v o n 
H a u e r showed t h a t t h e p r o d u c t is CuSO 4 . 2CoSO 4 . 21H 2 O. H e o b t a i n e d t h i s s a l t b y 
t h e s p o n t a n e o u s e v a p o r a t i o n of a soln . of c o b a l t s u l p h a t e in a s a t . soln . of c o p p e r 
s u l p h a t e . T h e c ry s t a l s a r e s t a b l e i n a i r . A . B r e z i n a s h o w e d t h a t t h e c r y s t a l s 
h e r e a r e t r ic l inic , l ike t h o s e of p e n t a h y d r a t e d c o p p e r s u l p h a t e . A . S c o t t o b t a i n e d 
c r y s t a l s of t h e t r i h y d r a t e , C u S 0 4 . 2 C o S 0 4 . 3 H 2 0 , in rose- red c r y s t a l s , f r om a m i x e d 
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soln. of the component sulphate containing about 9O grms. of hydrated copper 
sulphate, 100 grms. of hydrated cobalt sulphate, 200 c.c. water, and then adding 
13O c.c. of cone, sulphuric acid. It is probable that these products are solid soln. 
of copper and cobalt sulphates. E. Mitscherlich, A. Arzruni, E. Wohlwill, and 
J. W. Retgers observed that mixed soln. of the two salts furnish red, monoclinic 
crystals if the*cobalt sulphate is in excess, and blue, triclinic crystals if the sulphate 
is in excess. H. D. Crockford and D. J. Brawley investigated the phases in the 
ternary system : CUSO4-COSO4-H2O at 0° and at 25°. The results at 25° are 
summarized in Fig. 135. The results at 0° and at 25° indicate the presence of penta-
hydrated copper sulphate, and of a series of solid soln. in which copper partially 
replaces cobalt in heptahydrated cobalt sulphate. The crystals of isomorphous 
mixtures or solid soln. of the two salts, (Cu,Co)S04.7H20, were measured by 
B. Bertisch, H. Dufet, A. Ploin, Li. de Boisbaudran, and E. Jannettaz. According to 
G. Briigelmann, when equal vols, of cold, sat. soln. of copper sulphate and cobalt 
chloride are mixed, and allowed to evaporate spontaneously, crystals containing 
sulphates of cobalt and copper were obtained, and chlorides of both metals remained 
in soln. W. Einke found the magnetic susceptibility of copper cobaltous sulphate, 
CoS04.CuS04.6H20, to range from 23-75 X 10~« to 28-56 X 10~e mass unit. W. Finke 
gave for the magnetic susceptibilities of 
CoS04-hCuS044-6H20 in the three axial /S&/SG, 
directions, a, b, and c, respectively, 28*62 
X 10~o, 23-06 X 1O-6, and 25-57 X 10~« mass 
unit. A. fitard obtained rose-red crystals 
of copper cobaltous hydrosulphate, 2CuSO4. 
2CoSO4.H2SO4, by heating a sat. soln. of 
the constituent salts "with a large excess of 
cone, sulphuric acid, in a sealed tube, at 
200°. G. Spacu and R. Ripan reported a 
complex salt with benzylamine, namely, 
2COSO4-CUSO4.6C7H7(NH2) .6H2O ; and one 
with pyridine, 2CoSO4.CuS04.7C6H5N. _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ 
5H2O. H. Vohl obtained violet-red crystals //20 CoSQ, 
of ammonium copper cobaltous sulphate, „. .«,r ~, _ G . 
2(NH4)2S04.CuS04.CoS04.12H20 ; and like- * " c J a o i ^ S o ^ c F . ? ^ T = 

wise also potassium copper cobaltous sul­
phate, 2K2S04.CuS04.CoS04.12H20, but E. Aston and S. U. Pickering could not 
establish the chemical individuality of these products, since they have the 
character of solid soln. A. Ploin studied the solid soln. of the potassium salt, 
and B. Bertisch, of the ammonium salt with the copper salt. A. Maihle pre­
pared copper cobaltous trioxydisulphate, 2CoS04.3Cu0.12H20, or, according to 
A. Werner, Cu2(OH)4Cu=(OH)2Co(S04)2Co.7H20, by the action of a cold soln. 
of 1 to 0-5 mol of CoSO4 per litre on 4CuO.H2O. The salt is isomorphous with the 
corresponding salt of nickel. I t occurs in chestnut-brown, hexagonal plates. If 
the soln. of copper sulphate has 0*25 mol per litre, crystals of copper cobaltous 
diOXysulphate, 2CuO.CoS04.6H20, are formed, and they are isomorphous with 
the corresponding nickel salt. W. A. Endriss made some observations on this 
subject. A. Kecoura reported the basic salts, CoSO4.3CuCwH2O, to be formed 
by the action of a boiling, aq. soln. of cobalt sulphate on cupric hydroxide ; and 
CoS04.24Cu0.nH20, from cupric hydroxide and a cold, aq. soln. of cobalt sulphate. 

P. C. Ray and P. B. Sarkar, and P. B. Sarkar and N. Ray prepared potassium 
cobaltous stdphatofluoberyllate, CoS04.K2BeF4.6H20, and ammonium cobaltous 
SUlphatofluoberyllate, CoS04.(NH4)2BeF4.6H20, by crystallization from soln. of 
cobaltous sulphate and potassium or ammonium fluoberyHate. 

G. C. Winkelblech obtained crystals of magnesium cobaltous sulphate, 
MgSOA.30oS04.28H20, from a soln. of the constituent salts ; and H. Vohl reported 
ammonium magnesinm cobaltous sulphate, 2(NH4)SSO4-MgSO^CoSO4.12H2O; 
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and potassium magnesium cobaltous sulphate, 2K 2S0 4 .MgS0 4 .CoS0 4 .12H 20, 
to be formed from soln. of the component salts, but E. Aston and S. U. Pickering 
could not establish the chemical individuality of these products, and they regarded 
them as solid soln. G. Spacu and R. Ripan reported complex salts with benzyl-
amine, 2CoS04.MgS04.5C7H7(NH2).7H20 ; and with pyridine, 2CoSO4-MgSO4. 
7CeH5N.5H20. D. !Link reported that mixed soln. of cobalt and zinc sulphates 
furnished red, four-sided prisms of zinc cobaltous sulphate, which, on exposure 
to air, crumble to a white powder. H. Bassett and I. Sanderson examined the 
cadmium—cobaltous—sulphate system at 25° and 80°, but no definite compound 
of the two sulphates was observed. S. Meyer studied the crystallization of the 
salt in a magnetic field. H. Vohl reported ammonium zinc cobaltous sulphate, 
2(NH 4) 2S0 4 .ZnS0 4 .CoS0 4 .12H 20, and potassium zinc cobaltous sulphate, 

2K2S04.ZnS04.CoS04.12H20, from soln. of the com­
ponent salts. It is probable that these products 
are solid soln. 

O. Pettersson prepared ruby-red, prismatic crys­
tals of thallous cobaltous disulphate, Tl2Co(S04)2. 
6H2O, from a mixed soln. of the component salts. 
The system CoSO4-Tl2SO4-H2O was studied by 
A. and H. Benrath, H. Weiland, and H. Hamacher. 
A. and H. Benrath's results are summarized in 
Fig. 136, where the region of the 1 : 1 : 6 double salt 
is stippled. Co1, Co6, and Co7, respectively, refer 
to the mono-, hexa-, and the hepta-hydrates of 
cobalt sulphate. E. R. Mallet prepared crystals of 
the anhydrous salt by fusing mixtures of the com­

ponent sulphates. According to A. E. H. Tutton, the crystals of the hexahydratc 
belong to the monoclinic system, and have the axial ratios a : b : c=0-7413 : 1 : 
0-4995, and £=106° 25'. The cleavage parallel to the (201)-face is well developed ; 
and that parallel to the (01O)-face is feeble. The optic axial angles are : 
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O. Pettersson gave for the sp. gr. 3-729 at 16-2° to 3*803 at 16-4° ; and* 
A. E. H. Tutton, 3-782 at 20°/4° ; the mol. vol., 201-40 ; and the mol. distance 
ratios, i.e. the topic axial ratios, are x : *P : co—6-1356 : 8-2769 : 4-1344. The 
refractive indices are : 

a . 

Y • 

The mean refractive index for Na-light is 1*6141 ; and the double 
refraction y—<x=0-6229. The general formula for fi is /3=1*5951+714,173A~2 
4-2,804,90O,00O,000A-4-f- . . . The index a is reproduced if the constant 1-5951 
is diminished by 0*0167, and the index y, if it is increased by 0-0062. The sp. 
refractions with the ^-formula for the C(Ha)- and the Hy(near G)-rays are, respec­
tively, CL=0*0900, and 0*0928 ; £=00920, and 00949 ; andy=0*0927, and 00957 ; 
and the mol. refractions, a=68*57, and 70*72 ; /J=70-08, and 72-28 ; andy=70*63, 
and 72-88 ; the sp. dispersions for O- and C-rays, a=0*0028, /3=0*0029, and 
y=0-0030 ; and the mol. dispersions, ct,—2-15, £=2*20, and y—2*25. The mol. 
dispersions by the /!.-formula are ct=120*13, J8=123*42, and y==124*62, mean 
122*72. 

H . Vohl reported crystals of ammonium manganous cobaltous sulphate* 
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2(NHa)2SO4-MnSO4-CoSO4. 12H2O, and of potassium manganous cobaltous 
sulphate, 2K 3 S0 4 .CoS0 4 . 12H 2 0 , to be formed from mixed soln. of the component 
salts. W h a t evidence is available with other salts favours the assumption t h a t 
these products are solid soln. J . W. Retgers investigated the complete series of 
solid soln. formed with the heptahydra ted cobaltous and ferrous sulphates ; and 
there is no sign of t he formation of a ferrous cobaltous sulphate. A. fitard 
reported ferrous cobaltous hydrosulphate, 2FeSO4.2CoSO4.H2SO4, to be formed 
by t reat ing a sat . soln. of the component salts with a large excess of cold sulphuric 
acid. B . Gossner and M. Arm reported, K 2 H 1 ? (S0 4 ) 6 .3Fe(OH) 3 .4CoS0 4 .4H 2 0. 
H . G. Kl. Westenbrink observed t h a t the introduction of cobalt sulphate in ferrous 
sulphate has very little influence on the space-lattice of ferrous sulphate. H . Vohl 
reported ammonium ferrous cobaltous sulphate, 2(NH 4 ) 2 S0 4 .FeS0 4 .CoS0 4 .12H 2 0, 
and potassium ferrous cobaltous sulphate, 2K 2 S0 4 .FeS0 4 .CoS0 4 . 12H 2 0 , bu t 
these products may be solid soln. 

J . G. Gentele 3 found t h a t a cone. soln. of cobaltous sulphate gives a green 
precipitate of CObaltosic oxysulphate, Co2O3.6CoSO4.15H2O, when t reated with 
cone. aq. ammonia, and the precipitate gradually passes into soln. Water re-
precipitates a similar product . 

P . C. R a y and P . B . S a r k a r 4 prepared monoclinic crystals of ammonium 
cobalt sulphatofluoberyllate, (NH 4 ) 2 BeF 4 .CoS0 4 .6H 2 0, and of potassium cobalt 
S U l p h a t o f l u o b e r y l l a t e , K 2 B e F 4 . C o S O 4 . 6 H 2 O , i n i s o m o r p h o u s s e r i e s w i t h N i , F e , 
M n , C d , Z n , a n d M g i n p l a c e o f C o . H . S i e f e r t s t u d i e d t h e c r y s t a l s . 
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1929 ; K . Siefert, Zeit. Krist., 81 . 428 , 1932. 

§ 24 . Cobaltic Sulphate and its Complex Salts 
H . Marshall * prepared hydra ted cobaltic sulphate. Co2(S04)3 .18H20, by the 

electrolysis of a sat . soln. of cobaltous sulphate in dil. sulphuric acid (1 : 8) in a 
platinum dish as anode, and as cathode, a piece of plat inum wire in a porous cell 
containing dil. sulphuric acid. B . Oberer, H . Copaux, and S. Swann and 
T. S. Xanthakos also prepared this salt electrolytically. E . Oberer studied the 
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theory of the process. Other things being equal, increasing the concentration of 
the acid in the electrolyte from $N- to 5-ZV-H2SO4, raised the proportion of Co"** : Co** 
from 0*26 : 1 t o 2-72 : 1 ; increasing the concentration of the cobaltous salt from 
0*005 to O* 133 gram-atom lowered the proportion of Co*'* : Co** from 5*43 : 1 
to 3*45 : 1 ; lowering the temp, from 30° t o —7°, raised the proportion Co*** : Co** 
from 0-24 : 1 to 7*22 : 1 ; and raising the current density from 0-5 a m p . t o 1 amp. 
t o 2 amp. , altered the ratio Co*** : Co** from 1*48 : 1 to 1-77 : 1 t o 1-18 : 1. The 
potential of the cobaltous-cobaltic sulphate soln. referred to the normal hydrogen 
electrode, was studied by A. B . L a m b and A. T. Larson. E . Oberer found t h a t in 
the presence of 2.ZV-H2SO4, for soln. with C grms. of the salts in 50 c.c. of water : 

C o - . . . . 0 1 0 2 0-103 0-287 
Co-- . . . . 1-372 0-171 0-260 
M a x i m u m potent ia l . . —1-705 —1-741 —1-759 v o l t s 

H . Marshall observed t ha t cobaltic sulphate collects about the anode in a d ry 
atmosphere, or if gently warmed, i t loses water, and rapidly decomposes, becoming 
first of a brownish colour, which quickly gives place t o pink. If kept in a moderately 
moist atmosphere, this does not t ake place nearly «o readily ; some which has been 
kept in a tightly-stoppered tube for months does not show any signs of decom­
position. Treated with water, i t dissolves, bu t immediately begins to decompose, 
becoming of a dark purplish colour, quickly changing to a greyish, neutral t in t , 
and ult imately becoming pink. The oxygen liberated is evolved briskly during 
the process. The greyish t in t seems to indicate t h a t the colours of the cobaltous 
and cobaltic salts are nearly complementary. S. R. Benedict obtained what he 
regarded as a soln. of nickelic sulphate, by digesting nickelic oxide with a nearly sat. 
soln. of potassium hydrosulphate, bu t not so with cobaltic sulphate. A. Mailfert 
noted the formation of a brown precipitate when ozone acts on a feebly acidic soln. 
of cobalt sulphate, and P . Jannasch and W. Gottschalk regarded the precipitate 
as hydra ted cobaltic oxide. E . Brunner, and S. J a h n discussed the formation of 
a soln. of cobaltic sulphate by the action of ozonized oxygen on a soln. of cobalt 
sulphate. The formation of the crystals by oxidizing a soln. of cobalt sulphate 
with fluorine, was described by F . Fichter and co-workers, E . Oberer, N. C. Jones , 
and W. D . Bancroft and N. C. Jones . H . Wolfmann obtained cobaltic sulphate 
by the action of fluorine on a sulphuric acid soln. of cobaltous fluoride : 

A so ln . of 2-4 grms . of h e p t a h y d r a t e d coba l tous fluoride in 1-5 c .c . of 8 ^ - H 1 S O 4 , a t 30°, 
-was t rea ted with, fluorine whi l s t t h e so ln . w a s s l o w l y coo l ing t o 0° . T h e so ln . b e c o m e s 
brown, t h e n green, a n d t h e n acicular crystals , w i t h a s i lky lustre, are formed. I n a b o u t 
I^ hrs . , the p l a t i n u m crucible conta ins bluish-green crysta ls of cobal t ic su lphate ; a n d 
there is a risk of chok ing t h e inner t u b e b y t h e format ion of those crysta l s . 

J . Topp observed two bands a t 612m/£ and 400m/x, in the absorption spectrum 
in the visible region ; and a band a t 30Om//, in the ultra-violet. E . Miescher also 
studied the absorption spectrum. E . Oberer studied the decomposition of the 
green, aq. soln. of cobaltic sulphate whereby oxygen is developed and cobaltous 
sulphate is formed, by a reaction which is symbolized : Co 2 (SO 4 J 3 - I -H 2 O- 2CoSO4 
-J-H2SO4-^-O. The velocity constants , Jk1 and kz, on the assumption t h a t the 
reaction is, respectively, of t h e first and second orders, are : 

T i m e . * 5 6O 1 2 0 1 8 0 2 4 0 3 4 5 m i n s . 
Jc1 . . 0 0 0 2 0 1 0 - 0 0 1 8 8 0 0 0 1 9 2 0 - 0 0 1 7 9 0 - 0 0 1 6 3 0 0 0 1 3 2 
Ar8 . . 0 - 0 0 1 1 9 0 - 0 0 1 3 2 0 - 0 0 1 5 2 0 - 0 0 1 6 4 0 - 0 0 1 6 4 0 O O 1 4 4 

Neither of the results for Jcx and Jc^ is conclusive, bu t i t is thought that they agree 
best with the assumption t h a t the reaction is of the first order, and that it is retarded 
by the increasing concentration of the acid produced in the reaction. The electrode 
potential of soln. in 22V-BL2SO4, with platinum electrodes at 0°, is 1*759 volt for a 
soln. with 0-287 grm. Co"" and 0*260 gnn. Co"* in 50 c.c. R. H. Weber found the 
moi. magnetic susceptibility to be 4860 X 10r~6 mass unit. 

H . Marshall observed that cobaltic sulphate dissolves very easily, and without 
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immediate decomposi t ion, in dil . s u lphu r i c ac id . S u c h a soln. is g reen i sh -b lue , b u t 
g r a d u a l l y decomposes c o m p l e t e l y in t h e course of a d a y or t w o . I t is , of cour se , 
v e r y eas i ly d e c o m p o s e d b y a l l r e d u c i n g a g e n t s . I t g ives a b l a c k p r e c i p i t a t e w h e n 
a lka l i is q u i c k l y a d d e d . T h e sol id is a l so soluble in cone , ace t i c a n d n i t r i c ac id s . 
Cone , s u l p h u r i c a c i d d issolves i t , w i t h f o r m a t i o n of a d e e p r e d d i s h - b r o w n so lu t ion . 
W i t h h y d r o c h l o r i c ac id , c o b a l t o u s sa l t a n d ch lor ine a r e fo rmed . I n a g r e e m e n t 
w i t h H . Marsha l l , H . W o l f m a n n o b s e r v e d t h a t ice-cold w a t e r r a p i d l y d e c o m p o s e s 
t h e sa l t , a n d w i t h w a r m w a t e r , t h e d e c o m p o s i t i o n is i n s t a n t a n e o u s : C o 2 ( S 0 4 ) 3 - f - H 2 0 
= 2 C o S O 4 - J - H 2 S O 4 - I - O . M. W i k u l p r e p a r e d a s a l t co r r e spond ing w i t h CObaltyl 
su lphate , (CoO) 2 SO 4 . S. J a h n found t h a t ozone d e c o m p o s e s t h e soln . u n t i l a s t a t e 
of e q u i l i b r i u m is a t t a i n e d : Co*"^Co**. E . O b e r e r f o u n d t h a t t h e d e c o m p o s i t i o n 
of t h e a q . so ln . is a c c e l e r a t e d b y t h e c a t a l y t i c a c t i o n of f ine ly-divided p l a t i n u m , 
a n d b y t h e a d d i t i o n of c o b a l t o u s s u l p h a t e . H . Mar sha l l , F . F i c h t e r a n d H . Wolf­
m a n n , a n d E . B r u n n e r o b s e r v e d t h a t soda - lye g ives a b l a c k p r e c i p i t a t e ; h y d r o ­
chlor ic ac id d i sso lves t h e sa l t , f o rming a b l u e soln. w h i c h g ives off c h l o r i n e ; w i t h 
p o t a s s i u m iodide , iod ine is l i b e r a t e d ; d i l . s u l p h u r i c ac id fo rms a g reen soln. i n t h e 
cold , wh ich d e c o m p o s e s w h e n w a r m e d ; cone , s u l p h u r i c ac id fo rms a r e d d i s h - b r o w n 
soln. ; cone , n i t r i c ac id f o r m s a g reen soln. , w h i c h b e c o m e s r e d w h e n w a r m e d ; d i l . 
n i t r i c ac id i m m e d i a t e l y d e c o m p o s e s t h e sa l t ; a ce t i c a c id fo rms a g reen soln . ; 
g lycero l fo rms a rose - red soln. ; e t h y l a lcohol i m m e d i a t e l y d e c o m p o s e s t h e s a l t — 
H . C o p a u x a d d e d t h a t t h e a lcoho l is ox id ized t o a l d e h y d e ; a n d t h e sa l t is inso lub le 
in e t h e r a n d in c a r b o n d i s u l p h i d e , a n d b o t h l iqu ids r a p i d l y d e c o m p o s e t h e sa l t . 
A. N a u m a n n a n d J . S c h r o d e r sa id t h a t t h e s u l p h a t e is inso lub le i n p y r i d i n e . 

M. Marsha l l , a n d E . O b e r e r p r e p a r e d a m m o n i u m cobal t ic d i su lphate , N H 4 C o -
( S O ) 4 ) 2 . 1 2 H 2 0 , o r cobaltic alum, ( N H 4 ) 2 S 0 4 . C o 2 ( S 0 4 ) 3 . 2 4 H 2 0 . H . Marsha l l sa id : 
T h e s u l p h a t e w a s e lec t ro lyzed t i l l a l a rge q u a n t i t y of coba l t i c s a l t h a d s e p a r a t e d . 
T h e t e m p , w a s t h e n a l lowed t o r ise t o a b o u t 20°, a n d di l . a c id a d d e d t o d i sso lve 
t h e sol id w h i c h st i l l r e m a i n e d . T h e r o u g h l y - c a l c u l a t e d q u a n t i t y of a m m o n i u m 
s u l p h a t e i n fine p o w d e r w a s n o w a d d e d (only a smal l p r o p o r t i o n of t h e c o b a l t 
p a s s e s t o t h e i n n e r cell) a n d a w e a k c u r r e n t p a s s e d u n t i l t h i s w a s p r ac t i c a l l y al l 
d i s so lved . T h e c l ea r l i q u i d w a s t h e n d e c a n t e d a n d cooled b y a freezing m i x t u r e . 
I n t h i s w a y a l a rge c r o p of m i n u t e , o c t a h e d r a l c r y s t a l s of t h e a l u m w a s o b t a i n e d . 
B y m o r e s lowly cool ing , l a rge r c r y s t a l s , r ecogn izab le -with t h e n a k e d eye, or eas i ly 
w i t h a h a n d - l e n s , s e p a r a t e d ; t h e y h a d a fine, d e e p b lue colour . T h a t t h e y were 
r e g u l a r o c t a h e d r a w a s s h o w n b y t h e i r b e h a v i o u r i n po la r i zed l igh t . F . MiiHer 
o b s e r v e d t h a t t h e v a p . p res s , of t h e sa l t , p m m . , is 6-5 a t 15°, 40 a t 28°, a n d 91 a t 
35*5°. H . Mar sha l l , a n d E . O b e r e r p r e p a r e d p o t a s s i u m coba l t i c d i su lphate , 
K C o ( S 0 4 ) 2 . 1 2 H 2 0 , b y t h e m e t h o d e m p l o y e d for t h e a m m o n i u m sa l t ; a n d 
H . C o p a u x , b y m i x i n g eq . p r o p o r t i o n s of wel l -cooled soln . of t h e c o m p o n e n t sa l t s , 
a n d w a s h i n g t h e c rys t a l l i ne p r e c i p i t a t e , first w i t h ace t i c ac id , a n d t h e n w i t h ace tone . 
H . M a r s h a l l a d d e d t h a t t h e a l u m s b e h a v e t o w a r d s w a t e r a n d a c i d s l ike t h e coba l t i c 
s u l p h a t e . T h e y a lso d e c o m p o s e w h e n t h e y lose w a t e r . T h e c ry s t a l s c a n n o t be 
c o m p l e t e l y f reed f rom m o t h e r - l i q u o r b y a p o r o u s p l a t e , b u t m a y s u b s e q u e n t l y 
be pressed b e t w e e n f i l t e r -paper , w i t h w h i c h , h o w e v e r , t h e y m u s t n o t be left long in 
contac t . 

J . L . H o w e a n d E . A . O ' N e a l , a n d E . O b e r e r p r e p a r e d rub id ium cobal t ic 
disulphate* R b C o ( S 0 4 ) 2 . 1 2 H 2 0 , b y e l ec t ro lyz ing a soln . of t h e c o m p o n e n t s u l p h a t e s 
acidif ied w i t h sulphuric a c id ; and H . C o p a u x , b y m i x i n g soln. of t h e c o m p o n e n t 
su lphates as i n t h e case of t h e potass ium salt . T h e d e e p b lue , o c t a h e d r a l c ry s t a l s 
are s table in dry air, b u t decompose i n m o i s t a i r . J . L o c k e found t h e m . p . t o 
be 4 7 ° . I n water , o x y g e n and c o b a l t o u s s u l p h a t e a r e f o r m e d ; b lue so ln . a r e fo rmed 
w i t h dil . hydrochloric or sulphuric ac id , a n d decompos i t ion , w i t h t h e fo rma t ion 
of a brown soln. , occurs in t h e p r e s e n c e of cone , hydroch lo r i c o r su lphur i c ac id . 
J . IJ . H o w e a n d E . A . O'Neal, a n d E . O b e r e r a lso p r e p a r e d pa l e g reen i sh-b lue 
crys ta l s o f CfiBSium cobal t i c d i su lphate , C s C O ( S 0 4 ) 2 . 1 2 H 2 0 , in a s imi lar m a n n e r . 
J . L o c k e found t h e m . p . t o b e 63°. F . Ephra im and P . Wagner f o u n d t h e v a p . 
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press, to be 4 mm. a t 27°, and 25 mm. a t 39° ; whilst above 40°, the salt decomposes, 
with the evolution of oxygen, and the green crystals become rose-red. J . Locke 
found t h a t a litre of water a t 25°, dissolves 418*8 grms. of the anhydrous salt. 
J . L. Howe and E . A. O'Neal said t h a t the salt is readily decomposed by "water, 
with the evolution of oxygen, and t h a t the behaviour of the salt towards dil. and 
cone, hydrochloric and sulphuric acids resembles t ha t of the rubidium salt. 
M. Wikul prepared sodium cobaltyl sulphate, (CoO)2SO4.NaHSO4. 

The COAQ or Hexammine Family 
E . Fremy,2 J . G. Gentele, and O. W. Gibbs and F . A. Gcnth prepared CObaltic 

hexamminosulphate, [Co(NH3)6]2(S04)3.5H20, by oxidizing an ammoniacal soln. 
of a mixture of cobaltous sulphate and chloride with air, and digesting the 
product with a soln. of silver sulphate in dil. sulphuric acid ; or by treat ing the 
aquopentamminosulphate "with aq. ammonia. L. Jacobsen used lead dioxide as 
oxidizing agent with an ammoniacal soln. of ammonium cobaltous sulphate ; and 
S. M. Jorgensen saturated the corresponding chloride with freshly-prepared silver 
oxide, and then t reated the filtrate with dil. sulphuric acid ; or direct from a soln. 
of the chloride and sulphuric acid, followed by the addition of alcohol. T. Klobb, 
and F . M. Jager found t h a t the crystals are monoclinic prisms,with the axial ratios 
a : b : c=l*1230 : 1 : 1-4143, and / ? = 9 0 0 18 ' ; J . D . Dana thought t h a t they were 
rhombic. E . Birk and W. Biltz found the sp. gr. of the anhydrous salt is 1-797 
a t 25°/4° ; and the mol. vol. is 339-8. The mol. vol. of the NH3-groups is 18-65 
when t h a t of the corresponding cobaltous salt is 19-1O. The subject was also 
discussed by W. Biltz. Analyses indicate t h a t the air-dried crystalline product 
is the pentahydraie ; E . Fremy, and J . G. Gentele, regarded the salt as a tetrahydrate. 
S. M. Jorgensen observed t h a t the air-dried salt loses 4 mols. of water over cone, 
sulphuric acid, or a t 100°, and the remaining molecule of the monohydrate is lost 
a t 150°. A. Benra th and W. Kohlberg's observations are summarized in Fig. 137. 
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Fia. 137.—The Vapour Press of the 
Pontahy dra te. 

^o 0-0 
/O /5 20 25 

Per cent. r&SG, 
Fio. 138.—The Solubility of the Hoxam-

minosulphate in Sulphuric Acid. 

W. Biltz said t h a t the salt loses i ts water of hydrat ion a t 150° ; i t remains constant 
in weight up to 193° ; and it gives off all the ammonia a t 213°. The polarization 
tension was studied by N . R . Dha r and G. TJrbain. E . Feyt is gave —0-315 X l O - 6 

mass unit for the magnetic susceptibility. 
S. M. Jorgensen found t h a t a t 17-4°, 100 par t s of water dissolve 1-41 pa r t s of 

salt, and a t 20°, 1-61 par t s ; F . Ephra im, P . Mosimann, and F . Ephra im and 
P . Mosimann said t h a t a t 18°, a sat . soln. has 0-015 mol or 1-792 grms. per litre ; 
and J . N. Brcmsted and A. Petersen gave 0-009 mol per litre a t 0°, and 0-020 mol 
per litre a t 20°. The subject -was discussed by L. A. Hansen a n d J . W. Williams. 
The aq. soln. was found by O. W. Gibbs and F . A. Genth, and S. M. Jorgensen t o 
be very stable, since on boiling the aq. or feebly ammoniacal soln., no perceptible 
decomposition occurs. A sat. , aq . soln. gives a precipitate of t h e sulphate and 
chloride when t reated with hydrochloric acid ; potassium iodide precipitates a n 
iodosulphate ; bu t sulphuric acid gives no precipi tate . According t o A. Benra th , 
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a n d A. B e n r a t h a n d H . W u r z b u r g e r , t h e so lubi l i ty d e t e r m i n a t i o n s i n s u l p h u r i c 
ac id , F i g . 137, s h o w t h a t t h r e e solid phase s m a y ex i s t . W i t h soln. c o n t a i n i n g u p 
t o 2*5 p e r c e n t . H 2 S O 4 , t h e solid p h a s e is t h e pentahydrate ; w i t h b e t w e e n 2-5 a n d 
19*0 p e r c e n t . H 2 S O 4 , t h e solid p h a s e is cobalt ic hexamrcu^osulphatodihydro-
sulphate* [Co (NH 3 ) 6 ] 2 ( S 0 4 ) 3 . H 2 S O 4 , wh ich fo rms p r i s m a t i c c r y s t a l s . Alcohol p r e ­
c i p i t a t e s t h e n o r m a l s u l p h a t e f rom h o t , a q . soln. T h e t h i r d p h a s e is c o b a l t i c h e x a m -
minosu lphato te trahydrosu lphate , [ C o ( N H 3 ) 6 ] 2 ( S 0 4 ) 3 . 2 H 2 S 0 4 , s t a b l e in soln. w i t h 
m o r e t h a n 19 p e r c e n t . H 2 S O 4 . B y a d d i n g a n excess of su lphur i c ac id t o a soln . 
of t h e n o r m a l s u l p h a t e , T . K l o b b o b t a i n e d cobal t ic hexanun inosu lphatodeca -
hydrosu lphate , 2 [ C o ( N H 3 ) 6 ] 2 ( S O 4 ) 3 . 5 H 2 S O 4 . 1 0 H 2 0 , in cubic c rys t a l s be longing t o 
t h e r h o m b i c b i p y r a m i d a l s y s t e m , w i t h a x i a l r a t i o s a : b : c = 0 - 9 9 9 1 : 1 : 1*0006. 
F . M. J a g e r a lso m a d e o b s e r v a t i o n s on t h e c r y s t a l s . Acco rd ing t o A . B e n r a t h 
a n d H . W u r z b u r g e r , t h e ex i s t ence of t h i s s a l t is d o u b t f u l . P . B . S a r k a r a n d 
T . P . B a r a t p r e p a r e d t he se t h r e e ac id sa l t s . F . E p h r a i m obse rved n o ev idence 
i n d i c a t i n g t h a t a m m o n i a is t a k e n u p b y t h e s a l t a t —21° . O. W . G i b b s a n d 
F . A . G e n t h , a n d S. M. J o r g e n s e n found t h a t a s a t . a q . soln. of t h e sa l t w i t h n i t r i c 
ac id g ives a m i x e d p r e c i p i t a t e of s u l p h a t e a n d n i t r a t e ; h y d r o c h l o r o p l a t i n i c ac id 
p r e c i p i t a t e s a c h l o r o s u l p h o p l a t i n a t e ; a n d ye l low or b rownish-ye l low p r e c i p i t a t e s 
a r e f o r m e d w i t h hydros i l ic ic ac id , h y d r o c h l o r o a u r i c or h y d r o b r o m o a u r i c ac id , 
a n d w i t h p o t a s s i u m d i c h r o m a t e . 

S o m e doufolo s a l t s h a v e b e e n r e p o r t e d . T . K l o b b r e p o r t e d o c t a b e d r a l o r t a b u l a r 
c r y s t a l s of ammonium cobaltic hexamminosulphate, N H 1 [ C o ( N H a ) 6 I ( S O 4 ) ^ H 2 O , t o b e 
f o r m e d f rom a so ln . of t h e c o m p o n e n t s u l p h a t e s . T h e r h o m b i c c r y s t a l s h a v e t e t r a g o n a l 
s y m m e t r y , a n d t h e a x i a l r a t i o s ra : b : c = 0-$)747 : 1 : 1993 . T h e c r y s t a l s w e r e d i scussed 
b y 1*. O r o t h , a n d F . M . J a g e r . 1*. B . S a r k a r a n d T . 1 J . B a r a t p r e p a r e d potassium cobaltic 
hexamminosulphate, K 2 SO 4 . |Co (2SrH 3 ) a ] 2 (S0 4 ) 3 . 4H 2 O. F . E p h r a i m a n d P . M o s i m a n n 
d o u b t e d t h e e x i s t e n c e of t h i s s a l t . O . W . G i b b s r e p o r t e d thallium cobaltic hexammino­
sulphate, | C o ( N H 3 ) 8 ] 8 ( S 0 4 ) 3 . T I 2 0 ( S 0 4 ) 2 . 5 H a O , in ye l low sca les r e s e m b l i n g t a l c ; C. H . W i n g 
reported yellow powders of cerous cobaltic hexamminosulphate, [Co(NH3),]j(S04)3 .3CeSO4 . 
H 2 O ; eerie cobaltic hexamminosulphate, rCo(NH8)8]2(S04)3 .Ce2(S04)3 .H20 ; and Ianthanous 
cobaltic hexamminosulphate, LCo(NH3) a]2(S04)3 .3LaS04 .H20. 

J. B. Rogojsky reported cobaltic hexamminochlorosulphate, [Co(NH3)6](SQ4)CI. 
3 H 2 O , t o he f o r m e d b y t r e a t i n g t h e c o r r e s p o n d i n g ch lor ide w i t h s i lver s u l p h a t e i n 
t h e cold, a n d e v a p o r a t i n g t h e filtrate ove r s u l p h u r i c ac id . H . SchifE o b t a i n e d t h e 
sa l t f rom eq . p r o p o r t i o n s of soln . of ch lor ide a n d s u l p h a t e ; J . M. K r o k , b y t h e 
a c t i o n of ch lo r ine on t h e i o d o s u l p h a t e ; L . J a c o b s e n , b y t h e a c t i o n of ch lor ine or 
of s i lver ch lor ide o n a n a m m o n i a c a l soln. of a m m o n i u m c o b a l t o u s s u l p h a t e ; a n d 
T . K l o b b , f rom a soln . of t h e c o r r e s p o n d i n g ch lor ide wi th di l . su lphur i c ac id or a 
s u l p h a t e , or f rom a soln . of t h e c o r r e s p o n d i n g s u l p h a t e -with d i l . hyd roch lo r i c acid 
o r a ch lo r ide . O. W . G i b b s a n d F . A . G e n t h cons ide red t h a t t h e sa l t is n o t a chemica l 
i n d i v i d u a l , b u t r a t h e r a sol id soln . of v a r i a b l e c o m p o s i t i o n . T h e reddish-ye l low 
r e c t a n g u l a r p r i s m s be long t o t h e r h o m b i c s y s t e m . T . K l o b b g a v e for t h e ax ia l 
r a t i o s , a : 6 : c = 0 - 9 9 8 6 : 1 : 1-0538, a n d T . V. B a r k e r , 0-9983 : 1 : 1 0 5 6 7 . T h e c rys ta l s 
w e r e a l so d i scussed b y P . G r o t h a n d G. N . Wyrouboff . O. Hasse l a n d G. B . N a e s s 
e x a m i n e d t h e X - r a d i o g r a m s a n d s h o w e d t h a t t h e c r y s t a l s possess r h o m b i c s y m m e t r y 
a b o u t t h e c-axis . T . V. B a r k e r g a v e 1-765 for t h e s p . gr. , a n d 3 96-29 for t h e 
m o l . vo l . A . B e n r a t h a n d W . K o h l b e r g found t h a t t h e v a p . p ress , cu rve showed 
t h e ex i s t ence of t h e trihydrate, b u t n o t of t h e hemihydrafe r e p o r t e d b y H . SchifF. 
O . S te l l ing s t u d i e d t h e X - r a y s p e c t r u m . T . K l o b b , a n d O. W . Gibbs a n d F . A. G e n t h 
f o u n d t h a t t h e s a l t is s p a r i n g l y so lub le i n cold w a t e r , a n d less soluble t h a n e i the r 
t h e n o r m a l s u l p h a t e o r ch lo r ide . J . N . B r o n s t e d a n d A. P e t e r s e n said t h a t a t 0° 
a s a t . so ln . c o n t a i n s 0-01055 m o l p e r l i t r e . T . K l o b b r e p o r t e d o c t a h e d r a l c rys t a l s of 
ammonium cobaltic hexammmochlorosulphate, [Co(NH3)6]4(S04)5Cl2.3(NH4)2S04. 
6 H 2 O , b y s p o n t a n e o u s l y e v a p o r a t i n g a m i x e d soln. of t h e ch lo rosu lpha te a n d 
a m m o n i u m s u l p h a t e . T h e c u b i c (hexak i soc tahedra l ) c rys t a l s of t h e sa l t were 
d i s c u s s e d b y F . M. J a g e r . T h e r e is s o m e d o u b t a b o u t i t s i n d i v i d u a l i t y . S. M. J o r ­
g e n s e n r e p o r t e d g o l d cobal t ic h e x a m m m o c h l o r o s u l p h a t e , [Go(NHg) 6](SO 4)(AuCl 4) , 
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i n o range-ye l low, d ichro ic , r e c t a n g u l a r p r i s m s . J . M. K r o k r e p o r t e d mercur ic 
cobaltic heyamminochlorosulphate, [Co(NHa)6](SO4)CLHgCl2, t o be formed in 
smal l , ye l low p r i s m s f r o m soln . of t h e c o m p o n e n t sa l t s . 

S. M. Jdrgensen reported cobaltic hexamminobromosulphate, 
[Co(NHg) 6 ] (SO 4 )Br , t o b e f o r m e d f rom a soln. of t h e co r r e spond ing b r o m i d e a n d 
di l . s u l p h u r i c ac id o r a m m o n i u m s u l p h a t e ; o r f rom a soln. of t h e c o r r e s p o n d i n g 
s u l p h a t e a n d di l . h y d r o b r o m i c a c i d o r a m m o n i u m b r o m i d e . T h e b rownish-ye l low, 
o c t a h e d r a l c r y s t a l s r e p o r t e d b y S. M. J o r g e n s e n were f o u n d b y O. H a s s e l , a n d 
O. H a s s e l a n d G. B . N a e s s t o b e cub ic , w i t h a face-cen t red l a t t i c e h a v i n g t h e p a r a ­
m e t e r a=10-51 A . T h e s t r u c t u r e w a s also d iscussed b y F . E p h r a i m a n d W . Fl i igel ; 
t h e a n o m a l o u s bi refr ingence, b y O. Hasse l a n d G. B . Naes s . S. M. J d r g e n s e n 
reported gold cobaltic hexamminobromosulphate, [Co(NHg)6](SO4)(AuBr4), t o be 
fo rmed in b rownish -b lack , d ichro ic need les o r p l a t e s , f rom soln . of t h e c o m p o n e n t 
s a l t s . 

C. W . B l o m s t r a n d , a n d J . M. K r o k o b t a i n e d cobal t ic h e x a m m i n o i o d o s u l p h a t e , 
[ C o ( N H 3 ) 6 ] ( S 0 4 ) I , b y boi l ing a n a m m o n i a c a l soln. of c o b a l t o u s a n d a m m o n i u m 
s u l p h a t e s , a n d iod ine , a n d c rys ta l l i z ing t h e p r e c i p i t a t e f rom h o t w a t e r ; a n d 
F . E p h r a i m a n d W . Fl i igel , b y a d d i n g , d r o p b y d r o p , a soln . of p o t a s s i u m iod ide 
t o one of t h e co r r e spond ing s u l p h a t e . O. H a s s e l a n d G. B . N a e s s , a n d O. H a s s e l 
found t h e yel low, o c t a h e d r a l c r y s t a l s a r e i so t rop ic a n d be long t o t h e cub ic s y s t e m . 
T h e X - r a d i o g r a m s s h o w t h a t t h e face -cen t red l a t t i c e h a s 4 mo l s . in t h e u n i t cell, 
wh ich h a s t h e p a r a m e t e r a—10-71 A. , t h a t t h e N H 3 - g r o u p s a r e a r r a n g e d a t t h e 
ap ices of r egu la r o c t a h e d r o n a b o u t t h e coba l t a t o m s , a n d t h a t four o x y g e n a t o m s 
a r e g r o u p e d a b o u t one s u l p h u r a t o m . T h e s t r u c t u r e r e sembles t h a t of f luorspar w i t h 
t h e c o m p l e x coba l t c a t i o n in p lace of t h e C a - a t o m , a n d t h e S 0 4 - g r o u p s a n d I - a t o m s 
in p lace of t h e F - a t o m s . T h e s t r u c t u r e w a s a lso s t u d i e d b y F . E p h r a i m a n d 
W . Fl i igel . J . M. K r o k a d d e d t h a t t h e h o t , a q . soln. g ives yel low, c rys t a l l i ne 
p r e c i p i t a t e s w i t h hydrofluosi l icic ac id , w i t h p o t a s s i u m c h r o m a t e , d i c h r o m a t e , o r 
oxa l a t e , a n d w i t h s o d i u m h y d r o p h o s p h a t e ; g rey i sh -g reen p r e c i p i t a t e s w i t h 
p o t a s s i u m fe r rocyan ide or f e r r i cyan ide ; a n d m e r c u r i c ch lo r ide p r e c i p i t a t e s 
m e r c u r i c iod ide . Chlor ine d i sp laces t h e iodine , b u t n o t so b r o m i n e . 

A . W e r n e r a n d E . Ber l a o b t a i n e d cobal t ic h e x a h y f o o x y l a m i n e s u l p h a t e , 
[ C o ( N H 2 O H ) 6 ] 2 ( S 0 4 ) 3 . 2 H 2 0 , b y a d d i n g cone , s u l p h u r i c ac id t o a well-cooled (say , 
—15° t o —20°) soln. of t h e co r r e spond ing ch lor ide . T h e smal l , ye l low c ry s t a l s 
a r e r e a d i l y soluble in w a t e r , a n d d e c o m p o s e a t 90° t o 100°. 

J . Meyor a n d IC. Groh lc r ,* a n d L . L e h r f e l d p r e p a r e d cobaltic t r i se thylenediamine-
sulphate , [Co e n 8 ] a ( S 0 4 ) a . 2 H 2 0 , b y a d d i n g a l coho l t o a so ln . of t h e h y d r o s u l p h a t e . T h e 
ye l low, c ry s t a l l i ne p o w d e r is r e a d i l y so lub le in w a t e r ; i t is s t a b l e i n c o n t a c t •with 
d i l . m i n e r a l a c id s ; s u l p h u r i c ardd d o e s n o t p r e c i p i t a t e t h e s a l t f r o m i t s a q . s o l n . ; w i t h 
n i t r i c o r h y d r o c h l o r i c ac id , a m i x e d s u l p h a t e a n d n i t r a t e o r c h l o r i d e s e p a r a t e s f r o m t h e 
so ln . S o i l i n g t h e a q . so ln . is a t t e n d e d b y d e c o m p o s i t i o n ; a n d t h e so l id s a l t b l a c k e n s 
a t 150°. J . M e y e r a n d K . Oroh lo r o b t a i n e d cobaltic trisethylenediaminehydrosulphate, 
[Co On 8 ] (HSO 4 ) a , b y d i s so lv ing 7 g r m s . of t h e c o r r e s p o n d i n g c h l o r i d e i n 60 c .c . of co ld , 
c o n e , s u l p h u r i c a c id , a n d a f t e r s t a n d i n g o v e r s u l p h u r i c a c i d a n d p o t a s s i u m h y d r o x i d e , 
in v a c u o , for 24 h r s . , p o u r i n g t h e so ln . i n t o ice-cold , a b s o l u t e a l coho l . I f a s o l n . of 
4-5 g r m s . of s u l p h a t o h y d r o s u l p h a t e , i n 4 0 c.c . of ice-cold s u l p h u r i c a c i d , b e p o u r e d i n t o 
ice-cold, a b s o l u t e a l coho l , t h i s s a l t is p r o d u c e d in p a l e ye l low c r y s t a l s . I f a so ln . of 5 g r m s . 
of t h i s h y d r o s u l p h a t e , i n 4 0 c .c . of 2O p e r c e n t . , ice-cold s u l p h u r i c a c id , o r a so ln . of 
3 g r m s . of t h e n o r m a l s u l p h a t e , i n 35 c .c . of 2 5 p e r c e n t . , ice-cold s u l p h u r i c a c i d , 
be poured into ice-cold, absolute alcohol cobaltic trisethylenedlaminesulphatohydrosulphate, 
[Co e n 8 " ] ( S 0 4 ) ( H S 0 4 ) . $ H a O , is f o r m e d a s a p a l e ye l l ow oil, w h i c h c a n b e c r y s t a l l i z e d b y 
r u b b i n g w i t h a g lass r o d . F . M . J a g e r a n d P . K o e t s r e p o r t e d cobalt ic t l i se thy lenedlamine-
chlorosulphate, { C o e n 8 ] a ( S 0 4 ) C l 4 . 6 H a O , t o b e f o r m e d b y a d d i n g t h e t h e o r e t i c a l p r o p o r t i o n 
of s i lver s u l p h a t e t o a s o l n . of t h e c o r r e s p o n d i n g c h l o r i d e . T h e d i t r i g o n a l c r y s t a l s h a v e 
t h e a x i a l r a t i o a : c = 1 : 3 0 2 8 5 , a n d a = 51° 0 ' . 

F . M . J a g e r o b t a i n e d cobaltic phenanthrolineblsethylenediaminesulphate, 
[Co e n a ( C i a H 8 N a ) ] a ( S 0 4 ) 8 . 1 2 I I a O , i n p a l e b r o w n c r y s t a l s , b y a d d i n g s i lve r s u l p h a t e t o 
t h e c o r r e s p o n d i n g i o d i d e . T h e t r i c l in i c c r y s t a l s h a v e * t h e a x i a l r a t i o s a : b : c 
= 1*4062 : 1 : 0-7362. I f a c o n e . s o l n . of c h l o r o a q u o b i s e t h y l e n e d i a m i n e s u l p h a t e b e h e a t e d 
w i t h a - p h e n a n t h r o l i n e for 6 t o 8 hr s . , go lden -ye l low , d i ch ro i c , t r i c l in i c n e e d l e s of cobaltic 
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phenanthrolinebisethylenediaminechlorosulphate, [Co ena(C l sIi8N8)]a(S04)Cl.2II20, are formed. 
F . M . J a g e r and. P . K o e t s d i g e s t e d t h e c h l o r o a q u o b i s e t h y l e n e d i a m i n e s u l p h a t e w i t h 
a n a q . so ln . of t r i a m i n o t r i e t h y l a m i n e for 4 h r s . , a n d t h e n t r e a t e d t h e so ln . w i t h s i lve r 
s u l p h a t e , w h e n b r o w n i s h - r e d , d i c h r o i c , o c t a h e d r a l c r y s t a l s of cobaltie bistriaminotri-
ethylaminesexiesethylenediaminesulphate, [Co3en„(C6H18:N4)a]a(S04)9.8:H20, were formed. 
The axial ratios of the rhombic bipyramids were a : 6 : c= 1-0131 : 1 : 1-1277. The lowering 
of the f.p. of aq. soln. corresponds with a mol. wt. of 261-6, and an 85 per cent, ionization. 
The mol. -wt. for 11 ions is 242. The mol. conductivity, /x, and the degree of ionization, 
o, of soln. of a mol in v litres, are : 

v 53-22 77-22 102-98 137-36 18315 366-20 109-89 
fx . 1210 1397 145O 1548 1635 1802 2769 
a . 0-43 0-5O 0-52 0-55 0-59 0-65 l-O 

IT. M. Jtiger and P. Koets also prepared brown rhombohedra of cobaltie blstriammi-
notriethylaminesexiesethylenediaminechlorosulphate, [Cosene(C6H18N)#]2(S04)3Cl13.10H2O, be­
longing to the trigonal system, and having the axial ratio a: c==l : 3*0114, and a = 51° IO". 
Q. Spacu and IfI. Hipan prepared some complex pyridine salts. 

E . F remy 5 a p p e a r s t o h a v e o b t a i n e d c o b a l t i e a q u o p e n t a m m i n o s u l p h a t e , 
[ C o ( N H 3 ) s ( H 2 0 ) ] 2 ( S 0 4 ) 3 . 3 H 2 O , i n 1 8 5 2 , b y c r y s t a l l i z a t i o n f r o m a n a q . s o l n . o f 
t h e h y d r o s u l p h a t e ; P . J o b u s e d a s i m i l a r p r o c e s s ; O . W . G i b b s a n d F . A . G e n t h 
p r e p a r e d t h e s a l t b y a d d i n g c o n e , s u l p h u r i c a c i d t o a n o x i d i z e d a m m o n i a c a l s o l n . 
o f c o b a l t o u s s u l p h a t e ; S . M . J o r g e n s e n , b y e v a p o r a t i n g a s o l n . o f t h e c o r r e s p o n d i n g 
c a r b o n a t e o r o x a l a t e i n 2 V - H 2 S O 4 , a n d e v a p o r a t i n g f o r c r y s t a l l i z a t i o n o v e r s u l p h u r i c 
a c i d , o r p r e c i p i t a t i n g t h e s a l t f rom, i t s a q . s o l n . b y a l c o h o l ; a n d P . J o b , b y t h e 
a c t i o n o f s u l p h u r i c a c i d o n a n i c e - c o l d s o l n . o f t h e c o r r e s p o n d i n g p y r o p h o s p h a t e , 
a n d a f t e r w a r d s a d d i n g a l c o h o l t o p r e c i p i t a t e t h e s u l p h a t e . O . W . G i b b s r e p o r t e d 
a n i s o m e r i c , y e l l o w v a r i e t y , b u t S . M . J o r g e n s e n c o u l d n o t c o n f i r m t h i s r e s u l t . T h e 
r e d , q u a d r a t i c c r y s t a l s , a c c o r d i n g t o F . M . J a g e r , a r e t e t r a g o n a l , w i t h t h e a x i a l 
r a t i o a : c=l : 1 -0862 , s p . g r . 1 -854 a t 2 0 ° , m o l . v o l . 3 5 9 - 2 2 ; a n d t o p i c a x i a l 
r a t i o s x '• 4* •" * t > = 6 - 9 1 5 5 : 6*9155 : 7 - 5 1 1 5 . H . S k r a u p a n d c o - w o r k e r s m e a s u r e d t h e 
c a p i l l a r y r i s e o f a q . s o l n . A . W e r n e r f o u n d t h a t t h e s o l i d s a l t i s q u i t e s t a b l e 
w h e n k e p t ; a n d S . M . J o r g e n s e n , t h a t w h e n d r i e d o v e r s u l p h u r i c a c i d , t h e s a l t 
g a i n s 2 -5 m o l s . o f w a t e r , a n d i t l o s e s 3 m o l s . o f w a t e r a t 9 0 ° , w i t h o u t l o s i n g i t s 
a c i d i c c h a r a c t e r . E . F r e m y s a i d t h a t t h e t o t a l a m o u n t o f w a t e r i n t h e s a l t i s 
3 H 2 O , b u t O . W . G i b b s a n d F . A . G e n t h , a n d C D . B r a u n s h o w e d t h a t 5 m o l s . 
i n a l l a r e p r e s e n t ; a n d o n A . W e r n e r ' s s y s t e m , t h e s a l t a p p e a r s a s a trihydrale, 
2 m o l s . b e l o n g t o t h e t w o c o m p l e x c a t i o n s o f t h e s a l t . T h i s w a s c o n f i r m e d b y 
A . B e n r a t h a n d W . K o h l b e r g ' s v a p . p r e s s , m e a s u r e m e n t s , w h e r e t h e r e i s a n 
a b r u p t b r e a k i n t h e c u r v e , c o r r e s p o n d i n g w i t h t h e h y d r a t e , w h i c h h e f o r m u ­
l a t e d : [ C o ( N H a ) 5 ( H 2 O ) ] ( S O 3 - H 2 O ) 3 . T h e tetrahydrate r e p o r t e d b y G . V o r t -
m a n n , a n d C . I ) . B r a u n , w a s n o t o b s e r v e d b y A . B e n r a t h a n d W . K o h l b e r g . 
A c c o r d i n g t o S . M . J o r g e n s e n , w h e n t h e s a l t i s d e h y d r a t e d b e y o n d t h e t r i h y d r a t e 
s t a g e , i t f o r m s s u l p h a t o p e n t a m m i n o s u l p h a t e , a n d a t 1 1 0 ° , s o m e t e t r a m m i n e i s 
f o r m e d a s w e l l . P . J o b a l s o s t u d i e d t h e d e h y d r a t i o n o f t h e s a l t a t 7 5 ° . A c c o r d i n g 
t o K . M a t s u n o , t h e m o l . c o n d u c t i v i t y , fx, o f s o l n . w i t h a m o l o f t h e s a l t i n v l i t r e s , 
a t 2 5 ° , i s : 

v . . . 1OO 2OO 40O 8OO 160O 
(j. . . . 117-0 151-8 182-2 217-0 2 6 5 1 

w h e n t h e s o l n . « = 1 0 0 i s k e p t f o r a n h o u r , t h e c o n d u c t i v i t y r i s e s f r o m 1 1 7 - 0 t o 1 4 3 - 5 ; 
t h i s i n d i c a t e s t h a t t h e s a l t i s n o t s t a b l e i n a q . s o l n . P . J o b o b s e r v e d t h a t t h e 
a q u o p e n t a m m i n o s u l p h a t e p a s s e s i n t o t h e s u l p h a t o - s u l p h a t e , s l o w l y a t o r d i n a r y 
t e m p . , b u t m o r e r a p i d l y a t 6 0 ° ; a n d A . B . L a m b a n d J . W . M a r d e n f o u n d t h a t a 
0 - 0 0 8 7 J f - B o I n . o f t h e a q u o p e n t a m m i n o s u l p h a t e , o r of t h e s u l p h a t o p e n t a m m i n e 
s u l p h a t e , i n 0 - 0 1 J f - H 2 S O 4 , w h e n k e p t 3 0 h r s . a t 7 0 ° , c o n t a i n s 4 3 - 5 p e r c e n t , o f 
a q u o p e n t a m m i n o s u l p h a t e , w h i c h e v e r s a l t w a s e m p l o y e d a t t h e s t a r t . P . J o b 
o b s e r v e d t h a t i n a l k a l i n e s o l n . t h e a q u o p e n t a m m i n o s u l p h a t e p a s s e s q u a n t i t a t i v e l y 
i n t o t h e h y d r o x y p e n t a m m i n o s u l p h a t e . P . J o b f o u n d t h e m a g n e t i c s u s c e p t i b i l i t y 
t o b e — 0 - 3 x 10~« m a s s u n i t . 
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Aq i iopen ta rn rn inosu lp l i a t e in 
S u l p h u r i c Acid . 

S. M. J o r g e n s e n obse rved t h a t 100 g r m s . of w a t e r dissolve 1»057 g r m s . a t 17-2° ; 
1-2O g r m s . a t 20-2° ; 1-38 g r m s . a t 23° ; a n d 1-72 g rms . a t 27° . F . E p h r a i m , a n d 
J . N . B r o n s t e d a n d A. P e t e r s e n found t h a t a sa t . , a q . soln. a t 17-5° h a s 0-047 m o l 
p e r l i t re ; a n d F . E p h r a i m a n d W . Flttgel, 0 1 6 mol pe r l i t re a t 20° . Accord ing 
t o P . J o b , w h e n a soln. of t h e a q u o p e n t a m m i n o s u l p h a t e is e l ec t romet r i ca l ly 
t i t r a t e d w i t h b a r i u m h y d r o x i d e , t h e c u r v e shows a s ingular p o i n t w h e n one-
t h i r d of t h e su lphur ic ac id h a s been p rec ip i t a t ed , a n d a n o t h e r w h e n all is 
p rec ip i t a t ed . T h e r eac t ions a r e symbol ized : [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( S 0 4 ) 3 + B a ( O H ) 2 
= [ C o ( N H 3 ) 5 ( O H ) ] 2 ( S 0 4 ) 2 + B a S 0 4 + 2 H 2 0 ; a n d t h e i n t e r m e d i a t e c o m p o u n d , 
i so la ted a s i n d i c a t e d below, t h e n r eac t s in accord w i t h t h e e q u a t i o n : 
[ C o ( N H 3 ) 6 ( O H ) ] 2 ( S 0 4 ) 2 + 2 B a ( O H ) 2 = [ C o ( N H 8 ) 5 ( O H ) ] 2 ( O H ) 4 + 2 B a S 0 4 . 

T h e effect of su lphur ic ac id on t h e solubi l i ty w a s s tud ied b y A. B e n r a t h a n d 
H . Wi i rzburger , a n d the i r resu l t s a re s u m m a r i z e d b y t h e c u r v e , F ig . 139, w i t h t h e 

cor responding solid phases . A. B e n r a t h a d d e d 
t h a t a t 30°, w i t h soln. h a v i n g u p t o 15 p e r cen t . 
H 2 S O 4 , t h e solid phase is : r C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( S 0 4 ) 3 . 
3 H 2 O ; w i t h 15 t o 35 pe r cen t . H 2 S O 4 , i t i s CO-
baltic aquopentamminosulphatodihydrosulphate, 
[ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( S 0 4 ) 3 . H 2 S 0 4 . 3 H 2 0 ; a n d w i t h 
ove r 35 p e r cen t . H 2 S O 4 , cobalt ic a q u o p e n t a m m i -
nosulphatotetrahydrosulphate , [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 -
( S 0 4 ) 3 . 2 H 2 S O 4 . O t h e r ac id sa l t s h a v e been d e ­
scribed, b u t t h e r e a re d o u b t s a b o u t t h e m . T h u s , 
E . F r e m y , C. D . B r a u n , J . G. Gente le , O. W . Gibbs 
a n d F . A. G e n t h , a n d S. M. J o r g e n s e n , refer t o 

4 [Co(NH 3 ) 5 (H 2 0)]o(S0 4 ) 3 .9H<>S0 4 .3H 2 0 ; a n d t h e t w o sa l t s descr ibed b y P . J o b , 
2 L C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( S 0 4 ) 3 . 5 H ^ S 0 2 . 1 2 H 2 0 , a n d [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 ( S 0 4 ) 3 . 3 H 2 S 0 4 , 
whose chemical i nd iv idua l i t y h e d o u b t e d . P . J o b a n d Xi. O. T a o obse rved t h a t 
t h e solid phase is t h e sa l t i tself; for soln. w i t h 0 t o 0-5 mol of H 2 S O 4 p e r l i t re , i t is 
[ C o ( N H 3 ) 5 ( H 2 0 ) ] ( S 0 4 ) ( H S 0 4 ) . H 2 0 , in t h e cold, a n d a t 56°, i t is LCo(NH 3 ) 5 (S0 4 ) ] -
H S O 4 . 2 H 2 O . T h e t i e l ines for o the r c o n c e n t r a t i o n s a re n o t concu r r en t , a l t h o u g h 
n e a r l y so for soln. w i t h 4*5 t o 8*5 mols H 2 S O 4 p e r l i t re . 

Accord ing t o A. B e n r a t h , t h e effect of a q . a m m o n i a a t 50° t o 75° is t o c o n v e r t 
t h e a q u o p e n t a m m i n o s u l p h a t e i n t o t h e h e x a m m i n o s u l p h a t e . K . M a t s u n o s t ud i ed 
t h e flocculating ac t ion of t h e sa l t on t h e hydroso l of arsenic su lph ide . S. M. J o r g e n ­
sen observed t h a t hydr iod ic ac id fo rms a n i odosu lpha t e ; hyd roch lo rop la t in i c 
acid, a ch lo rosu lpha top la t i na t e ; a n d hydrofluosil icic ac id gives n o p r e c i p i t a t e . 
Otherwise , t h e genera l r eac t ions a re those charac te r i s t i c of t h e fami ly—vide supra9 
t h e a q u o p e n t a m m i n o c h l o r i d e . 

No description of cobaltic aquopentamminochlorosulphate, [Co(NH3)5(H20)]-
(SO4)Cl, is ava i lab le , b u t J . M. K r o k r e p o r t e d a n a m m o n i u m cobalt ic a q u o p e n t a m -
minochlorosulphate , [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 H ( S 0 4 ) 3 . C l . ( N H 4 ) 2 S 0 4 . 2 H 2 0 , t o be f o r m e d 
b y pass ing chlor ine i n t o a soln. of t h e iodosu lpha te , a n d a m m o n i u m s u l p h a t e . T h e 
d a r k wine-red, o c t a h e d r a l c rys ta l s a re easily soluble in w a t e r , a n d n o decompos i t i on 
occurs w h e n t h e soln. is boiled. W h e n h e a t e d w i t h a m m o n i u m chlor ide a n d h y d r o ­
chloric acid, t h e ch lo ropen tamminoch lo r ide is fo rmed . S. M. J o r g e n s e n o b t a i n e d 
gold cobaltic aquopentamminocbJorosulphate , [ C o ( N H 3 ) 5 ( H 2 0 ) ] ( S 0 4 ) ( A u C l 4 ) , i n 
orange-red , d ichroic , r e c t a n g u l a r p r i sms , a n d J . M. K r o k p r e p a r e d mercur ic cobalt ic 
aquopentamminochloTOSulphate, [ C o ( N H 3 ) 5 ( H 2 0 ) ] ( S 0 4 ) C l . H g C l 2 . 2 H 2 0 , i n p r i s ­
m a t i c c rys ta l s . G. Spacu a n d K. R i p a n p r e p a r e d complexes w i t h cobalt ic m a g n e s i u m 
aquoquinquesbenzylaminosulphate, [Co(C7H9N)5(H2O)][Co(H2O)6]Mg(SO4)S. 

J . M. Krok prepared cobaltic aquopentamim'nobromosulphate, 
[Co(NHg) 5 (H 2 O)](SO 4 )Br , b y t h e a c t i o n of b r o m i n e on t h e i o d o s u l p h a t e ; a n d 
S. M. Jo rgensen , b y p rec ip i t a t i on o n t h e a d d i t i o n of ^ - H 2 S O 4 t o a cold, a q . 
soln. of t h e b romide . T h e yel lowish-red, o c t a h e d r a l c ry s t a l s were found , b y 
S. M. Jo rgensen , t o be s t ab le a t 100°. Accord ing t o O. H a s s e l a n d co-workers , 
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well - formed o c t a h e d r a l c r y s t a l s c a n b e o b t a i n e d f rom a m m o n i a c a l soln. ; a n d t h e 
X - r a d i o g r a m s s h o w t h a t t h e face -cen t red , cub ic l a t t i c e h a s t h e p a r a m e t e r a—10*45. 
T h e s t r u c t u r e is a l m o s t i d e n t i c a l w i t h t h a t of t h e h e x a m m i n o b r o m o s u l p h a t e . 
S. M. J o r g e n s e n p r e p a r e d s o l d c o b a l t i c a q u o p e n t a m m i n o b r o m o s u l p h a t e , 
[ C O ( N H S ) 6 ( H 2 O ) ] S O 4 ( A U B T 4 ) , i n b r o n z e - b r o w n , d ichro ic need les . 

O . W . G i b b s o b t a i n e d cobal t ic aquopentammino iodosu lphate , 
[ C o ( N H 3 ) 5 ( H 2 0 ) ] ( S 0 4 ) I , b y a d d i n g p o t a s s i u m iod ide t o a so ln . of t h e c o r r e s p o n d i n g 
s u l p h a t e ; J . K r a n i g , b y a d d i n g p o t a s s i u m iod ide t o a soln. of t h e c a r b o n a t o -
s u l p h a t e ; S. M. J o r g e n s e n , a n d F . E p h r a i m a n d W . Fl i igel , b y a d d i n g 2.ZV-H2SO4 
t o a n a q . soln. of t h e iod ide ; a n d O. H a s s e l a n d G. B . Naes s , O. Hasse l , J . M. K r o k , 
a n d C. W . B l o m s t r a n d , b y boi l ing a n a m m o n i a c a l soln. of c o b a l t o u s s u l p h a t e w i t h 
a m m o n i u m s u l p h a t e a n d i o d i n e — t h e first c r o p of c r y s t a l s is t h e h e x a m m i n o i o d o -
s u l p h a t e , a n d t h e second c rop , a q u o p e n t a m m i n o i o d o s u l p h a t e , wh ich , on re -c rys ta l ­
l i za t ion f rom a m m o n i a c a l soln. , fu rn ishes o r ange - r ed o c t a h c d r a . O. Hasse l , 
a n d O. H a s s e l a n d G. B . N a e s s o b s e r v e d t h a t t h e X - r a d i o g r a m s i n d i c a t e t h a t t h e 
i o d o s u l p h a t e h a s a face-cent red , cub ic l a t t i c e , w i t h edge a= 10*62 A. , a n d w i t h a 
s t r u c t u r e q u i t e a n a l o g o u s w i t h t h a t of t h e h e x a m m i n e s . !F. W . Cla rke a n d 
H . B . Wi l son f o u n d t h e sp . gr . t o b e 2 1 3 9 t o 2 1 4 9 a t 20-5°. F . E p h r a i m a n d 
W . Fl i igel obse rved t h a t a sa t . , a q . soln. h a s 0*0163 m o l of t h e sa l t p e r l i t re a t 17°. 
J . M. K r o k s h o w e d t h a t n o w a t e r is los t a t 100°, a n d t h a t b y e v a p o r a t i n g a soln . 
in a m m o n i a , t h e h e x a m m i n o - s a l t is f o r m e d ; t h e a q . so ln . g ives n o p r e c i p i t a t e 
w i t h hydrof luosi l ic ic ac id , or w i t h j>otassium c h r o m a t e or d i c h r o m a t e , b u t a g rey ish-
g reen t u r b i d i t y is p r o d u c e d w i t h p o t a s s i u m fe r rocyan idc or f e r r i cyan ide . 

S. M. J o r g e n s e n 6 p r e p a r e d c o b a l t i c d i a q u o t e t r a m m i n o s u l p h a t e , 
[ C o ( N H 3 ) 4 ( H 2 0 ) a ] 2 ( S 0 4 ) 3 . 3 H 2 0 , b y t r e a t i n g a n a q . soln. of c a r b o n a t o t e t r a m m i n o -
s u l p h a t e w i t h di l . su lphu r i c ac id , a n d t h e n a d d i n g a lcohol for p r e c i p i t a t e ; a n d 
J . V. D u b s k y , b y a d d i n g glacial ace t i c ac id t o a soln. of h y d r o x y a q u o t e t r a m m i n o -
s u l p h a t e in ace t ic ac id . T h e smal l , r ed , q u a d r a t i c p r i s m s w e r e t h o u g h t b y G. V o r t -
m a n n t o be a dihydrate; a n d b y P . J o b a n d Li. O. T a o , a hemipentahydrate. 
A. B e n r a t h a n d W . K o h l b e r g ' s m e a s u r e m e n t s of t h e v a p . p re s s , i n d i c a t e a tri-
hydrate, a n d t h i s ag ree s w i t h A. B e n r a t h a n d K . A n d r e a s ' o b s e r v a t i o n s on t h e 
so lub i l i ty of t h e s a l t in s u l p h u r i c ac id . S. M. J o r g e n s e n f o u n d t h a t over su lphu r i c 
ac id , t h e sa l t loses 3 mo l s . of w a t e r w i t h o u t c h a n g i n g i t s gene ra l c h a r a c t e r , b u t w h e n 
i t loses t h e eq . of 3 ^ mo l s . of w a t e r a t 100°, t h e r e is a f u n d a m e n t a l c h a n g e . 
A. U s p e n s k y a n d K . Tschibisoff s t u d i e d t h e a b s o r p t i o n s p e c t r a of a q . soln. 
F . E p h r a i m sa id t h a t a sa t . , a q . soln . h a s 0*175 m o l p e r l i t re a t 22° ; a n d A . W e r n e r 
a d d e d t h a t , u n l i k e t h e ch lo r ide o r b r o m i d e , t h e s u l p h a t e is q u i t e s t a b l e a n d m a y 
be k e p t for a l ong t i m e w i t h o u t c h a n g e . S. M. J o r g e n s e n r e g a r d e d t h e h y d r o x y -
a q u o t e t r a m m i n o s u l p h a t e a s a bas i c sa l t . P . J o b o b s e r v e d t h a t in a lka l ine soln. , 
t h e s u l p h a t e is h y d r o l y z e d t o f o r m d i h y d r o x y t e t r a m m i n o s u l p h a t e . P . J o b obse rved 
t h a t w h e n t h e soln . is e l ec t rome t r i ca l l y t i t r a t e d w i t h b a r i u m h y d r o x i d e , a s ingula r 
p o i n t occur s in t h e c u r v e w h e n t w o - t h i r d s of t h e s u l p h u r i c a c i d h a s b e e n p rec ip i t a t ed , 
a n d a n o t h e r s ingu la r p o i n t w h e n a l l is p r e c i p i t a t e d . A c c o r d i n g t o A. B e n r a t h a n d 
Iv. A n d r e a s , a n d K . A n d r e a s , w i t h soln . of s u l p h u r i c ac id h a v i n g b e t w e e n O a n d 35 
p e r c e n t . H 2 S O 4 , t h e sol id p h a s e is t h e t r i h y d r a t e , [ C o ( N H 3 ) 4 ( H 2 0 ) 2 ] 2 ( S 0 4 ) 3 . 3 H 2 0 ; 
w h e n t h e soln . h a s b e t w e e n 35 a n d 8O p e r c e n t . H 2 S O 4 , t h e solid p h a s e is cobalt ic 
diaxmotetramminosulphatotetrahydrosulpliate, [Co(NH3)4(H20)2j2(S04)3.2H2SO4. 
4 H 2 O ; a n d w h e n o v e r 8O p e r c e n t . H 2 S O 4 i s p r e s e n t , coba l t ic s u l p h a t o a q u o t e t r a m -
m i n o s u l p h a t e is f o r m e d . P . J o b a n d L . O. T a o ind ica t ed , w i t h o u t proof, t h e 
f o r m a t i o n of [ C o ( N H 8 ) 4 ( H 2 0 ) 2 ] 7 H ( S 0 4 ) 1 1 a n d [ C o ( N H 3 ) 4 ( H 2 0 ) 2 ] 2 ( S 0 4 ) 3 . H 2 S O 4 . 
A . B e n r a t h a n d K . A n d r e a s a l so o b s e r v e d t h a t a q . a m m o n i a c o n v e r t s t h e d i ­
a q u o t e t r a m m i n o s u l p h a t e i n t o h y d r o x y p e n t a m m i n o s u l p h a t e ; a n d A . W e r n e r , t h a t 
w h e n h e a t e d 'with p y r i d i n e a n d v e r y d i l . a ce t i c acid , t h e h e x o l - d o d e c a m m i n e is 
f o r m e d . A . U s p e n s k y a n d K . Tschibisoff s t u d i e d t h e ac t i on of c a r b o n d iox ide i n 
c o n v e r t i n g t h e d i a q u o t e t r a m m i n o s u l p h a t e i n t o c a r b o n a t o t e t r a m m i n o s u l p h a t e . 
F . Ephra im s a id t h a t w h e n t h e c a r b o n a t o t e t r a m m i n o s u l p h a t e is t r e a t e d w i t h 25 
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p e r c e n t , h y d r o b r o m i c ac id u n t i l n o m o r e c a r b o n d iox ide is evo lved , a n d t h e soln . 
in hydrobromic acid is cooled, cobaltic diaquotetramminobromosulphate, 
[Co(NHg) 4 (H 2 O) 2 ] (SO 4 )Br , is f o r m e d a s a r e d p r e c i p i t a t e . 

A. Werner and Kl. K. Lange prepared cobaltic cls-diaquoblsethylenedlaminesulphate, 
[Co e n , ( H , 0 ) , ] , ( S 0 4 ) „ in red needles, by the action of silver sulphate on the corresponding 
bromide ; and cobaltic trans-dlaquobisethylenediamlnesulphate, in brown plates, b y the 
action of cone, sulphuric acid on the cold soln. followed by the addit ion of water . The 
salt loses 2 mols. of water a t 80° to 90°. A. Werner prepared cobaltic dlaqtiobispyiidine-
dlammlnosulphatohydrosulphate, [Co(NH a) 2py 8(H aO) 8] a(S0 4) 8 .2H aS0 4 , in brownish-violet 
plates, from a soln. of chloride and cone, sulphuric acid. The red, aq. soln. has an acidic 
reaction. 

The CoA5 or Pentanvmine Family 

H . Schiff,7 C. D . B r a u n , a n d S. M. J o r g e n s e n p r e p a r e d w h a t t h e y r e g a r d e d a s 
bas ic p e n t a m m i n o - s a l t s ; a n d P . J o b o b t a i n e d c o b a l t i c h y d r o x y p e n t a m m i n o -
sulphate , [ C o ( N H 3 ) 5 ( O H ) ] S 0 4 . 2 H 2 O , b y a d d i n g a n eq . p r o p o r t i o n of b a r i u m 
h y d r o x i d e , in a q . soln. , t o t h e a q u o p e n t a m m i n o s u l p h a t e , a t 0° , a n d t r e a t i n g t h e 
n i t r a t e w i t h a lcohol . T h e r ed , c rys ta l l ine p r e c i p i t a t e is s t a b l e w h e n solid, b u t n o t 
so in a q . soln. I n a q . soln. , i t b e h a v e s l ike a w e a k base—v ide supra, a q u o p e n t a m ­
m i n o s u l p h a t e . C, D u v a l o b t a i n e d w h a t h e r e g a r d e d as a p e r s u l p h a t e , in w h i c h 
t h e S 0 4 - r a d i c l e is u n i v a l e n t , [Co(NH 3 )5SO 4 ]SO 4 , b u t R . K l e m e n t s h o w e d t h a t t h e 
p r o d u c t shou ld be r e g a r d e d as a h y d r o x y a m m i n o p e r s u l p h a t e , [Co(NH 3 )S (OH)]S 2 O 8 . 

S. M. J o r g e n s e n o b t a i n e d cobalt ic b^droxyaquote trammmos i i lphate , 
[ C o ( N H 3 ) 4 ( H 2 0 ) ( O H ) ] S 0 4 . H 2 O , b y a d d i n g a lcohol t o a n a m m o n i a c a l soln. of t h e 
c h l o r o a q u o t e t r a m m i n o s u l p h a t e , a n d h e r e g a r d e d i t a s a bas ic d i a q u o t e t r a m m i n e . 
A . W e r n e r p r e p a r e d i t b y a d d i n g s o d i u m s u l p h a t e t o a c o n e , a q . soln . of t h e b r o m i d e ; 
b y a d d i n g p y r i d i n e t o a n a q . soln. of t h e d i a q u o t e t r a m m i n o s u l p h a t e acidified w i t h 
ace t i c ac id ; or b y a d d i n g a lcohol t o a n a m m o n i a c a l soln . of t h e d i a q u o t e t r a m m i n o ­
s u l p h a t e , a p rocess a lso e m p l o y e d b y S. M. J o r g e n s e n . T h e s a l t fu rn ishes p a l e v io le t , 
r h o m b i c p l a t e s . E . R o s e n b o h m g a v e —0*059 X 1 O - 6 m a s s u n i t for t h e m a g n e t i c sus ­
cep t ib i l i ty , a n d t h e m a g n e t i c p r o p e r t i e s were s t u d i e d b y W . B i l t z , D . M. Bose , a n d 
Li. C. J a c k s o n . S. M. J o r g e n s e n o b s e r v e d t h a t t h e sa l t fu rn i shes a r ed , a q . so ln . 
w i t h a feeble a lka l ine r e a c t i o n ; t h e co lour of t h e a q . soln. , o n s t a n d i n g , d a r k e n s , 
c h a n g i n g t o b rowni sh -v io l e t a n d t h e n t o a b r o w n i s h - b l a c k soln . of hexo l -dodec -
a m m i n o s u l p h a t e ; a n d w i t h a w a r m 1 : 1-hydrochlor ic a c id soln. , c h l o r o a q u o -
t e t r a m m i n o c h l o r i d e is fo rmed . J . V . D u b s k y , A . W e r n e r , a n d H . F r a n k o b s e r v e d 
t h a t w h e n a soln. in di l . ace t ic ac id is t r e a t e d w i t h ace t i c a n h y d r i d e , d i o l - o c t a m m i n o -
s u l p h a t e is fo rmed . 

S. M. Jorgensen8 prepared cobaltic cMoropentamrninosulphate, 
[Co(NH 3)SCl]SO 4 , b y t r i t u r a t i n g a m o l of t h e ch lo r ide w i t h 3 m o l s of cone , su l ­
p h u r i c ac id , a n d w h e n h y d r o g e n ch lor ide is n o longer evo lved , a d d i n g w a t e r a t 70° . 
T h e w a r m soln. depos i t s c ry s t a l s of t h e dihydrate a n d of t h e a n h y d r o u s sa l t , t h e 
co ld soln . y i e lds n e a r l y all d i h y d r a t e . A . B e n r a t h o b t a i n e d t h e a n h y d r o u s s a l t 
b y seed ing a soln . of t h e d i h y d r a t e w i t h a n h y d r o u s s a l t ; a n d t h e d i h y d r a t e , b y 
r a p i d l y cool ing t h e hot - f i l te red soln . S. M. J o r g e n s e n o b t a i n e d t h e d i h y d r a t e 
a s a l i lac p r e c i p i t a t e cons i s t ing of fine need les w h e n a co ld so ln . of a m o l 
of t h e ch lor ide is t r e a t e d w i t h 8 t o 10 mols of s u l p h u r i c ac id . T h e a n h y d r o u s s a l t 
fo rms p u r p l e - b r o w n , a l m o s t b l ack , o c t a h e d r a l c ry s t a l s , a n d i t i s cons ide r ed t o b e 
t h e s t a b l e f o r m because , a c c o r d i n g t o S. M. J o r g e n s e n , i t i s s t a b l e i n a i r , o v e r 
s u l p h u r i c ac id , o r w h e n h e a t e d t o 1 0 0 ° ; w h e r e a s t h e d i h y d r a t e f o r m s p u r p l e - r e d , 
r h o m b i c c rys t a l s w h i c h effloresce i n a i r , o r o v e r s u l p h u r i c ac id , a n d a t 100° . 
S. M. J 6 r g e n s e n said t h a t t h e d i h y d r a t e , w h i c h h e cal led t h e u n s t a b l e fo rm , d i s so lves 
m o r e s lowly i n w a t e r , a n d is less so luble t h a n t h e a n h y d r o u s s a l t : IOO g r m s . of 
w a t e r , a t 17*3°, d issolve 0*769 g r m . of t h e a n h y d r o u s sa l t , a n d 0-750 of t h e d i h y d r a t e . 
T h e sub j ec t w a s d iscussed b y A . B e n r a t h . F . E p h r a i m o b s e r v e d t h a t a s a t . , a q . 
so ln . of t h e a n h y d r o u s sa l t c o n t a i n s 0*0344 m o l p e r l i t r e a t 19° ; a n d J . N . B r o n s t e d 
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a n d A . P e t e r s e n , 0*029 m o l p e r l i t r e a t 20° . A . W e r n e r a n d A . Miola t i f o u n d t h e 
m o l . c o n d u c t i v i t y , ft, of soln. w i t h a m o l of t h e s a l t i n v l i t r es , a t 25° , t o b e : 

V 

/* 
. 
. 

64 
. 218-8 

128 
240-5 

256 
253-7 

512 
266-9 

1024 
2761 

2048 
284-8 

/ •* 

K . M a t s u n o a lso m a d e m e a s u r e m e n t s of t h e m o l . c o n d u c t i v i t y . S. M. J o r g e n s e n 
f o u n d t h a t a n e u t r a l a q . soln. of t h e s a l t g ives a p r e c i p i t a t e of si lver ch lor ide w h e n 
i t is w a r m e d w i t h s i lver n i t r a t e , b u t n o t so w i t h ac id ic soln . ; b a r i u m h y d r o x i d e 
a l so f o r m s a m i x t u r e of a q u o p e n t a m m i n o - c h l o r i d e a n d h y d r o x i d e . A . B e n r a t h 
m e a s u r e d t h e so lub i l i ty of t h e s a l t i n soln . of s u l p h u r i c ac id , a t 25°, a n d f o u n d t h e 
r e s u l t s i n d i c a t e d i n F i g . 140. W i t h 0 t o 13 p e r c e n t , of H 2 S O 4 , t h e solid p h a s e is 
[Co(NH 3 )5Cl]SO 4 ; w i t h 13 t o 48 p e r c e n t . H 2 S O 4 , i t is 
4 [ C o ( N H 8 ) 5 C l ] S 0 4 . 3 H 2 S 0 4 ; a n d w i t h ove r 48 p e r c e n t . 
H 2 S O 4 , i t is [ C o ( N H 3 ) 5 C l ] S 0 4 . H 2 S 0 4 . T h e r e i s h e r e 
n o ev idence of t h e f o r m a t i o n of t h e c o b a l t i c c h l o r o -
pentam minosulphatohydrosulphate, 2[Co(NH3) 5C1> 
S O 4 - H 2 S O 4 , r e p o r t e d b y H . B i l t z a n d E . Alefeld ; n o r 
of the cobaltic chloropentamminosulphatotritatetra-
hydrosu lphate , 3 [ C o ( N H 3 ) 5 C l ] S 0 4 . 2 H 2 S 0 4 , r e p o r t e d 
b y P . J o b . T h e z o n e of s t a b i l i t y of cobal t ic ch loro-
pentamminosulphatodihydrosulphate, [Co(NH3) 5C1]-
S O 4 - H 2 S O 4 , i s i n d i c a t e d in A . B e n r a t h ' s F i g . 140. 
T h e s a l t w a s p r e p a r e d b y J . M e y e r a n d K . Groh le r , a n d 
i t s X - r a y a b s o r p t i o n s p e c t r u m w a s s t u d i e d b y F . d e 
B o e r . T h e zone of s t a b i l i t y of cobal t ic c h l o r o p e n t a m m i -
nosulphatohemitriliydrosxilpliate, 4[Co(NH3)5Cl]S04 . 
3 H 2 S O 4 , i s i n d i c a t e d i n A. B e n r a t h ' s F i g . 140. T h e 
sa l t w a s p r e p a r e d b y S. M. J o r g e n s e n . F . M. J a g e r 
f o u n d t h a t t h e d a r k r e d need les a r e r h o m b i c b i p y r a -
m i d s w i t h t h e ax i a l r a t i o s a : b : c = 0 - 9 0 2 5 : 1 : 1-609 ; 
t h e s p . g r . 1*769 a t 17° ; t h e m o l . vo l . 789*14 ; a n d t h e t o p i c ax ia l r a t i o s 
X : <£ : c o = 7 * 3 6 4 9 : 8*1604 : 13*1300. Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
S. M. J o r g e n s e n sa id w a t e r d e c o m p o s e s t h e s a l t i n t o i t s c o m p o n e n t s ; cold h y d r o ­
chlor ic ac id f o r m s c h l o r o p e n t a m m i n o c h l o r i d e ; hydrof luosi l ic ic ac id , a n d h y d r o -
c h l o r o p l a t i n i c ac id g i v e c h a r a c t e r i s t i c p r e c i p i t a t e s ; a n d s i lver n i t r a t e g ives n o 
p r e c i p i t a t e in t h e co ld , a n d a n i n c o m p l e t e p r e c i p i t a t i o n in h o t soln . K . M a t s u n o 
s t u d i e d t h e flocculating a c t i o n of t h e s a l t o n t h e h y d r o s o l of a r sen ic su lph ide . 
S. M. J o r g e n s e n p r e p a r e d cobal t i c c h l o r o p e n t a m m i n o b r o m o s i l l p h a t e , in r e c t a n g u l a r 
pr i sms; and also cobaltic cUoropentamminoiodosulphate, [Co(NH3)5Cl]4-
( S 0 4 ) 3 ( I 3 ) 2 , i n o l ive-green , r e c t a n g u l a r p l a t e s . 

A. Werner reported cobaltic trans^hloroblsethylenediamineamminochlorosulphate, 
[ C o ( N H 8 ) e n , C l ] C l ( I l S O 4 ) , t o b e f o r m e d in r u b y - r e d p l a t e s , b y e v a p o r a t i n g a m i x t u r e of 
t h e t r a n s - n i t r o x y l b i s e t h y l e n e d i a j x i i n e a i n i n i n o d i t h i o n a t e with. c o n e , h y d r o c h l o r i c ac id on 
a w a t e r - b a t h . T h e a q . so ln . i s s t r o n g l y a c i d i c . R . V o g e l a l so p r e p a r e d cobaltic chloro-
blsethylenedlamlnepyridinesulphate, [Co en joy Cl]SO4. 

20 40 60 
Per ce/?t. //,SG, 

F i a . 140. T h e S o l u b i l i t y of 
ChI o r o p e n t a m m i n o s u l p h a t e 
i n S u l p h u r i c A c i d . 

A . "Werner a n d c o - w o r k e r s °—A. K l e i n , a n d A . M io l a t i— pr epa r ed c o b a l t i c ClS-
cUoroaquotetramminosulphate, [Co(NHa)4(H2O)Cl]SO4, by allowing a c o n e , aq. 
so ln . of ac id ic d i c U o r o t e t r a m m i n o s u l p h a t e t o s t a n d for s o m e t i m e ; a n d 
S. M. J o r g e n s e n , b y t r e a t i n g a so ln . of t h e c o r r e s p o n d i n g ch lor ide i n d i l . su lphur i c 
o r n i t r i c a c id w i t h a 2O p e r c e n t . so ln . of a m m o n i u m s u l p h a t e , o r b y t r i t u r a t i n g 
t h e ch lo r ide w i t h cone , s u l p h u r i c ac id , a n d d i l u t i n g t h e m i x t u r e w i t h 2 vols , of 
w a t e r . T h e s a l t fu rn i shes v io le t , r h o m b i c o r r h o m b o i d a l p l a t e s . K . M a t s u n o 
f o u n d t h a t t h e m o l . c o n d u c t i v i t i e s of so ln . w i t h a m o l of t h e sa l t i n 400, 80O, a n d 
1600 l i t r e s of w a t e r , a t 25° , a r e , r e spec t ive ly , 190-1, 218-7, a n d 259-2, so t h a t 
a q u a t i o n , a t t e n d e d b y a t r a n s f o r m a t i o n i n t o d i a q u o t e t r a m m i n o s u l p h a t e , occu r s in 
a q . so ln . A . W e r n e r a n d A . Mio la t i m e a s u r e d t h e c o n d u c t i v i t y in d i l . hyd roch lo r i c 



798 INORGANIC AND THEORETICAL CHEMISTRY 

acid soln. S. M. Jorgensen found t h a t the salt dissolves in cone, sulphuric acid 
without forming hydrogen chloride, and hydrochloric acid precipitates from the 
soln. trans-dichlorotetramminochloride ; and silver ni trate precipitates no silver 
chloride from the cold soln. K. Matsuno studied the flocculation of the hydrosol 
of arsenic sulphide by this salt. 

A . W e r n e r , a n d A . W e r n e r a n d O . Tschernoff p r e p a r e d cobaltlc chloroaquoblsethylene-
dlaminesulphate, [Co e n 2 ( H a O ) C l ] S 0 4 . l ^ H a O , b y a d d i n g a m m o n i u m s u l p h a t e t o a b o i l i n g 
so ln . of t h e t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e , a n d w a s h i n g w i t h co ld -water t h e 
s a l t -which s e p a r a t e s o n cool ing . T h e fohiish-red c r y s t a l s a r e s p a r i n g l y so lub le in co ld -water . 
A . U s p e n s k y a n d K . Tschibisoff e x a m i n e d t h e a b s o r p t i o n s p e c t r u m , a n d c o n c l u d e d t h a t 
w h e n t h e a q . so ln . is -warmed for a l o n g t i m e , a q u a t i o n occu r s , a n d a s t a t e of e q u i l i b r i u m 
w i t h d i a q u o c h l o r o s u l p h a t e e n s u e s . A . W e r n e r o b s e r v e d t h a t t h e a d d i t i o n of c o n e , a q . 
a m m o n i a , fol lowed b y t h e a d d i t i o n of h y d r o b r o m i c ac id , c o n v e r t s t h e s a l t i n t o ch lo rob i s -
e t h y l e n e d i a m i n e a m m i n o b r o m i d o ; a n d IT. M. J a g e r a n d P . K o e t s s t u d i e d t h e a c t i o n of 
t r i a m i n o t r i e t h y l a m i n e o n t h e s a l t . H . l^ischlin o b t a i n e d t h e dextro-salt a n d Icevo-aalt 
b y t h e a c t i o n of 50 p e r c e n t , s u l p h u r i c a c i d o n t h e o p t i c a l l y - a c t i v e b r o m i d e s . T h e r e d d i s h -
b r o w n c r y s t a l s of t h e monohydrate, so fo rmed , lose -water a t 40° ; a n d t h e O-1 p e r c e n t . a q . 
so ln . h a v e t h e s p . r o t a t i o n s [ a . J — ^ 2 3 2 ° . F . M. J a g e r p r e p a r e d cobaltlc ch loroaquo-a-
phenanthrol inosulphate. J . M e y e r p r e p a r e d c o b a l t i c m e t h y l s u l p h a t o a q u o t e t r a x n m i n o -
r n e t h y l s u l p h a t e , [ C o ( N H 3 ) 4 ( H 2 0 ) ( C H 3 . S 0 4 ) J ( C H 3 . S 0 4 ) 2 . 

S. M. Jorgensen30 prepared cobaltic chlorodiaquotriamminoaulphate, 
[Co(NHg)3(H2O)2Cl]SO4, by allowing a cold, aq. soln. of acid dichloroaquotriammine 
sulphate to s tand for some time ; and A. Werner, by heating an aq. soln. of the acid 
sulphate on the water-bath and allowing the soln. t o crystallize in vacuo. 
I t separates in small, lustrous crystals, is almost insoluble in water, and can also 
be obtained by treating chlorodiaquotriamminochloride with sulphuric acid. The 
dark violet, rhombic plates were found by S. M. Jorgensen to be isomorphous with 
those of the chloroaquotetramminosulphate. The salt is sparingly soluble in cold 
water. K. Matsuno studied the absorption spectrum, and found t h a t the mol. 
conductivities of soln. of a mol of the salt in 80O, and 160O litres of water, are, 
respectively, 259-2 and 462-9, a t 25°. A. Werner found t h a t the t r i turat ion of 
the salt with cone, hydrochloric acid forms the violet chloride ; S. M. Jorgensen, 
t ha t 1 : 1-hydrochloric acid converts it into dichloroaquotriamminochloride ; 
A. Werner, t ha t the soln. in dil. soda-lye, or in contact with potassium bromide 
and water, converts the sulphate into triol-hexamminosulphate ; and K. Matsuno, 
t ha t t he salt is almost insoluble in alcohol. A. Werner, and K. Matsuno studied 
an isomeric, bluish-grey form of the salt obtained by adding alcohol to a cold, 
c o n e , aq. soln. of dichloroaquotriamminosulphate. A. R. Klein studied the action 
of water, acids, and alkali-lye. 

A. Werner prepared cobaltic cis-cMorotriaquodiamrninosulphate, 
[Co(NHg)2(H2O)3Cl]SO4-II2O* by evaporating over sulphuric acid, an aq. soln. of 
dichlorodiaquodiamminosulphate, acidified with sulphuric acid. The indigo-blue, 
crystalline mass furnishes an indigo-blue aq. soln. whose absorption spectrum was 
studied by K. Matsuno, and found to correspond with t ha t of cis-diaquobisethylene-
diaminochloride, but not -with t h a t of the trans-salt ; he also found the mol. con­
ductivity, /JL9 of a soln. of a mol of the salt in v litres of water, a t 25°, to be : 

v . . . 100 200 400 800 1600 
fj. . . . 184-2 222-3 267-6 332-7 412-3 

S. M. Jorgensen 1 X prepared cobaltic bromopentamminosulphate, 
[Co(NHg)5Br]SO4, along with the bromosulphate, by t r i turat ing a mol of the 
bromochloride -with 12 to 14 mols of cold, cone, sulphuric acid, diluting considerably 
with water after the escape of hydrochloric acid has ceased, and precipitating by 
addition of alcohol. If little water only be added, a blue-violet salt separates, 
which is most probably the acid sulphate. The normal sulphate may also be 
prepared from the bromobromide. I t crystallizes in small, very dark violet octa­
hedrons with brilliant lustre, which readily take up moisture and pass into the 
hydrated sulphate, a salt which probably contains 6 mols. of water of crystal-
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l i za t ion . F . E p h r a i m found t h a t a sa t . , a q . soln. , a t 20°, c o n t a i n s 0*0246 mol p e r 
l i t r e . S. M. J o r g e n s e n o b s e r v e d t h a t if c r y s ta l l ized f rom dil . su lphur i c acid, u n s t a b l e 
cobal t ic bromopentamminohydrosu lp l ia te is f o rmed in v io le t need les , d e c o m p o s e d 
b y w a t e r . F . E p h r a i m a n d W . Fl i igel sa id t h a t a soln. of t h e sa l t g ives n o prec ip i ­
t a t e w i t h p o t a s s i u m n i t r i l o s u l p h o n a t e . Acco rd ing t o S. M. J o r g e n s e n , if t h e soln. 
i n di l . s u l p h u r i c ac id b e t r e a t e d w i t h a soln. of b r o m i n e a n d p o t a s s i u m iodide , 
u n s t a b l e cobalt ic b r o m o p e n t a m m i n o b r o m o s u l p h a t e is fo rmed in r e d d i s h - b r o w n 
p l a t e s ; a n d w i t h a soln. of iod ine . a n d p o t a s s i u m iodide , u n s t a b l e cobalt ic b r o m o -
p e n t a m m i n o i o d o s u l p h a t e , [Co(NH3)BBr]4(SO4)S-(Is)2 , is fo rmed in b lack , r e c t a n g u l a r 
p l a t e s . 

A . W e r n e r a n d A . WoIbe rg p r e p a r e d cobal t ic c i s - b r o m o a q u o t e t r a m m i n o -
su lphate , [ C o ( N H 3 ) 4 ( H 2 O ) B r ] S O 4 , in r edd i sh- o r b lu ish-v io le t c rys t a l s , b y t h e 
a d d i t i o n of a lcohol t o a cold, a q . soln. of t h e co r r e spond ing b r o m i d e acidified -with 
s u l p h u r i c ac id ; or b y a d d i n g a m i x t u r e of a lcohol a n d e t h e r t o a soln. of d i b r o m o -
t e t r a m m i n o s u l p h a t e . I f t h e d r y b r o m i d e be t r i t u r a t e d w i t h su lphur i c ac id (2 : 1), 
dark violet crystals of cobaltic cis-bromoaquotetramminobromosulphate, 
[Co(NHs) 4 (H 2 O)Br ] 2 (SO 4 )Br 2 , a r e fo rmed . 

F . E p h r a i m p r e p a r e d cobalt ic i odopentamminosu lphate , [Co(NHg) 5 I ]SO 4 , b y 
t r i t u r a t i n g t h e n i t r a t e w i t h s o d i u m s u l p h a t e a n d a l i t t le w a t e r . A sa t . , a q . soln . 
c o n t a i n s 0-00529 m o l p e r l i t re a t 20° . 

S. M. J o r g e n s e n 1 2 p r e p a r e d cobal t i c s u l p h a t o p e n t a m m i n o s u l p h a t e , 
[ C o ( N H 3 ) 5 ( S 0 4 ) ] 2 S 0 4 . H 2 0 , b y s lowly a d d i n g a lcohol t o a n a q . soln. of t h e h y d r o -
s u l p h a t e ; a n d P . J o b , b y h e a t i n g d i a q u o p e n t a m m i n o s u l p h a t e , a t 75° , u n t i l i t s 
we igh t is c o n s t a n t . I t w a s a l so p r e p a r e d b y C. a n d M. D u v a l . Acco rd ing t o 
S. M. J o r g e n s e n , t h e v io le t - red , feebly d ichro ic needles c a n n o t b e re -crys ta l l ized 
f rom w a t e r a lone , owing t o a q u a t i o n t o t h e a q u o p e n t a m m i n e s u l p h a t e . A. B e n r a t h 
obse rved t h a t t h e n e u t r a l s u l p h a t o - s u l p h a t e does n o t occur a s solid p h a s e in t h e 
p re sence of su lphu r i c ac id—v ide supra, t h e a q u o p e n t a m m i n o s u l p h a t e — a l t h o u g h 
i t c a n b e p r e c i p i t a t e d b y a lcohol f rom a soln . of t h e ac id s u l p h a t e . F . E p h r a i m 
a n d W . Fli igel sa id t h a t a sa t . , a q . soln. c o n t a i n s 0*3464 g r a m - a t o m of c o b a l t p e r 
l i t r e a t 20° . P . J o b found t h a t a t 0° , benz id ine ch lor ide p r e c i p i t a t e s on ly one-
t h i r d of t h e c o n t a i n e d S 0 4 - g r o u p s ; b u t a q u a t i o n occurs , so t h a t t h e r e is a s t a t e 
of e q u i l i b r i u m b e t w e e n t h e s u l p h a t o - s u l p h a t e a n d t h e d i a q u o - s u l p h a t e — a t 0° , 
a b o u t 5-5 p e r cen t . , a n d a t 20° , a b o u t 11*3 p e r c e n t , of t h e d i a q u o - s u l p h a t e is 
fo rmed . A . B . L a m b a n d J . W . M a r d e n o b s e r v e d t h a t a soln . of 0-0087 mol of 
t h e s u l p h a t o - s u l p h a t e p e r l i t r e i n 0-01Af-H 2 SO 4 , i n 24 h r s . a t 70°, suffers a 43-3 
p e r c en t , a q u a t i o n . R . S c h w a r z a n d K . T e d e s t u d i e d t h e ac t ion of u l t r a -v io l e t 
l i gh t in t h e t r a n s f o r m a t i o n . F o r C. D u v a l ' s [ C o ( N H 3 ) 5 ( S 0 4 ) ' ] S 0 4 , vide supra, 
h y d r o x y p e n t a m m i n o s u l p h a t e . 

O. W . G i b b s a n d F . A . G e n t h , a n d S. M. J o r g e n s e n p r e p a r e d cobalt ic su lphato -
p e n t a m m i n o h y d r o s u l p h a t e , [ C o ( N H 3 ) 5 ( S 0 4 ) ] H S 0 4 . 2 H 2 0 , in r e d p r i sms , b y a d d i n g 
cone , s u l p h u r i c ac id t o soln . of t h e c h l o r o p e n t a m m i n o c h l o r i d e o r of t h e d i a q u o ­
p e n t a m m i n o s u l p h a t e . P . J o b sa id t h a t s o m e a q u o p e n t a m m i n o s u l p h a t e is a l w a y s 
fo rmed b y t h i s p rocess , a n d h e r e c o m m e n d e d e v a p o r a t i n g a soln. of t h e d i a q u o -
s u l p h a t e i n 22V-H2SO4 , i n v a c u o — t h e first c r o p of c ry s t a l s furnishes t h e a q u o ­
p e n t a m m i n o s u l p h a t e , a n d t h e n e x t c r o p cons i s t s of t h e s u l p h a t o - h y d r o s u l p h a t e . 
P . J o b a n d L . O. T a o o b s e r v e d t h a t a t o r d i n a r y t e m p . , in c o n t a c t w i t h su lphur i c 
ac id of different c o n c e n t r a t i o n s , t h e solid p h a s e s a re : (i) t h e d i a q u o - s u l p h a t e , 
[ C o ( N H 3 ) 4 ( H 2 0 ) 2 ] 2 ( S 0 4 ) 3 . 2 £ H 2 0 ; (ii) t h e d i a q u o - s u l p h a t o h y d r o s u l p h a t e , 
[ C o ( N H 3 ) 4 ( H 2 O ) 2 ] 7 ( S O 4 ) 1 0 H S O 4 ; a n d (iii) t h e s u l p h a t o - h y d r o s u l p h a t e , 
[Co (NHa) 4 (H 2 O) 2 ] (SO 4 )HSO 4 . T h e r e d p r i s m s or p l a t e s of t h e h y d r o s u l p h a t e 
w e r e f o u n d b y S. M. J o r g e n s e n t o b e d ichro ic . Obse rva t ions on t h e c rys t a l s were 
m a d e b y J . D . D a n a , a n d O. W . G i b b s a n d F . A. G e n t h . F . M. J a g e r obse rved 
t h a t t h e r h o m b i c b i p y r a m i d s h a v e t h e ax ia l r a t i o s a : b : c—0-7517 : 1 : 0-5364. 
F . M. J a g e r f ound t h e sp . gr . t o b e 1-828 a t 18° ; t h e mol . vol . , 204-04 ; a n d t h e 
t o p i c a x i a l r a t i o s x : 4* : c«>=e6-9900 : 7-9689 : 4-2745. J . P e t e r s e n s t u d i e d t h e 
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lowering of the f.p., and t h e mol. conductivity of aq. soln. ; and E . Feytis , t he 
magnetic susceptibility. The dihydrate loses 2 mols. of water a t 100° ; and 100 
grins, of cold water dissolve 4 grms. of the salt. P . J o b observed no hydrolysis 
in cold, aq. soln. According to S. M. Jorgensen, and O. W. Gibbs and F . A. Genth, 
warming the salt with hydrochloric acid produces the chloro-chloride ; dil. hydro­
chloric, hydrobromic, and nitric acids give precipitates after the addition of alcohol. 
The salt is almost insoluble in aq. ammonia ; potassium iodide precipitates the 
iodide from aq. soln. ; crystalline precipitates are obtained -with sodium chloro-
mercurate, sodium dithionate, potassium dichromate, hydrochloroplatinic acid, 
and hydrochloroauric acid ; and ammonium oxalate, potassium cobalticyanide, 
and sodium pyrophosphates give no precipitates. K. Matsuno studied the con­
st i tut ion of these salts. 

F . Ephraim and W. Flugel prepared cobaltic sulphatopentamminochloride, 
[Co(NH3)5(S04)]Cl, by alcohol precipitation from a soln. of t he acid sulphate in 
dil. hydrochloric acid. The rose-red precipitate has a bluish tinge. A sat., aq. soln. 
contains 0-2881 gram-atom of cobalt per litre. Barium chloride does not precipi­
t a t e sulphate from the cold, aq. soln. The salt is insoluble in alcohol. I t was also 
prepared by C. and M. Duval . By adding alcohol to a soln. of the acid sulphate 
in dil. hydrobromic acid, S. M. Jorgensen prepared cobaltic snlphatopentammino-
bromide, [Co(NH3)5(S04)]Br, as a precipitate which crystallizes from c o n e , aq. soln. 
with the addition of hydrobromic acid (1 : 1), in violet-red, dichroic, rectangular 
plates. Measurements of the lowering of the* f.p. were made by J . Petersen. 
A. Werner and A. Miolati also found t h a t soln. with a mol of the salt in 32, 256, 
and 1024 litres, had the mol. conductivities 79-34, 1Ol -6, and 114-2, respectively. 
Aquation thus occurs in dil., aq. soln. F . Ephraim and W. Flugel observed t h a t 
the sat., aq. soln., a t 20°, contains 0-0500 gram-atom of cobalt per litre. S. M. Jorgen­
sen found t h a t silver n i t ra te gives an immediate precipitate of silver bromide, 
bu t barium chloride gives a precipitate of bar ium sulphate only after the soln. 
has been warmed. F . Ephra im and W. Flugel prepared cobaltic SUlphatopent-
ajnminoiodide, [Co(NH3)5(S04)]I, in small, red prisms, by t reat ing the corre­
sponding chloride with potassium iodide a t 50°. The sat., aq. soln. contains 0-0371 
gram-atom of cobalt a t 20°. C. and M. Duval prepared cobaltic persulphato-
pentamminochloride. 

P. Job prepared cobaltic sulphatoaquotetramminognlphate, [Co(NHj)4(H2O)-
(S0 4 ) ] 2 S0 4 .2H 2 0, in red crystals, from an aq. soln. of the acid sulphate. The 
dihydrate is only sparingly soluble in water, and the aq. soln. is not stable, for, 
by aquation, i t forms diaquotetramminosulphate. J . Meyer and KL. Grohler 
obtained the tetrahydrate by exposing the sulphate, dried a t 110°, in air ; F . Ephra im 
and W. Flugel, by adding alcohol to a soln. of the earbona t otet ram minonit ra te in 
cold, dil. sulphuric ac id ; and W. Schramm, by adding alcohol to a soln. of the 
diaquotetramminosulphate in malonic acid. The te t rahydra te forms cherry-red, 
acicular crystals which are easily soluble in water ; barium chloride precipitates 
barium sulphate from the cold, aq. soln., and there is another precipitation after the 
soln. has been boiled. The salt loses 4 mols of water a t 110°, and decomposes a t 
a higher t emp. The anhydrous salt forms a bluish-violet soln. in water, which soon 
becomes cherry-red. The sat. , aq . soln. has 0-1254 gram-atom of cobalt per li tre 
a t 20°. A soln. of cobaltic chloronitritotetramminochloride in cold, cone, sulphuric 
acid, when t rea ted in the cold with absolute alcohol, furnishes the dialcoholate, 
[ C O ( N H S ) 4 ( H 2 O ) ( S O 4 ) I 2 S O 4 ^ C 2 H 6 O H . This salt loses the alcohol a t 80°, and when 
the residue is exposed t o air, i t forms the te t rahydra te . P . J o b prepared cobaltic 
sulphatoaquotetramminohydrosalphate, [Co(NH3)4( H2O) (SO4) JHSO4 . I J H 2 O , or 
[Co(NH3) 4(H 20)(S0 4)] 2S0 4 .H2S0 4 .3H 20, in violet crystals, b y evaporat ing a 
sulphuric acid ( 1 : 4 ) soln. of carbonatotetramminosulphate , or d iaquote t rammino­
sulphate on a water-bath, or in vacuo ; and A. Benra th and K. Andreas, and 
K. Andreas, observed t h a t when t h e diaquo-sulphate is in contact with over 8O per 
cent, sulphuric acid, i t behaves like t h e pentanrminosulphate, forming, a t 25 , a 
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s y r u p y l iqu id -which, a t a low t e m p . , furnishes c ry s t a l s of t h e h y d r o s u l p h a t e , 
[ C o ( N H 3 ) 4 ( H 2 0 ) ( S 0 4 ) ] 2 S 0 4 . H 2 S 0 4 , i.e. [ C o ( N H 3 ) 4 ( H 2 O ) ( S O 4 ) ] H S 0 4 . P . J o b s t u d i e d 
t h e c o n s t i t u t i o n b y e l ec t rome t r i c t i t r a t i o n of t h e soln. w i t h b a r i u m h y d r o x i d e , 
a n d t h e r e su l t s i n d i c a t e t h a t a n a q u o - s a l t is fo rmed w h i c h d issoc ia tes i n t o a 
h y d r o x y l - s a l t a n d H*-ions. 

A . W e r n e r p r e p a r e d cobal t i c su lphatodiaquotr iam m i n o s u l p h a t e , [ C o ( N H 3 ) 3 -
( H 2 O ) 2 ( S O 4 ) I 2 S O 4 - H 2 O , b y a d d i n g t h e r equ i s i t e q u a n t i t y of s i lver s u l p h a t e t o a 
w a r m , cone . soln . of d i c h l o r o a q u o t r i a m m i n o c h l o r i d e a n d e v a p o r a t i n g t h e n i t r a t e 
f rom t h e s i lver ch lo r ide i n VACUO. T h e r e s i d u e is e x t r a c t e d w i t h w a t e r , w h e n 
t h e s a l t is left u n d i s s o l v e d ; b y e v a p o r a t i n g t h e soln. a n d aga in e x t r a c t i n g 
w i t h -water, a f u r t h e r q u a n t i t y of t h e inso lub le s a l t is o b t a i n e d . I t is a r e d d i s h -
v io le t p o w d e r , inso lub le in w a t e r , b u t so luble i n cone , hyd roch lo r i c , n i t r i c , a n d 
s u l p h u r i c ac ids . W h e n m i x e d w i t h cone , h y d r o c h l o r i c ac id , i t y ie lds c h l o r o d i a q u o -
t r i a m m i n o s u l p h a t e , a n d b y t h e p r o l o n g e d a c t i o n of t h e ac id , t h e d i ch lo roaquo -
ch lo r ide . 

The CoA± or Tetrammine Family 

A. Werner 1 : j obtained cobaltic cisHUchlorotetramminosulphate, [Co(NH3)4-
Cl 2 J 2 SO 4 -^H 2 O, in b lu i sh-v io le t c ry s t a l s , f r om a well-cooled soln . of t h e co r r e ­
s p o n d i n g ch lo r ide i n s u l p h u r i c ac id (1 : 1). T h e sa l t is v e r y spa r ing ly so luble 
in w a t e r . T h e r e is n o loss i n w e i g h t o v e r p h o s p h o r u s p e n t o x i d e ; b u t -when 
h e a t e d t o 70° o r 80° , t h e r e is a loss of a b o u t 1*22 p e r cen t . , p r e s u m a b l y owing t o 
a p a r t i a l d e c o m p o s i t i o n of t h e s a l t . 

E . S c h m i d t , a n d A . W e r n e r a n d A . K l e i n p r e p a r e d cobal t ic t rans -d ich loro-
t e t r a m m i n o h y d r o s u l p h a t e , [ C o ( N H 3 ) 4 C l 2 ] H S 0 4 , b y t r e a t i n g t h e solid c a r b o n a t o -
t e t r a m m i n o c h l o r i d e , [ C o ( N H 3 ) 4 C 0 3 ] C l , -with cone , h y d r o c h l o r i c a c id in a f reezing 
m i x t u r e , d i sso lv ing t h e p r o d u c t i n cone , s u l p h u r i c ac id , a n d a d d i n g h y d r o c h l o r i c 
a c id a s long a s a p r e c i p i t a t e is f o r m e d ; t h e m i x t u r e is t h e n a l lowed t o r e m a i n for 
a few- d a y s in a c losed flask, a n d t h e p r e c i p i t a t e co l lec ted a n d -washed w i t h a lcohol 
a n d e t h e r ; i t i s eas i ly purif ied b y d i sso lv ing i t in w a t e r a n d p r e c i p i t a t i n g w i t h d i l . 
s u l p h u r i c ac id . S. M. J o r g e n s e n o b t a i n e d i t b y t h e a c t i o n of cone , s u l p h u r i c ac id 
o n t h e c h l o r o a q u o t e t r a m m i n o c h l o r i d e , o r d i a q u o t e t r a m m i n o s u l p h a t e . T h e s a l t 
-was a l so p r e p a r e d b y A . W e r n e r a n d A . W o l b e r g . I t f o rms b r i g h t g reen need les , 
freely so lub le i n -water. A . W e r n e r a n d A. Mio la t i f o u n d t h a t t h e c o n d u c t i v i t y of 
t h e a q . soln . i nc reases w i t h t i m e , owing t o t h e f o r m a t i o n of c h l o r o a q u o t e t r a m m i n o -
s u l p h a t e . T h u s , t h e m o l . c o n d u c t i v i t y of a so ln . of a m o l of t h e sa l t i n 256 l i t res , 
a t 25° , inc reases i n 4 5 m i n s . f r o m 372-7 t o 426-5 . A . W e r n e r a n d A . K l e i n f o u n d 
t h a t t h e sa l t is eas i ly so luble i n w a t e r , a n d h a s a s t r o n g l y ac id ic r e a c t i o n . W i t h 
h y d r o c h l o r i c a c id a n d ch lo r ides , i t y i e lds a b r i g h t g reen , c rys t a l l i ne p r e c i p i t a t e 
of d i c h l o r o t e t r a m m i n o c h l o r i d e ; i t i s d e c o m p o s e d b y m e r c u r o u s n i t r a t e , p o t a s s i u m 
c y a n i d e , a n d p o t a s s i u m fe r rocyan ide , a n d d i s so lves i n cone , s u l p h u r i c ac id , w i t h a 
r e d co lo ra t ion a n d t h e e v o l u t i o n of h y d r o g e n ch lo r ide . I t i s m o r e s t a b l e i n a q . 
so ln . t h a n t h e o t h e r s a l t s of t h e ser ies , b u t t h e co lour of t h e soln . g r a d u a l l y c h a n g e s 
t o b lue , v io le t , b e c o m e s colour less , a n d finally r e d . W h e n t h e c o n e , a q . so lu t ion 
is -warmed, a p r e c i p i t a t e of c h l o r o a q u o t e t r a m m i n o s u l p h a t e , [ C o ( N H 3 ) 4 C l ( H 2 0 ) J S 0 4 , 
is o b t a i n e d in t*he f o r m of l u s t r o u s , r edd i sh -v io l e t p l a t e s ; t h i s d issolves i n cone , 
s u l p h u r i c ac id , w i t h a v io le t co lo ra t ion , a n d w h e n t r e a t e d w i t h cone , hyd roch lo r i c 
a c id in a q . soln. , y i e ld s c h l o r o a q u o t e t r a m m i n o c h l o r i d e . A . W e r n e r , a n d T . S. P r i c e 
a n d S . A . B r a z i e r d i scussed t h e c o n s t i t u t i o n of t h e d o u b l e sa l t s . A . W e r n e r 
a n d A . K l e i n o b s e r v e d t h a t s i lver cobal t ic d ichlorotetrammii iosulpl iate , 
[Co(H 2 O) 4 Cl 2 JSO 4 Ag, is o b t a i n e d a s a flocculent, b r i g h t g reen p r e c i p i t a t e b y m i x i n g 
so ln . of eq . p r o p o r t i o n s of t h e h y d r o s u l p h a t e a n d s i lver n i t r a t e a t a l ow t e m p . • 
and bismuth cobaltic dicMorotetramminosulpnate, Bi[Co(NH8)4Cl2]3(S04)3, is 
s imi la r ly p r o d u c e d a s a g reen , p u l v e r u l e n t p r e c i p i t a t e . 

A. Werner and R . Feenstra prepared cobaltic trans-dichloroquaterpyridlnetaydrosul-
phate, tCo(C5H6N)4Cl a]HS04 .2H aO, in green plates and needles, by the action of dil. 
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s u l p h u r i c acid, o n a n a q . so ln . of t h e c h l o r i d e , a n d r e - c r y s t a l l i z a t i o n f r o m aq . - so ln . a t 5 0 ° . 
A . W e r n e r p r e p a r e d cobaltic ciSHlicbloroblsethylenedlamlnesulphate, [Co e n , C l a ] t S 0 4 . 2 I I a O t 
i n . sma l l , r e d d i s h - v i o l e t n e e d l e s , b y t r e a t i n g a c o n e , a q . so ln . of t h e ch lo r ide w i t h a m m o n i u m 
s u l p h a t e ; o r b y e v a p o r a t i n g t h e m o t h e r - l i q u o r o b t a i n e d i n t h e p r e p a r a t i o n of c h l o r o a q u o -
b i s e t h y l e n e d i a m i n e s u l p h a t e . A . O o r d i e n k o s t u d i e d t h e a b s o r p t i o n s p e c t r u m . A . W e r n e r 
a n d G. Tschernof f o b t a i n e d t h e dcxtro-salt, a n d t h e Uevo-eaU by t h e a c t i o n of a m m o n i u m 
s u l p h a t e o n s a t . , a q . s o l n . of t h e c o r r e s p o n d i n g ch lo r ides . T h e s p . r o t a t i o n of a 0*25 p e r 
c e n t . a q . so ln . of t h e d e x t r o - s a l t i s [ a ] — 1 8 0 ° , a n d t h e lsevo-sal t , —182° . A . W e r n e r , a n d 
L . C o h n p r e p a r e d cobaltic trans^chlorobisetbylenediaminehydrosulphate, [Co On 1 Cl x ] I ISO 4 , 
a s a g r e e n , c r y s t a l l i n e p r e c i p i t a t e , b y t h e a c t i o n of s u l p h u r i c a c i d o n a n a q . s o l n . of t h e 
c h l o r i d e , a n d r e - c r y s t a l l i z a t i o n f r o m -water a c i d u l a t e d -with s u l p h u r i c a c i d . I f a wel l -
coo led , a q . so ln . b e t r e a t e d -with s i lver n i t r a t e , g r e e n p l a t e s of silver CObaltle dteblorobls-
ethylenedlaminesulphate, [Co en ,CIg ] 8 SO 4 . 2AgNO 8 , a r e f o r m e d . T h e s a l t i s s t a b l e , a n d 
s p a r i n g l y so lub le i n w a t e r . I t s c o n s t i t u t i o n w a s d i scus sed b y A . W e r n e r , a n d T . S . P r i c e 
a n d S . A . B r a z i e r . A . W e r n e r a n d A . F r S l i e h f o u n d t h a t trans-cobaltlc diohlorobis-
propylenediaminehydrosulphate, [ C o p n a C l 2 ] H S 0 4 . 2 H 2 0 , i s f o r m e d i n g r e e n , so lub le n e e d l e s , 
f r o m a so ln . of t h e c o r r e s p o n d i n g ch lo r ide in cone , s u l p h u r i c a c i d . I f t h e a c i d s u l p h a t e b e 
t r e a t e d w i t h s i lve r n i t r a t e , t h e r e a r e f o r m e d m a l a c h i t e - g r e e n sca les of a c o m p l e x w i t h 
s i lve r n i t r a t e . A . W e r n e r a n d F . C h a u s s y o b t a i n e d CObaltle t rans-diehloroethylenedlamine-
d lammlnohydrosulphate , f C o ( N H g ) g e n C l a ] H S 0 4 . H 2 0 , a s a g r e e n t o b r o w n p r e c i p i t a t e , b y 
a d d i n g 1 : 1-sulphuric a c i d t o a c o n e , a q . so ln . of t h e c o r r e s p o n d i n g c h l o r i d e a t — 4 ° . 

8. M. Jorgensen, and A. Werner prepared cobaltic dichloroaquotriammino-
hydrosulpliate, [ C O ( N H S ) 3 ( H 2 O ) C I 2 ] H S O 4 , by mixing the dichloraquotriammino-
chloride to a thin paste with a cool mixture of cone, sulphuric acid (2 vols.) and 
cone, hydrochloric acid (1 vol.), and after the mixture has remained for 1 hr., 
spreading the paste on a porous plate. This operation is repeated three times, 
and the product then washed with alcohol until free from acid, and dried over 
sulphuric acid. It is a greyish-green, crystalline powder, and dissolves fairly 
easily in water, yielding a green solution which quickly changes to indigo-blue ; 
the solution has an acid reaction. It is obtained in black, lustrous, prismatic 
crystals by adding cone, sulphuric acid to the cold, cone , aq. soln. and evaporating 
the clear liquid in vacuo over sulphuric acid. S. M. Jorgensen found that 1OO grms. 
of water dissolve 16 to 20 grms. of the salt. Aquation occurs in aq. soln. to form 
chlorodiaquotriamminosulphate, which, according to A. Werner, has precipitated 
this product from the blue soln. by alcohol. The double salt, silver cobaltic 
dichloroaquotriamminosulphate, [Co(NH3)3(H20)Cl2]AgS04 , is produced by 
thoroughly mixing the acid sulphate with a small quantity of silver nitrate soln., 
and washing the product with absolute alcohol. It is a grass-green powder which 
quickly decomposes and darkens, and it is decomposed by water, with the separation 
of silver chloride. 

A. Werner prepared cobaltic dichlorodiaquodiamminoliydrosulphate, 
[Co(NHg)2(H2O)2Cl2]HSO4, by adding potassium tetranitritodiamminocobaltate 
(3 grms.) to a mixture of equal vols, of sulphuric and hydrochloric acids, cooled 
with ice and salt, and allowing the mixture to remain some hours in the freezing 
mixture. After 24 hrs., the product is washed with alcohol and ether, dissolved 
in ice-cold water, and precipitated with sulphuric acid. A. Werner and R. Feenstra 
obtained it from ammonium tetranitritodiamminocobaltate. The salt crystallizes 
in lustrous, malachite-green needles, soluble in water, to form a green soln. with an 
acidic reaction, and which quickly changes to a blue soln. which, with alcohol, 
gives a precipitate of chlorotriaquodiamminosulphate. The same product is 
obtained by slowly evaporating the soln. K. Matsuno showed that the aq. soln. 
probably contains different aquo-salts in equilibrium ; he studied the absorption 
spectrum, and the flocculating action of the salt on the hydrosol of arsenic sulphide. 

A. Werner and A. Wolberg prepared cobaltic dibromotetramininosTilphate, 
[Co(NHs)4Br2J2SO4, in small, green crystals, by the action of sulphuric acid on the 
corresponding chloride. The salt is freely soluble in water, and it rapidly changes 
in aq. soln., to form the aquo-salt. 

A. Werner and G. Tschernoff prepared optically active cobaltic Cls-bromoohlorobls-
ethylenedlamlnesulphate, [Co enBCl Br]1SO4.HaO, as a pale violet, crystalline powder. 
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by treating the corresponding nitrate with cone, sulphuric acid. The ep. rotation of 
a dil. soln. of the dextro-aalt is [a] = 144°, and of the Icevo-saU, —148°. J. C. Duff prepared 
cobaltic sulphatoMsethylenedlamlnebromlde, [Co en,(S04)]Br.H,0, by evaporating a soln. of 
carbonatobisethylonediaminebromide treated -with an eq. proportion of JV-H8SO4. These 
salts -were studied by P. Job, and F. Ephraim and W. Flugel. The dark red crystals lose 
their water of hydration in air ; barium, chloride precipitates barium sulphate from the 
aq. soln. only after it has been heated. The mol. conductivity, §JL, of a soln. of a mol of 
the salt in v litres, at 25°, is : 

v . . . 3 2 64 128 256 512 1024 
fM, . . . 90-4 98-56 106-9 114-0 119-7 125-2 

Complexes zvith Two or More Cobalt Atoms 

The nature of the products obtained by the slow oxidation of ammoniacal soln. 
of cobaltous sulphate, as well as of G. Vortmann's salty14= or cobaltic fuscosulphate, 
have been discussed in connection with cobaltic melanockloride, etc. ; and it was 
prepared by C. Sehwenk. E. Fremy, and G. Vortmann reported a brown salt, 
Co2( NH3) 8( OH) 2(S04)2 .3H20, whose constitution has not been determined. 

E. Fremy prepared what has.since been shown to be cobaltic peroxo-dec-
amminodisulphate, [(NH3)SCo-O2-Co(NHa)5](SO4)Sj-SHoO, by the slow oxidation 
of an ammoniacal soln. of cobaltous sulphate. The olive-brown prisms were 
considered to be the trihydrate, Gr. Vortmann said the tetrahydrate. The salt is 
soluble in water, but the soln. decomposes, with the evolution of oxygen ; the soln. 
in aq. ammonia is stable. It gives reactions similar to those of the nitrate. Accord­
ing to G. Vortmann, cobaltic peroxo-decamminohydrosulphate, [(NH3)5Co- O2-
Co(NH3)5](HS04)4.H20, is obtained by adding the sulphate to sulphuric acid 1 :~l. 
The cinnabar-red precipitate is the monohydrate. If the sulphate be added to 
a mixture of equal vols of sulphuric acid, water, and alcohol, the pentahydrate is 
formed. The salts are stable in air at 13°, but at 20°, they become green, owing 
to decomposition. The aq. soln. also decomposes with the deposition of cobaltous 
sulphate and the evolution of oxygen. If the sulphate be treated with cone, 
hydrochloric acid, a brownish-violet precipitate of cobaltic peroxo-decammino-
hydrochlorosulphate, [(NH3)5Co-02-Co(NH3)5](S04)Cl2.4HCl.H20, is produced. 

IL. Maquenne obtained a salt which was afterwards shown to be cobaltic peroxo-
decamminofaemipentasulphate, [ (NH3)5Co-02-Co(NH3)5]2(S04)5 .8H20, by passing 
ozonized oxygen through an ammoniacal soln. of cobaltous sulphate, when the 
colour changes to brown, then green, and finally deposits dark green crystals on 
the sides of the containing vessel. He said : 

The salt can be easily obtained by passing a rapid current of air through a mixture of 
1OO c.c. ammonia with IO c.c. of a sat. soln. of cobalt sulphate for about 2 hours. The 
precipitated crystals are collected, dried rapidly between filter-paper, and thrown, in small 
portions at a time, into 25 c.c. of a cooled mixture of equal vols, of sulphuric acid, alcohol, 
and water, when the brown substance becomes rose-coloured. On adding an excess of 
chlorine-water, the rose-coloured compound becomes green, and the liquid, if heated to 
boiling, and left to cool, deposits prismatic crystals which are sometimes as much as 5 mm. 
long, and can be obtained larger by re-crystallization from dil. (5 per cent.) sulphuric acid. 

G. Vortmann found that the same product is obtained by re-crystallizing the 
acid sulphate from water ; or, by treating the tetranitrate with cold 1 : 1-sulphuric 
acid for some hours, diluting with water and warming the mixture for complete 
dissolution. The acid nitratosulphate separates out on cooling, and when this 
product is re-crystallized from water it yields green crystals of the hemipentasulphate. 
Ii. Maquenne said that the crystals are dark green, almost black, quadratic prisms ; 
they are but slightly soluble in water, by which they are decomposed with evolution 
of oxygen, but they dissolve easily in dilute acids without sensible decomposition, 
even at 100°, if the operation is conducted rapidly. By prolonged ebullition with 
acids, this compound is converted into a roseocobalt salt. It is entirely decom­
posed by the fixed alkalies, with evolution of oxygen and precipitation of black 
cobaltic oxide. Cone, hydrochloric acid converts the sulphate into the correspond-
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ing chloride. According to G. Vor tmann, the acid salt prepared by L. Maquenne 
is a hydrosulphate ; and the former obtained cobaltic peroxo-decamminosulpliato-
dihydrosulphate, [(NHg)6Co-02-Co(NHg)5]2(S04)5.2H2S04 .2H20, b y t reat ing the 
tetrasulphate with a cold, sat . soln. of potassium permanganate and sulphuric acid 
(1 : 5) ; when the red colour has disappeared, the soln. is boiled. The dark bluish-
green prisms are almost black, they lose water a t 110°, and a t 130° are decomposed. 
When re-crystallized from "water, the normal sulphate is produced, and when 
re-crystallized from dil. sulphuric acid, cobaltic peroxo-decamni inosulphatomono-
hydrosulphate, [ ( N H 3 ) B C O - O 2 - C O ( N H 3 ) B ] 2 ( S O 4 ) S - H 2 S O 4 , is produced. When the 
chloride of this series of salts is t reated with 1 : 1 -sulphuric acid, grass-green crystals 
of cobaltic peroxo-decamminochlorosulphate, [ (NH3)5Co-02-Co(NH3)5](S04)2Cl. 
3H 2 O, are formed. 

*A. Werner prepared cobaltic /x-ainino^ecamminosulpliate, [ (NH 3 ) 5Co—NH 2 
—•Co(NH3)5]2(S04)5.6H2O, by t reat ing a soln. of the bromide with a c o n e , aq. soln. 
of sodium sulphate. The rose-red needles are soluble in water ; they are stable 
a t 85°, but are slowly decomposed a t 100°. A. Werner and F . Salzer prepared 
cobaltic chloroaquo-/Lt - a m i n o - octamminosulphate, [(H2O)(NHg)4Co — N H 2 
••••Co(NH3)4Cl](S04)2.H20, by t reat ing a freshly-prepared soln. of the chloride 
with dil. sulphuric acid. The reddish-violet crystals are insoluble in water ; 
a t 105°, the water of aquat ion is given off. A. Werner prepared the corre­
sponding cobaltic bromoa4uo-/x-ainino-octajnminosulphate, [(H2O)(NHg)4Co 
—NH 2 —Co(NH 3 ) 4 Br](S0 4 ) 2 .H 2 0, by treat ing an ice-cold soln. of the bromide with 
1 : 1-sulphuric acid. The dark brown crystals are almost insoluble in -water. 

A. Werner and A. Baselli prepared cobaltic sulphato-yu,-amino-octammino-
hydrosulphate , [ (NH 3 ) 4 Co=(NH 2 ) (S0 4 ) j_Co(NH 3 ) 4 ]H(S0 4 ) 2 , by heating the corre­
sponding chloride with cone, hydrochloric acid, on a water-bath, as long as hydrogen 
chloride is evolved, and then pouring the mixture into ice-cold water. A. Werner 
and F . Salzer recommended heating 3 grms. of/x-amino-ol-octamminochloride -with 
10 c.c. of water and 2 c.c. of cone, sulphuric acid unti l a clear, violet soln. is obtained ; 
purple-violet, prismatic leaflets are deposited on cooling. The salt can be re-crystal­
lized from dil. sulphuric acid. The salt is almost insoluble in water, and the soln. 
reacts acidic to l i tmus. A. Werner, F . Steinitzer and K. Riicker obtained cobaltic 
sulphato -1* -amino - octamminochloride, [(NHg)4Co=(NH2)(SO4) _^_Co(NH3)4]Cl3. 
2H2O, by tr i turat ing the corresponding ni t ra te with hydrochloric acid. The violet 
crystals can be re-crystallized from water. Y. Shibata studied the absorption 
spectrum. A. Werner and co-workers added t h a t when this, salt is heated for 
6 hours a t 110°, it loses a mol. of hydrogen chloride, and is converted into t h e 
sulphato-chloride, a small quan t i ty of imido-octamminedicobaltsulphate being 
formed a t the same time. A. Werner and A. Baselli prepared cobaltic Slllphato-yu.-
amino-oc tamminobromide , [ (NHg) 4Co=(NH 2)(SO 4)^Co(NHg) 4]Br 3 1H 2O, by t reat­
ing the ni t ra te or hydrosulphate with hydrobromic acid ; and A. Werner, by adding 
hydrobromic acid to a soln. of the hydrosulphate ; and by boiling /Lt-amino-ol-
octamminobromide with water and dil. sulphuric acid, and mixing the cold soln. 
with hydrobromic acid. The silky, violet needles lose no water over sulphuric 
acid, bu t the salt becomes anhydrous a t 110°. A. Werner and A. Baselli added 
sodium or potassium iodide to a soln. of the chloronitrate, and obtained a da rk 
brown, crystalline precipitate of cobaltic sulplrato-/4-ainino-octamminoiodide, 
[ (NHg) 4 Co=(NH 2 ) (SO 4 ) - Co(NHg)4]I3. A. Werner prepared cobaltic sulphato-^u-
aininoquaterethylenediaiiiinebroiiiide, [ en 2 Co=(NH 2 ) (SO 4 )^Co en2]Br3 , as a red, 
crystalline powder, by t reat ing the corresponding thiocyanate, or n i t ra te with 
ammonium bromide. 

A. Werner prepared cobaltic diol-octamminosulphate, [(NHg)41TTTCo(OH)2 
•_Co(NH3)4](S04)2 .2H20, by heat ing cobaltic hydroxyaquotet ramminosulphate , 
between 100° and 110°, until i ts weight is cons tan t ; and H . Frank , by heating t h a t 
salt with ten times i ts weight of acetic anhydride, or by t reat ing the corresponding 
chloride with sodium sulphate. The violet-red needles are sparingly soluble in 
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w a t e r ; a n d , a c c o r d i n g t o H . F r a n k , t h e sa l t is n o t c h a n g e d b y w a r m i n g i t w i t h 
ace t i c a n h y d r i d e . A . W e r n e r a lso p r e p a r e d cobalt ic d i a q u o - d i o l - h e x a m m i n o s u l -
phate , [ ( H 2 0 ) ( N H 8 ) 3 C o - ( O H ) 2 - C o ( N H 3 ) 3 ( H 2 0 ) ] ( S 0 4 ) 2 . 3 H 2 0 , b y d iges t ing a n 
a q . soln . of d i n i t r a t o - d i o l - h e x a m m i n o n i t r a t e for 24 h r s . a n d t h e n a d d i n g s o d i u m 
s u l p h a t e . T h e b lu i sh -v io le t c r y s t a l s a r e spa r ing ly soluble in w a t e r . 

Acco rd ing t o A . W e r n e r , w h e n coba l t i c me lanoch lo r ide (q.v.) i s p r e p a r e d b y 
t h e e x p o s u r e of a m m o n i a c a l c o b a l t ch lor ide solns . t o t h e a i r , a t t e m p s , be low 5° , 
a n d t h e n w o r k e d u p w i t h s i lver n i t r a t e , i t y ie lds a b rown i sh -b l ack n i t r a t e in a d d i t i o n 
t o t h e sa l t s of t h e /Lt -amino-peroxo-ol -hexammines . F r o m t h i s b r o w n i s h - b l a c k 
ni t ra te , cobaltic hydroxyammino-peroxo-ol-hexamminosulphate, [(OH)(NH3)3Co 
= = ( O H ) ( 0 2 ) : ^ C o ( N H 3 ) 3 ( O H ) ] 2 ( S 0 4 ) 3 , is o b t a i n e d b y t r e a t i n g i t w i t h a n excess of 
a m m o n i u m b r o m i d e . T h e b r o m i d e is d isso lved i n di l . ace t i c a c id a n d t r e a t e d 
w i t h a m m o n i u m s u l p h a t e . T h e d a r k g reen sa l t "which s e p a r a t e s is boi led m a n y 
t i m e s w i t h di l . a ce t i c ac id , o r t h e d o u b l e sa l t w i t h a m m o n i u m s u l p h a t e is d i s so lved 
in w a t e r a c i d u l a t e d w i t h ace t i c ac id , a n d a l lowed t o c rys ta l l i ze . T h e b r o w n i s h -
b l a c k c r y s t a l s d isso lve s p a r i n g l y in w a t e r , a n d t h e soln. h a s a n a lka l i ne r e a c t i o n . 
T h e sa l t is r e ad i l y soluble in di l . ace t i c ac id . O n h e a t i n g t h e sa l t w i t h cone , sul­
p h u r i c acid , i t is d e c o m p o s e d w i t h evo lu t ion of o x y g e n a n d n i t r o g e n , t h e 
v o l u m e s of t h e s e gases o b t a i n e d showing t h a t t h e c o m p o u n d c o n t a i n s a p e r o x o -
g r o u p a n d t e r v a l e n t a n d q u a d r i v a l e n t c o b a l t . T h e d o u b l e sa l t , a m m o n i u m cobal t ic 
n y d r o x y a m m i n o - peroxo - o l - h e x a m m i n o - su lphate , [ ( O H ) ( N H g ) 3 C o = ( O H ) ( O 2 ) 
* C o ( N H 3 ) 3 ( O H ) ] 2 ( 8 0 4 ) 2 N H 4 . H 2 0 , is p r e c i p i t a t e d w h e n glacia l ace t i c ac id is 
a d d e d t o a soln . of t h e n i t r a t e s a t u r a t e d w i t h a m m o n i u m s u l p h a t e . T h e b l a c k 
c r y s t a l s a r e r e a d i l y so luble in w a t e r ; a n d if a n ace t ic ac id soln. of t h e salt- is boi led , 
a n d cooled, t h e n o r m a l s u l p h a t e is d e p o s i t e d . 

A . W e r n e r a n d c o - w o r k e r s — F . B e d d o w , a n d A . G r i i n — p r e p a r e d cobal t ic 
/Lt-amino-peroxo-octamminosulphate, [(NH3J4Co = (NH2) (O2) I_L C O ( N H 3 ) 4 ] ( S 0 4 ) 2 . 
2 H 2 O , b y t r e a t i n g a n a q . soln. of a n o t h e r sa l t of t h e series w i t h d i l . su lphur i c ac id . 
T h e g reen i sh-grey , c rys t a l l ine p r e c i p i t a t e is inso luble in w a t e r ; b u t i t fo rms a 
ye l l owi sh -b rown soln. w i t h cone , su lphu r i c ac id , a n d w h e n t h i s soln. is d i l u t e d 
w i t h w a t e r , t h e or ig ina l s a l t is r ecove red u n c h a n g e d . W h e n t h e c r y s t a l s a r e 
t r i t u r a t e d w i t h cone , h y d r o c h l o r i c or n i t r i c ac ids , t h e co r r e spond ing ch lor ide or 
n i t r a t e is f o rmed . 

A . W e r n e r a n d A. Basel l i p r e p a r e d cobalt ic / z - a m i n o - o l - o c t a m m i n o s u l p h a t e , 
[ ( N H 3 ) 4 C o = ( N H 2 ) ( O H ) _ C o ( N H 3 ) 4 ] ( S 0 4 ) 2 . 2 H 2 0 5 b y a d d i n g s u l p h u r i c ac id t o a 
s a t . , a q . soln. of t h e c o r r e s p o n d i n g ch lor ide ; or b y s h a k i n g t h e ch lor ide w i t h a n 
ace t i c ac id soln. of s i lver n i t r a t e , a n d t r e a t i n g t h e filtrate w i t h su lphu r i c ac id . T h e 
g a r n e t - r e d or b r o w n i s h - r e d , p r i s m a t i c c r y s t a l s a r e inso luble in w a t e r . T h e y lose 
t h e i r w a t e r of h y d r a t i o n ove r p h o s p h o r u s p e n t o x i d e ; a n d w h e n h e a t e d w i t h cone , 
s u l p h u r i c ac id , c o b a l t o u s s u l p h a t e is fo rmed , a n d n i t r o g e n is evo lved . 

A . W e r n e r p r e p a r e d cobal t i c t r i o l - h e x a m m i n o s u l p h a t e , [ (NHg) 3 Co[^ (OH) 3 
' ^ ' C o ( N H 3 ) 3 ] 2 ( S 0 4 ) 3 . 6 H 2 0 , b y t h e a c t i o n of soda - lye on c h l o r o d i a q u o t r i a m m i n o -
s u l p h a t e ; o r b y t r e a t i n g t h e c o r r e s p o n d i n g ch lo r ide o r b r o m i d e wi th a cold, s a t . 
soln . of s o d i u m s u l p h a t e . T h e r ed , sca ly c r y s t a l s q u i c k l y lose 5 mols . of w a t e r w h e n 
confined over p h o s p h o r u s p e n t o x i d e , a n d t h e r e m a i n i n g mol . of w a t e r is los t m o r e 
s lowly. All t h e w a t e r is expe l l ed a t 70° , a n d t h e sa l t decomposes a t 100°. T h e 
s a l t is s p a r i n g l y so luble i n cold w a t e r ; a n d w h e n t r e a t e d w i t h n i t r i c ac id (1 : 1), 
t h e d io l -g roup is n i t r a t e d t o f o r m [ C o 2 ( N H 3 ) 6 ( O H ) 2 ( N 0 3 ) 2 ( N 0 3 ) 2 ] . A. W e r n e r 
n o t e d t h a t t h e m o t h e r - l i q u o r o b t a i n e d in p r e p a r i n g coba l t i c t r i o l - h e x a m m i n o -
s u l p h a t e depos i t s , o n cool ing, a d a r k g reen , c rys t a l l ine p r e c i p i t a t e of cobal t ic 
hexol-hexamminosulphate, [NH 8 ) 3 Co=(OH) 3 :i;Co;iii(OH)3=Co(NH3)2J(S04)3. 

A. Werner and G. Jan t sch prepared cobaltic diaauo-tetrol-quaterethylenedi-
a m i n e s u l p h a t e , [ e n 2 C o = ( 0 H ) 2 : : : : C o ( H 2 O ) 2 : : : : ( 0 H ) 2 = C o e n 2 ] ( S 0 4 ) 3 . 5 H 2 0 , b y t r e a t 
i n g t h e c o r r e s p o n d i n g ch lo r ide (q.v.) w i t h s o d i u m s u l p h a t e , w h e n microscopic , r ed 
need le s of t h e pentahydrate a r e f o r m e d . Aga in , a soln. of coba l t s u l p h a t e c o n t a i n i n g 
e t h y l e n e d i a m i n e , depos i t s , o n e x p o s u r e t o t h e air , t h e s u l p h a t e in t h e fo rm of r e d 
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need les . I t c a n n o t b e re -c rys ta l l i zed , b e i n g s p a r i n g l y soluble i n w a t e r , but when 
t r e a t e d w i t h b a r i u m ch lo r ide a n d t h e n w i t h s o d i u m s u l p h a t e , t h e heptahydrate i s 
f o rmed . B o t h sa l t s a r e a l m o s t inso lub le in w a t e r , a n d lose t h e i r w a t e r of h y d r a t i o n 
o v e r p h o s p h o r u s p e n t o x i d e . 

S. M. J o r g e n s e n *& p r e p a r e d oobalt ic hexo lHlodecammino-Sulp l ia te , [Co{(OH 2 

= C o ( N H 3 ) 4 } 3 ] ( S 0 4 ) 3 . 9 H 2 0 , b y k e e p i n g a n a m m o n i a c a l o r a n a lka l i ne soln . of 
c h l o r o a q u o t e t r a m m i n o s u l p h a t e i n t h e cold ; b y t r e a t i n g a n a q . soln . of t h e co r re ­
s p o n d i n g ch lo r ide w i t h a m m o n i u m s u l p h a t e ; a n d b y t h e a c t i o n of J V - N H 4 O H on 
d i a q u o t e t r a m m i n o s u l p h a t e . A . W e r n e r a n d E . Be r l p r e p a r e d i t b y h e a t i n g 
d i b r o m o t e t r a m m i n o b r o m i d e w i t h a l i t t l e w a t e r u n t i l b r o m i n e is evo lved , a n d 
t r e a t i n g t h e soln . of t h e p r o d u c t w i t h a soln. of a m m o n i u m s u l p h a t e ; i t is a lso 
o b t a i n e d b y a d d i n g p y r i d i n e t o a h o t , d i lu t e , ace t i c ac id soln. of d i a q u o - t e t r a m m i n o -
s u l p h a t e . Acco rd ing t o A . W e r n e r a n d E . Ber l , t h e d a r k b rowni sh -v io l e t o r b l ack , 
t a b u l a r c rys ta l s , w h e n w a s h e d w i t h w a t e r , a lcohol , a n d e t h e r , fu rn i sh t h e ennea-
hydrate ; if d r i ed ove r ca l c ium chlor ide , t h e hexahydrate ; a n d o v e r s u l p h u r i c ac id , 
o r a t 98°, t h e letrahydrate. T h e sa l t is b r o k e n d o w n b y h y d r o c h l o r i c ac id—v ide 
supra, t h e ch lor ide ; boi l ing, d i l . su lphu r i c ac id l i be r a t e s o x y g e n ; a n d h o t , cone , 
su lphur i c ac id l i be ra t e s o x y g e n a n d n i t r ogen . Acco rd ing t o S. M. J o r g e n s e n , t h e 
sa l t is spa r ing ly soluble in -water, a n d t h e b rownish -v io le t , a q . soln. g ives q u a n t i t a t i v e 
p r e c i p i t a t e s w i t h s o d i u m c h l o r o m e r c u r a t e , p o t a s s i u m c h r o m a t e , a n d h y d r o -
ch lo rop la t in ic ac id . 
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§ 25. Cobaltous Carbonate 
A. Weisbaclin described a mineral which occurs sparingly with roselite, 

(Co,Mg,Ca)8(AsO4) 2 .2H 2 0, at Schneeberg, Saxony, and he called it spheerocobaltite. 
Analyses reported by A. Weisbach, and A. A. Ferro correspond with cobaltous 
carbonate, CoCO3. A. A. Ferro found the mineral a t Libiola, I ta ly ; M. Baccaredda, 
a t Liguria, I taly ; and A. Schoep, a t Katanga, Belgian Congo. H. de Senarmont 
found O-13 per cent, of cobalt associated with the copper carbonate a t Przibram. 
J . C. Booth described a rose-red incrustation on the serpentine a t a copper mine 
near Finksburg, Maryland ; he regarded it as a hydrated cobaltous carbonate, 
and he called it remingtonite—after E . Remington. E . V. Shannon showed t h a t 
remingtonite is not a carbonate, but a kind of serpentine coloured with cobalt. 
The optical data by E . S. Larsen for a variety from California, are taken to refer 
to an anhydrous carbonate of the rhombohedral or trigonal series—possibly a 
cobaltiferous smithsonite, ZnCO3. 

H . de Senarmont prepared cobaltous carbonate by heating a soln. of cobalt 
chloride with calcium carbonate, in a sealed tube, a t 150° for 18 hrs. ; or a soln. 
of sodium hydrocarbonate r saturated with carbon dioxide, mixed with cobalt 
chloride, in a sealed tube, a t 140°. A. Bar th obtained a theoretical yield by 
electrolyzing a soln. of a halide of the alkalies or alkaline earths with a cobalt 
anode whilst carbon dioxide is passing through the soln. B . Bruzs could not 
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p r e p a r e t h e a n h y d r o u s c a r b o n a t e b y h e a t i n g one of t h e h y d r a t e s in c a r b o n 
d iox ide . 

H . S t . C. Devi l le f o u n d t h a t p r e c i p i t a t e d c o b a l t c a r b o n a t e dissolves in a soln. 
of a m m o n i u m h y d r o c a r b o n a t e , a n d depos i t s t a b u l a r c rys t a l s of a d o u b l e sa l t wh ich 
g r a d u a l l y passes i n t o a v io le t - r ed p o w d e r of t h e tritadihydrate, C o C O 3 . § H s O ; t h e 
s a m e h y d r a t e is f o r m e d w h e n c r y s t a l s of t h e h e x a h y d r a t e a r e a l lowed t o s t a n d in 
t h e m o t h e r - l i q u o r a t 20° t o 25° . G. L . C la rk a n d H . K . B u c k n e r o b t a i n e d t h e 
a n h y d r o u s c a r b o n a t e b y t h i s p r o c e d u r e . H . S t . C. Devi l le also o b t a i n e d t h e 
hexahydrate, C o C O 3 . 6 H 2 O , b y keep ing , in a sealed t u b e , a m i x t u r e of coba l t n i t r a t e 
a n d of a soln. of s o d i u m h y d r o c a r b o n a t e s a t u r a t e d "with c a r b o n d ioxide ; a n 
a m o r p h o u s p r e c i p i t a t e is a t first p r o d u c e d , b u t w h e n exposed t o a w i n t e r ' s cold, 
microscopic p r i s m s a p p e a r . T h i s h y d r a t e does n o t c h a n g e on exposu re t o air , 
b u t a t a h ighe r t e m p . , passes i n t o t h e t r i t a d i h y d r a t e ; a n d a t 100°, b o t h c a r b o n 
d iox ide a n d w a t e r a r e evo lved . G. Cesaro sa id t h a t t h e c r y s t a l p l a t e s a r e d o u b l y 
r e f rac t ing , a n d r e semb le t h o s e of s t i l b i t e (monocl in ic ) . 

Sphacrocobal t i te , a n h y d r o u s c o b a l t c a r b o n a t e , occurs in smal l , spher ica l mas se s 
wi th a c rys ta l l ine surface a n d a concen t r i c , r a d i a t e d s t r u c t u r e . B . Ueb le r o b s e r v e d 
t ree- l ike f o r m a t i o n s in slow p r e c i p i t a t i o n s . T h e co lour is rose- red , a l t e r ing super ­
ficially to a v e l v e t y b l ack . T h e s t r e a k is peach -b lo s som red . H . de S e n a r m o n t 
sa id t h a t t h e art if icial c a r b o n a t e occur s a s a r e d p o w d e r cons i s t ing of microscopic 
r h o m b o h e d r a be long ing t o t h e t r i g o n a l s y s t e m . A . J o h n s e n obse rved t h a t t h e 
c r y s t a l s a r e i s o m o r p h o u s w i t h t h e m a g n e s i u m , m a n g a n o u s , a n d fer rous c a r b o n a t e s . 
P . P . E w a l d a n d C. H e r m a n n refer red t h e space - l a t t i ce of t h e r h o m b o h e d r a l c ry s t a l s 
t o t h a t of t h e ca lc i t e t y p e . A . F e r r a r i a n d C. Colla sa id t h a t t h e r e a re 4 mols . of 
(1OCO3 p e r u n i t cell, wh ich h a s a = 5 - 9 1 A., a n d c t -=103 0 22 ' . M. B a c c a r e d d a g a v e 
for spha i rocoba l t i t e , a ==5-72 A. , a n d a.=48° 14 ' , a n d 2 mols . of CoCO 3 p e r u n i t cell. 
A . W e i s b a c h g a v e 4-02 t o 4-13 for t h e sp . gr . ; A. L e m k e a n d W i Bi l tz , 4 1 2 4 ; 
a n d I . I . S a s l a w s k y g a v e 4-0 t o 4-13 ; a n d t h e v a l u e ca lcu la t ed b y A. F e r r a r i a n d 
C. Colla f rom t h e l a t t i c e c o n s t a n t s , is 4*24 ; a n d M. B a c c a r e d d a , 4-10. A . .Lemke 
a n d W . Bi l tz , a n d I . I . S a s l a w s k y d i scussed t h e vo l . c o n t r a c t i o n wh ich occurs 
d u r i n g t h e f o r m a t i o n of t h e sa l t f rom i t s e l e m e n t s . Accord ing t o A. W e i s b a c h , 
t h e h a r d n e s s is 4-O. Acco rd ing t o C. W i n k l e r , t h e sa l t loses c a r b o n d iox ide 
w h e n h e a t e d in a i r , a n d b l a c k coba l tos ic o x i d e is fo rmed . J . K r u s t i n s o n s , 
A. A . N o y e s a n d W . K. V a u g h a n s t u d i e d t h e sub jec t . F . de Carl i gave for t h e 
d i ssoc ia t ion p ress . , p m m . : 

220° 258° 280° 318° 
p . . . 63-42 269-10 389 8O 760-OO 

T h e c a l c u l a t e d h e a t of d i s soc ia t ion is C o O + C O 2 = C o C O 3 + 7 - 9 8 0 CaIs. The 
t h e r m a l decompos i t i on w a s s t u d i e d b y B . B r u z s , a n d m e a s u r e m e n t s of t h e r a t e s of 
d issoc ia t ion m a k e i t a p p e a r a s if t h e d e c o m p o s i t i o n occurs in t w o s tages : 2CoCO3 
= C o O . C o C 0 3 - f CO 2 , followed b y C o O . C o C 0 3 = 2 C o O + C 0 2 . M. Ie B lanc a n d 
E . Mob ius obse rved t h a t in a h igh v a c u u m , t h e t h e r m a l decompos i t ion furnishes 
p u r e c o b a l t o u s ox ide . F . de Carl i c a l c u l a t e d for t h e h e a t of fo rma t ion (Co,C,IJO 2 ) 
= 163-13 t o 173-31 CaIs. ; [ C o ( O H ) 2 , C 0 2 a q . ] = 10 CaIs. ; a n d ( C o O 5 C O 2 ) - 7 - 9 8 CaIs. 
E . B e r t r a m ! f o u n d t h a t t h e b i ref r ingence is n e g a t i v e . The re is a m a r k e d pleo-
c h r o i s m — r o s e - r e d pa ra l l e l t o t h e p r i nc ipa l axes , a n d v io le t - red w h e n p e r p e n d i c u l a r 
t o t h o s e a x e s . M. K i m u r a a n d M. T a k e w a k i s t u d i e d t h e t r a n s p a r e n c y of t h e sa l t 
t o u l t r a -v io l e t r a y s . M. T r a u t z obse rved n o c rys ta l lo luminescence , o r t r i bo -
luminescence . W . A. D . R u d g e obse rved t h e s p l u t t e r i n g of c a r b o n a t e in t h e 
n e g a t i v e d i scha rge . G. W i e d e m a n n sa id t h a t t h e c a r b o n a t e is p a r a m a g n e t i c . 
W h e n h e a t e d in t h e p resence of o x y g e n , t h e c a r b o n a t e is d e c o m p o s e d a n d cobal tos io 
o x i d e is fo rmed (q.v.). R . B e r n a r d a n d P . J o b s t ud i ed t h e ox ida t ion of a lka l ine 
soln . i n a i r . J . J . Berze l ius o b s e r v e d t h a t t h e c a r b o n a t e is a t t a c k e d b y w a t e r , t o 
fo rm a bas ic c a r b o n a t e . J . v o n E s s e n found t h a t a f ter c o b a l t c a r b o n a t e h a d 
s t o o d i n c o n t a c t w i t h w a t e r a t 15° for a m o n t h , 0-0273 g r m . p e r l i t re passed i n t o 



8 1 0 I N O R G A N I C A N B T H E O R E T I C A L C H E M I S T R Y 

soln. , a n d a t 100°, 0-0293 g r m . p e r l i t r e d isso lved . B o t h W . J . Russe l l , a n d F . d e 
Car l i n o t e d t h a t c o b a l t c a r b o n a t e i s h y d r o l y z e d b y c o n t a c t w i t h w a t e r . G. G o r e 
obse rved t h a t l iquefied h y d r o g e n fluoride dissolves t h e c a r b o n a t e w i t h effervescence ; 
a n d -with l iqu id h y d r o g e n ch lo r ide n o pe rcep t ib l e evo lu t ion of g a s occur s , a n d t h e 
l iqu id b e c o m e s a g reen i sh -b lue ; wh i l s t t h e r e s idue b e c o m e s rose - red i n a i r , a n d 
d issolves i n di l . h y d r o c h l o r i c ac id , w i t h o u t t h e evo lu t ion of g a s . H . d e Senarmoxi t 
obse rved t h a t t h e c ry s t a l l i ne p o w d e r is n o t a t t a c k e d b y cone , h y d r o c h l o r i c o r n i t r i c 
ac ids in t h e cold, a n d C. W i n k l e r s a i d t h a t t h e ac t i on is v e r y smal l , b u t w h e n w a r m e d , 
t h e c a r b o n a t e d i sso lves , w i t h t h e evo lu t i on of c a r b o n d iox ide . M. K w i a t n o w k s y 
r e c o m m e n d e d t h e c a r b o n a t e a s a r e a g e n t for d e t e c t i n g free h y d r o c h l o r i c a c id i n 
gas t r i c ju ices . A c c o r d i n g t o J . Gibson , w h e n s o d i u m c a r b o n a t e is a d d e d i n l a rge 
excess t o a soln. of a c o b a l t o u s sa l t , a n d t h e m i x t u r e s h a k e n w i t h a sufficient q u a n t i t y 
of b r o m i n e , t h e whole of t h e p r e c i p i t a t e d c o b a l t o u s c a r b o n a t e d issolves t o a d a r k 
g reen soln. , s t a b l e a t o r d i n a r y t e m p . , coba l t i c ox ide b e i n g p r e c i p i t a t e d on t h e 
a d d i t i o n of a n a q . soln. of a lkal i h y d r o x i d e . I f t h i s g reen l i qu id i s acidified w i t h 
s u l p h u r o u s acid , a n d t h e decolor ized soln. b e t h e n oxid ized , a r ed -co lou red soln . 
is p r o d u c e d w h i c h a b s o r b s o x y g e n f rom t h e a i r , a n d a g a i n b e c o m e s g reen . 
C. Dufra i sse a n d D . N a k a e s t u d i e d t h e c a t a l y t i c effect on t h e o x i d a t i o n of soln . 
of s o d i u m su lph i t e . G. Gore , a n d E . C. F r a n k l i n a n d C. A . K r a u s f o u n d c o b a l t 
c a r b o n a t e t o b e inso lub le in l iqu id a m m o n i a , a n d G. I J . Clark , a n d G. L . C l a r k a n d 
H . K . B u c k n e r r e p o r t e d t h a t c o b a l t c a r b o n a t e d o e s n o t a b s o r b d r y a m m o n i a ; b u t 
i t does d issolve i n c o n e , a q . a m m o n i a , a n d -when t h e soln. i s e v a p o r a t e d i n v a c u o , 
a n u n s t a b l e , h y d r a t e d coba l tous a m m i n o c a r b o n a t e , C o C O 3 . 3 N H 3 . 4 H 2 O , is f o r m e d . 
LJ. S a n t i o b s e r v e d t h a t c o b a l t c a r b o n a t e is c o n v e r t e d i n t o t h e ch lor ide w h e n i t is 
t r e a t e d w i t h a n a q . soln . of a m m o n i u m c a r b o n a t e , a n d a m m o n i a a n d c a r b o n d iox ide 
a r e evo lved ; a n d b y c o n t a c t w i t h solid a m m o n i u m ch lo r ide , o r a n a q . soln. , 
t h e c a r b o n a t e is c o n v e r t e d i n t o ch lo r ide . R . S a l v a d o r i n o t e d t h a t w h e n c o b a l t 
d i h y d r a z i n e c h l o r a t e is t r e a t e d w i t h c a r b o n d i o x i d e i n t h e p r e s e n c e of a n excess of 
h y d r a z i n e h y d r a t e , coba l tous tr ihydraz inecarbonate , C o C O 3 . 3 N 2 H 4 , is f o rmed . 
A . N a u m a n n a n d J . Schroder , F . Schlegel , a n d A . H a n t z s c h o b s e r v e d t h a t n o 
c h a n g e occur s w h e n c o b a l t c a r b o n a t e is h e a t e d w i t h p y r i d i n e ; N . A . Y a j n i k 
a n d F . C. T r e h a n a , t h e p h o t o c h e m i c a l r e d u c t i o n of s u g a r s . C. Duf ra i s se a n d 
D . N a k a e s t u d i e d t h e c a t a l y t i c effect on t h e o x i d a t i o n of a c r a l d e h y d e , p h e n y l -
a l d e h y d e , p u r p u r a l d e h y d e , s t y r e n e , a n d t u r p e n t i n e . F . Li. Cooper e x a m i n e d t h e 
a b s o r p t i o n s p e c t r u m of soln. in ace t i c ac id a n d s u l p h u r i c ac id ; A . N a u m a n n a n d 
co -worke r s , t h a t of c o b a l t c a r b o n a t e d isso lved i n m e t h y l a c e t a t e ; S. U . P i c k e r i n g , 
t h a t i t d issolves in t a r t a r i c , r a c e m i c , ma l ic , a n d c i t r ic ac ids ; L . I . S h a w , t h a t t h e 
e lec t r ica l conduc t i v i t i e s of d i m e t h y l s u l p h a t e , benzon i t ro l e , an i l ine , a m y l a c e t a t e , 
a n d s a l i cy l a ldehyde a r e n o t a l t e r e d b y c o b a l t c a r b o n a t e , b u t t h o s e of m e t h y l a lcohol , 
a c e t y l ch lo r ide , ace t i c a n h y d r i d e , a n d e p i c h l o r h y d r i n a r e e i t h e r i n c r e a s e d o r 
d i m i n i s h e d ; a n d I . I . W a n i n a n d A . A. T s c h e r n o y a r o v a , t h a t b e n z y l i d e n e ch lo r ide 
in a n a t m . of c a r b o n d iox ide a t 60° , fo rms c o b a l t ch lo r ide a n d b e n z a l d e h y d e . N o 
def ini te p r o d u c t w a s o b t a i n e d b y P . N . R a i k o w i n h i s s t u d y of t h e a c t i o n of c a r b o n 
d iox ide on c o b a l t o u s h y d r o x i d e ; b u t W . B e e t z o b s e r v e d t h a t h y d r a t e d c o b a l t o u s 
c a r b o n a t e d issolves in w a t e r s a t . w i t h c a r b o n d iox ide , ow ing t o t h e f o r m a t i o n of a n 
u n s t a b l e coba l tous h y d x o c a r b o n a t e , Co(HCO 3 ) 2 , w h e n t h e a q . so ln . i s w a s h e d , 
c o b a l t o u s c a r b o n a t e is d e p o s i t e d . G. Gore f o u n d t h a t w h e n 100 g r m s . of d r y si l ica 
a r e a d d e d t o 50 c.c. of a so ln . c o n t a i n i n g 10 g r m s . of a n h y d r o u s c o b a l t c a r b o n a t e , 
t h e r e is a r ise of t e m p , of 0*21°. 

As in t h e case of n icke l c a r b o n a t e , t h e s a l t is eas i ly h y d r o l y z e d b y w a t e r , a n d a 
n u m b e r of bas ic s a l t s h a s b e e n r e p o r t e d , s eve ra l of w h i c h wil l b e f o u n d t o b e 
a r b i t r a r i l y se lected s t a g e s i n t h e h y d r o l y s i s of t h e s a l t . 

W. Meigen t reated a cone. soln. of cobalt n i t ra te wi th calcite and obtained cobaltous 
hexahydroxycarbonate, CoCO8.3Co(OH:),, or, according to A. Werner , [Co{(HO),Co},]CO„ 
as a blue precipitate ; and by boiling a cobalt salt wi th a n excess of sodium carbonate in 
an a tom, of hydrogen for half an hour , he obtained the indigo-blue mono hydrate. Sodium 
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c a r b o n a t e is r e t a i n e d v e r y t e n a c i o u s l y b y t h e p r e c i p i t a t e . C o b a l t o u s s a l t s i n a l k a l i n e 
solnl a r e r e a d i l y ox id ized , so t h a t W . B e e t z r e p o r t e d t h a t w h e r e t h e p r e c i p i t a t e is bo i l ed 
•with -water e x p o s e d t o a i r , i t b e c o m e s g reen , a n d d e v e l o p s ch lo r ine w h e n t r e a t e d w i t h 
h y d r o c h l o r i c a c i d . W . Meigen p r e p a r e d cobaltous te t rahydroxycarbonate, C o C O 8 . 2 C o ( O H ) 2 , 
b y t r e a t i n g a s o l n . of c o b a l t o u s n i t r a t e w i t h finely-powdered a r a g o n i t e o r ca l c i t e . W i t h 
c o a r s e f r a g m e n t s of ca l c i t e a m i x t u r e is p r o d u c e d . T h e p r o d u c t o b t a i n e d w i t h a r a g o n i t e 
i s s a i d t o r e s i s t a t t a c k b y ox id i z ing a g e n t s b e t t e r t h a n t h e p r o d u c t w i t h ca l c i t e . H . R o s e 
d e s c r i b e d a monohydrcMe o b t a i n e d b y m i x i n g bo i l ing , d i l . so ln . of e q u i m o l a r p a r t s of c o b a l t 
s u l p h a t e a n d s o d i u m c a r b o n a t e , w a s h i n g t h e v i o l e t p r e c i p i t a t e w i t h h o t -water, a n d d r y i n g 
i t a t 100°. W . H e e t z t r e a t e d a bo i l i ng so ln . Of a c o b a l t s a l t -with t h e t h e o r e t i c a l a m o u n t , 
o r o n l y a s l i gh t exces s , of a l k a l i c a r b o n a t e , a n d o b t a i n e d cobaltous hexahydroxydicarbonate, 
2 C o C 0 8 . 3 C o ( O H ) , . H 8 0 , or , a c c o r d i n g t o A . W e r n e r , [Co{(HO),Co) 8 ] (CO 8 ) ,Co, a s a p e a c h -
b l o s s o m r e d p r e c i p i t a t e , so lub le i n a q . so ln . of a m m o n i u m , s o d i u m , o r p o t a s s i u m c a r b o n a t e . 
I f a n e x c e s s of a l k a l i c a r b o n a t e is e m p l o y e d a s p r e c i p i t a n t , t h e p r e c i p i t a t e is b l u e . W . Me igen 
o b s e r v e d t h a t f ine ly -d iv ided a r a g o n i t e g ives , -with a c o n e . so ln . of c o b a l t n i t r a t e , a l i lac-
c o l o u r e d p r e c i p i t a t e of t h i s c o m p o s i t i o n . T h e m o l . of -water is l o s t a t 95° . I f a so ln . of 
c o b a l t ch lo r ide is u s e d -with a r a g o n i t e o r ca lc i t e , t h e p r e c i p i t a t e h a s t h e s a m e c o m p o s i t i o n , 
b u t is c o n t a m i n a t e d w i t h ch lo r ine . W . F e i t k n e c h t s a i d t h a t t h e l a t t i c e h a s a l t e r n a t e 
l a y e r s of h y d r o x i d e a n d n o r m a l s a l t . "Various k i n d s of p r e c i p i t a t e s o b t a i n e d b y 
O . C. W i n k e l b l e c h , J . S e t t e r b e r g , W . B e e t z , W . Meigen , T . N a n t y , C. D . B r a u n , F . F i e l d , 
a n d H . R o s e , h a d c o m p o s i t i o n s r a n g i n g f rom CoO, 68-76 t o 7 0 - 9 5 ; C O 8 , 1 4 1 1 t o 17-00 ; 
a n d H 2 O , 12-03 t o 14-94 p e r c e n t . — t h e t h e o r e t i c a l v a l u e s for 2 C o C O 3 . 3 C o ( O H ) 8 . H 2 O a r e 
CoO, 70-05 ; C O 8 , 16-51 ; a n d H 2 O , 13-44 p e r c e n t . N . A . Y a j n i k a n d F. C. T r e h a n a 
s t u d i e d t h e p h o t o s y n t h o t i c a c t i v i t y of c o b a l t c a r b o n a t e in t h e r e a c t i o n w i t h c a r b o n d i o x i d e . 
W . B e e t z r e p o r t e d cobaltous dlnydroxycarbonate, C o C O 8 - C o ( O H ) 2 - I i H 2 O , b y t h e a c t i o n 
of s o d i u m h y d r o c a r b o n a t e o n a so ln . of a c o b a l t s a l t , -when t h e p r o d u c t is t r e a t e d , -with 
w a t e r , p a r t i c u l a r l y w a r m -water, i t p a s s e s i n t o t h e h e x a h y d r o x y d i e a r b o n a t e . T . N a n t y 
o b t a i n e d t h e tetrahydrate, C o C O 8 - C o ( O H ) 2 . 4 H 8 O . C. D . B r a u n a l so r e p o r t e d a li lac-red. 
p r o d u c t a p p r o x i m a t i n g cobaltous dihydroxydlearbonate, 2 C o C O 3 . C o ( O H ) 2 . 3 H 2 O , w h i c h 
loses t h e w h o l e of i t s w a t e r of h y d r a t i o n a t 100°, a n d a t 200° f o r m s h y d r a t e d coba l to s i c 
o x i d e . 

J . J . Berzelius noted t ha t these basic carbonates are soluble in carbonic acid, 
in soln. of alkali hydrocarbonates, and ammonium carbonate ; slightly soluble in 
cone. soln. of sodium or potassium carbonate, and in aq. ammonia. R. H. Bre t t 
noted the solubility of the basic carbonate in cold soln. of ammonium nitrate or 
chloride. V. Lienher and C. H. Kao observed t h a t the basic carbonate is very little 
a t tacked by selenium monochloride ; and K. C. C. BaIy and co-workers, t h a t the 
basic carbonate absorbs carbon dioxide, and acts catalytically in the synthesis of 
carbohydrates from carbon dioxide and moisture. J . Spiller observed tha t the 
cobalt carbonates are not precipitated from soln. containing sodium citrate. 

According to J . Li. Proust , cobalt carbonate is soluble in aq. ammonia, or 
ammonium carbonate, and cobaltous hydroxide is soluble in a soln. of ammonium 
carbonate. The soln. are readily oxidized, and in air, a carmine-red liquid is 
produced which deposits crystals of cobalt carbonate. H . St. C. Deville obtained 
ammonium cobaltous carbonate, 2(NH4J2CO3 .CoC03 .4H2O, by adding ammonium 
carbonate to a soln. of cobalt ni t rate , and allowing the mixture t o stand. The 
red-currant coloured, prismatic crystals are stable in air a t low temp. In addition 
to the tetrahydrate, the enneahydrate, 2(NH4)2C03 .CoCO3 .9H2O, and the dodeca-
hydrate, 2(NH 4 ) 2C0 3 .CoC0 3 .12H 20, were prepared. If ammonium hydrocar­
bonate, a t 15° to 18°, be added to a soln. of cobalt nitrate, rose-red, micaceous 
crystals of ammonium cobaltous hydrocarbonate, NH4(HCO3) .CoC03 .4H20, are 
formed, and in air, the crystals of the tetrahydrate lose ammonia and furnish a 
brown powder. By working a t 0°, rose-red, micaceous plates of the hemiennea-
hydrate are formed. 

According t o J . J . Berzelius, molten sodium carbonate dissolves a little cobalt 
oxide. When an excess of sodium carbonate is added to a soln. of a cobaltous 
salt, t he red precipitate first formed dissolves so as to produce a red soln. According 
to H . St. C. Deville, if precipitated cobalt carbonate be allowed to stand under a 
soln. of sodium hydrocarbonate, the amorphous solid retains sodium very tenaciously, 
bu t no compound is formed. If a soln. of cobaltous ni t rate be treated with 
the sodium hydrocarbonate, Na 2 C0 s . 2NaHC0 3 , carmine-red, monoclinic crystals 
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of s o d i u m CObaltous carbonate , N a 2 C 0 3 . C o C 0 3 . 4 H 2 0 , a r e fo rmed w i t h t h e ax ia l 
r a t ios a : b : c = 1-2295 : 1 : 1 0 9 5 8 , a n d £ = 1 1 4 ° 8 ' . M. P . A p p l e b e y a n d K . W . L a n e 
o b t a i n e d t h e t e t r a h y d r a t e b y h e a t i n g a t 50° a soln. of coba l t n i t r a t e in a soln. of 
100 g r m s . of s o d i u m c a r b o n a t e a n d 40 g rms . of sod ium h y d r o c a r b o n a t e p e r l i t re , 
a n d i t can be re-crys ta l l ized f rom a soln. of t he se t w o sod ium c a r b o n a t e s . F . d e Carl i 
o b t a i n e d t h i s c a r b o n a t e m i x e d w i t h a bas ic c a r b o n a t e , b y t h e ac t ion of a cone , of 
sod ium c a r b o n a t e on coba l t n i t r a t e . T h e tetrahydrate is decomposed b y w a t e r , 
a n d w h e n h e a t e d , i t loses w a t e r a n d c a r b o n d iox ide w i t h o u t me l t i ng . W i t h m o r e 
cone , soln. , t h e decahydrate, N a 2 C 0 3 . C o C 0 3 . 1 0 H 2 0 , is fo rmed . T h e colour is 
r a t h e r deeper t h a n is t h a t of t h e t e t r a h y d r a t e . Th is sa l t loses some w a t e r in v a c u o . 
C. D u v a l o b t a i n e d sod ium cobalt percarbonate, poss ib ly Na[CoCO 4 ] , b y t h e ac t i on 
of ozone on a m i x e d soln. of a coba l tous sa l t a n d sod ium c a r b o n a t e . 

J . J . JBerzelius observed t h a t coba l t oxide dissolves freely in m o l t e n p o t a s s i u m 
c a r b o n a t e ; a n d J . L . P r o u s t , t h a t coba l t h y d r o x i d e a n d c a r b o n a t e , b u t n o t t h e 
igni ted oxide, form red soln. w i t h a cone. soln. of p o t a s s i u m c a r b o n a t e , a n d t h e 
solute is no t p r ec ip i t a t ed b y h e a t , b u t i t is p r ec ip i t a t ed b y d i lu t ion w i t h w a t e r . 
H . S t . C. Devil le p r e p a r e d q u a d r a t i c p r i sms of po tass ium cobal tous carbonate* 
K2CO3 .CoCO3 .4H1 2O, b y a d d i n g t h e p o t a s s i u m h y d r o c a r b o n a t e , K 2 C O 3 ^ K H C O 3 , t o 
a soln. of coba l t n i t r a t e ; a n d W . C. R e y n o l d s , b y cooling a w a r m soln. of a c o b a l t 
sa l t a n d p o t a s s i u m c a r b o n a t e . T. B. W o o d a n d H . O. J o n e s o b t a i n e d t h e t e t r a ­

h y d r a t e b y a d d i n g p o t a s s i u m c a r b o n a t e t o a soln. 
of coba l tous chlor ide , a n d shak ing t h e p r e c i p i t a t e 
un t i l i t aga in dissolves ; or m a k i n g a soln. of 4 c.c. 
of a s a t . soln. of coba l t chlor ide in 50 c.c. of a 
soln. of p o t a s s i u m c a r b o n a t e (wi th 100 g rms . of 
c a r b o n a t e p e r IOO g r m s . of w a t e r ) . T h e soln. de ­
pos i t s c rys t a l s of t h e t e t r a h y d r a t e . M. P . App le ­
b e y a n d K. W . Liane said t h a t t h e sa l t ex i s t s on ly 
in presence of H C 0 3 ' - i o n s , a n d t r e a t e d a soln . of 
c o b a l t n i t r a t e w i t h a soln. of 400 g r m s . of p o t a s s i u m 
c a r b o n a t e a n d 100 g r m s . of p o t a s s i u m h y d r o c a r -

T-, u- . r™ T̂ - . „.. * b o n a t e p e r l i t r e . T h e sa l t c an be re-crys ta l l ized 
F i e . 141.—Tlio Dissociation o f « x , » , , , , . i_ x 

Potassium Cobaltous Carbonate. f r o m a s ? l n - o f t n e s e t w o p o t a s s i u m c a r b o n a t e s . 
T h e six-sided, rose-coloured p r i s m s of t h e tetra­

hydrate a re i somorphous w i t h t hose of t h e co r respond ing nickel sa l t . F . de Carl i 
s t ud i ed t h e t h e r m a l dissocia t ion of t h e c a r b o n a t e , a n d found t h a t t h e sa l t c a n 
be d e h y d r a t e d a t 100° t o 120°, in a c u r r e n t of c a r b o n d iox ide , t o furnish t h e 
deep violet , a n h y d r o u s sa l t . T h e d issoc ia t ion press , is 63*42 m m . a t 220° ; 
389-80 m m . a t 2 8 0 ° ; a n d 760 m m . a t 318°, F i g . 141 ; a n d t h e h e a t of d i s ­
socia t ion is 13-74 CaIs., a s in t h e case of t h e c o b a l t o u s c a r b o n a t e . T h e h e a t 
of fo rma t ion of t h e a n h y d r o u s c a r b o n a t e f rom i t s e l emen t s is 460-17 CaIs., 
(CoCO3 5K2CO3) = 5-76 CaIs. ; a n d K 2 C 0 3 . C o C 0 3 -J- 4HCl = 2KCl -f- CoCl2 -f- 2 C O 2 
4-2H 2 O-f-17-75 CaIs. T h e h e a t of h y d r a t i o n t o t h e t e t r a h y d r a t e is 11-37 CaIs. 
M. P . A p p l e b e y a n d K . W . L a n e observed t h a t a t o r d i n a r y t e m p . , t h e c a r b o n a t e 
is s t ab le ; a n d i t is decomposed b y w a t e r ; b u t T . B . W o o d a n d H . O. J o n e s sa id 
t h a t t h e aq . soln. is s t a b l e w h e n h e a t e d , a n d t h a t t h e colour c h a n g e s f rom rose- red 
t o b lue . T . B . W o o d a n d H . O. J o n e s sa id t h a t t h e a q . soln. of t h e sa l t does n o t 
give a n y p rec ip i t a t e on boil ing, b u t i t becomes b lue a n d r e t u r n s t o t h e or ig ina l 
p ink colour on cool ing. F r o m t h e b e h a v i o u r of t h e soln. on e lect rolysis , i t is 
p robable t h a t a p i n k c o m p l e x Co(CO 3 ) 2 "- ion is p r e sen t . T . N a n t y o b t a i n e d a 
crystalline potassium cobaltous hydrocarbonate, KHC03.CoCOs.4H20 ; cobaltous 
ca rbona t e does n o t c o m b i n e d i r ec t l y w i th p o t a s s i u m h y d r o c a r b o n a t e , a n d - n o 
equi l ibr ium w a s observed in t h e a c t i o n of w a t e r on t h e d o u b l e c a r b o n a t e . H . Rose , 
a n d H . S t . C. Devil le o b t a i n e d t h i s h y d r o c a r b o n a t e b y a d d i n g a n excess of p o t a s s i u m 
h y d r o c a r b o n a t e , K 2 C 0 3 . 2 K H C O 3 , t o a soln. of c o b a l t n i t r a t e . T h e rose-red c ry s t a l s 
effloresce in air , a n d a re d e c o m p o s e d b y water* T . N a n t y sa id t h a t t h e rose- red 
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crystals are isomorphous with those of the corresponding magnesium and nickel 
salts. When heated, the colour becomes violet as carbon dioxide and water are 
evolved. When heated in nitrogen, cobalt dioxide is formed ; and water decom­
poses the salt. 

Gr. A. Bilibin described a cobaltiferous smithsonite—cobaltsmithsonite—or 
CObaltoUS zinc carbonate, (Co,Zn)C03, from Boles, Lower California. A. Ferrar i 
and R. Santucci obtained cobaltous cadmium carbonates, Co3Cd(C03)4, 
CoCd(CO3) 2, and CoCd3(C03)4 ; as well as corresponding cobaltous manganous 
carbonates. 
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§ 26. Cobaltic Carbonate and its Complex Salts 
W. Beetz 1 observed t h a t a green cobaltic carbonate is produced by the oxidation 

of cobaltous carbonate. In 1862, F . Field observed t ha t when cobaltous ni t ra te is 
added to a soln. of sodium hydrocarbonate containing a small proportion of sodium 
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hypochlorite, an intense green soln. is* produced without the evolution of carbon 
dioxide. J . Gibson found t h a t the same green colour is produced by bromine in 
the presence of sodium carbonate ; N . C. Nag said tha t the green soln. so obtained 
gives a precipitate -when shaken with alcohol and ether, and added t h a t the precipi­
t a t e is free from bromine, and i t is very unstable. I t was thought to be an oxidation 
product analogous t o the ferrates. A. J o b determined the atomic ratio of cobalt 
t o oxygen in the green soln. t o be Co : O = 2 : 3 in agreement with the assumption 
t ha t a cobaltic salt is present. 

A. H . McConnell and E . S. Hanes showed t h a t the green soln. contains alkali 
percobaltites, where cobalt dioxide takes the place of MnO2 in the permanganites. 
This conclusion is based on the observed atomic proportions K. : C o = 2 : 1 ; and 
because an acidic reaction was obtained with the colourless filtrate from a mixture 
of cobaltous hydroxide and .hydrogen dioxide, the colourless soln. was assumed 
to contain percobaltous acid, H2CoO3 . R. G. Durrant , however, observed no acidic 
reaction when purified hydrogen dioxide was employed. A. Metzl also found t h a t 
in the moist state, the green precipitate obtained when hydrogen dioxide is added 
to a cobaltous salt in the presence of sodium hydrocarbonate, has the composition, 
CoCoO3.CoCO3, indicating t h a t i t is a mixture of cobaltous cobaltite and cobaltous 
carbonate. I t is par t ly decomposed by washing with alcohol and ether. 

The preparation of the cobaltic carbonate by treat ing cobaltous salt soln. with 
oxidizing agents—hydrogen dioxide, chlorine or bromine, or alkali hypochlorite— 
was also described by A. H. McConnell and E . S. Hanes, A. Job , H . Copaux, and 
C. C. Pali t . C. Duval used ozone as oxidizing a g e n t ; H . C. Byers electrolyzed a 
soln. of sodium hydrocarbonate with cobalt anodes ; and G. A. Barbieri t rea ted an 
alkali cobaltic nitri te with sodium hydrocarbonate—normal sodium carbonate 
produces hydrated cobaltic oxide—and the presence of HC0 3 ' - ions are, therefore, 
necessary for the production of cobaltic carbonate. E . Birk obtained the solid 
by the action of a soln. of sodium or ammonium carbonate on cobaltic fluoride, 
Co2F6 .7H2O ; and C. Duval by the following process : 

A c o n e , aq. so ln . of 5 grras. of coba l tous carbonate w a s m i x e d , in t h e dark, w i t h a cone , 
so ln . of 8 grins, of s o d i u m hydrocarbonate , 5O c.c . of 1OO per cen t , of h y d r o g e n d iox ide , 
a n d 1OO grms . of a n aq . so ln . of g lycerol of sp . gr. 1-262, w i t h co n s ta n t stirring in order t o 
r e m o v e s o d i u m carbonate . T h e ol ive-green powder h a s t h e compos i t i on Co8(COg)8 , or 
Co[(CO s ) 8 ] , a n d i t is filtered off, a n d w a s h e d w i t h abso lute a lcohol . I t i s sens i t ive t o l ight , 
a n d can be preserved in darkness . 

R. G. Durrant obtained a green soln. on adding hydrogen dioxide to soln. of 
cobaltous salts in the presence of alkali hydrocarbonates, and suggested t h a t a 
cobaltic acid, H2CoO4 , is formed, because each a tom of oxygen spent in oxidizing 
2 atoms of cobalt, disengages two mols. of carbon dioxide. The observed results 
agree with the equation : 4 K H C O 3 + 2 C o C 0 8 + H 2 0 2 ^ [ C o ( K C 0 g ) 2 ; | 2 0 - | - 2 C 0 2 
+ 3 H 2 O . He also observed t h a t green soln. and green precipitates were obtained 
by the use of various oxidizing agents in the presence of the hydrocarbonate, and 
concluded t h a t the green soln. contained cobaltic carbonate* Co2(C08)3 , and t h a t 
the precipitate, which was fairly stable in an a tm . of carbon dioxide, may be 
cobaltic carbonate itself. 

N. C. Nag assumed t h a t the cobalt is sexivalent ; A. H . McConnell and 
E . S. Hanes, and A. Metzl, quadr iva len t ; and A. J o b , R. G. !Durrant, G. Barbieri, 
and R. Bernard and P . Job , tervalent , or a mixture of tervalent and quadri­
valent. R. Bernard and P . J o b , and R. G. Dur ran t studied t h e absorption 
spectrum of the soln. ; and C. Duval , and G. A. Barbieri, t he t ranspor t numbers . 
R. G. Durrant found t h a t cobaltous oxide and salts form double salts with car-
boxy lie acids—e.g., acetic, tar tar ic , citric, oxalic, lactic, malic, succinic, and 
glycollic acids—and on oxidation, green compounds are formed whose stability 
is increased by the presence of an excess of the alkali salt* The results indicate 
t h a t a complex salt containing tervalent cobalt, : Co.O.Co :, is present, so t h a t 
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in the case of the hydrocarbonate soln., the complex salt is probably potassium 
cobaltio carbonate, [Co(KCO8) 2]20, or : 

K O O C - ° \ C o O C o ^ O C O O K 

but no evidence of such a product was observed in the case of the normal carbonates. 
The green colour of these soln. is characteristic of cobaltic combinations with the 
carboxylic acids, and this, in turn , depends on the presence of complex ions con­
taining the nucleus : Co.O.Co :. These conclusions are also in agreement with 
the absorption spectra of the soln. 

O. W. Gibbs and F . A. Genth 2 prepared cobaltic hexamminocarbona te , 
[Co(NH3)6]2(C08)3.7H20, by t reat ing the corresponding chloride with the theoretical 
proportion of silver carbonate, and evaporating the yellow filtrate. The brownish-
yellow, rhombic prisms of the heptahydrate may contain some acid carbonate, owing 
to the absorption of carbon dioxide from air. J . D . Dana said t h a t the rhombic 
prisms have the axial ratios a : b : c=0-6148 : 1 : 0-6460. F . M. Jager regarded 
the salt as a hexahydrate. Observations were also made by A. Dubosc, and 
L. Jacobsen. When the salt is dried in air, O. W. Gibbs and F . A. Genth observed 
t h a t some "water is given oiT, and the crystals become bpaque. The salt is readily 
dissolved by hot water. By passing carbon dioxide into a soln. of the carbonate, 
brownish-red or brownish-yellow, monoclinic prisms of cobaltic hexamminohy-
drocarbonate, [Co(NH 3 ) ] 6 (HC0 3 )C0 3 .2£H 20, were formed. J . D . Dana, and 
F . M. Jager gave for the axial ratios a : b : c = l - 1 3 1 : 1 : 0-819, and £ = 7 1 ° 44'. 
The salt does not lose i ts water of hydrat ion in air, but it does so in vacuo ; i t is 
less soluble than the normal carbonate. L. Jacobsen obtained cobaltic hexammino-
Chlorocarbonate, [Co(NHg)6](CO3)Cl, from a mixture of sat . soln. of the chloride 
and carbonate, or by treat ing the chloride with potassium carbonate, and crystal­
lizing from boiling water. 

F . Claudet, and S. M. Jorgensen prepared cobaltic aquopentamminocarbonate, 
in aq. soln., by rubbing up the chloropentamminochloride, or bromopentammino-
bromide, with the theoretical proportion of silver carbonate, and a little -water. 
I t is also formed by the action of carbon dioxide on an aq. soln.of aquopentammino-
hydroxide. The red liquid has a strong alkaline reaction. 

G. Vor tmann and O. Blasberg described cobaltic iiitratopentamminocarbonate, 
but A. Werner and N. Goslings showed t h a t the product is really carbonatopent-
amminonitrate—vide infra. S. M. Jorgensen reported cobaltic ch loropentammino-
Carbonate, [Co(NH3)5Cl]C03 .4£H20, to be formed by t r i turat ing the corresponding 
chloride with silver carbonate and a little water, and adding alcohol to the filtrate. 
The work must be done rapidly, or the aquopentammino-salt may be formed. 
The violet-red crystals of the hemihenahydrate are freely soluble in water, and the 
soln. has an alkaline reaction. The crystals lose nearly all their water of hydration 
on exposure to a i r ; an aq. soln. of the weathered salt, on t rea tment with alcohol, 
gave dark violet prisms of a hemihydrate. 

A. Werner reported cobaltic hydrocarbonatopentamminobromide, 
[Co(NHg)5(HCOa)]Br2, t o be formed, as a violet-red powder consisting of fine 
needles, by passing carbon dioxide into a cone. soln. of hydroxy-bromide ; and 
cobaltic hydrocarbonatopentamminoiodide, [Co(NHg)5(HCO3)]I3, by passing 
carbon dioxide through an aq. soln. of the hydroxy-nitrate. The pale carmine-
red, microscopic crystals are stable in air. They are sparingly soluble in water, 
and the soln. ha s an alkaline reaction. The cold, aq. soln. is stable, bu t when 
warmed, carbon dioxide escapes and t h e soln. reverts to the hydroxy-nitrate. 
Potass ium iodide precipitates a polyiodide ; and with 20 per cent. aq. ammonia, 
carbonatopentamminonitrate is formed. J . Kranig prepared cobaltic carbonato-
pezitammkiochloride, [Co(NHg)5(OOg)]CLH2O,- and W. Kuhn and K. Bein 
studied the absorption spectrum. N . Goslings prepared cobaltic carbonatopent-
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amminobromide, [Co(NH3)5C03]Br, and cobaltic carbonatopentamminoiodide, 
[Co(NH3)SCO3]I. 

O. V o r t m a n n a n d O. B l a s b e r g desc r ibed a cobalt ic s u l p h a t o p e n t a m m i n o -
carbonate , b u t J . K r a n i g s h o w e d t h a t t h e p r o d u c t is r a t h e r cobal t ic c a r b o n a t o -
pentamrainosulphate , [ (Co(NH 3 ) 5 } 2 ( C 0 3 ) ] ( S 0 4 ) 2 . 4 H 2 0 . I t w a s o b t a i n e d b y t h e 
aer ia l ox ida t i on of a cold soln. of c o b a l t o u s s u l p h a t e in aq . a m m o n i a a n d a m m o n i u m 
c a r b o n a t e . W h e n a lcohol is a d d e d t o t h e soln. , a n oily l iquid is p r e c i p i t a t e d , a n d 
th i s , w i t h m o r e a lcohol , c rys ta l l i zes . T h e c rys t a l s a r e u n s t a b l e , a n d de l iquesce 
in m o i s t a i r . T h e a i r -d r i ed tetrahydrate loses a b o u t 1^H 2 O over ca l c ium ch lo r ide , 
a n d t h e r e m a i n d e r is los t a t 75° , t h e sa l t decomposes a t a h ighe r t e m p . I t is r e ad i l y 
so luble in w a t e r . 

Gr. Vortmann 3 obtained cobaltic carboiratotetramminocarbonate, 
[ C o ( N H 3 ) 4 ( C 0 3 ) ] 2 C O 3 . 3 H 2 0 , f rom t h e m o t h e r - l i q u o r left in t h e p r e p a r a t i o n of t h e 
h y d r o c a r b o n a t e ; a n d S. M. J o r g e n s e n , b y t r i t u r a t i n g t h e iod ide w i t h freshly-
p r e c i p i t a t e d s i lver c a r b o n a t e a n d w a t e r , a n d p r e c i p i t a t i n g f rom t h e n i t r a t e w i t h 
a lcohol . T h e viole t , r h o m b i c p l a t e s of t h e trihydrate lose 3 mo l s . of w a t e r o v e r 
su lphur i c acid , a n d t a k e t h e m u p a g a i n w h e n exposed t o mo i s t a i r . T h e sa l t d e c o m ­
poses a t 100°. T h e sa l t is r ead i ly so luble in w a t e r , a n d t h e soln. h a s a n a l k a l i n e 
r eac t i on ; on ly o n e - t h i r d of t h e t o t a l c a r b o n a t e is ionogenic . S o d i u m d i t h i o n a t e 
p r e c i p i t a t e s t h e sa l t a l m o s t c o m p l e t e l y f rom a q . soln. K . Tschibisoff a n d co ­
w o r k e r s s t u d i e d t h e r eac t ions of t h i s sa l t . W h e n t h e a q . soln . is s a t u r a t e d w i t h 
c a r b o n d iox ide , a n d a lcohol is a d d e d , cobal t ic c a r b o n a t o t e t r a m m i n o h y d r o -
carbonate , [ C o ( N H 3 ) 4 ( C 0 3 ) ] H C 0 3 . H 2 0 , is fo rmed . G. V o r t m a n n o b t a i n e d t h i s 
s a l t b y oxid iz ing a cone , a m m o n i a c a l soln. of c o b a l t o u s c a r b o n a t e , s a t u r a t i n g t h e 
l i qu id w i t h c a r b o n d iox ide , a n d p r e c i p i t a t i n g t h e s a l t w i t h a lcohol . A. Mio la t i 
sa id t h a t in a t t e m p t i n g t o p r e p a r e t h e c o r r e s p o n d i n g t h i o c y a n a t e b y a d d i n g 
b a r i u m t h i o c y a n a t e t o a soln . of c o b a l t o u s s u l p h a t e , t r e a t i n g t h e n i t r a t e w i t h 
a m m o n i a a n d a m m o n i u m c a r b o n a t e , a n d pas s ing a c u r r e n t of a i r t h r o u g h t h e l iqu id , 
he o b t a i n e d a r e d p r e c i p i t a t e of t h e c a r b o n a t o - h y d r o c a r b o n a t e , s ince t h a t s a l t is 
less soluble t h a n t h e c a r b o n a t o - t h i o c y a n a t e . T h e red , p r i s m a t i c c r y s t a l s of t h e 
monohydrate we re found b y A. Miola t i t o d e c o m p o s e s lowly a t t h e t e m p , of t h e 
w a t e r - b a t h , losing m o r e in w e i g h t t h a n c o r r e s p o n d s w i t h t h e w a t e r of h y d r a t i o n . 
S. M. J o r g e n s e n a lso n o t e d t h a t t h e sa l t decomposes a t 100° ; a n d t h a t w h e n 
t r e a t e d w i t h hyd roch lo r i c ac id , a cold, a q . soln. fu rn ishes t h e d i a q u o t e t r a m m i n o -
chlor ide , a n d a h o t soln. , t h e c h l o r o a q u o t e t r a m m i n o c h l o r i d e . A . Mio la t i f o u n d t h a t 
t h e m o l . e lectr ical conduc t iv i t i e s of soln. of a mo l . of t h e sa l t i n 32 a n d 1024 l i t r e s 
a r e , respec t ive ly , 59*45 a n d 79*18 ; a n d a t inf ini te d i lu t ion , 82*6. I t is h e n c e 
in fe r red t h a t hydro lys i s does n o t occur , in a q . soln . t h a t t h e so ln . c o n t a i n s a s a l t 
of a d ibas ic ac id w i t h a u n i v a l e n t ba se , poss ib ly cobal t ic c a x b o n a t o t e t r a m m i n o -
pyrocarbonate , [ C o ( N H 3 ) 4 ( 0 0 3 ) ] 2 ( C 0 2 ) 2 0 . G. V o r t m a n n r e p o r t e d a bas ic s a l t , 
coba l t i c c a r b o n a t o h y d r o x y a q u o t r i a m m i n o h y d r o x i d e , [ C o ( N H 3 ) 3 ( H 2 0 ) ( C 0 3 ) ] 0 H . 
^ H 2 O , t o be fo rmed in p r e p a r i n g t h e c a r b o n a t o t e t r a m m i n o c a r b o n a t e . I t is p r e c i p i ­
t a t e d b y a lcohol a s a n oil which , b y r e p e a t e d so lu t ion , a n d t r e a t m e n t w i t h a lcoho l , 
u l t i m a t e l y crys ta l l izes . R . Ueh l eke m e a s u r e d t h e m a g n e t i c r o t a t i o n of t h e p l a n e 
of po la r i za t ion of l igh t i n soln. of t h e sa l t . A . B . L a m b a n d V . Y n g v e f o u n d t h a t 
cobal t ic carbonato te tramminohydrox ide ex i s t s o n l y i n a q . so ln . T h e m o l . con ­
duc t iv i t i e s of soln. w i t h 0*2683 a n d 33*32 mols p e r l i t r e a t 0° , a r e , r e spec t ive ly , 
100*3 a n d 108*7—or, a t t h e l imi t , 121*8—and t h e p e r c e n t a g e i o n i z a t i o n i n t h e s e 
t w o soln . a re , r espec t ive ly , 85*3 a n d 89*2. J . Meye r p r e p a r e d coba l t i c c a r b o n a t o -
te traxnminomethylsulphate , [ C o ( N H 3 ) 4 C 0 3 ] C H 3 . S 0 4 . 

A . Miola t i r e p o r t e d t h e p r e p a r a t i o n of cobal t ic carbonatotetramminofLuoride , 
[ C o ( N H 3 ) 4 ( C 0 3 ) ] F . 3 H 2 0 . S. M. J o r g e n s e n , a n d G. V o r t m a n n a n d O . B l a s b e r g 
p r e p a r e d cobalt ic caxbonatote tramminochlor ide , [Co(NH 8 ) 4 (C0 3 ) ]C l , b y p a s s i n g 
a i r , for 2 o r 3 h r s . , t h r o u g h a so ln . of c o b a l t o u s ch lor ide , a n d a m m o n i u m c a r b o n a t e 
i n cone , a m m o n i a , a n d a d d i n g a l c o h o l ; a lso b y a d d i n g a l coho l t o a so ln . of t h e 
n i t r a t e in gone, sofci. of a m m o n i u m c a r b o n a t e — v i d e infra, t h e n i t r a t e ; a n d b y 



COBALT 817 

t r i t u r a t i n g f r e sh ly -p rec ip i t a t ed si lver ch lor ide w i t h t h e co r r e spond ing iod ide . 
T h e r h o m b i c p l a t e s first f o r m e d p a s s i n t o four-s ided a n d s ix-s ided p r i s m s -when 
k e p t u n d e r t h e m o t h e r - l i q u o r . T h e sa l t loses on ly a t r a c e of w a t e r w h e n confined 
o v e r s u l p h u r i c ac id ; a n d i t is d e c o m p o s e d a t 100°. G. V o r t m a n n a n d O. B l a s b e r g 
s u p p o s e d t h e s a l t t o b e a h e m i t r i h y d r a t e . E . Val la , Y . S h i b a t a , a n d Y . S h i b a t a 
a n d G. XJrbain s t u d i e d t h e a b s o r p t i o n s p e c t r a of a q . soln . N . R . D h a r a n d 
G. XJrbain m e a s u r e d t h e p o l a r i z a t i o n t ens ion—v ide supra, t h e h e x a m m i n o c h l o r i d e . 
R . S c h w a r z a n d K . T e d e n o t e d t h a t t h e soln . decomposes i n u l t r a -v io l e t r a y s . 
A . W e r n e r f o u n d t h a t a lcohol ic h y d r o g e n ch lo r ide c h a n g e s t h e sa l t i n t o cis-dichloro-
t e t r a m m i n o c h l o r i d e ; a n d W . S c h r a m m f o u n d t h a t oxal ic a c id c o n v e r t s i t i n t o 
t h e oxa l a to - ch lo r i de , a n d w a r m m a l o n i c ac id (below 65°) fo rms m a l o n a t o - c h l o r i d e . 
T h e g e n e r a l r e a c t i o n s a r e l ike t h o s e of t h e n i t r a t e . S. M. J o r g e n s e n obse rved t h a t 
s o d i u m c h l o r o a u r a t e p r e c i p i t a t e s f rom a soln. of t h e c o r r e s p o n d i n g n i t r a t e , s o l d 
cobaltic carbonatotetramminochloride, [Co(NH3)4(C03)](AuCl4).^H2O, in brownish-
r ed , r h o m b o i d a l p l a t e s or need les wh ich a r e d e h y d r a t e d a t 100°. T h e s a l t is 
s p a r i n g l y soluble in w a t e r ; inso lub le in a lcohol . 

8 . M. J o r g e n s e n p r e p a r e d cobalt ic c a r b o n a t o t e t r a m m i n o b r o m i d e , 
[ C o ( N H 3 ) 4 ( C 0 3 ) ] B r , b y a p rocess a n a l o g o u s t o t h a t e m p l o y e d for t h e ch lo r ide . 
I t loses n o w e i g h t ove r s u l p h u r i c ac id ; a n d slowly decomposes a t 100°. 
A . XJspensky a n d K . Tschibisoff s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; F . d e Boer , 
t h e X - r a y a b s o r p t i o n s p e c t r u m ; a n d A. W e r n e r a n d A. Miola t i , t h e mol . c o n d u c ­
t i v i t y a t 25° . E . P e t e r s e n f o u n d t h e m o l . c o n d u c t i v i t i e s of soln. of a mol of t h e sa l t 
in 5O, 2000, a n d 320O l i t res of w a t e r were , r e spec t ive ly , 52-8, 59-2, a n d 70-7 a t 0° , 
a n d 96-4, 104-3, a n d 131-3 a t 25° . T h e sub j ec t w a s d iscussed b y A. W e r n e r a n d 
C. H e r t y , a n d b y W . D . H a r k i n s a n d co-workers . W . S c h r a m m found t h a t oxal ic 
ac id r e a c t s fo rming t h e o x a l a t o - b r o m i d e ; a n d w a r m ma lon ic ac id , t h e m a l o n a t o -
b r o m i d e . 

S . M. J o r g e n s e n p r e p a r e d cobal t ic c a r b o n a t o h e x a m m i n o i o d i d e , 
t C o ( N H 3 ) 4 ( C 0 3 ) ] I , in b rown i sh -v io l e t needles , b y a p rocess ana logous t o t h a t 
e m p l o y e d for t h e ch lo r ide . A . TJspensky a n d K . Tschibisoff s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . W . S c h r a m m f o u n d t h a t t h e sa l t is r e d u c e d t o t h e c o b a l t o u s s t a t e b y 
w a r m oxal ic a n d m a l o n i c ac ids . F . E p h r a i m a n d P . M o s i m a n n o b t a i n e d cobalt ic 
carbonatote tra inmino- tr i iod ide , [Co(NHa) 4 (COa)]LI 2 , a s a b l ack agg rega t e of 
c r y s t a l s , b y t h e a c t i o n of a soln . of iodine a n d p o t a s s i u m iodide on t h e cor re ­
s p o n d i n g n i t r a t e . T h e sa l t d e c o m p o s e s a t 140°. T h e y a lso p r e p a r e d mercuric 
coba l t i c c a r b o n a t o p e n t a m m i n o i o d i d e , 2 [Co(NH 3 ) 4 (COa) ] I .HgI 2 , a s a b lu ish- red 
p r e c i p i t a t e , b y a d d i n g a lcohol t o a soln. of t h e co r r e spond ing n i t r a t e a n d 
p o t a s s i u m c h l o r o m e r c u r a t e ; a n d b i s m u t h cobal t ic carbonatote tramminoiod ide , 
[Co(NHa) 4 (COa)]LBiT 3 , a s a r edd i sh-ye l low p r e c i p i t a t e , b y a d d i n g b i s m u t h iodide 
t o a soln. of t h e iod ide . 

G. V o r t m a n n , R . P e r s , a n d G. V o r t m a n n a n d O. B l a s b e r g p r e p a r e d cobalt ic 
c a r b o n a t o t e t r a m m i n o s u l p h a t e , [ C o ( N H 3 ) 4 ( C 0 3 ) ] 2 S 0 4 . 3 H 2 0 ; a n d S. M. J o r g e n s e n 
r e c o m m e n d e d a d d i n g a soln. of c o b a l t o u s c a r b o n a t e (20 grms. ) in di l . su lphur ic ac id 
t o a soln . of a m m o n i u m c a r b o n a t e (IOO grms. ) i n 250 c.c. of c o n e , aq . a m m o n i a , 
p a s s i n g a c u r r e n t of a i r t h r o u g h t h e l iqu id for 2 o r 3 h r s . a n d e v a p o r a t i n g t h e soln. 
w i t h t h e a d d i t i o n of a m m o n i u m c a r b o n a t e f rom t i m e t o t ime—v ide infra, t h e n i t r a t e . 
A . XJspensky a n d K . Tschibisoff o b t a i n e d i t b y pass ing c a r b o n d iox ide i n t o a n a q . 
so ln . of d i a q u o t e t r a m m i n o s u l p h a t e , i n t h e p resence of ca l c ium c a r b o n a t e . T h e 
g a r n e t - r e d p r i s m s of t h e trihydrate. we re found b y F . M. J a g e r t o be r h o m b i c 
b i p y r a m i d s w i t h t h e a x i a l r a t i o s a : b : c = 2 - 2 2 1 2 : 1 : 1-8003, sp . gr . 1-807 a t 20° ; 
m o l . v o l . 2 9 0 0 ; a n d t op i c a x i a l r a t i o s xl*P '• cu-=9-2630 : 4-1702 : 7*5075. O n t h e 
o t h e r h a n d , Li. W . S t r o c k f o u n d t h e c r y s t a l s t o b e monocl in ic h e m i h e d r a l , w i t h 
t h e a x i a l r a t i o s a : b : c = l - 1 1 3 2 : 1 : 0-7030, a n d / 3 = 9 8 ° 3 9 ' . T h e r e a r e t h r e e 
p r o m i n e n t c l eavages pa ra l l e l t o t h e (IOO)-, (01O)-, a n d t h e (102)-faces. T h e first 
is pe r fec t , t h e o t h e r t w o a r e good . T h e r u b y - r e d c ry s t a l s a r e s t r o n g l y p leochro ic 
— t h e co lou r pa ra l l e l t o (IOO) i s p u r p l e - r e d ; t h a t pa ra l l e l t o (Ol0) is b r o w n i s h - r e d 

V O L . x r v . 3 Q-
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w i t h a p u r p l e t i n g e ; a n d t h a t pa ra l l e l t o (001) is b r o w n i s h - r e d . T h e i n d e x of 
re f rac t ion for t h e 670-2/x/x r a y is 1-6221 ; for t h e 658/u./z r a y , 1-624O; for t h e 610/a/u. 
r a y , 1-6284; a n d for t h e 5 8 9 / m r a y , 1 -6320 ; fo r the670-2 /LCf t r ay , a= l -5973 , j8= l*6210 , 
a n d y = l - 6 2 2 1 ; a n d for t h e 589^/x r a y , a = l - 5 9 4 9 , £ = 1 - 6 3 0 9 , a n d y » l - 6 3 2 0 . 
T h e X - r a d i o g r a m s c o r r e s p o n d w i t h a u n i t cell h a v i n g a = l l - 8 Q A. , 6—10-60 A. , 
a n d c = 7 - 1 2 A. ; a n d £==98° 3 9 ' , w h i c h a c c o m m o d a t e s 2 mo l s . of t h e sa l t of s p . g r . 
1-8816 a t 22° . 

A . B e n r a t h a n d W . K o h l b e r g o b s e r v e d a n a b r u p t c h a n g e in t h e c u r v e r e p r e ­
s e n t i n g t h e v a p . p r e s s , a n d t h e m o l . p r o p o r t i o n of w a t e r , c o r r e s p o n d i n g w i t h t h e 
t r i h y d r a t e . A . G o r d i e n k o , a n d A . U s p e n s k y a n d K . Tschibisof i s t u d i e d t h e 
a b s o r p t i o n s p e c t r a of a q . so ln . ; a n d F . d e Boe r , t h e X - r a y a b s o r p t i o n s p e c t r a . 
K . M a t s u n o f o u n d t h e m o l . c o n d u c t i v i t i e s of soln . w i t h a m o l of t h e sa l t i n 100, 400 , 
a n d 16OO l i t res a t 25°, were , r e spec t ive ly , 78-83, 92-13 , a n d 106-2. R . S c h w a r z 
a n d K . T e d e o b s e r v e d t h a t a q u a t i o n occur s w i t h soln . i n t h e u l t r a -v io l e t r a y s . 
I i . W . S t r o c k a n d T . P . M c C u t c h e o n o b s e r v e d t h a t IOO c.c. of s a t . soln . a t 25° 
c o n t a i n e d 6-061 g r m s . of t h e c a r b o n a t o - s u l p h a t e . W . v o n B e h r e n a n d I . T r a u b e 
s t u d i e d t h e sub jec t . S. M. J o r g e n s e n , a n d K . J . P e d e r s e n m e a s u r e d t h e r a t e of 
d e c o m p o s i t i o n of t h e sa l t . F . E p h r a i m f o u n d t h a t d i l . s u l p h u r i c ac id c o n v e r t s 
t h e sa l t i n t o t h e d i a q u o - s u l p h a t e , w i t h t h e e v o l u t i o n of c a r b o n d i o x i d e . K . M a t s u n o 
s t u d i e d t h e f loccula t ing a c t i o n o n t h e h y d r o s o l of a r sen ic s u l p h i d e . W . S c h r a m m 
f o u n d t h a t oxal ic ac id c o n v e r t s i t i n t o t h e o x a l a t o - s u l p h a t e ; a n d m a l o n i c a c i d , . 
i n t o t h e m a l o n a t o - s u l p h a t e . T h e genera l r e a c t i o n s a r e l ike t h o s e of t h e n i t r a t e . 

G. V o r t m a n n a n d O. B la sbe rg , a n d S. M. J o r g e n s e n p r e p a r e d CObaltic c a r b o n a t o -
te tramminoni tra te , [ C o ( N H a ) 4 ( C O g ) ] N O 3 ^ H 2 O , b y t h e m e t h o d a n a l o g o u s t o t h a t 
e m p l o y e d for t h e ch lor ide a n d s u l p h a t e . H . a n d W . B i l t z r e c o m m e n d e d t h e 
fol lowing process : 

A soln. of 1OO grms . of a m m o n i u m carbonate in 500 c.c . of water in a l itre flask is m i x e d 
w i t h 25O c.c. of c o n e , aq . a m m o n i a , and. t h e n -with a so ln . of 2O grms . of coba l t carbonate 
in as l i t t le cone, nitric ac id as poss ible , a n d d i lu ted t o 100 c.c. A v igorous current of air 
is t h e n drawn through t h e l iquid for 3 hrs . T h e colour of t h e l iquid changes from d e e p 
v io l e t t o blood-red. T h e so ln . i s concentrated t o a b o u t 30O c.c. in a porcela in d i sh , 
5 g r m s . of p o w d e r e d a m m o n i u m carbonate are a d d e d e v e r y 15 m i n u t e s — m a k i n g a b o u t 
25 grms . i n all . T h e filtered so ln . i s boi led d o w n t o a b o u t 200 c .c . -with t h e c o n t i n u e d 
addi t ion , in smal l lo t s a t a t i m e , of a b o u t IO grms . of a m m o n i u m carbonate . T h e crys ta l s 
w h i c h separate from t h e cool ing so ln . are w a s h e d first w i t h a l i t t le water , t h e n w i t h dil . 
a lcohol , a n d finally w i t h alcohol a lone . A n impure crop of crys ta l s c a n be co l lected b y 
concentrat ing t h e m o t h e r - l i q u o r ; ex trac t ing t h e produc t a t r o o m t e m p . , w i t h 15 t i m e s 
i t s w e i g h t of water , prec ip i tat ing t h e sa l t from t h e filtered so ln . b y a d d i n g 2 or 3 vo l s , of 
a lcohol , a n d treat ing the prec ipi tate as before. Y ie ld , 22 t o 25 g r m s . 

T h e ca rmine - red , r h o m b i c p l a t e s of t h e h e m i h y d r a t e , a c c o r d i n g t o S. M. J o r g e n ­
sen , lose t h e i r w a t e r of h y d r a t i o n a t 100°, a n d t h e y t a k e u p t h e w a t e r a g a i n o n 
e x p o s u r e t o mo i s t a i r . A . B e n r a t h a n d K . A n d r e a s cons ide red t h e s a l t t o b e t h e 
monohydrate. A. U s p e n s k y a n d K . Tschibisoff m e a s u r e d t h e a b s o r p t i o n s p e c t r u m ; 
a n d F . d e Boer , t h e X - r a y a b s o r p t i o n s p e c t r u m . M e a s u r e m e n t s of t h e e lec t r i ca l 
c o n d u c t i v i t y of a q . soln . b y A. W e r n e r a n d A . Mio la t i , a n d N . R . D h a r s h o w t h a t 
t h e sa l t is n o t s t a b l e i n a q . soln. a t 25° t o 30° . H . F r e u n d l i c h a n d G. E t t i s c h 
s t u d i e d t h e e l ec t rok ine t i c p o t e n t i a l . S. B e r k m a n a n d H . Z o c h e r f o u n d t h e m a g n e t i c 
suscep t ib i l i ty t o b e 0*22 x 1 O - 6 m a s s u n i t ; a n d t h e m a g n e t i c p r o p e r t i e s w e r e 
s t u d i e d b y W . B i l t z , a n d G. D e p o l d . S. M. J o r g e n s e n o b s e r v e d t h a t 1OO g r m s . of 
w a t e r d issolve 6-67 g r m s . of t h e sa l t . A c o n e , a q . so ln . i s d e e p r e d , a n d i t g ives 
p r e c i p i t a t e s w i t h s o d i u m d i t h i o n a t e , c h l o r o a u r a t e , o r c h l o r o p l a t i n a t e ; a n d w i t h 
p o t a s s i u m iodide , o r c h l o r o p l a t i n i t e . K . M a t s u n o s t u d i e d t h e flocculating a c t i o n 
on a rsen ic su lph ide . P . !Ephra im o b s e r v e d t h a t p r e c i p i t a t e s a r e f o r m e d w i t h 
n i t ronaph tha lene - / ? - su lphon ic ac id , a n d w i t h d in i t r o -6 - ch lo robenzene -5 - su lphon i c 
ac id . W . S c h r a m m n o t e d t h a t oxa l i c ac id y i e ld s t h e o x a l a t o - n i t r a t e , a n d w a r m 
m a l o n i c acid , t h e m a l o n a t o n i t r a t e . 

A . "Werner prepared a soln. of cobaltlc carbonatoblsethyfonedlaminehydroxlde, 
[Co en8(CO,)JOH, by t reat ing a soln. of t he corresponding bromide wi th freshly-precipitated 
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s i l ve r o x i d e ; a n d a l t h o u g h t h e s a l t c o u l d n o t b e i so l a t ed , t h e so ln . w a s f o u n d b y 
A . W e r n e r , J . C. Duff, a n d T . S. P r i c e a n d S. A . B r a z i e r t o b e usefu l for b u i l d i n g u p c o m ­
p l e x e s w i t h d i b a s i c o r g a n i c a c i d r a d i c l e s i n t h e i n n e r c o m p l e x . 

A . "Werner a n d J . R a p i p o r t , H . S e i b t , H . E . W a t t s , E . S c h m i d t , a n d W . T u p i z i n a 
p r e p a r e d cobalt ic carbonatoblsethylenediamlnechlorlde, [Co en a (COa) ]ClJH 8 O, b y h e a t i n g 
t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n e c h l o r i d e -with t h e t h e o r e t i c a l p r o p o r t i o n of s o d i u m ca r ­
b o n a t e i n a q . s o l n . T h e d e e p r e d s o l n . d e p o s i t s d a r k r e d c r y s t a l s of t h e monohydrate. 
T h e s a l t loses t h e w a t e r of h y d r a t i o n a t 70° t o 80° . T h e a n h y d r o u s s a l t w a s a l so p r e p a r e d 
b y J . Meisenhe ixner a n d c o - w o r k e r s . T h e a b s o r p t i o n s p e c t r a of a q . so ln . w e r e s t u d i e d 
b y J. A n g e r s t e i n , Y . S h i b a t a , a n d K . M a t s u n o . W . S c h r a m m f o u n d t h a t w i t h oxa l i c 
a c i d , t h e o x a l a t o - c h l o r i d e , a n d w i t h m a l o n i c ac id , p r o b a b l y , m a l o n a t o - c h l o r i d e a r e f o r m e d . 
A . W e r n e r a n d T . 3?. M c C u t c h e o n t r e a t e d t h e o p t i c a l l y a c t i v e d i ch lo ro -ch lo r ides in a 
s i m i l a r m a n n e r , a n d o b t a i n e d r e d , c r y s t a l l i n e p o w d e r s of t h e dextro-ealt a n d t h e Icevo-saU. 
T h e s p . r o t a t i o n of 0-2 p e r c e n t . a q . s o l n . w e r e [Ci]=ZbSSO0 . T h e so ln . a t 90° b e c o m e s 
i n a c t i v e ; a n d t h e a c t i v i t y of t h e so ln . -which h a s b e e n k e p t for 14 d a y s a t o r d i n a r y t e m p . , 
is a b o u t ha l f i t s o r i g i n a l v a l u e . K . Tschibisoff a n d c o - w o r k e r s s t u d i e d t h e s e s a l t s . 
J . C. D i p p e l a n d F . M . J a g e r p r e p a r e d oobaltlc carbonatobisdiaminotetramminochloride, 
[Co p t n 8 C 0 8 ] C l , w i t h a/35- a n d /9 /35-diaminopentanes . 

A . W e r n e r a n d J . B o s s h a r t p r e p a r e d cobaltic earbonatobisethylonedlaminebromide, 
[Co e n 8 ( C O s ) ] B r , b y t h e a c t i o n of c a r b o n d i o x i d e o n a n a q . a l k a l i n e ice-cold s o l n . of c is-
o r t r a n s - h y d r o x y a q u o b i s e t h y l e n e d i a m i n e b r o m i d e ; a n d b y A . W e r n e r a n d J . !Rap ipor t , 
a n d I*. Pfeiffer a n d O . A n g e r n , b y t h e a c t i o n of p o t a s s i u m b r o m i d e o n t h e c o r r e s p o n d i n g 
c h l o r i d e . T h e s a l t c ry s t a l l i z e s f r o m i t s a q . so ln . p a r t l y a s a h y d r a t e in d a r k r e d , h e x a g o n a l 
p r i s m s , a n d p a r t l y a s a b r o w n i s h - r e d , c r y s t a l l i n e c r u s t . T h e h y d r a t e d f o r m loses i t s 
c o m b i n e d w a t e r i n a i r . T h e a b s o r p t i o n s p e c t r a of a q . s o l n . -were s t u d i e d b y A . G o r d i e n k o , 
a n d JT. A n g e r s t e i n . J . C. Duff f o u n d t h e m o l . c o n d u c t i v i t i e s of s o l n . w i t h a m o l of t h e s a l t 
i n 32 , 256 , a n d 1024 l i t r e s of w a t e r , a t 25° , t o b e , r e s p e c t i v e l y , 90-46, 103-5, a n d 106-1 . 
E . S c h m i d t , a n d A . W e r n e r a n d J . R a p i p o r t p r e p a r e d cobaltic earbonatoblsethylenediamine-
lodide, [Co e n 8 ( C O a ) ] I , b y t h e a c t i o n of p o t a s s i u m i o d i d e o n t h e c o r r e s p o n d i n g c h l o r i d e . 
T h e d a r k r e d , p r i s m a t i c c r y s t a l s a r e s p a r i n g l y s o l u b l e i n w a t e r , s ince 1OO g r m s . of w a t e r a t 
SO" d i s s o l v e 1-43 g r m s . of t h e i o d i d e . JT. A n g e r s t e i n , a n d Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n 
s p e c t r a of a q . so ln . A . W e r n e r a n d J . R a p i p o r t o b t a i n e d t h e o p t i c a l l y a c t i v e d e x t r o - s a l t , 
a n d lsevo-sal t , i n a s i m i l a r w a y , b y s t a r t i n g f rom t h e c o r r e s p o n d i n g o p t i c a l l y a c t i v e c h l o r i d e s . 
T h e s p . r o t a t i o n s of O-2 p e r c e n t . a q . s o l n . w e r e [a ] = db250 0 . G . a n d I*. S p a c u p r e p a r e d 
silver cobaltic carbonatobisethylenedlaniinelodide, [Co e n 2 ( C O 8 ) ] A g I 2 ; a n d mercury cobalt ic 
carbonatobisethylenedlamlnelodlde, [Co e n , C O 8 ] H g I 8 . 

A . W e r n e r a n d J . R a p i p o r t p r e p a r e d cobal t ic carbonatobisethylenediaminesulphate , 
[Co e n 8 ( C 0 8 ) ] 8 . S 0 4 . 5 H 8 0 , b y t h e a c t i o n of a s o l n . of s i lve r s u l p h a t e o n a co ld , s a t . so ln . 
of t h e i o d i d e . T h e b l a c k , p r i s m a t i c c r y s t a l s of t h e jyentaht/drate b e c o m e a n h y d r o u s a t 
100° . S i lve r n i t r a t e a c t i n g o n t h e b r o m i d e of t h e ser ies , f u rn i shes cobaltic ca rbona to-
bisethylenediaminenitrate, [Co e n 8 ( C 0 s ) ] N 0 8 . H , 0 ; a n d P . Pfeiffer a n d O . A n g e r n o b t a i n e d 
t h e s a m e s a l t b y t h e a c t i o n of p o t a s s i u m c a r b o n a t e o n a so ln . of t h e t r a n s - d i c h l o r o -
n i t r a t e , o n a w a t e r - b a t h , a n d s u b s e q u e n t l y coo l ing t h e r e d l i qu id o n ice . T h e b l u i s h - r e d 
n e e d l e s a r e so lub l e in -water. A . W e r n e r a n d J . R a p i p o r t f o u n d t h a t IOO g r m s . of w a t e r 
d i s so lve 5 g r m s . of t h e s a l t a t 60° . «T. A n g e r s t e i n , a n d Y . S h i b a t a s t u d i e d t h e a b ­
s o r p t i o n s p e c t r a of a q . so ln . J . K r a n i g o b t a i n e d cobalt ic ca rbona todecamminosu lpha te , 
[ C o , ( N H , ) 1 0 C 0 3 ] ( S 0 4 ) . 4 H 8 0 . 

A. Werner prepared oobaltlc carbonatobistrimethylenediaminechloride, [Co(NH2-
( C H , ) , N H , ) j , ( C 0 a ) 3 C l . H 8 0 , i n r e d n e e d l e s , b y h e a t i n g a n a q . so ln . of t h e c o r r e s p o n d i n g 
d ioh lo ro -ch lo r ide w i t h t h e c a l c u l a t e d p r o p o r t i o n of s o d i u m c a r b o n a t e i n a q . so ln . , a n d 
s u b s e q u e n t p r e c i p i t a t i o n w i t h a l c o h o l . Cone , h y d r o c h l o r i c a c i d , o r a n a lcohol ic so ln . of 
h y d r o g e n c h l o r i d e r e s t o r e s t h e o r ig ina l d i c h l o r o - c h l o r i d e . I f t r a n s - d ich lo roe t h y lene-
d i a m i n e d i a m m i n o c h l o r i d e b e h e a t e d w i t h a so ln . of p o t a s s i u m c a r b o n a t e , cobalt ca rbona to-
ethylenedlamlnediamminochloride, [ C o ( N H 8 ) a e n ( C O s ) ] C l , i s f o r m e d i n g a r n e t - r e d c r y s t a l s , 
e a s i l y s o l u b l e i n h o t w a t e r . 

G. Vor tmann reported cobaltic t r i ca rbona tohexammine , [(Co(NK3)S)2(COs)3]. 
3H 2 O, t o be formed as a by-product in the preparat ion of the carbonatotetrammino-
carbonate, in t he most soluble pa r t . Alcohol precipitates a violet-red oil, which 
can be dissolved in water ; and t h e soln., on evaporation in air, furnishes the 
crystalline salt. 

O. F . Wiede and K. A. Hofmann prepared cobaltic sulpliodithiocarbonato-
hCXammine, [(Co(NH3)S)2(CSs)2]S, by passing nitric oxide through a mixture of 
freshly-prepared cobaltous hydroxide, aq. ammonia and carbon disulphide. The 
salt9 which is mixed with an amorphous by-product, is purified by washing with 
alcohol. I t crystallizes in black, lustrous rhombohedra, dissolves sparingly in 
water, yielding a yellowish-green soln., and is soluble in sodium hydroxide, with a 
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d a r k green co lora t ion , a t first w i t h o u t evo lu t ion of a m m o n i a . I t is d e c o m p o s e d 
b y s t r o n g ac ids , w i t h p r e c i p i t a t i o n of su lphur , a n d , w h e n h e a t e d , gives off c a r b o n 
d i su lph ide . B y p ro longed h e a t i n g w i t h s o d i u m h y d r o x i d e , al l t h e n i t r o g e n is 
g iven off a s a m m o n i a . I t c a n also b e p r e p a r e d b y -warming a m i x t u r e of c o b a l t 
h y d r o x i d e , a m m o n i a , a n d c a r b o n d i su lph ide . K . A. H o f m a n n found t h a t t h e 
a m m o n i a molecules of t h e sa l t C 2S 7Co 2(NH 3)O, a re on ly r e m o v e d w i t h difficulty b y 
ac ids . F u m i n g hyd roch lo r i c ac id , a t t h e o r d i n a r y t e m p . , y ie lds Co 2 C 2 CIS 1 4 O 1 0 H 2 O 
as a b lack , c rys ta l l ine p r e c i p i t a t e , a n d a b lue soln. is left. Acet ic ac id (60 p e r c e n t . ) , 
a f te r m a n y d a y s a t t h e o r d i n a r y t e m p . , y ie lds ( C S s ) 3 C o 2 S ( N H 3 ) 2 . C 2 H 4 0 2 . 4 H 2 0 , 
w h e r e b y h y d r o g e n su lph ide is l i b e r a t e d a n d m u c h coba l t d issolved. T h i s sa l t 
c rys ta l l i zes in smal l , l u s t rous b l ack scales . Ace t ic a n h y d r i d e a c t s v e r y s lowly, a n d 
a f te r 4 d a y s , y ie lds C2S3Co.2 .5NH3 , a s a b lack , l u s t rous , c rys ta l l ine p o w d e r . T h e 
a b o v e resu l t s show t h a t n o a m m o n i a is c o m b i n e d b e t w e e n t h e c o b a l t a n d s u l p h u r , 
for, if t h i s were t h e case , g roups of t h e c o n s t i t u t i o n C o N H 3 . S . N H 3 C o , o r Co .NH 3 . S .C , 
wou ld be f a rmed , a n d t h e c o m p o u n d C 2 S 7 C o 2 ( N H 3 ) 6 shou ld g ive t h e r e a c t i o n s of 
h y d r o g e n su lph ide o r t h ioca rbon ic ac id . S. M. J o r g e n s e n d i scussed t h i s sub jec t . 
K . A. H o f m a n n also p r e p a r e d cobalt ic d i su lphodi th iocarbonatoaquopentammine , 
Co 2 (NHg) 5 (H 2 O)(CS 3 ) 2 S 2 , b y t h e ac t ion of d i azobenzene n i t r a t e o n t h e t r i a m m i n e 
sa l t , a t 0° , af ter 24 h r s . I t fo rms b lack , p r i s m a t i c c rys t a l s , is s l igh t ly soluble in 
w a t e r , a n d gives a n i n t e n s e green co lora t ion w i t h a di l . soln. of s o d i u m h y d r o x i d e . 
W i t h a la rge m a s s of d i azobenzene n i t r a t e a n d m o r e p ro longed ac t ion , m o r e a m m o n i a 
is e l imina t ed . K . A. H o f m a n n p r e p a r e d cobalt ic hydrosu lphato th iocarbonato -
t r i a m m i n e , [Co(NHg) 3 (CS 3 ) (HS)] , b y a l lowing d i azobenzene n i t r a t e t o a c t on t h e 
hexa rnmine , a t o r d i n a r y t e m p . , for 4 t o 5 d a y s , w h e n b l ack p r i s m s r e sembl ing 
h o r n b l e n d e a re fo rmed , f rom which t h e h e x a r n m i n e c a n be r e p r o d u c e d b y e l i m i n a t i n g 
t h e H S - g r o u p . T h e sa l t dissolves i n w a t e r , w i t h a n i n t e n s e ye l low co lo ra t ion ; a n d 
in a soln. of s o d i u m h y d r o x i d e o r a q . a m m o n i a , t o a greenish-ye l low soln. ; n e i t h e r 
of t he se solns . g ives a co lora t ion w i t h s o d i u m n i t ro f e r rocyan ide , o r a d e p o s i t of 
s i lver su lph ide on a p iece of me ta l l i c s i lver . I t the re fo re does n o t c o n t a i n a m m o n i a 
b e t w e e n t h e c o b a l t a n d s u l p h u r . 

C. D u v a l p r e p a r e d a r e d s o d i u m cobalt ic percarbonate , Na(CoCO 4 ) , b y t r e a t i n g 
a s a t . soln. of 5 g r m s . of h e x a h y d r a t e d c o b a l t o u s ch lor ide , a n d 8 g r m s . of s o d i u m 
h y d r o c a r b o n a t e , w i t h ozone . 
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L . A n g e r m a n n a n d H . Hols ton , Liebig^s Ann., 488. 269, 1924 ; J . Meyer, ZeAt. anorg. Chem., 
219. 149, 1934 ; A. Miolat i , AUi Accad. Lincei, (5), 6. ii , 344, 1897 ; Kl. J . Pedersen, Journ. 
Amcr. Chim. Soc, 53 . 18, 1931 ; R . Pers , lStudes surles cobaltammines, Pa r i s , 1912 ; E . Pe ter ­
sen, Zeit. phys. Chem., 22. 420, 1897 ; P . Pfeiffer, Zeit. anorg. Chem., 192. 266, 1930 ; 
P . Pfeiffer a n d O. Angern , Ber., 60. B , 308, 1927 ; T. S. Pr ice a n d S. A. Brazier , Journ. Chem. 
Soc., 107. 1371, 1915 ; E . Schmidt, TJeber Aquometallammoniake und deren Darstellungs metho-
den, Berl in , 1912 ; W. S c h r a m m , Zeit. anorg. Chem., 180. 177, 1929 ; R . Schwarz a n d K . Tede , 
Ber., 60. B , 65, 1927 ; H. Seibt, Ueber stereoisomere frifluoro- und Fluoroammindiethyl-
endiaminekobaltisalze, Zurich, 1913 ; Y. Shibata, Journ. Coll. Science Univ. Tokyo, 87. 13, 
1915 ; Y. S h i b a t a a n d G. Urba in , Compt. Bend., 151. 594, 1913 ; L. W. Sl rock, Zeit. Krist., 
86. 42, 1933 ; L. W. S t rock a n d T. P . McCutcheon, Journ. Amer. Chem. Soc., 53. 2852, 1931 ; 
G. a n d P . Spacu, Bull. Soc. Stiinte Cluj, 5 . , 387, 473, 1931 ; K . TschibisofT, V. Tscheltzoff a n d 
A. Mikhailova, Trans. Buss. Inst. Pure Chem. Beagents, 13. 121, 1933 ; W. Tupizina, Unter-
suchungen Uber die optische Aktivitdt von Kobaltverbindungen, Zurich, 1915; R. Uehleke, Ueber 
die magnetische Drehung der Polarisationsebcne des Lichtes in einigen Nickel- und Koballsalzen, 
Halle a. S., 1913 ; A. Uspensky a n d Kl. Tschibisoff, Zeit. anorg. Chem., 164. 337, 1927 ; 
Trans. Buss. Inst. Pure Chem. Beagents, 4. 32, 1927 ; E. Valla, AUi Accad. Lincei, (5), 20. ii, 
406, 1911 ; G. V o r t m a n n , Ber., 10. 1456, 1877 ; 15. 1901, 1882 ; G. V o r t m a n n a n d O. Blasberg, 
ib., 22. 2648, 1889 ; H. E . Watts , Ueber Kobaltiake mit asymmetrischen Kohlenstojfatomen, 
Zur ich , 1912 ; A. Werner , Ber., 40. 4108, 1907 ; Ltebig's Ann., 386. 104, 1912 ; A. Werner a n d 
J . Bossha r t , ib., 886. IOO, 1912 ; A. Werner a n d C. H e r t y , Zeit. phys. Chem., 38. 331 , 1901 ; 
A. W e r n e r a n d T. P . McCutcheon, Ber., 45. 3284, 1912 ; A. Werner a n d A. Miolati , Zett. phys. 
Chem., 12. 46, 1893 ; 21 . 234, 1896 ; A. Werner a n d J . R a p i p o r t , Liebtg's Ann., 386. 72, 1913 ; 
O. F . Wiede and K . A. Hofmann , Zeit. anorg. Chem., 11. 379, 1896. 

§ 27. Cobaltous Nitrates 
Anhydrous cobaltous nitrate, Co(N03)2 , was prepared by A. Guntz and 

F . Martin * by the action of nitric anhydride, or of a soln. of nitric anhydride in 
nitric acid, on hydra ted cobaltous ni t ra te ; and they also obtained it by the action 
of finely-divided cobalt on a soln. of silver ni t ra te in liquid ammonia : Co-f-2AgNO3 
—2Ag-J-Co(NO3)2. H . Lescoour, and R. F u n k could not prepare the anhydrous 
salt by dehydrat ing the hydrate , since decomposition simultaneously occurs. 
According to F . A. C. Gren, W. A. Lampadius, J . L. Proust, H . Lescoeur, B. Franz, 
G. C. Clark and H. K. Buckner, and N. A. E . Millon, a soln. of cobalt ni trate can 
be obtained by dissolving the metal, or the oxide, hydroxide or carbonate in dil. 
nitric acid ; and when the carmine-red soln. is evaporated, i t furnishes red, 
deliquescent crystals of the hexahydrate, Co(NO3)2 .6H2O. J . C. G. de Marignac 
recommended evaporating the aq. soln. in vacuo, or cooling a cone. soln. 
V. M. Peshkova described the preparation of the salt. R.. Funk, and F . Mylius 
and R. Funk studied the percentage solubility, S9 of the salt in water, and found 
t h a t : 

— 18° —22° —20° —23-5° —22° —10° 18° 55° 70° 91° 
S . 32-8 36-4 38-7 40-4 41-5 43-7 49-7 61-7 65-2 77-2 

* w * s/ ^ ^ — •"— ,/ ' 
Ice C o ( N 0 8 ) a . 9 H , 0 Co(N0 3 ) 2 . 6H 2 0 Co(W Os)a. 3H2O 

The t r ihydrate melts a t 91°. There is a metastable system a t 56° when £ = 6 2 - 9 , 
and t he solid phase is the hexahydrate . The results are plotted in Fig. 142. 
A. Gorbow suggested t ha t a tetradecahydrate, Co(NOg)2.14H2O, may exist, bu t there 
are no facts to support the inference. The region of stability of the enneahydrate, 
Co(NOg)2.9H2O, is indicated in the d iagram; as it melts, i t passes into the hexa-
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h y d r a t e . E . F r e m y s a i d t h a t t h e c r y s t a l s f r o m a n i t r i c a c i d s o l n . o f t h e s a l t , d r i e d 
i n v a c u o , a r e t h e pentahydrate, b u t t h i s h y d r a t e d o e s n o t a p p e a r a s a s o l i d p h a s e 
i n t h e s y s t e m : C o ( N 0 3 ) 2 - H 2 0 ; R . F u n k f o u n d t h a t t h e h e x a h y d r a t e a c q u i r e s 
t h e c o m p o s i t i o n o f t h e tetrahydrate, b y t h e l o s s o f 2 m o l s . o f w a t e r , w h e n i t i s c o n f i n e d 

o v e r s u l p h u r i c a c i d f o r 8 d a y s , b u t t h e r e i s n o e v i ­
d e n c e o f t h e f o r m a t i o n o f t h i s h y d r a t e a s a s o l i d p h a s e 
i n t h e s y s t e m : C o ( N O 3 ) 2 - H 2 0 . T h e r e g i o n o f s t a b i l i t y 
o f t h e trihydrate, C o ( N O 8 ) 2 3 H 2 0 , i s a l s o i n d i c a t e d i n 
F i g . 1 4 2 , a n d R . F u n k o b t a i n e d i t b y e v a p o r a t i n g t h e 
m o l t e n h e x a h y d r a t e b e t w e e n 7 0 ° a n d 7 4 ° . H . L e s c o e u r 
o b t a i n e d t h e t r i h y d r a t e b y a d d i n g a n e x c e s s c o n e , n i t r i c 
a c i d t o a s o l n . o f t h e h e x a h y d r a t e . R . F u n k s a i d t h a t 
d e c o m p o s i t i o n o c c u r s w h e n t h e a t t e m p t i s m a d e t o 
d e h y d r a t e t h e t r i h y d r a t e , b u t J . G . V i a n a a n d E . M o l e s 
s a i d t h a t t h e dihydrate i s f o r m e d , w i t h o u t d e c o m p o ­
s i t i o n , b e t w e e n 6 0 ° a n d 7 0 ° . G . L.. C l a r k a n d H . K . B u c k -
n e r o b t a i n e d w h a t t h e y r e g a r d e d a s a d i h y d r a t e , b y 

O 20 40 60%Co(AZOs)1 k e e p i n g t h e h e x a h y d r a t e f o r 3 m o n t h s o v e r c o n e . 
F i o . 142 .—Tho So lub i l i t y of s u l p h u r i c a c i d ; a n d a l s o b y w a r m i n g t h e m o l t e n 

C o b a l t N i t r a t e i n W a t e r . h e x a h y d r a t e b e t w e e n 7O a n d 7 4 . J . G . V i a n a a n d 
E . M o l e s s a i d t h a t w h e n t h e h e x a h y d r a t e i s r e - c r y s t a l ­

l i z e d f r o m f u m i n g n i t r i c a c i d i t c o n s i s t s o f a m i x t u r e o f t h e d i h y d r a t e a n d 
t r i h y d r a t e . 

A . G u n t z a n d F . M a r t i n o b s e r v e d t h a t t h e a n h y d r o u s n i t r a t e i s a p a l e p i n k 
p o w d e r ; R . F u n k s a i d t h a t t h e t r i h y d r a t e a p p e a r s i n r h o m b i c p l a t e s ; a n d t h e 
h e x a h y d r a t e , a c c o r d i n g t o A . D i t t e , i s r o s e - r e d w h i c h b e c o m e s b l u e a n d t h e n g r e e n 
a s i t l o s e s w a t e r w h i l e i n t h e m o l t e n s t a t e . K . S c h a u m a n d H . W i i s t e n f e l d s a i d 
t h a t t h e h e x a h y d r a t e i s c o l o u r l e s s a t t h e t e m p , o f l i q u i d a i r . T h e h e x a h y d r a t e 
w a s f o u n d b y J . C . G . d e M a r i g n a c t o y i e l d r e d , m o n o c l i n i c c r y s t a l s w i t h t h e 
a x i a l r a t i o s a : b : c = 0 - 5 8 7 5 : 1 : 0 - 9 9 2 0 , a n d £ = 1 0 1 0 5 1 ' . T h e c r y s t a l s w e r e a l s o 
d e s c r i b e d b y C . F . R a m m e l s b e r g . A . V . R a k o w s k y a n d V . M . P e s h k o v a s t u d i e d 
t h e i s o m o r p h i s m o f t h e m a g n e s i u m a n d c o b a l t h e x a h y d r a t e s , a n d M . H a s s e l b l a t t , 
w i t h n i c k e l n i t r a t e . H . T r a u b e o b s e r v e d t h a t t h e h e x a h y d r a t e f o r m s t w o s e r i e s 
o f s o l i d s o l n . w i t h z i n c b r o m a t e , o n e o f w h i c h i s c u b i c , a n d t h e o t h e r m o n o c l i n i c . 
J . W . R e t g e r s o b s e r v e d n o s o l i d s o l n . i s f o r m e d w i t h a m m o n i u m n i t r a t e . 
S . J a k u b s o h n a n d M . R a b i n o w i t s c h o b s e r v e d t h a t w h e n t h e h e x a h y d r a t e i s w a r m e d 
i n a g l a s s v e s s e l a t 2 1 ° t o 2 2 ° , t h e g l a s s i s u s u a l l y b r o k e n b y t h e d i l a t i o n o f t h e s a l t . 
C . H . D . B o d e k e r g a v e 1-83 f o r t h e s p e c i f i c g r a v i t y o f t h e h e x a h y d r a t e a t 1 4 ° . 
B . G o s s n e r g a v e 1 - 8 8 8 ; G . L . C l a r k a n d H . K . B u c k n e r , 1 -880 t o 1 - 8 8 3 ; a n d 
J . G . V i a n a a n d E . M o l e s , 1-872 a t 2 5 ° / 4 ° . G . Lr. C l a r k a n d H . K . B u c k n e r g a v e 
2 - 3 9 7 f o r t h e s p . g r . o f t h e d i h y d r a t e . E . N . G a p o n , a n d P . F . G a e h r s t u d i e d t h e 
r e l a t i o n b e t w e e n t h e s p . g r . a n d t h e c o n c e n t r a t i o n o f s o l n . ; G . 1*. C l a r k a n d 
H . K . B u c k n e r g a v e f o r t h e m o l . v o l . o f t h e a n h y d r o u s s a l t , 7 3 - 5 . T h e s p . g r . o f 
a q . s o l n . o f t h e s a l t w a s m e a s u r e d b y A . H e y d w e i l l e r , I . T r a u b e , F . D r e y e r , 
F . F o u q u e , H . C . J o n e s a n d c o - w o r k e r s , B . F r a n z , a n d R . F u n k . T h e International 
Critical Tables g a v e t h e f o l l o w i n g s u m m a r y f o r s o l n . w i t h C p e r c e n t , o f a n h y d r o u s 
s a l t : 

C . . 1 2 6 10 16 2O 25 30 per cent. 
t 18°. 10068 10317 10488 10848 1-1427 11841 1-2396 1-2998 

Sp. gr.J 20°. 10064 10145 1-0485 1084O 11420 1-1840 1-239O 1-290O 
I 25°. 1O054 10135 1-0475 

J . Wagner found for N-, 0-52V-, 0-252V-, and 0-125iV-soln., respectively, 1-0728, 
1-0369, 1-0184, and 1-0094. B. Cabrera and co-workers gave for the effect of temp, 
on the sp. gr. of a soln. with0-2435 grm. Co(NOs)2per litre, 1-2515(1 — 0-0043(0—20)}; 
for one with 0-3679 grm. per litre, 1-4254{1 — 0-00047(0—20» ; and for one with 
0-4623 grm. per litre, 1-5783(1—000048(0—20)}. F . Dreyer observed that the 
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t e m p , of m a x i m u m dens i ty of soln . w i t h 0-377, 0-767, 1-528, a n d 1-847 g r m s . p e r 
l i t r e a r e , r e spec t ive ly , 3-40°, 2-79°, 1-64°, a n d 1-13°, w h e n t h e v a l u e for w a t e r a lone 
is 3-96°. 

M. T o r r e s t u d i e d t h e r a t e of diffusion of c o b a l t n i t r a t e in a q . soln. , a n d found 
t h a t w i t h soln . c o n t a i n i n g C g r m . C o ( N 0 3 ) 2 p e r 1OO c . c , t h e r a t e s of diffusion, R, 
r e p r e s e n t e d b y t h e difference i n t h e a m o u n t of sa l t in 1OO c.c a t t h e beg inn ing a n d 
e n d of 24 h r s . , a r e : 

C = 0 - 9 1 5 C = O-306 C = 0 1 8 5 

3 0 ° 4 0 ° 5 0 ° 3 0 ° 4 0 ° 5O" 3Q.° 4 0 ° 5 0 ° 
Ii . . 0-229 0-353 0-475 0-094 O-147 O-188 0-053 0-070 0-098 

G. T a m m a n n s t u d i e d t h e inner pressure of so ln . Z . H . S k r a u p a n d co-workers 
m e a s u r e d t h e capi l lary rise of t h e soln . in b i b u l o u s p a p e r . J . W a g n e r found t h e 
v i scos i ty , of N-, 05N-, 0-252V-, 0125 iV-so ln . t o be , r e spec t ive ly , 1-1657, 1-0754, 
1-0318, a n d 1-0180 ( w a t e r u n i t y ) a t 25° . R . H . Ad ie found t h a t for so ln . w i t h 
0-05 a n d 0-025 m o l C o ( N O 3 ) 2 p e r l i t r e , t h e o s m o t i c pressures a r e , r e spec t ive ly , 2-14 
a n d 1-35 a t m . ; a n d t h e fac to r *", 1-35 a n d 2-42. 

H . Liescoour sa id t h a t t h e h e x a h y d r a t e is fa i r ly s t a b l e ove r su lphu r i c ac id , 
a l t h o u g h in m o i s t a i r t h e c r y s t a l s a r e v e r y d e l i q u e s c e n t ; E . F r e m y , howeve r , sa id 
t h a t t h e h e x a h y d r a t e effloresces ove r cone , s u l p h u r i c ac id , losing a mol . of w a t e r ; 
R . F u n k o b s e r v e d t h a t 2 mols . of w a t e r a r e los t in 8 d a y s , a n d t h a t t h e r e is n o t h i n g 
t o s h o w t h a t t h e p r o d u c t is a v e r i t a b l e tetrahydrate. H . Lescoeur found t h a t in 
t h e t h e r m a l d e c o m p o s i t i o n of t h e h e x a h y d r a t e w a t e r is g iven off w h e n t h e h e x a ­
h y d r a t e is h e a t e d t o 20° , a n d a t 60° t h e v a p . p ress , r e m a i n s c o n s t a n t u n t i l 3 mo l s . 
h a v e b e e n w i t h d r a w n ; a f t e r t h a t , t h e v a p . p re s s , c u r v e d r o p s cons ide rab ly . 
N . A . E . Mil lon o b s e r v e d t h a t t h e c r y s t a l s of t h e h e x a h y d r a t e fuse be low 100°, 
f o r m i n g a v io le t - r ed l iqu id w h i c h g ives off w a t e r , i t t h e n fo rms a g reen ,v i sc id l iqu id 
w h i c h i n t u m e s c e s , w i t h t h e e v o l u t i o n of n i t r o u s fumes , t o fo rm b l ack coba l t i c ox ide . 
W . A . T i lden r e p o r t e d t h a t t h e m e l t i n g - p o i n t of t h e h e x a h y d r a t e i s 38°, b u t t h i s 
d a t u m is t o o low ; J . M. O r d w a y g a v e 56° , a n d t h i s is in a g r e e m e n t w i t h R . F u n k s ' 
55° ; J . G. V i a n a a n d E . Moles g a v e 55*5° for t h e m . p . of t h e h e x a h y d r a t e . T h e 
m o l t e n sa l t a t t h i s t e m p , is a s u p e r s a t u r a t e d soln. , a n d some t r i h y d r a t e is fo rmed 
a s solid p h a s e , wh ich , a t a h ighe r t e m p . , passes i n t o soln. R . F u n k a d d e d t h a t t h e 
t r i h y d r a t e m e l t s a t 91° , a n d a n y a t t e m p t t o d e h y d r a t e t h i s p r o d u c t b y ra i s ing 
t h e t e m p , r e su l t s in a s i m u l t a n e o u s d e c o m p o s i t i o n of t h e n i t r a t e . A. D i t t e , 
G. C W i n k e l b l e c h , a n d H . t iescceur n o t e d t h e d e c o m p o s i t i o n of t h e n i t r a t e w h e n 
t h e a t t e m p t is m a d e t o d e h y d r a t e t h e h e x a h y d r a t e . R . F u n k cou ld n o t g e t b e y o n d 
t h e t r i h y d r a t e w i t h o u t d e c o m p o s i t i o n ; a n d G. L . C la rk a n d H . K . B u c k n e r , a n d 
J . G. V i a n a a n d E . Moles g o t a s far a s t h e d i h y d r a t e , a n d sa id t h a t t h e d i h y d r a t e 
is fa i r ly s t a b l e b e t w e e n 70° a n d 100°. A . G u n t z a n d F . M a r t i n found t h a t t h e 
a n h y d r o u s n i t r a t e beg ins t o d e c o m p o s e b e t w e e n 100° a n d 105°, fo rming c o b a l t o u s 
o x i d e . 

F . F o u q u e m e a s u r e d t h e t h e r m a l e x p a n s i o n , o r t h e c h a n g e in vol . , Sv, suffered 
b y a soln . of C g r m s . of C o ( N 0 3 ) 2 p e r 10OO g r m s . of w a t e r , a s t h e t e m p , r ises f rom 
0° t o B : 

C7«»20 C = 2 9 - 2 C = 46-1 
, A , , * > , , 

1 2 1 ° 7 0 ° 92-5° 1 2 1 ° 7 0 ° 9 8 - 5 0 11° 69-5° 9 9 ° 
Bv . 0 0 0 0 0 3 0-00029 0 0 0 0 3 9 0 0 0 0 0 8 0-00032 0 0 0 0 4 0 0 0 0 0 0 7 0-00034 0 0 0 0 4 2 

K . J a u c h , a n d N . d e K o l o s s o w s k y e x a m i n e d t h e specific h e a t of a q . soln. 
E . H . Riesenfe ld a n d C. Milchsacjk g a v e 0-3733 ca l . for t h e sp . h t . of t h e solid h e x a ­
h y d r a t e , a n d 0-5007 for t h e m o l t e n h e x a h y d r a t e . H . Lescceur found t h a t t h e 
v a p o u r pressure of t h e h e x a h y d r a t e is IOO m m . a t 20°, a n d 58 mm. a t 60° ; t h a t 
of t h e t r i h y d r a t e is 30 m m . a t 60° ; a n d t h a t of a s a t u r a t e d soln. of c o b a l t n i t r a t e 
is a b o u t 9-3 m m . a t 20°—vide supra. G. T a m m a n n obse rved t h a t t h e lower ings 
of t h e v a p . p re s s , of w a t e r a t 100° b y t h e d i s so lu t ion of 1 5 3 8 , 52-61 , a n d 121-42 
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g r m s . of a n a n h y d r o u s sal t in 100 g r m s . of w a t e r a re , respect ively , 31-3, 144-3, a n d 
358-4 m m . H . C. J o n e s a n d co-workers found t h e lowerings of t h e freezing-
point of wa te r , 50, b y t h e dissolut ion of [Co(NO3) 2] g r m s . of t h e a n h y d r o u s sa l t 
i n 100 g rms . of w a t e r t o be : 

[Co(NO8),! . . 1-367 2-737 5-470 24-63 21'0JL0 
86 . . . 0 - 3 5 2 " 0 - 6 5 8 ° 1-388° 8 - 4 1 8 ° 2 6 - 5 0 0 ° 

E . H . Riesenfeld a n d C. Milchsack ca lcu la ted t h e l a t e n t heat of fus ion t o be 30-2 cals . 
J . Thomsen gave for t h e heat of formation ( C o , £ 0 2 , 2 H N 0 3 A q . ) = 8 4 - 5 4 Cals. ; 
( C o , N 2 , 3 0 2 , 6 H 2 0 ) = 2 1 9 - 3 2 Cals. ; a n d ( C o , 0 2 , N 2 0 4 , 6 H 2 0 ) = 121-97 t o 123-33 Cals. ; 
whils t A. G u n t z a n d F . Mar t i n gave (Co(NO3)2 ,6H2Oaoiid}=8-20 Cals. ; a n d 
{Co(N0 3 ) 2 ,6H 2 0 1 1 ( | U i d }=16-84 Cals. J . T h o m s e n gave for t h e hea t of neutra l iza­
t ion, (£Co(OH) 2 .HNO 3 ) = 10-546 Cals. ; a n d for t h e heat of so lut ion of a mol of 
t h e h e x a h y d r a t e in 400 mols of wate r , —4-96 Cals. A. G u n t z a n d F . Mar t in gave 
for t he h e a t of soln. of a mol of t h e a n h y d r o u s sa l t in 280 mols of wa te r , 11-88 Cals. 
a t 18°. 

A. H . P fund observed a m a x i m u m in t h e reflected l ight f rom t h e h e x a h y d r a t e 
a t 7-45/u,. A. Bol land gave 1-52 for t h e index of refraction of t h e h e x a h y d r a t e 
t a k e n perpendicu la r t o t h e d i rec t ion of t h e edges of t h e p r i sm. H . C. J o n e s a n d 
F . H . G e t m a n gave for soln. w i t h C mol of Co(NO 3 ) 2 per l i t re , w i th t h e / M i n e : 

O . 0 0 7 4 7 0 1 4 9 5 0 - 2 9 8 9 0 - 4 4 8 4 0 - 7 4 7 3 1-0462 1 -4948 
/j. . 1 -32700 1 -32989 1 - 3 3 3 9 5 1 -33837 1 -34606 1 - 3 5 2 8 5 1 -36347 

a n d for soln. w i t h 0-098 g rm. Co(NO 3J 2 pe r c . c , sp . gr . 1-078, w i t h l ight of wave ­
l eng th Am/A, R . W . R o b e r t s gave : 

A . . . 5 8 9 - 3 4 2 0 0 4 0 0 3 8 0 3 6 0 35O 
fjL . . . 1-3572 1-3620 1 -3639 1 -3663 1 -3692 1-3705 

Observa t ions on t h e subjec t were also m a d e b y F . F o u q u e , A. H a u k e , A. H e y d -
weiller, L . R . Ingersol l , a n d G. L i m a n n . A. H a u k e gave for t h e refract ion of soln. 
w i t h 3-12 a n d 1-41 p e r cent , of Co(NO 3 ) 2 , w i t h t h e C-line, a n d t h e /j,2-formula, 
respect ively (1819) a n d 23-37. A. Heydwei l le r gave 2 3 0 7 for t h e / M i n e . A. H e y d -
weiller also m e a s u r e d t h e dispers ion. T h e magnet i c rotat ion of t h e p l ane of 
polar ized l ight , tt>, i s nega t ive , a n d R . W . R o b e r t s gave for soln. w i t h 0-098 g r m . 
Co(NOg)2 pe r c . c , sp . gr . 1-078, w i t h a magne t i c field of 13,510 gauss , a t 20°, a n d 
l ight of wave- leng th Xm/x : 

A . . . 5 8 9 - 3 4 2 O O 40O 3 8 0 3 6 0 3 5 0 
UJ . . . 0 0 1 2 8 0 - 0 2 4 2 0 - 0 2 7 8 0 - 0 3 1 7 0 - 0 3 6 4 0 - 0 3 9 4 

M. Scherer a n d R. Cordonnier , P . K . Pillai , F . Allison a n d E . J . M u r p h y , B . Miescher, 
R . W a c h s m u t h , IA. R . Ingersol l , a n d O. Schonrock also discussed t h e subjec t . 
M. T r a u t z observed no crystaUoluminescence or tr iboluminescence of t h e h e x a ­
h y d r a t e . 

M. K i m u r a a n d M. Takewak i m a d e obse rva t ions on t h e u l t ra -v io le t absorption 
spectrum of t h e h e x a h y d r a t e . H . M. Vernon, J . H . Glads tone , a n d P . Va i l l an t 
discussed t h e effect of d i lu t ion a n d of t h e ra is ing of t h e t e m p , on t h e colour of soln. 
of t h e n i t r a t e—v ide supra, t h e colour of coba l t chlor ide ; a n d t h e a b s o r p t i o n 
s p e c t r u m of soln. of t h e n i t r a t e -was e x a m i n e d b y F . L . Cooper, W . N . H a r t l e y , 
R . Hill a n d O. R . Howel l , R . A. H o u s t o u n , H . C. J o n e s a n d co-workers , T . R . Mer ton , 
K . Schafer, a n d P . Vai l lan t . 

S. J a k u b s o h n a n d M. R a b i n o w i t s c h found t h e sp . e lectrical conductivity* 
K mhos , of t h e h e x a h y d r a t e is : 

— 10° —1° 15° 23° 37° 42° 45-5° 46-6° 
JCx 10» . 3 -36 3 - 9 0 6 - 3 8 10-6 19 -4 3 7 - 1 4 7 1 5 1 - 2 

or log K=-0-40052+0-0141350 ; and for the molten s a l t : 
61-5° 67-0° 72-0° 77-0° 

K X l O 2 . 2 - 4 3 2 - 8 6 3 -30 3 - 7 0 
83-0° 
4-28 

87-0° 
4-69 

a n d t h e y ca lcu la ted t h a t a t 31°, t h e degree of loosening of t h e l a t t i ce is 0-0139. 
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The electrical conductivity of aq. soln. was measured by A. Heydweiller. 
E. Franke gave for the conductivity of a gram-equivalent of the salt in v litres at 
25° : 

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

H. C. Jones and J. N. Pearce found for the conductivity, JJL, of soln. with a mol of 
cobalt nitrate in v litres, and the calculated percentage ionization, a : 

v IOO 4O 2O I O 2 1 0 - 5 
fi. . 1 0 8 - 6 6 1 0 0 - 6 9 9 6 - 1 2 8 9 - 9 4 7 2 - 9 4 5 8 - 8 9 3 7 - 1 O 
a 92 -4O 8 5 - 6 2 8 1 - 7 3 7 6 - 4 8 6 2 0 2 5 0 - 0 8 3 1 - 5 5 

Observations were also made by W. H. Banks and co-workers, B. G. Whitmore, 
P. Vaillant, A. Heydweiller, H. C. Jones and F. H. Getman, H. C. Jones and 
A. P. West, and H. C. Jones and H. P. Bassett. L.. Bruner found that the hydrolysis 
in aq. soln. of the nitrate is too small for measurement. C. Kullgren calculated 
for the degree of hydrolysis of soln. with an aq. of the salt in 8 and 32 litres, the 
respective values 0-00328 and 0-0152 per cent, at 85-5°, and 0-0048 and (0-0154) at 
100°. H. C. Jones and co-workers calculated the solvation expressed as the number 
of mols. of -water in combination with a mol. of the salt, if a litre of the soln., at 
that concentration, contained 1000 grms. of water. For soln. with C mols per 
litre : 

C . . . 0 0 7 4 7 0 - 2 9 8 9 0 - 7 4 7 3 1 -3451 2 - 0 0 0 0 2 - 5 7 0 0 
S o l v a t i o n . H O 1 4 - 6 1 8 - 6 1 8 - 3 1 8 - 6 1 5 - 4 

S. Labendzinsky measured the potential with soln. of cobalt nitrate—vide supra. 
1L. F. Audrieth and L. F. Yntema studied the electrodeposition of cobalt from soln. 
of the nitrate in liquid ammonia ; H. Brandes, the polarization of platinum in soln. 
of the nitrate ; and A. Klemenc and H. F. Hohn, the glow electrolysis. 

G. Jager and S. Meyer found the magnetic susceptibility of soln. of cobalt 
nitrate to be 56-8XlO-6 mass unit; and O. Liebkneeht and A. P. Wills gave 
57*4 x 1O-6 mass unit. Observations were also made by G. Wiedemann, 
P. Plessner, A. Cabrera and co-workers, A. Heydweiller, P. Weiss and co­
workers, H. Mosler, Z1. A. WeIo, A. Triimpler, and P. Philipp. A. Quartaroli said 
that cone. soln. are paramagnetic ; but with dil. soln., the diamagnetism of the 
water masks the paramagnetism of the salt. The neutral point occurs with soln. 
having 3*78 grms. of cobalt per litre. H. Stiidemann said that the susceptibility 
of the solid hexahydrate does not change when it is dissolved in water. A. Chatillon 
gave for the susceptibility of the soln., Xsoln. mass unit, and of the dissolved 
Co(NO3) 2 , x mass unit at different temp. : 

11° 19° 49° 81° 105-5° 128° 
XBoIn. x 10« . 4 - 9 5 2 4 - 8 1 2 4 - 4 6 3 3 -89O 3 - 5 9 8 3 - 3 5 7 
X X 10« . . 5 9 - 5 6 5 8 - 0 8 5 4 - 3 6 4 8 - 2 8 4 5 - 1 8 4 2 - 6 6 

The effect of temp, was also measured by G. Wiedemann, G. Jager and S. Meyer, 
and P. Plessner. B. Cabrera and co-workers gave for the sp. mol. susceptibility 
of soln., Xmoi. mass unit, with C grm. of Co(NO3)2 per gram of soln., at about 25° : 

C . . 0 - 4 6 2 3 0 - 0 5 5 2 6 0 - 0 1 7 3 7 0 - 0 0 9 4 4 0 0 0 8 0 5 6 0 0 0 5 0 7 6 
Xmoi. X 10« . 1 0 , 0 6 0 1 0 , 2 7 3 1 0 , 3 9 9 1 0 , 2 4 4 1 0 , 2 0 3 1 0 , 0 7 6 

they also gave for the sp. susceptibility ySoin. mass unit, of the soln., with C per 
cent. Co(N03)2f and of the Co(N03)2 mol., Xmoi. mass unit, at about 25°, in the 
presence of nitric acid—mol. HNO3 per mol. (Co(NO3)2 ' 

C . . . 0 - 8 0 5 6 O- 8 0 5 8 0 - 8 0 6 2 0 - 8 0 6 6 0 - 8 0 7 5 0 - 8 0 9 3 
U N O , . . 1 -836 6 - 8 0 1 9 - 5 3 0 - 0 5 5 - 4 1 0 6 1 
X s o l n . X l O * . — 0 - 6 7 4 3 — 0 - 5 5 4 0 — O - 5 2 4 4 — 0 - 4 9 5 9 — 0 - 4 3 5 0 — 0 - 3 0 4 2 
Xmoi. X 10« . 1 0 , 1 3 1 1 0 , 1 8 6 1 0 , 1 5 6 1 0 , 1 6 0 1 0 , 0 8 0 9 9 9 0 
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O b s e r v a t i o n s on t h e effect of c o n c e n t r a t i o n -were m a d e b y P . Va i l l an t , P . P h i l i p p , 
A . Heydwe i l l e r , a n d G. F a l c k e n b e r g a n d R . O p p e r m a n n . 

J . H . Weibe l s t u d i e d t h e a c t i o n of hydrogen . J . JJ. P r o u s t d i scussed t h e u s e 
of a soln . of c o b a l t o u s n i t r a t e a s a s y m p a t h e t i c i n k (q.v.). V . N . Ipateeff a n d 
B . Muromtze f i f o u n d t h a t h y d r o g e n a t 200° t o 300° , a n d 250 a t m . p res s . , p r e c i p i t a t e s 
coba l t i c ox ide f rom soln . of c o b a l t o u s n i t r a t e ; a n d S. M i y a m o t o , t h a t t h e s a l t 
is r e d u c e d b y h y d r o g e n i n t h e s i lent d i scharge . A . Mail fer t s t u d i e d t h e a c t i o n of 
o z o n e . T h e h y d r o l y s i s a n d so lub i l i t y of t h e s a l t in w a t e r h a v e b e e n a l r e a d y 
d iscussed . G. C. W i n k e l b l e c h , a n d C. D . B r a u n f o u n d t h a t t h e b l u e p r e c i p i t a t e is 
o b t a i n e d b y a d d i n g a n excess of a m m o n i a t o a wel l-boi led, a q . soln . of t h e n i t r a t e . 
I f a i r b e n o t e x c l u d e d , t h e p r e c i p i t a t e t u r n s grass -green , a n d g r a d u a l l y re-d issolves 
in t h e l iqu id , b u t a p o r t i o n r e m a i n s und i s so lved , a n d if t h i s b e w a s h e d w i t h boi led 
w a t e r w i t h t h e exc lus ion of a i r , a n d d r ied , i t f o r m s a g rass -g reen p o w d e r w h i c h 
was considered to be cobaltous decahydroxydinitrate, Co(NOa)2.5Co(OH)2. 
J . Habermann reported cobaltous hexahydroxydinitrate, Co(N03)2.3Co(OH)2. 
3 H 2 G , b y d r o p p i n g a v e r y d i l . soln . of a m m o n i a i n t o a wel l - s t i r red , boi l ing , cone , 
soln. of c o b a l t o u s n i t r a t e . T h e co lour is g r een o n t h e o u t s i d e , a n d b l u e i n t h e 
in te r io r . A . B e r n a d i o b s e r v e d t h e f o r m a t i o n of a g reen p r e c i p i t a t e w i t h s o d i u m 
h y d r o x i d e , a s i n d i c a t e d i n c o n n e c t i o n w i t h t h e ch lo r ide (q.v.). W . F e i t k n e c h t sa id 
t h a t t h e l a t t i c e c o r r e s p o n d s w i t h a l t e r n a t e l a y e r s of t h e n o r m a l s a l t a n d of t h e 
h y d r o x i d e . L . A r c h b u t t , a n d H . G r o s s m a n n o b s e r v e d t h a t a l i t t l e c o b a l t n i t r a t e 
f a v o u r e d t h e d e c o m p o s i t i o n of a soln. of s o d i u m dioxide. D . Vi ta l i f o u n d t h a t 
s i lver ox ide p r e c i p i t a t e s t h e h y d r o x i d e f rom a q . soln. of t h e n i t r a t e . 

K . F r e d e n h a g e n obse rved t h a t c o b a l t n i t r a t e is inso lub le i n l iqu id h y d r o g e n 
fluoride. Acco rd ing t o V. Cuvel ier , a m i x e d soln . of c o b a l t o u s n i t r a t e , 
Co(NO 3 )2-5H 2 O, a n d ch lor ide , C o C l 2 . 6 H 2 0 , furnishes solid p h a s e s w h e n i t c o n t a i n s 
40-68 p e r cen t , of t h e n i t r a t e , a n d 12*01 p e r c e n t , of t h e ch lo r ide . F . P . V e n a b l e 
obse rved t h a t a cone . soln. of c o b a l t o u s n i t r a t e m i x e d w i t h hydroch lor ic ac id 
is co loured green b y ferric o x i d e . A . S c h o e p n o t e d t h e o c c u r r e n c e in K a t a n g a , 
Congo, of a h y d r a t e d coba l tous ch loroni trate , i n b l u e need le s , p r e s u m a b l y iso-
m o r p h o u s w i t h b u t t g e n b a c h i t e , 1 8 C u 0 . 3 C l . N 2 0 5 . 1 9 H 2 0 . T h e m i n e r a l w a s ca l led 
ju l i en i te—afte r H . J u l i e n . T h e re f rac t ive i n d e x of t h e t e t r a g o n a l c r y s t a l s is 
1-556 ; a n d t h e s p . gr . is 1*594 a t 20° . T h e c r y s t a l s a r e so luble i n w a t e r . 

J . T h o m s e n f o u n d t h a t t h e t h e r m a l v a l u e of t h e r e a c t i o n of a q . soln . of c o b a l t o u s 
n i t r a t e a n d h y d r o g e n su lphide , is 3-68 CaIs. !E. S c h u r m a n n o b s e r v e d t h a t a so ln . 
of c o b a l t o u s n i t r a t e is c o m p l e t e l y d e c o m p o s e d b y ferrous a n d m a n g a n o u s su lph ides , 
p a r t i a l l y d e c o m p o s e d b y n i cke l su lphide , a n d a l i t t l e d e c o m p o s e d b y z i n c su lphide . 
C. Duf ra i s se a n d D . N a k a e s t u d i e d t h e c a t a l y t i c a c t i o n o n t h e o x i d a t i o n of so ln . of 
sodium sulphite, 

Accord ing t o A. D i t t e a n d F . F r i ed r i chs , c o b a l t o u s n i t r a t e is v e r y spa r ing ly so lub le 
in n i tr ic a d d . A . G u n t z a n d F . M a r t i n n o t e d t h a t t h e a n h y d r o u s n i t r a t e is so lub le 
in l i qu id a m m o n i a ; H . H u n t a n d L . B o n c y k sa id t h a t t h e s a l t is inso lub le i n l i q u i d 
a m m o n i a a t 25° ; a n d E . G. F r a n k l i n a n d C. A . K r a u s , t h a t t h e h e x a h y d r a t e f o r m s 
a ye l low soln . w i t h l i qu id a m m o n i a . T h e sub j ec t w a s s t u d i e d b y F . F r i e d r i c h s , 
a n d G. Ye r s in . H . P e t z l e r s t u d i e d t h e s y s t e m : C o ( N O a ) 2 - N H 3 - H 2 O , a t 25° . 
Accord ing t o A . G u n t z a n d F . M a r t i n , if f ine ly-divided c o b a l t r e a c t s w i t h s i lver 
n i t r a t e d isso lved i n l i qu id a m m o n i a , a n d t h e c lear soln . e v a p o r a t e d , o r a n g e - r e d 
spangles of cobaltous emieainmmonitrate, (Co(N03)2.9NH3, are formed. The 
sa l t exp lodes if h e a t e d r a p i d l y , b u t if h e a t e d s lowly, a n d e x p o s e d u n d e r r e d u c e d 
press . , a m m o n i a is g iven off, b u t before a l l t h e a m m o n i a is expe l led , n i t r o u s f u m e s 
a r e evo lved . T h e sa l t is d e c o m p o s e d b y w a t e r , w i t h t h e p r e c i p i t a t i o n of c o b a l t o u s 
h y d r o x i d e . Accord ing t o F . E p h r a i m a n d B . R o s e n b e r g , G. L . C l a r k a n d 
H . K . B u c k n e r , a n d G. I J . C la rk , coba l tous h e x a m m i n o n i t r a t e , C o ( N O s ) 2 . 6 N H 3 , is 
f o r m e d in rose-red, or r e d d i s h - b r o w n c r y s t a l s w h e n t r i h y d r a t e d c o b a l t o u s n i t r a t e 
i s t r e a t e d w i t h d r y a m m o n i a . G. Li. C la rk a n d H . K . B u c k n e r f o u n d t h e s p . g r . 
t o b e 1-473 ; E . B i r k a n d W . B i l t z g a v e 1-476 a t 25°/4° ; a n d W . B i l t z f o u n d t h e 
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m o l . vo l . of t h e c o n t a i n e d N H 3 - g r o u p s is 22 . F . E p h r a i m a n d E . R o s e n b e r g g a v e 
for t h e d i s soc ia t ion p re s s . , p m m . : 

21° 100-5° 131° 137-5° 152° 153° 157-5° 160° 
p . 1 3 129 2 0 9 271 471 535 65O (760) 

Li. J . T h e n a r d , a n d E . F r e m y r e p o r t e d a dihydrale, Co(NO 3) 2 . 6 N H 3 . 2 H 2 O , t o b e 
f o r m e d w h e n a c o n e , a q . soln. of c o b a l t o u s n i t r a t e is t r e a t e d w i t h a m m o n i a "while 
a i r is e x c l u d e d . T h e bas ic n i t r a t e first p r e c i p i t a t e d d issolves in an excess of 
a m m o n i a , f o rming a w i n e - r e d soln . w h i c h d e p o s i t s rose- red c r y s t a l s . T h e s e c a n 
be r a p i d l y "washed w i t h a q . a m m o n i a , p re s sed b e t w e e n b i b u l o u s p a p e r , a n d d r i ed 
in v a c u o . T h e c r y s t a l s were s a id t o b e s t a b l e in a ir , a n d t o b e d e c o m p o s e d b y 
w a t e r , w i t h t h e p r e c i p i t a t i o n of a g reen bas i c sa l t . T h e r e is s o m e d o u b t a b o u t t h e 
w a t e r of h y d r a t i o n . H . H e s s f o u n d t h a t t h e s a l t is so luble in a m m o n i a . 

H . F r a n z e n a n d O. v o n M a y e r o b t a i n e d cob a l t ou s tr ihydrazineni trate , 
Co(NO 3 )2 -3N 2 H 4 , b y h e a t i n g a m i x t u r e of 10 g r m s . of c o b a l t o u s h e x a m m i n o n i t r a t e 
w i t h 3 0 c.c. of 5 0 p e r cen t , hydraz ine hydrate , on a w a t e r - b a t h for 1 hr . , w a s h i n g 
t h e p r o d u c t w i t h a lcohol , a n d e t h e r , a n d d r y i n g i t in v a c u o ove r cone , s u l p h u r i c 
ac id a n d p o t a s s i u m h y d r o x i d e . T h e pa l e ye l low p o w d e r exp lodes w h e n h e a t e d , 
o r w h e n t r e a t e d "with cone , s u l p h u r i c ac id . I t i s d e c o m p o s e d b y h o t w a t e r t o fo rm 
a g reen s u b s t a n c e . S. K i t a s h i m a s t u d i e d t h e o x i d a t i o n of t h e soln. of c o b a l t o u s 
n i t r a t e b y s o d i u m b i s m u t h a t e . 

J . H . W e i b e l s t u d i e d t h e a c t i o n of carbon m o n o x i d e . C F . W e n z e l obse rved 
t h a t t h e h e x a h y d r a t e is so luble in e t h y l a l c o h o l — t h e p e r c e n t a g e so lubi l i ty is a b o u t 
7-4. P . Va i l l an t , F . 1». Cooper , a n d R . A . H o u s t o u n a n d co -worke r s d iscussed t h e 
a b s o r p t i o n s p e c t r u m of t h e r ed soln . wh ich is f o rmed . H . A . Cur t i s a n d R . M. B u r n s 
o b t a i n e d a wine- red soln . of t h e h e x a h y d r a t e in i s o - a m y l a l c o h o l — t h e soln . of t h e 
ch lo r ide is b l u e — t h e a d d i t i o n of h y d r o c h l o r i c ac id t u r n s t h e soln. b lue ; h y d r o g e n 
s u l p h i d e p r e c i p i t a t e s n e a r l y al l t h e c o b a l t a s sulphide—-with t h e ch lo r ide on ly 
a smal l p r o p o r t i o n is so p r e c i p i t a t e d ; a q . a m m o n i a g ives a d i r t y g reen p r e ­
c i p i t a t e ; a n d c a l c i u m b r o m i d e co lours t h e soln . b lue . F . W . O. de Con inck n o t e d 
t h e so lub i l i ty of t h e h e x a h y d r a t e in e t h y l e n e glycol—IOO g r m s . of a s a t . soln. 
c o n t a i n 8O g r m s . of Co(NO 3 J 2 . A . Gr i in a n d E . B o e d e c k e r o b t a i n e d a c o m p l e x sa l t 
w i t h e t h y l e n e glycol , n a m e l y , C o ( N O 3 ) 2 . 3 C 2 H 4 ( O H ) 2 ; w i t h propylene g lyco l , 
a c o m p l e x C o ( N O 3 ) 2 . 3 C 3 H 6 ( O H ) 2 ; a n d w i t h p in acon e , t h e c o m p l e x Co(NQ 3 ) 2 . 
3 C 6 H 1 2 ( O H ) 2 . 2 H 2 0 . A . N a u m a n n , a n d K . P . M c E l r o y a n d W". H . K r u g , no t iced t h a t 
i t is r e a d i l y so luble in a c e t o n e . T h e a b s o r p t i o n s p e c t r u m of t h e r e d soln. w a s s tud i ed 
b y R . A . H o u s t o u n a n d co -worke r s ; t h e e lec t r ica l c o n d u c t i v i t y , b y F . B a u e r ; a n d 
t h e m a g n e t i c suscep t ib i l i t y , b y A . Q u a r t a r o l i . A . N a u m a n n obse rved t h a t i t is 
so luble in m e t h y l acetate* a n d s p a r i n g l y so luble in e thy l ace ta te . J . Sch rode r a n d 
H . S t e i n e r sa id t h a t 1OO g r m s . of m e t h y l a c e t a t e d isso lve 16-4 g r m s . of C o ( N O 3 J 2 ; 
a n d t h e ra i s ing of t h e b . p . of t h e r e d soln . s h o w s t h a t m u c h ion iza t ion occurs . 
M. S t u c k g o l d f o u n d t h e mol . c o n d u c t i v i t i e s of so ln . of a mo l . of t h e n i t r a t e in 
14-02, 32 -81 , a n d 91-54 l i t res of u r e t h a n e , a t 60° , a r e , r e spec t ive ly , 2-23, 2-36, a n d 
2-80. T . M u r a y a s u f o u n d t h e e lec t r ica l c o n d u c t i v i t y of 0 -5N-Co(NO 3 ) 2 is r e d u c e d 
b y g l yc ine . A c c o r d i n g t o G. A . B a r b i e r i a n d F . Calzolar i , L . V a n i n o a n d A. Sch inne r , 
R . R e a , a n d G. Ross i , c o b a l t n i t r a t e fo rms a c o m p l e x w i t h h e x a m e t h y l e n e -
t e t r a m i n e ; J . Re i l ly , a n d J . Re i l l y a n d W . J . H i c k i n b o t t o m , one w i t h ^ - n i t r o s o d i -
n-buty lan i l ine ; R . C e m a t e s c u a n d co-workers , w i t h p h e n y l e n e d i a m i n e ; J . F r e j k a 
a n d Lu Z a h l o v a , w i t h d i a m i n o b u t a n e ; A . N a u m a n n , G. Ross i , a n d F . Re i t z ens t e in , 
o n e w i t h pyridine ; F . I*. H a h n a n d co-workers , one w i t h ct-acetajninopyridine ; 
E . B o r s b a c h , a n d F . R e i t z e n s t e i n , one w i t h qu ino l ine ; A . R o s e n h e i m a n d 
V . J . Meyer , o n e w i t h t h i o c a r b a m i d e ; J . Moitessier , one w i t h pheny lhydraz ine ; 
a n d J . V . D u b s k y a n d F . B r y c h t a , o n e w i t h d imet h y lg lyox ime . E . J . F i s c h e r 
o b t a i n e d a b lu i sh-v io le t p r e c i p i t a t e w i t h imidazo le , ( C 3 H 4 N 2 ) 3 ; wi th benz imidazo le , 
C 7 H 6 N 2 , a n d w i t h 3 : 5 - d i m e t h y l p y r a z o l e ; W . H i e b e r a n d E . L e v y , w i t h m o n o - , 
d i - , a n d t l i h y d r o x y e t h y l a n i i n e ; a n d E . A . J e n s e n a n d E . R . Madsen , w i t h 
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Co(W3)* CuWO3I 
F i o . 1 4 3 . — T h e T e r n a r y S y s t e m : 
Cu(NOa)S 8 -Co(KO 3 ) a - I I a O, a t 14°. 

thiosemicarbazide. C. Dufraisse and D. Nakae studied the catalytic oxidation of 
acraldehyde, benzaldehyde, furfuraldehyde, styrene, and turpentine. 

T. Heymann and K. Jellinek studied the equilibrium of nickel in the soln, 
Ni+Co"V^Co+Ni*\ V. Cuvelier studied the ternary system cobalt chloride, 
cobalt ni trate, and water, a t 20° ; no evidence of a complex was observed ; and the 
only solid phases were CoCl2 .6H20, and Co(N0 3 ) 2 .5H 2 0. 

K. W. Wilcox and C. R . Bailey studied the ternary system : Co(N0 3 ) 2 -
Cu(NOg)2-H2O, Fig. 143, and observed the formation of small, smoke-blue, 

deliquescent crystals of copper cobaltous 
nitrate, 6Cu(N0 3) 2 .Co(N0 3) 2 .4H 20, a t 
14°, not a t 20° ; the crystals melt a t 17°, 
and are decomposed by water. W. Schrenz-
lowa discussed the isodimorphous solid 
soln. formed by copper and cobaltous 
ni trates. A. Mailhe reported copper 
cobaltous trihydroxynitrate, Co(NOg)2. 
3Cu(OH)o, or, according to A. Werner, 
Cu2(OH)4Cu=(OH)2Co(NOa)2 , to be formed 
by the action of a soln. of cobaltous n i t ra te 
on 4CuO. H 2 O. The green, monoclinic 
plates are isomorphous with those of 
Cu(N0 3 ) 2 .3Cu0.3H 2 0. The salt was dis­
cussed by W. A. Endriss. F . T. Frerichs 
and E . F . Smith reported a didymiwm 
cobaltous nitrate, 2Di(N03)3 .3Co(N03)2 . 

48H2O, to be formed in dark red, deliquescent, and very soluble crystals from 
a soln. of the component salts. G. Jan t sch likewise prepared lanthanum 
cobaltous nitrate, Co3[L,a(N03)6]2 .24H20, of sp. gr. 2-131 at 00 /4°, m.p. 101-8°, 
and 100 c.c. of a sat. soln. in nitric acid of sp. gr. 1-325, contain 10-92"grms. 
of hydra ted salt a t 16° ; and cerous cobaltous nitrate, Co3[Ce(NO3)0]2.24H2O, 
of sp. gr. 2-157 a t 0°/4°, m.p. 98-5°, and 100 c.c. of a sat. soln. in nitric acid 
of sp. gr. 1-325, contain 10-33 grms. of hydrated salt a t 16° ; M. Holzmann, and 
R. J . Meyer and R. Jacoby prepared Ceric cobaltous nitrate, CoCe(N0 3 ) 6 .8H 20, 
in dark reddish-violet crystals from a soln. of the component salts in nitric 
acid ; and R. J . Meyer and R. Jacoby obtained thorium cobaltous nitrate, 
ThCo(N0 3 ) 6 .8H 2 0, in a similar manner. G. Jan tsch prepared praseodymium 
cobaltous nitrate, Co 3[Pr(N0 3) 6] 2 .24H 20, in wine-red crystals of sp. gr. 2-176 a t 
0°/4°, m.p. 97°, and 100 c.c. of a sat. soln. in nitric acid of sp. gr. 1-325, 
contain 12-99 grms. of hydrated salt a t 16° ; neodymium cobaltous nitrate, 
Co3[Nd(N03)6]2 .24H20, in wine-red crystals of sp. gr. 2-195 a t 0°/4°, m.p. 98-5°, 
and 100 c.c. of a sat. soln. in nitric acid of sp. gr. 1-325, contain 15-16 grms. of 
hydrated salt a t 16° ; samarium cobaltous nitrate, Co3[Sm(NO3)0]2 .24H2O, in 
brownish-red crystals of sp. gr. 2-237 a t 0°/4°, m.p . 83-2°, and IOO c.c. of a sat. 
soln. in nitric acid of sp. gr. 1-325, contain 34-27 grms. of hydra ted salt a t 16° ; and 
gadolinium cobaltous nitrate, Co3[Gd(NO3)6]2 .24H2O, in pale red crystals of sp. gr. 
2-315 a t 0°/4°, m.p. 63-2, and IOO c.c. of a sat . soln. in nitric acid of sp. gr. 1-325, 
contain 45-14 grms. of hydrated salt a t 16°. G. Urbain and H . Lacombe obtained 
Ted crystals of bismuth cobaltous nitrate, 3Co(NO3)2 .2Bi(N03)3 .24H20, of sp. gr. 
2-48 a t 16°/16°, and m.p. 58°. G. J an t sch observed t ha t 100 c.c. of a sat . soln. 
in nitric acid of sp. gr. 1-325, contain 54-67 grms. of the hydra ted salt a t 16°. 
A. V. Rakowsky and V. M. Peshkova found t h a t a t 14° to 17°, hexahydra ted 
manganese cobalt nitrates form a continuous series of solid soln. 
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netonentheorie, Zur ich , 1917 ; G. U r b a i n a n d H . L a c o m b e , Compt. Rend., 187. 568, 1803 ; 
P . Vai l lant , ib., 190. 170, 1930; Ann. Chim. Phys., (7), 28 . 268, 1903 ; L. V a n i n o a n d A. Schinner . 
Arch. Pharm., 252. 453 , 1914 ; F . P . Venable , Journ. Anal. Chem., 1. 312, 1887 ; Chem. 
News, 58. 178, 1 8 8 3 ; H . M. Vernon , ib., 66. 104, 114, 141 , 152, 1 8 9 2 ; J . G. Viana a n d 
E . Moles, Ann. Quim. Fys., 28. 157, 1929 ; D . Vital i , UOrosi, 18. 335 , 1891 ; R . W a c h -
s m u t h , Wied. Ann., 44. 377, 1891 ; J . Wagner , ib., 18. 269, 1883 ; ZeU. phys. Chem., 5 . 39 , 
1890 ; J . H . Weibel , Reaktionen einiger Metallsalzlosungen unter erhohten Temperaturen und 
Drucken, Zur ich , 1923 ; P . Weiss a n d E . D . Bru ins , Proc. Akad. Amsterdam, 18. 246, 1915 ; 
P . Weiss a n d G. F o e x , Arch. Sciences Geneve, (4), 81 . 5 , 1 9 1 1 ; L . A. WeIo, Nature, 124. 575 , 1929 ; 
C. F . Wenzel , Lehre von der Verwandschajt der Korper, !Dresden, 1777 ; A . Werne r , Ber., 40 . 
4445, 1907 ; B . G. W h i t m o r e , Phys. Zeit., 84. 649, 1933 ; G. W i e d e m a n n , Pogg. Ann., 126. 16, 
1865 ; K . W. Wilcox a n d C. R . Bai ley, Journ. Chem. Soc., 152, 1927 ; G. C. Winkelblech, Liebig's 
Ann., 18. 155, 253 , 1835 ; Journ. prakt. Chem., (1), 6. 62 , 1835 ; G. Yers in , Complexes amminis 
de quelques sets et d'eau, N y o n , 1930. 

§ 28. Cobaltic Nitrate and its Complex Salts 
G. C Winkelblech * found t h a t a soln. of cobaltosic oxide in nitric acid forms 

some cobaltic nitrate, Co(N03)3 , bu t i t is soon reduced to cobaltous ni t ra te by light 
and heat . H . Marshall obtained evidence of the formation of cobaltic n i t ra te in t he 
electrolysis of a cone. soln. of cobaltous ni t ra te in a part i t ioned cell. The liquid 
became indigo-blue while the current was passing, bu t the original colour re turned 
when the circuit was broken. The blue colour is supposed to be produced by t h e 
presence of unstable cobaltic n i t ra te . S. Kitashima oxidized A soln. of cobalt 
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nitrate in cone, nitric acid by sodium bismuthate, and observed t ha t the blue 
ni t ra te contained cobaltic ni t ra te ; if dil. nitric acid is employed, the soln. is red, 
bu t i t shows the absorption spectrum of cobaltic ni t rate . The degree of oxidation 
of a soln. with sodium bismuthate in the presence of a given proportion of nitric 
acid, a t ta ins a limit. The cobaltic n i t ra te soln. is gradually reduced when the soln. 
is kept for some t ime. The salt is known only in aq. soln., bu t a remarkable series 
of stable ammino-salts have been prepared. 

A. Rosenheim and I . Koppel observed t h a t when nitrogen trioxide is passed 
into a slurry of cobalt carbonate, a brown soln. is formed which, on evaporation 
a t room temp. , furnishes black crystals of cobaltosic oxynitritonitrate, 
2CoO.Co203.3N203.Co(N03)2-14:H20. I t is not clear if the ni t ra te is an integral pa r t 
of the compound, or simply an admixture . T. Suzuki also obtained analogous salts, 
Co3' 'Co2 ' ' ' (N02)6(N03)2<OH)4 .12H20, and Co 4

/ / Co 2
/ , / (N0 2 ) 8 (N0 3 ) 2 (0H 4 ) .15H 2 O. 

The CoA6 or Hexammine Family 

E. F r e m y 2 prepared cobaltic hexamminonitrate, [ C O ( N H 3 ) 8 ] ( N 0 3 ) 3 J by the 
oxidation of an ammoniacal soln. of cobaltous ni t ra te in air ; L. Jacobsen, 
by oxidizing an ammoniacal soln. of cobaltous ni t ra te , mixed with ammonium 
ni t rate , by silver n i t ra te ; J . B . Rogojsky, by the action of silver ni t ra te on a soln. 
pf t he corresponding chloride acidified with hydrochloric acid ; O. W. Gibbs and 
F . A. Genth, by adding barium chloride t o a soln. of the sulphate ; and F . Rose, 
and S. M. Jorgensen, by t reat ing an aq. soln. of the chloride with nitric acid. 
S. M. Jorgensen, and L». Jacobsen used iodine as oxidizing agent, and H . and 
W. Biltz thus describe this process : 

D i s s o l v e 24 grms . of cobal t carbonate b y w a r m i n g i t w i t h jus t e n o u g h nitric ac id for dis ­
so lut ion , a n d di lute the filtered l iquid t o m a k e 1OO c.c . A d d 2OO c.c. of c o n e , a q . a m m o n i a , 
a n d t o t h e boi l ing l iquid a d d , s l o w l y a t first, 25-4 g r m s . of iodine . T h e react ion is v igorous , 
a n d a pa le ye l lowish-brown prec ip i ta te is formed. Iod ine should all h a v e been a d d e d 
i n half a n hour. After t h e m i x t u r e h a s s t o o d 2 hrs.* cool ing, filter a n d w a s h the prec ip i tate 
w i t h a m m o n i a c a l water . Bo i l t h e prec ip i ta te w i t h 200 c.c . of a p p r o x i m a t e l y 56 per cen t , 
nitric ac id . T h e iodine i s l iberated, a n d c a n be part ia l ly recovered b y plac ing t w o 
funnels t o form a double cone in t h e neck of t h e flask. W h e n all the iodine has b e e n 
expe l l ed , t h e prec ip i tate is filtered off ; drained b y suct ion ; w a s h e d first w i t h w a t e r 
conta in ing nitric ac id , t h e n w i t h a lcohol ; a n d dried i n the w a t e r - o v e n . Y i e l d a b o u t 
22 g r m s . 

The crystals are yellow, or orange-yellow plates or needles, which J . D . Dana 
said belong to the tetragonal system, and have the axial ratio a : c = l : 1-016. The 
crystals were examined by E. M. Jager . E . von Eedorofi discussed the isomorphism 
of the salt with the corresponding [Ir(NH 3 ) 6 ] (N0 3 ) 3 . E . Birk and W. Biltz gave 
1-804 for the sp. gr. a t 25°/4°, and 192-5 for t he mol. vol. E . Birk and W. Biltz 
also discussed the mol. vol. of the 3STH3-groups. R . Robl observed no luminescence 
in ultra-violet light. A. Werner a n d A. Miolati found the mol. conductivity, /x, 
of a soln. of a mol. of the salt in v litres of water, a t 25°, t o be : 

v 128 256 5 1 2 1024 2048 
H 329-7 355-1 380-8 397-O 413-4 

P . Pascal gave —0-258 X10" 6 mass uni t for the magnetic susceptibility ; W. Biltz, 
Li. C. Jackson, R . Ladenburg, and E . Rosenbohm also studied the magnetic 
properties of the salt. 

According to S. M. Jorgensen, 100 grms. of water dissolve 1-67 grms. of the 
salt, a t ordinary temp. , and i t is almost insoluble in dil. acids. P . Mosimann, and 
F . Ephra im and P . Mosimann found t h a t a sat., aq. soln. a t 18° contains 1-974 grms. 
or 0-033 mol per litre ; and J . N . Bronsted and A. Petersen, a t 0°, 0-0202 mol, and 
a t 20°, 0-052 mol per litre. J . N . Bronsted studied the action of some salts on the 
solubility. A. Benrath and H . Pitzler, and H . Pitzler studied the equilibrium 
conditions in the s y s t e m : [Co(NH s)e3(N03) s+3N:H*OH^[Co(NH3)6](OH)8 
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-4 -3NH 4 NO 3 . E . B o h m oxid ized a n a m m o n i a c a l soln. of c o b a l t o u s n i t r a t e i n 
hydrof luor ic ac id , a n d w a s h e d t h e p r o d u c t w i t h di l . hydrof luor ic ac id . H o n e y -
yel low, t e t r a h e d r a l c r y s t a l s of cobal t i c hexamminof luon i t ra te , [ C o ( N H 8 ) ? ] ( N 0 3 ) ? F , 
r e m a i n e d . S. M. J o r g e n s e n w a r m e d a n a m m o n i a c a l soln. of c o b a l t o u s n i t r a t e w i t h 
a soln. of iodine a n d p o t a s s i u m iod ide , a n d o b t a i n e d smal l , r e c t a n g u l a r p r i s m s , w h i c h 
m a y be cobalt ic h e x a m m i n o i o d o n i t r a t e , [ C o ( N H 3 ) 6 ] ( N 0 3 ) 2 I , b u t m o r e p r o b a b l y 
a solid of t h e n i t r a t e a n d iod ide . S. M. J o r g e n s e n t r e a t e d a n a m m o n i a c a l so ln . 
of t h e h e x a m m i n o n i t r a t e w i t h di l . s u l p h u r i c acid , o r s o d i u m s u l p h a t e , a n d 
o b t a i n e d o range-ye l low o c t a h e d r a of cobal t ic h e x a m m i n o s u l p l i a t o n i t r a t e , 
[ C o ( N H a ) 6 ] ( S O 4 ) ( N O 3 ) . A . B e n r a t h , a n d A . B e n r a t h a n d H . W u r z b u r g e r o b s e r v e d 
t h a t t h e s o l u b i l i t i e s o f t h e s a l t , e x p r e s s e d i n g r m s . o f C o i n 1 0 0 g r m s . o f w a t e r i n 
t h e p r e s e n c e o f t h e f o l l o w i n g p r o p o r t i o n s o f n i t r i c a c i d — g r m s . p e r 1OO c . c . o f w a t e r 
— a t 3 0 ° , w e r e : 

H N O 8 . . OOOO 1-107 2-922 4-600 6-380 
Co . . 0-450 0-225 0-082 0 0 5 2 1 0-0338 

T h e c u r v e r e m a i n s c o n t i n u o u s a n d t h e s o l i d p h a s e b e c o m e s p a l e i n c o l o u r w h e n t h e 
s o l n . c o n t a i n s 16 p e r c e n t , o f H N O 3 . B e l o w t h a t c o n c e n t r a t i o n , t h e s o l i d p h a s e 
i s [ C o ( N H g ) 6 ] ( N O g ) 3 ; a n d a b o v e t h a t c o n c e n t r a t i o n , c o b a l t i c h e x a m m i n o h y d r o -
n i t r a t e , [ C o ( N H g ) 6 ] ( N O g ) 3 - H N O 3 , w h i c h f u r n i s h e s o r a n g e - y e l l o w n e e d l e s . F . W . B e r g -
s t r o m o b s e r v e d n o d e f i n i t e p r o d u c t i s f o r m e d b y a s o l n . o f p o t a s s i u m a m i d e i n l i q u i d 
a m m o n i a . S . M . J o r g e n s e n f o u n d t h a t c o l d , s a t . , a q . s o l n . g i v e p r e c i p i t a t e s w i t h 
d i l . n i t r i c a c i d , a n d c o n e , h y d r o c h l o r i c o r h y d r o b r o m i c a c i d , p o t a s s i u m i o d i d e , 
c h r o m a t e , d i c h r o m a t e , f e r r o c y a n i d e , f e r r i c y a n i d e , c o b a l t i c y a n i d e , o r c h r o m i -
c y a n i d e , w i t h s o d i u m p y r o p h o s p h a t e , a m m o n i u m o x a l a t e , a n d h y d r o c h l o r o a u r i c 
a c i d . !Dil. s u l p h u r i c a c i d g i v e s t h e s u l p h a t o n i t r a t e ; a m i x t u r e o f h y d r o c h l o r o -
p l a t i n i c a c i d a n d s u l p h u r i c a c i d g i v e s a s u l p h a t o p l a t i n i c s a l t ; s o d i u m h y d r o -
p h o s p h a t e w i t h a m m o n i a g i v e s a p r e c i p i t a t e ; a n d m e r c u r i c c h l o r i d e g i v e s n o 
p r e c i p i t a t e , b u t i n t h e p r e s e n c e o f h y d r o c h l o r i c a c i d , a d o u b l e c h l o r i d e i s p r e ­
c i p i t a t e d . E . W i l k e - D o r f u r t a n d c o - w o r k e r s s t u d i e d c o b a l t i c h e x a m m i n o d i -
n i tratof luosulphonate , [Co (NH 3 ) 2 ] (NO 3 ) 2 S 0 3 F . 

A . W e r n e r a n d F . B e r l o b t a i n e d coba l t i c h e x a h y d r o x y l a m i n e n i t r a t e , 
[ C o ( N H 2 O H ) 6 ] ( N O g ) 3 , i n go lden-ye l low c r y s t a l s , b y t r e a t i n g t h e c o r r e s p o n d i n g 
ch lo r ide w i t h n i t r i c ac id , free f rom t h e lower ox ides of n i t r o g e n , a n d t h e p r o d u c t 
r e - p r e c i p i t a t e d 3 o r 4 t i m e s f rom a soln. i n -water. D u r i n g t h e o p e r a t i o n s , t h e 
p r o d u c t is l iable t o exp lode , w i t h t h e d e v e l o p m e n t of g a s a n d t h e r e d u c t i o n 
of coba l t i c t o t h e c o b a l t o u s sa l t . C. S. B o r z e k o w s k y p r e p a r e d t h e d e x t r o -
and lsevo-forms of cobaltic hydroxylajoiinebisethylenedianiineamiTiinoiiitrate, 
[Co(NH3)(NH2OH)en2](N03)3 . 

S. M . J 6 r g e n s e n , s a n d L . L . L e h r f e l d p r e p a r e d cobaltic t r l se thylenediamlnenl t ra te , 
[Co e n 8 ] ( N 0 8 ) 8 , b y h e a t i n g t h e h e x a m m i n o n i t r a t e , o r t h e n i t r a t o p e n t a m m i n o n i t r a t e , w i t h 
a n a q . so ln . of m o n o h y d r a t e d e t h y l e n e d i a m i n e ; o r b y p r e c i p i t a t i o n w i t h a l c o h o l f r o m a 
so ln . of t h e c o r r e s p o n d i n g ch lo r ide in d i l . n i t r i c a c i d ; a n d F . M . J a g e r , b y t r e a t i n g t h e 
c o r r e s p o n d i n g b r o m i d e w i t h a w a r m s o l n . of t h e t h e o r e t i c a l p r o p o r t i o n of s i lve r n i t r a t e , 
a n d e v a p o r a t i n g for c r y s t a l l i z a t i o n . T h e d a r k r e d , o r b r o w n i s h - r e d c r y s t a l s w e r e f o u n d 
b y F . M . J a g e r t o b e r h o m b i c b i p y r a m i d s w i t h t h e a x i a l r a t i o s a : 6 : c = 0-8079 : 1 : 1-1279. 
T h e c r y s t a l s w e r e a l so s t u d i e d b y E . v o n Fedoroff . F . M . J a g e r g a v e 1-694 for t h e s p . g r . 
a t 17°, a n d 1-709 a t 25° /4° ; 25O-94 for t h e m o l . v o l . a t 17° ; a n d for t h e t o p i c a x i a l 
r a t i o s , x '• *l* - co = 5-2476 : 6*5513 : 7 -2983. J . A n g e r s t e i n s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
A . W e r n e r a n d C. H e r t y f o u n d t h e m o l . c o n d u c t i v i t y , ft, of so ln . w i t h a m o l of t h e s a l t in. 
v l i t r e s , a t 25° , 

v . . . 1 2 5 2 5 0 500 1O00 200O 
H . . . 294-69 316-40 363 63 359-84 375-19 

E . R o s e n b o h m g a v e —0-3OO x 1 0 - 9 m a s s u n i t for t h e m a g n e t i c s u s c e p t i b i l i t y , a n d 
Tu. C. J a c k s o n s t u d i e d t h e m a g n e t i c p r o p e r t i e s . S . M . J o r g e n s e n o b s e r v e d t h a t t h e s a l t 
i s r e a d i l y so lub le in w a t e r ; i t i s n o t p r e c i p i t a t e d f r o m i t s a q . s o l n . b y n i t r i c a c i d ; a n d 
w h e n e v a p o r a t e d w i t h h y d r o c h l o r i c a c i d , t h e n i t r a t e p a s s e s i n t o t h e c h l o r i d e . A . W e r n e r , 
a n d F . M . J a g e r o b s e r v e d t h a t b y t r e a t i n g t h e a c t i v e b r o m i d e s w i t h t h e t h e o r e t i c a l p r o -
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p o r t i o n s o f s i l v e r n i t r a t e , t h e dextro-salt a n d t h e leevo-salt c a n b e o b t a i n e d i n d a r k r e d 
c r y s t a l s , w h i c h , a c c o r d i n g t o F . M . J a g e r , b e l o n g t o t h e r h o m b i c s y s t e m , h a v e t h e a x i a l 
r a t i o s 0 : 6 : c = 0 - 8 6 5 2 : 1 : 0 - 6 0 0 9 f o r t h e d e x t r o - s a l t , a n d 0 - 8 6 4 7 : 1 : 0 - 5 9 8 3 f o r t h e 
l e e v o - s a l t . N o m a r k e d c l e a v a g e w a s o b s e r v e d . T h e s p . g r . o f t h e d e x t r o - s a l t i s 1 -725 
a t 2 6 ° / 4 ° , a n d o f t h e l e e v o - s a l t , 1 -729 a t 2 5 ° / 4 ° . J . A n g e r s t e i n s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . A . W e r n e r f o u n d t h e s p . r o t a t i o n s of 1 p e r c e n t . s o l n . t o b e [ a ] — 1 3 2 ° f o r t h e 
d e x t r o - s a l t , a n d — 1 3 0 ° f o r t h e l a e v o - s a l t . F . M . J t i g e r s t u d i e d t h e m o l . r o t a t i o n s of t h e s e 
s a l t s . E . B o a e n b o h n f o u n d t h e m a g n e t i c s u s c e p t i b i l i t y of t h e d e x t r o - s a l t t o b e 
— 0 - 3 4 1 x IO—• m a s s u n i t , a n d o f t h e l a e v o - s a l t , — 0 - 3 4 0 x 1 0 ~ 6 m a s s u n i t . L . C . J a c k s o n 
s t u d i e d t h e m a g n e t i c p r o p e r t i e s o f t h e s a l t . 

F . P f e i f f e r a n d T . G a s s m a n n p r e p a r e d s o l u b l e , y e l l o w , a c i c u l a r c r y s t a l s o f c o b a l t i c 
t r i s p r o p y l e n e d i a m l l i e n i t r a t e , [ C o p n , ] ( N O , ) „ b y a d d i n g t h e t h e o r e t i c a l p r o p o r t i o n o f 
s i l v e r n i t r a t e t o t h e c o r r e s p o n d i n g c h l o r i d e ; a n d E . R o a e n b o h m f o u n d t h e m a g n e t i c 
s u s c e p t i b i l i t y o f t h e l a e v o - s a l t t o b e — 0 - 3 8 6 x 1 0 _ * m a s s u n i t . L . C . J a c k s o n a l s o s t u d i e d 
t h e m a g n e t i c p r o p e r t i e s o f t h e s a l t . F . M . J a g e r a n d H . JB. B l u m e n d a l o b t a i n e d c o b a l t i c 
t r a n s - t r i s c y c l o p e n t a n e d l a m l n e n i t r a t e , [ C o ( C 6 H 1 2 N 8 ) , ] ( N O , ) j , i n r e d n e e d l e s , b y a d d i n g 
t h e t h e o r e t i c a l p r o p o r t i o n of s i l v e r n i t r a t e t o a s o l n . of t h e c h l o r i d e . T h e dextro-salt a n d 
Icevo-aalt w e r e o b t a i n e d f r o m t h e c o r r e s p o n d i n g c y c l o p e n t a n e d i a m i n e s . T h e trihydrate 
f o r m s h e x a g o n a l c r y s t a l s , a n d t h e tetrahydrate c u b i c c r y s t a l s . T h e h y d r a t e s l o s e w a t e r 
o n e x p o s u r e t o a i r . K . R . L a n g e , a n d A . W e r n e r a n d C . K r e u t z e r p r e p a r e d c o b a l t i c ClS-
b l s e t h y l e n e d i a m i n e d l a m m i n o n i t r a t e , [ C o ( N H , ) , e n 2 ] ( N O ? ) „ a l o n g w i t h t h e t r a n s - s a l t , b y 
t h e a c t i o n of l i q u i d a m m o n i a o n d i n i t r a t o b i s e t h y l e n e d i a n a i n e n i t r a t e , a n d f r a c t i o n a l c r y s t a l ­
l i z a t i o n f r o m h o t , n e u t r a l , a q . s o l n . T h e t r a n s - s a l t i s t h e l e s s s o l u b l e f o r m . I f c o n e , a q . 
a m m o n i a b e u s e d i n p l a c e of l i q u i d a m m o n i a , o r if t h e a q . s o l n . b e n o t q u i t e n e u t r a l , a 
s y r u p y l i q u i d i s p r o d u c e d i n s t e a d o f t h e d a r k r e d d i s h - y e l l o w c r y s t a l s . A c c o r d i n g t o 
A . W e r n e r a n d Y . S h i b a t a , t h e o p t i c a l l y a c t i v e c a m p h o r b r o m o s u l p h o n a t e s , o r t h e a c t i v e 
c h l o r i d e s , i n n i t r i c a c i d s o l n . , - w h e n t r e a t e d w i t h s i l v e r n i t r a t e , y i e l d t h e dextro-salt o r t h e 
leevo-salt i n g o l d e n - y e l l o w c r y s t a l s . T h e s p . r o t a t i o n s of 0 - 5 p e r c e n t . a q . s o l n . a r e [ a } = 4 6 ° 
f o r t h e d e x t r o - s a l t , a n d — 4 4 ° f o r t h e l s e v o - s a l t . R . v o n A r x , a n d J . L i f s c h i t z s t u d i e d t h e 
r o t a r y d i s p e r s i o n . T h e c o r r e s p o n d i n g c o b a l t i c t r a n s - b i s e t h y l e n e d i a m l n e d l a m m i n o n i t r a t e w a s 
o b t a i n e d b y A . W e r n e r a n d c o - w o r k e r s , a l o n g - w i t h t h e t r a n s - n i t r a t o b i s e t h y l e n e d i a m i n e 
a m m i n o n i t r a t e , b y t h e o x i d a t i o n o f t r a n s - i s o t h i o c y a n a t o b i s e t h y l e n e o U a m m e a m n i i n o t h i o -
c y a n a t e w i t h n i t r i c a c i d — t h e r e i s a s m a l l e r y i e l d w i t h t h e c i s - c o m p o u n d ; a n d b y t r e a t i n g 
t h e c o r r e s p o n d i n g c h l o r i d e - w i t h n i t r i c a c i d . T h e b r o w n p y r a m i d s w e r e f o u n d b y 
F . M . J a g e r t o b e l o n g t o t h e r h o m b i c s y s t e m , a n d t o h a v e t h e a x i a l r a t i o s a : 6 : c 
= 0 - 9 4 7 3 : 1 : 0 - 6 7 0 8 . A . W e r n e r a n d C . H e r t y f o u n d t h e m o l . c o n d u c t i v i t y , /*, o f a s o l n . 
o f a m o l o f t h e s a l t i n v l i t r e s o f w a t e r , a t 2 5 ° , t o b e : 

1 2 5 2 5 0 5OO 1 0 0 0 2 0 0 0 
3 1 2 - O l 34O- 0 9 3 6 4 - 3 2 3 8 4 - 1 3 4 0 1 - 9 0 

A . W e r n e r a n d K . D a w e r e p o r t e d c o b a l t i c b l s p r o p y l e n e d i a m i n e d i a m m l n o n i t r a t e , 
[ C o ( N H 8 ) j ) i i j ] ( N 0 8 ) s , t o b e f o r m e d , i n t h i n , s t r a w - y e l l o w p l a t e s , w h e r e t h e c o r r e ­
s p o n d i n g c h l o r i d e i s e v a p o r a t e d t w i c e w i t h n i t r i c a c i d ( 1 : 1 ) . F . M . J a g e r a n d 
H . B . B l u m e n d a l o b t a i n e d cobaltic trans-blsethylenediaminecyclopentanediaminenitrate, 
[Co e n , ( C s H H N , ) ] ( N O , ) „ i n b r o w n i s h - r e d need l e s , b y t r e a t i n g t h e c o r r e s p o n d i n g i o d i d e 
w i t h s i lve r n i t r a t e . F . M . J a g e r r e p o r t e d cobaltic bfsethylenedlaminephenanthrol lneni t ra te , 
[Co On 8 (C 1 2 H 8 Ng)] (NOg) 8 , b y t r e a t i n g t h e i o d i d e w i t h s i lve r n i t r a t e . T h e c r y s t a l s a r e 
t r i c l in ic w i t h t h e a x i a l r a t i o s a : b : c«=0-9938 : 1 : 0-8574. W . A . R e d e k e r p r e p a r e d 
cobaltic pyridinebisethylenedlamineamminonltrate, [Co(NH,)en,py](N08) s . F. M. Jager 
and P. Koets prepared cobaltic blstriajninotriethylamlnesexiesethylenediaminenitrate, 
[Co8ene(C.H18N4)s t](N08)4HaO, by treating the sulphate with barium nitrate. The reddish-
brown crystals are monoclinic prisms with the axial ratios a : 6 : c— 1-2327 : 1 : 0-5582, and 
£ = 6 4 ° 34". J. C. Dippel and F. M. Jager prepared cobaltic trlsdlaminopentanenitrate, 
[Co ptn8](NOs)8, with 0J8S- and ££8-diaminopentanes and J. C. Duff, cobaltic succinato-
bisethylenedlaminonitrate. 

O. W . Gibbs and F . A. Genth * prepared cobal t ic a q u o p e n t a m m i n o n i t r a t e , 
[Co(NHa) 6 (H 2 O)](NOs) 8 , a long wi th t h e hexammine nitrate, b y the oxidat ion of 
ammoniaca l soln. o f cobal tous nitrate , fol lowed by precipitation wi th nitric a c i d ; 
O. W . Gibbs, a n d S. M. Jorgensen, b y treating an ammoniacal , ice-cold soln. of 
t h e rutratopentamminonitrate w i t h a n excess of cone, nitric acid ; A. Werner, 
b y similarly treat ing t h e chloropentamminochloride ; J . M. Krok, by the act ion 
of nitric acid on the corresponding iodosulphate ; S. M. Jorgensen, b y the act ion 
of nitric ac id on t h e corresponding oxa late ; and b y J. C. Duff and E . J . Bi l l s , 
b y t h e act ion of nitric acid on t h e earbonatopentamminonitrate . The brick-red 
crystal l ine powder, monoclinic prisms or quadratic plates , was shown b y 
J . D . D a n a , a n d F . M. Jager t o h a v e t h e axial ratios a : b : ©=0-7984 : 1 : 1 0 3 3 8 , 

vox*, anv. 3 H 

V 
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a n d / 3 = 8 5 ° 3 ' . S . M . J o r g e n s e n o b s e r v e d t h a t a t a b o u t 1 0 0 ° , t h e s o l i d l o s e s 
a m o l . o f w a t e r t o f o r m c o b a l t i c n i t r a t o p e n t a m m i n o n i t r a t e , a n d t h e s a m e c h a n g e 
o c c u r s v e r y s l o w l y — w i t h i n a y e a r — a t o r d i n a r y t e m p . A . B . L a m b a n d 
J . W . M a r d e n o b s e r v e d t h a t t h e v a p . p r e s s , o f t h e a q u o p e n t a m m i n o n i t r a t e i s 
a b o u t 4 m m . a t 2 5 ° . A . B . L a m b a n d J . P . S i m m o n s f o u n d t h e m o l . h e a t o f s o l n . 
i n w a t e r t o b e — 1 5 - 3 8 C a I s . a t 2 5 ° . A . N . N i k o l o p u l o s , a n d R . L u t h e r a n d 
A . N . N i k o l o p u l o s s t u d i e d t h e a b s o r p t i o n s p e c t r u m . A . W e r n e r a n d A . M i o l a t i 
m e a s u r e d t h e m o l . c o n d u c t i v i t y a t 2 5 ° ; a n d H . J . S . K i n g o b s e r v e d t h e m o l . 
c o n d u c t i v i t y , fju, o f a m o l o f t h e s a l t i n v l i t r e s o f w a t e r , a t 0 ° , t o b e : 

v . . . 32 6 4 128 256 512 1024 
/* . . . 1 6 3 0 1 7 9 0 197-6 212-2 225-9 2 3 8 0 

T h e v a l u e s a t 2 5 ° w e r e f o u n d b y J . C . D u f f t o i n c r e a s e w i t h t i m e , a n d t h u s w a s 
a t t r i b u t e d t o t h e a c c e l e r a t i o n o f t h e t r a n s f o r m a t i o n o f t h e a q u o - n i t r a t e i n t o t h e 
n i t r a t o - n i t r a t e b y c o n t a c t w i t h t h e p l a t i n u m e l e c t r o d e s ; t h e c h a n g e i s a l s o f a v o u r e d 
b y t h e p r e s e n c e o f s o d i u m n i t r a t e . S . M . J o r g e n s e n f o u n d t h a t 1OO g r m s . o f w a t e r , 
a t 1 5 ° , d i s s o l v e a b o u t 5 g r m s . o f t h e s a l t ; N . S . K u r n a k o f E m a d e o b s e r v a t i o n s o n 
t h e s u b j e c t ; a n d F . E p h r a i m f o u n d t h a t a s a t . , a q . s o l n . , a t 1 7 - 5 ° , c o n t a i n s O-153 
raol p e r l i t r e ; H . P i t z l e r , a n d A . B e n r a t h a n d H . P i t z l e r s t u d i e d t h e h y d r o l y s i s 
o f t h e s a l t ; a n d A . B e n r a t h a n d H . W i i r z b u r g e r o b s e r v e d t h a t i n t h e p r e s e n c e o f 
n i t r i c a c i d t h e n u m b e r o f g r a m s o f c o b a l t i n 1OO g r m s . o f w a t e r , a t 1 1 ° , i s a s f o l l o w s : 

U N O , . . O-OO 2-73 5-39 11-15 25-72 p e r c e n t . 
Co . 0-785 0-298 0-132 0-087 0-067 

T h e s o l u b i l i t y t h u s d e c r e a s e s w i t h i n c r e a s i n g c o n c e n t r a t i o n o f t h e n i t r i c a c i d . 
T h e s o l i d p h a s e i n c o n t a c t w i t h s a t . s o l n . w i t h c o n c e n t r a t i o n s u p t o 3 6 p e r c e n t . 
H N O 3 i s t h e a q u o p e n t a m m i n o n i t r a t e ; w i t h b e t w e e n 3 6 a n d 4 8 p e r c e n t , 
n i t r i c a c i d , t h e s o l i d p h a s e i s c o b a l t i c a q u o p e n t a m m i n o h y d r o n i t r a t e , 
[ C o ( N H 3 ) S ( H 2 O ) ] ( N O 3 ^ H N O 3 ; a n d w i t h o v e r 4 8 p e r c e n t , o f n i t r i c a c i d , t h e 
n i t r a t o - n i t r a t e i s f o r m e d , a n d t h e s o l i d p h a s e i s [ C o ( H N 3 ) 5 ( N 0 3 ) ] ( N 0 3 ) 2 . H N 0 3 . 
S . M . J o r g e n s e n p r e p a r e d t h e a q u o p e n t a m m i n o h y d r o n i t r a t e a s a p a l e r e d s o l i d , 
f r o m a c o n e , n i t r i c a c i d s o l n . ; h e f o u n d t h a t a t 1 0 3 ° , i t l o s e s a m o l . e a c h o f w a t e r 
a n d n i t r i c a c i d t o f o r m t h e n i t r a t o - n i t r a t e . F . E p h r a i m a n d W . F l u g e l t r e a t e d 
a s o l n . o f t h e c o r r e s p o n d i n g i o d i d e w i t h 4 v o l s , o f 2 2 V - H N O 3 , a n d o b t a i n e d o c t a h e d r a l 
c r y s t a l s o f w h a t w a s t h o u g h t t o b e e i t h e r c o b a l t i c a q u o p e n t a m m i n o i o d o n i t r a t e , 
[ C o ( N H 3 ) 5 ( H 2 0 ) ] ( N 0 3 ) 2 I , o r e l s e a n i s o m o r p h o u s m i x t u r e . S . M . J o r g e n s e n , a n d 
F. Ephraim and W. Flugel also reported cobaltic aquopentamminosulphatonitrate, 
[Co(NH 3 )5 (H 2 O)3(SO 4 )NO 3 , b y c rys t a l l i z a t i on of t h e n i t r a t e f rom di l . s u l p h u r i c 
ac id . T h e r ed , o c t a h e d r a l c r y s t a l s lose n o w e i g h t a t 100° ; a sa t . , a q . soln. , 
a t 19°, c o n t a i n s 0-0486 m o l p e r l i t r e . A . B e n r a t h o b s e r v e d t h a t a q . a m m o n i a 
c o n v e r t s t h e a q u o p e n t a m m i n o n i t r a t e i n t o t h e h e x a m m i n o n i t r a t e . A c c o r d i n g t o 
S. M. J o r g e n s e n , a c o n e , a q . soln . of t h e a q u o - n i t r a t e g ives p r e c i p i t a t e s w i t h 
p o t a s s i u m iod ide , c h r o m a t e , d i c h r o m a t e , c h l o r o a u r a t e , a n d f e r rocyan ide , w i t h 
a m m o n i u m o x a l a t e , h y d r o c h l o r o p l a t i n i c a n d h y d r o b r o m o p l a t i n i c ac ids , s o d i u m 
c h l o r o m e r c u r a t e , p y r o p h o s p h a t e , a n d d i l . s u l p h u r i c ac id . N o p r e c i p i t a t e i s 
f o r m e d w i t h d i l . hyd roch lo r i c o r h y d r o b r o m i c ac id , m e r c u r i c ch lo r ide o r s o d i u m 
d i t h i o n a t e or h y d r o p h o s p h a t e . 

A. W e m e r prepared cobaltic cis - aquobisethylenediamlneammlnonitrato. 
[Co(NH s )en s (H,0)](NO a )„ by t reat ing a sat . , aq. soln. of the bromide with cone, ni tr ic 
acid ; the trans-salt separates out, leaving the cis-salt in soln. from which i t is precipi ta ted 
by the addit ion of alcohol and ether in the cold. The salt is freely soluble in water . The 
cobaltic trans-aquobisethylenediamineamminonitrate is formed, as jus t indicated, in red, 
prismatic crystals. M. Rosner prepared cobaltic aauopyrldlnetetrammlnonitrate. 
£Co(NH s)4py(H aO)](NO,), .H aO. * ^ 

G. V o r t m a n n & p r e p a r e d cobal t ic d iaquote tramminoni tra te , [ C o ( N H 3 ) 4 ( H 2 0 ) 2 > 
(NOs) 3 , b y t r e a t i n g c a r b o n a t o t e t r a m m i n o n i t r a t e w i t h co ld , c o n e , n i t r i c a c i d . 
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I t w a s a lso p r e p a r e d in t h i s m a n n e r b y S. M. J o r g e n s e n , A. B e n r a t h a n d K . A n d r e a s , 
K . R . L»ange, M. R o s n e r , a n d J . N . B r o n s t e d a n d co-workers ; F . E p h r a i m , b y t h e 
a c t i o n of cone , n i t r i c ac id o n c a r b o n a t o t e t r a m m i n o s u l p h a t e ; a n d J . N . B r o n s t e d 
a n d co-workers , b y k e e p i n g t h e n i t r a t o a q u o p e n t a m m i n o n i t r a t e in a q . soln. Accord ­
i n g t o F . E p h r a i m , t h e red , p r i s m a t i c c r y s t a l s verpuffen in t h e flame ; a n d a s a t . , 
a q . soln. , a t 22° , c o n t a i n s 1-03 m o l of t h e sa l t p e r l i t re . K . A n d r e a s , a n d A. B e n r a t h 
a n d KL. A n d r e a s f ound t h a t t h e so lub i l i ty d i m i n i s h e s d o w n t o a c o n s t a n t m i n i m u m 
v a l u e w i t h inc reas ing p r o p o r t i o n s of n i t r i c ac id i n t h e soln. T h e d i a q u o - n i t r a t e 
is n o t s t a b l e in c o n t a c t w i t h n i t r i c ac id , s ince i t c h a n g e s i n t o t h e n i t r a t o - n i t r a t e , 
[ C o ( N H 3 ) 4 ( H 2 0 ) ( N 0 3 ) ] ( N O 3 ) 2 . H . P i t z l e r , a n d A. B e n r a t h a n d H . P i t z l e r s t u d i e d 
t h e hyd ro ly s i s of t h e sa l t . 

A. Werner and KL. R . Lange prepared cobaltic eis-dlaquobisethylenediaminenitrate, 
[Co e n a ( H 2 O ) 2 I ( N O 3 ) 8 . H 2 O s h y t r e a t i n g a co ld , c o n e , a q . so ln . of t h e b r o m i d e w i t h c o n e , 
n i t r i c ac id , d i s so lv ing t h e p r o d u c t in w a t e r c o n t a i n i n g a l i t t l e n i t r i c ac id , a n d p r e c i p i t a t i n g 
t h e ice-cold so ln . w i t h a l c o h o l . T h e r e d p l a t e s of t h e moriofiydrctie lose t h e i r w a t e r 
over calcium chloride. They obtained cobaltic trans-diaquobisethylenediaminenitrate, by 
a d d i n g s i lve r n i t r a t e t o a c o n e , a q . so ln . of t h e c o r r e s p o n d i n g b r o m i d e , a t 25° t o 30° , a n d 
coo l ing t h e so ln . ; o r b y t r e a t i n g a n ice-cold c o n e , a q . so ln . of t h e b r o m i d e -with f u m i n g 
n i t r i c ac id . T h e b r o w n i s h - r e d need l e s c ry s t a l l i z ed f rom w a t e r a c i d u l a t e d w i t h n i t r i c 
a c i d , a r e n o t h y d r a t e d . A . W e r n e r r e p o r t e d cobaltic diaquobispyridinediamminonitrate, 
l C o ( N H 3 ) 8 p y 2 ( H j O ) g J ( N O g ) s . 2 H 2 0 , t o b e p r e c i p i t a t e d f rom a n ice-cold, a q . so ln . of t h e 
c o r r e s p o n d i n g c h l o r i d e , b y m e a n s of c o n e n i t r i c ac id , o r a m m o n i u m n i t r a t e . T h e r e d 
c r y s t a l s a r e s p a r i n g l y so lub le in w a t e r , a n d t h e so ln . h a s a n ac id ic r e a c t i o n . G. L i n d e n b e r g 
prepared cobaltic dlaquotrimethylenediaminenitrate, [Co t r 2 (H 2 0) 2 ] (NO 3 ) 3 . 

G. V o r t m a n n p r e p a r e d cobal t ic t r i a q u o t r i a m m i n o n i t r a t e , [Co(NHa) 3 (H 2 O) 3 ] -
( N O s ) 3 , a long w i t h s o m e o t h e r sa l t s , b y e v a p o r a t i n g a n a m m o n i a c a l soln. of 
e o b a l t o u s c a r b o n a t e a long w i t h a m m o n i u m c a r b o n a t e a n d t h e n a d d i n g n i t r i c 
ac id for p r e c i p i t a t i o n . S. M. J o r g e n s e n -obta ined i t , in de l iquescen t , c a r m i n e - r e d 
c r y s t a l s , b y e v a p o r a t i n g a n aged , a q . soln. of t r i n i t r a t o t r i a m m i n e ove r s u l p h u r i c 
ac id ; a n d J . N . B r o n s t e d a n d K . V o l q u a r t z , b y a d d i n g t h e t h e o r e t i c a l q u a n t i t y 
of s i lver n i t r a t e t o d i c h l o r o a q u o t r i a m m i n o c h l o r i d e . T h e c o n s t i t u t i o n w a s d i s ­
cussed b y A. W e r n e r , a n d A. W e r n e r a n d A . Miola t i . G. B r e d i g n o t e d t h a t t h e 
m o l . c o n d u c t i v i t y , /Lt, dec reases a s t h e N H 3 - g r o u p is r ep laced b y a H 2 0 - g r o u p , so 
t h a t w i t h soln. c o n t a i n i n g a m o l of t h e sa l t in v l i t r es of w a t e r : 

v 

I
H e x a m m i n e 
A q u o p e n t a m m ine 
D i a q u o t e t r a m m i n o . 
T r i a q u o t r i a m m i n e . 

J . N . B r o n s t e d a n d K . V o l q u a r t z o b t a i n e d c o b a l t i c t e t r a q u o d i a m m i n o n i t r a t e , 
[ C o ( N H 3 ) 2 ( H 2 0 ) 4 ] ( N 0 3 ) 3 , b y a d d i n g a smal l excess o v e r t h e t h e o r e t i c a l p r o p o r t i o n 
of s i lver n i t r a t e t o a soln. of g r een d i c h l o r o d i a q u o d i a m m i n o n i t r a t e . T h e c a r m i n e -
r e d soln . is u n s t a b l e a n d g r a d u a l l y d e c o m p o s e s . T h e ion iza t ion c o n s t a n t , K, for 
t h e complex - ion [Co(NH 3 J 2 (H 2 O) 4 ]** , a p p r o x i m a t e s 0-00014 a t 15°, a n d 0 0 0 0 3 0 
a t 20° , a n d a t inf ini te d i l u t i on , 0-0004O a t 15°. 

The CoA 5 or JPentammine Family 
E . F r e m y 0 p r e p a r e d cobal t ic n i t ra topentamminon i t ra te , [ C o ( N H 3 ) 5 ( N 0 3 ) ] -

(NOg) 2 , b y h e a t i n g a n a m m o n i a c a l soln . of e o b a l t o u s n i t r a t e w h i c h h a s been 
ox id ized b y a i r , w i t h a n excess of a m m o n i u m n i t r a t e , or, a cco rd ing t o O. W . G i b b s 
a n d F . A. G e n t h , w i t h n i t r i c ac id . O. Kt inze l sa id t h a t t h e p r o d u c t o b t a i n e d b y 
JE. F r e m y ' s p rocess is a bas ic s a l t : 2 C o 2 O 4 . 5 N 2 O 5 . 2 0 N H 3 . S. M. J o r g e n s e n o b t a i n e d 
i t b y h e a t i n g a q u o p e n t a m m i n o n i t r a t e , for m a n y h o u r s , a t 100°, or, acco rd ing t o 
A . B e n r a t h a n d K . Mienes , b y h e a t i n g i t w i t h cone , n i t r i c ac id , for m a n y h o u r s , o n a 
w a t e r - b a t h . J . M. K r o k a n d S. M. J o r g e n s e n o b t a i n e d t h i s s a l t b y o x i d a t i o n 
w i t h i od ine i n t h e fol lowing m a n n e r : 

Twenty grms . of eobaltous carbonate are heated with the required amount of dil. nitric 
aeid t o convert i t t o n i t ra te , and 2OO c.c. of c o n e , aq. ammonia are added. The boiling 

125 
343-8 
333-6 
325-5 
317-7 

250 
378-O 
365-4 
354-8 
3 3 9 0 

5OO 
4Ol-6 
390-3 
379-8 
3611 

IOOO 
426-9 
412-9 
399-15 
383-8 

2000 
442-2 
436-4 
417-4 
392-6 



836 INORGANIC AND THE ORE T ICAL CHEMISTRY 

Holn. is then treated with a gram-atom of iodine for each gram-atom of cobalt, as indicated 
in connection with the preparation of the hexamminonitrate. After filtering off the 
hexaiximiiionitrate from the cold Boln., the filtrate is mixed with an excess of nitric acid, 
and heated 3 hrs. on the water-bath. "When all the iodine has been expelled, the preci­
pitate is filtered off, drained by suction, washed with water containing nitric acid, then 
•with alcohol, and finally dried in a water-oven. 

The red, octahedral crystals have a violet tinge, and, according to J . D . Dana , 
they are tetragonal bipyramids with the axial rat io a : c=l : 0-6216. E . Birk 
gave 1-868 for the sp. gr. a t 25°/4°, and 176-7 for the mol. vol. A. B . L a m b and 
J . P . Simmons found the mol. heat of soln. in water, a t 25°, t o be 14-9 CaIs. E . Valla, 
A. N . Nikolopulos, and R. Luther and A. N . Nikolopulos studied the absorption 
spectra of aq. soln. According to S. M. Jorgensen, 100 grms. of water a t 16° 
dissolve 0-367 grm. of salt ; and N. S. Kumakoft , and J . N . Bronsted and co­
workers studied the solubility of the salt in water, and in methanol . F . Ephra im 
observed t ha t a sat., aq. soln. a t 18° contains 0-0122 mol per litre. The ni t ra to-
ni t ra te in aq. soln. is transformed into the aquo-nitrate. The process of aquat ion, 
[ C o ( N H a ) 5 ( N O 3 ) ] - ^ [ C O ( N H S ) 5 ( H 2 O ) ] - * , was found by A. B . Lamb and J . W. Marden 
to be a reaction of the first order, and a t 25°, J . N. Bronsted calculated t h a t in aq . 
soln. the velocity constant &=0-000361 a t 15° ; 0-000757 a t 20° ; and 0-00180 a t 
25°. The aquat ion is independent of the initial concentration of the complex ion, 
and of the degree of acidity. On the other hand, A. B . Lamb and J . W. Marden 
observed t h a t the reaction is retarded up to 25 per cent, in acidic soln. A. B . L a m b 
and J . P . Simmons calculated for the mol. hea t of the aquation, 480 cals. a t 25°. 
The reaction was also discussed by A. Benrath, and R. Luther and A. N. Nikolopulos; 
and R. Schwarz and K. Tede found t h a t the reaction is favoured by exposure t o 
light. S. M. Jorgensen said t h a t the salt is decomposed when heated with water. 
S. M. Jorgensen observed t h a t hot, dil. aq. ammonia dissolves the ni t rato-ni trate , 
forming the aquopentamminoni t ra te . According t o A. Benrath , aq. ammonia 
a t 25°, converts the ni t ra topentamminoni t ra te into hexamminoni t ra te a t ' a ra te 
which is proportional t o the concentration of the ammonia. In consequence of 
t he aquat ion of t he salt, S. M. Jorgensen s tated t h a t some reactions in aq. soln. 
reported for the ni t rato-ni t rate , really apply to the aquo-ni trate . S. M. Jorgensen 
observed t h a t with a freshly-prepared, cold, sat . soln. of the ni trato-ni trate , precipi­
ta tes are obtained with potassium iodide, chromate, dichromate, and ferricyanide, 
with sodium dithionate, picrate, and chloromercurate, and with hydrochloro-
platinic and hydrobromoplatinic acids ; bu t no t wi th dil. sulphuric acid, potassium 
chloroaurate, hydrofluosilicic acid, sodium pyrophosphate, or ammonium oxalate. 

S. M. Jorgensen prepared cobaltic nitratopentamminocIUoride, [Co(NH3)5-
(N03)]C12, in reddish-violet octahedra, by shaking one of t he corresponding 
salts of the series, say the ni t rate , with dil. hydrochloric acid ( 1 : 1 ) . F . Ephra im 
observed t h a t a sat., aq. soln., a t 18°, contains 0*0279 mol per litre. S. M. Jorgensen 
observed t h a t warm -water converts the nitrato-chloride in to the aquapentammine. 
The mol. conductivities of soln. with a mol of salt in 125, 500, and 200 litres of 
water, a t 25°, were found by A. Werner and A. Miolati t o be, respectively, 219*6, 
247*6, and 285*2. There is also a marked increase in the conductivity with t ime— 
e.g., t he mol. conductivity of a soln. of a mol of the salt in 250 litres changed from 
250 t o 290-2 in 24 hrs . This is taken to correspond with the aquation of the salt, 
a reaction studied by A. B . L a m b and J . W. Marden. J . N . Bronsted and co­
workers studied the solubility in water, and in methanol. According t o 
S. M. Jorgensen, if the salt be re-crystallized from hydrochloric acid, the chloro-
chloride is formed. The precipitate obtained by adding sodium chloromercuriate 
in the presence of sodium or ammonium chloride, is mercuric CObaltio nitratopent-
amminotetrachloride, [Co(NH8)6(NOs)]Cl2.HgCl2. The scarlet-red prisms are 
decomposed by hydrochloric acid ( 1 : 1 ) into chloropentamminochloride and 
mercuric chloride. J . M. Krok described merouxio cobaltic nitttUopentammjno-
enneachloride, [Co2(NH8)X0(NOa)8](HgCIa)8. 
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S. M. Jorgensen prepared cobaltic n i t ra topentamminobromide , [Co(NH8J5-
(NOs)]Br2, in reddish-violet crystals, by a process analogous t o t h a t employed 
for t h e chloride. F . Ephra im found t h a t a sat., aq. soln., a t 18°, contains 0-0159 
mol per litre ; and A. Werner and A. Miolati found t h a t the mol. conductivities 
of a soln. of a mol of the salt in 250, 50O, and 2000 litres of water, a t 25°, are, 
respectively, 270-9, 288*1, and 316*6 ; and t h a t with a soln. with v—250, the mol. 
conductivity increases in 24 hrs. from 270*9 to 309*5. This corresponds with the 
aquat ion of the salt. J . N . Bronsted and co-workers studied the solubility in 
water and in methanol. S. M. Jorgensen obtained reddish-violet crystals of 
CObaltic nitratopentamminoiodide, [Co(NHa)5(NOg)]I2, by adding potassium iodide 
t o a soln. of the corresponding ni t rate . F . Ephra im found t h a t a sat., aq. soln., 
a t 18°, contains 0*0271 mol per litre. J . N . Bronsted and co-workers studied the 
solubility in water and in methanol. S. M. Jorgensen prepared violet needles of 
cobaltic nitratopentamminosulphate, [Co(NH 3 ) 5 (N0 3 ) ]S0 4 .H 2 0, by adding alcohol 
to a soln. of the chloride in dil. sulphuric acid. Only a trace of water is lost from 
the monohydrate a t 100°, bu t all is expelled a t 135° to 140°. F . Ephra im found 
t h a t a sat., aq. soln., a t 18°, contains 0*0050 mol per litre. 

A. Werner prepared cobaltic cis-nitratobisethylenediamineamminonitrate, 
f C o ( N H 3 ) e i i a ( N ' O a ) ] ( N 0 8 ) a , b y e v a p o r a t i n g , o n a -wa te r -ba th , a m i x t u r e of c o n e , n i t r i c 
ac id a n d a q u o b i a e t b y l e n e d i a m i n e a m n x i n o n i t r a t e . T h e o r a n g e -yel low c r y s t a l s a r e con­
v e r t e d b y c o n e , a m m o n i a i n t o b i s e t h y l e n e d i a m i n e d i a m m i n o n i t r a t e . T h e c o r r e s p o n d ­
ing cobaltic trans-nltratobisethylenedlamlneammlnonitrate, [ C o ( N H s ) e n j ( N 0 8 ) ] ( N 0 3 ) j . H , 0 , 
i s o b t a i n e d b y t r e a t i n g t r a n s - a q u o - n i t r a t e w i t h n i t r i c a c i d . L . C o h n p r e p a r e d cobaltic 
nitratobisetbylenediamineammlnobromide, [Co(NH, )en 2( NO3)JBr a . 

J . N . Bronsted obtained cobaltic nitratoaquotetramminonitrate, 
[Co(NH3J4(H2O) (NO3)J(NO3) 2, by warming 10 grms. of the carbonatotetrammino-
ni t ra te with 5O c.c. of 10 per cent, nitric acid, adding 50 c.c. of cone, nitric acid to 
the clear soln. a t 100°, cooling in ice for 15 mins., and washing the crystals with 
alcohol. The salt is purified by dissolving IO grms. in 200 c.c. of 0-IiV-HNO3, and 
adding 50 c.c. c o n e , nitric acid to the ice-cold liquid. The salt obtained by 
G. Vortmann and co-workers, and M. Rosner, by precipitation from an aq. soln. 
of the carbonato-nitrate with nitric acid, is considered by J . N . Bronsted to be the 
diaquotetranaminonitrate. A. Werner and A. Miolati found the mol. conductivities 
of soln. of a mol. of the salt in 128, 512, and 2048 litres of water, a t 25°, are, respec­
tively, 306-1, 353-8, and 388-5. J . N . Bronsted, and J . N . Bronsted and R. Living­
ston found t h a t the conductivity of the soln. increases with its age, corresponding 
with the transformation of the ni t ra toaquoni t ra te into the diaquonitrate. The 
aquat ion : [Co(NH 3 ) 4 (H 2 0)(NO) 3 ) ]*H-H 2 0=[Co(NH 3 ) 4 (H 2 0) 2 ] - + N O 8 ' , is depen­
dent on the acidity of the soln., and the reaction is of the first order if the H - i o n 
is not less t han about 0-001N. The velocity constant, ifc, of the aquat ion in acidic 
soln. is 00376-J-0-04107/[H] a t 15°, and a t 20°, i t is 00 3 160+00 4 32 / [H*] . 
H . Pitzler studied the equilibrium conditions in the system : 
[Co(NH 3 ) 4 (H 2 0) (N0 3 ) ] (N0 3 ) 2 -NH 3 -H 2 0 . 

O. W. Gibbs and F . A. Genth 7 obtained wha t they regarded as a basic pent-
ammino-salt, cobaltic hydroxypentamminonitrate, [Co(NHg)6(OH)J(NO3) 2 . H 2 0 , 
as a separation from a mixture of an aq. soln. containing ni tratopentamminonitrate , 
ammonium ni t ra te , and aq. ammonia . A. Werner prepared i t by warming aquo-
pentamminoni t ra te with 5 times i ts weight of c o n e , aq. ammonia, and precipitating 
with alcohol; i t can be re-crystallized by adding alcohol to the soln. in aq. ammonia. 
The violet-red scales of the monohydrate lose their water a t 80°. The violet, aq. soln. 
has an alkaline reaction. I t liberates ammonia from ammonium salts, to form 
aquopentammine-salts ; with acetic anhydride i t forms the acetatopentammine-
s a l t ; and with carbon dioxide, the hydrocarbonato-nitrate. H . J . S. King found 
the mol. conductivity of soln. with a mol of the salt in 128 and 1042 litres of water, 
a t 0°, t o be, respectively, 124-2 and 143*4 ; and of a mol of the salt in 32, 128, and 
1024 litres of water , a t 25°, respectively, 196-5, 229*5, and 266-2. E . Rosenbohm 
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g a v e —0-197 X 10~*6 m a s s u n i t for t h e m a g n e t i c su scep t i b i l i t y , a n d t h e m a g n e t i c 
p r o p e r t i e s were s t u d i e d b y W . B i l t z , a n d L . C. J a c k s o n . 

A . W e r n e r , a n d M. R o s n e r p r e p a r e d cobalt ic h y d r o x y a q u o t e t r a m m i n o n i t r a t e , 
[Co(NHg) 4 (H 2 O)(OH)] (NO 3 )S , a s a r edd i sh -v io l e t m u s h of t a b u l a r c r y s t a l s , b y 
t r e a t i n g t h e c o r r e s p o n d i n g b r o m i d e "with s o d i u m n i t r a t e a n d f i l ter ing r a p i d l y . 
T h e sa l t is v e r y u n s t a b l e i n a q . soln. , f o rming b l a c k h e x o l - d o d e c a m m i n o n i t r a t e . 
H . J . S. K i n g f o u n d t h e eq . c o n d u c t i v i t y , a t 0 ° , t o b e : 

v . . 3 2 64 128 256 512 1024 oo 
A 99-8 109-9 117-5 123-2 128-1 131-8 141-7 

M . R o s n e r p r e p a r e d c o b a l t i c h y d r o x y b i s p y r i d i n e t r i a m m i n o n i t r a t e , 
[ C o ( N H 8 ) 3 p y 2 ( O H ) ] ( N 0 3 ) 2 . 5 H 2 0 . 

A. Werner prepared cobaltic cis - hydroxyaquoblsethylenediamlnenitrate, 
[Co eng(H20)(OH)](NOj)3 , by adding potash-lye to hexol-sexiesethylenediamine-
ni t ra to . Hydra ted cobalt oxide first separates from the soln., and afterwards the 
required n i t ra te . M. Rosner prepared cobaltic hydroxypyrldlnetriammlnonltrate, 
[Co(NH s)4py(HO)](NO s)2 . A. Werner obtained cobaltic hydroxyaquobispyridinedlam-
minonitrate, [Co(NH8)2py2(HjO)(OH)l(NO s)g, by adding a sat . , aq . soln. of sodium 
ni t ra te to a soln. of the corresponding chloride in 10 per cent, acetic acid. The pale red 
needles have a bluish t inge ; they are sparingly soluble in -water, and the aq. soln. has a 
feebly alkaline reaction. 

H . Seibt reported cobaltic cis-fluobisethylenediamineamminonitrate, fCo(NH3)en8F]-
( N O J ) 8 , to be formed as a red, crystalline powder, by t reat ing the corresponding chloride 
•with ammonium ni t ra te ; and then adding alcohol to an aq . soln. of the salt . 

A . H i e n d l m a y r * p r e p a r e d cobal t ic fluopentamminonitrate, [ C o ( N H 3 ) 5 F ] ( N O 3 ) 2 , 
b y a d d i n g di l . n i t r i c ac id t o a s a t . soln. of t h e c o r r e s p o n d i n g fluoride o r ch lo r ide . 
T h e v io le t - red p o w d e r is so luble in w a t e r , a n d i n h y d r o c h l o r i c ac id . 

S. M. J o r g e n s e n , a n d R . P e r s p r e p a r e d c o b a l t i c c h l o r o p e n t a m m i n o n i t r a t e , 
[Co(NH 3 )5Cl ] (N0 3 )2 , b y a d d i n g cone , n i t r i c ac id t o a so ln . of t h e c o r r e s p o n d i n g 
ch lo r ide o r s u l p h a t e , a n d cool ing t o zero . Smal l , red , o c t a h e d r a l c r y s t a l s a r e 
fo rmed . S. M. Jc i rgensen o b s e r v e d n o loss i n w e i g h t occur s w h e n t h e sa l t is h e a t e d 
t o 110°, b u t t h e r e is a v i g o r o u s r e a c t i o n a t a h ighe r t e m p . O . S te l l ing s t u d i e d 
t h e X - r a y a b s o r p t i o n s p e c t r u m . A. W e r n e r a n d A . Miola t i f ound t h e m o l . con­
d u c t i v i t i e s of soln . of a m o l of t h e sa l t in 64, 256 , a n d 2048 l i t res , a t 25° , t o b e , 
r e spec t ive ly , 191-09, 212-8, a n d 232-6. A . B . L a m b a n d J . W . M a r d e n f o u n d 
t h a t t h e c o n d u c t i v i t y of t h e soln . c h a n g e s w i t h t i m e , ow ing t o a q u a t i o n . T h e 
ve loc i t y c o n s t a n t of t h e a q u a t i o n , k, c o r r e s p o n d s w i t h a r e a c t i o n of t h e first o r d e r , 
a n d & = 0 - 0 4 5 5 . R . K r e m a n n s t u d i e d t h e t r a n s p o r t n u m b e r s ; a n d L . C. J a c k s o n , 
t h e m a g n e t i c p r o p e r t i e s . E . R o s e n b o h m g a v e — 0 - 2 4 8 x l 0 ~ ° m a s s u n i t for t h e 
m a g n e t i c suscep t ib i l i t y . J . W . W i l l i a m s s t u d i e d t h e a c t i v i t y coeff. S. M. J o r g e n s e n 
sa id t h a t t h e n e u t r a l , a q . soln. p a r t i a l l y d e c o m p o s e s w h e n boi led , b u t n o t so w i t h 
t h e feebly acidic soln. J . N . fironsted a n d co -worke r s s t u d i e d t h e so lub i l i ty of t h e 
s a l t i n w a t e r , a n d in m e t h a n o l . F . E p h r a i m a n d W . Fl t igel o b s e r v e d n o p r e c i p i t a ­
t i o n w i t h p o t a s s i u m n i t r i l o s u l p h o n a t e , b u t t h e r e is o n e w i t h p o t a s s i u m h y d r o x y l -
a m i n e - i s o - d i s u l p h o n a t e . 

J . C. Duff prepared pentamminoni t ra tes with the dibasic radicles, X , of malonic, malic, 
phthalic , citraconic, itaconic, glutaric, and adipic acids of the typos : 

f x C o ( N H 8 ) 6 - | , N O . f x . C o ( N H 8 ) 8 l = X 
L X < C o ( N M , ) J < N ° 3 > * L X < C o ( N H ^ J = (NO3) a 

S. M. Jorgensen prepared cobaltic cis^hlorobisethylenediamineammfnonitrate, 
[Co(NHa)On2Cl](NO3)8, by t rea t ing the corresponding chloride with dil. nitric acid, and 
then with alcohol. The pale carmine-red needles are readily soluble in water . The absorp­
tion spectrum was studied by A. Gordienko, and J . Angerstein. A. Werner and C. H e r t y 
found t h a t the mol. conductivities of soln. with a mol of the salt in 125, 50O, and 200O 
litres of water, a t 25°, were, respectively, 204-9O, 227-04, and 247-91. S. M. Jorgensen found 
t h a t silver n i t ra te gives a precipitate only after the aq. soln. of t he sal t has been boiled. 
A. Werner obtained cobaltic trans^hlorobisethylenediamineamminonltrate, by precipi tat ing 
wi th alcohol a nitric acid soln. of the corresponding chloride. E . JBerl prepared eobaltle 
chloroblsethylenedlaminehydroxylaminenltrate, [Co(NH aOH)en aCl](NO,) a . J . Meisenheiraer 
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and E . Kiderlen obtained cobaltio trans-chloroallylaminebisethylenediaminenltrate, 
[Co On8(C8H8NH8)Cl](NOa)8, in six-sided prisms, by adding nitric acid t o a soln. of t he 
corresponding chloride. The crystals are dichroic—violet and green. They also pre­
pared eobaltie chloroanillnebisethylenedlamlnenitrate, [Co On8(C8H5NH2)Cl](NO3)8, b y adding 
a n excess of sodium n i t ra te to a cold, aq . soln. of the corresponding chloride. The dark 
red crystals are easily soluble in water , and in cone, hydrochloric acid, b u t sparingly soluble 
in dil. nitric acid. They obtained cobaltlc chlorotoluidinebisethylenediaminechloronitrate, 
[Co Gn8(C7H7NHj)Cl](NO8)Cl, by the action of sodium ni t ra te on an aq. soln. of the corre­
sponding chloride. The six-sided, violet-red prisms are feebly dichroic, and sparingly 
soluble in cold water . They prepared cobaltlc chlorobenzylaminebisethylenediamlne-
nltrate, [Co en8(C7H7NH8)Cl(NO a)8 , by adding sodium ni t ra te to a soln. of the chloride. 
Hose-red plates are precipitated from the aq. soln. a t 50° to 60°. R . Vogel obtained 
cobaltlc chloropyridinebisethylenediaminenltrate, [Co en2pyCl](NO8J2 ; and C. Duval , 
eobaltie tartartopentammlnonitrate, [Co(NH8)5(C4H406)]NO s . 

S. M . J o r g e n s e n ® p r e p a r e d eobal t ie c i s - ch loroaquote tramminoni tra te , 
[ C o ( N H 3 ) 4 ( H 2 0 ) C l ] ( N 0 3 ) 2 , b y t r i t u r a t i n g t h e c o r r e s p o n d i n g ch lo r ide -with co ld 
w a t e r , a c i d u l a t e d w i t h n i t r i c ac id , for c o m p l e t e soln. , a n d p r e c i p i t a t i n g 
t h e s a l t b y n i t r i c ac id . T h e v io le t , r h o m b i c c r y s t a l s a r e d e c o m p o s e d a t 
1 0 0 ° — n i t r a t o p e n t a m m i n o c h l o r i d e is one of t h e d e c o m p o s i t i o n p r o d u c t s . 
A . W e r n e r , a n d A . W e r n e r a n d A . Gr i in o b t a i n e d e o b a l t i e c h l o r o a q u o t r i a m -
m i n o n i t r a t e , [ C o ( N H g ) 3 ( H 2 O ) 2 d ] ( N 0 3 ) 2 , i n b lu i sh-v io le t need les , b y a d d i n g n i t r i c 
a c id t o a cold soln . of t h e c o r r e s p o n d i n g ch lo r ide . 

S. M. J o r g e n s e n 1 ^ p r e p a r e d eobal t ie b r o m o p e n t a r n i r i i n o n i t r a t e , [Co(NHg) 6 Br] -
(NO 3 ) 2 , b y -washing t h e c o r r e s p o n d i n g b r o m i d e -with -water a c i d u l a t e d -with 
s u l p h u r i c ac id , a t 30° t o 40° , i n t o cold, cone , n i t r i c ac id . T h e d a r k v io le t , 
o c t a h e d r a l c r y s t a l s h a v e a sp . g r . of 1-965 a t 17*l°/4° ; a n d I . P o s e n , a n d R . L o r e n z 
a n d I . P o s e n g a v e 1-9632 for t h e s p . gr . i n v a c u o , a n d f o u n d t h e e q . c o n d u c t i v i t y 
of soln . w i t h a g r a m - e q u i v a l e n t of t h e s a l t i n 128, 512 , a n d 1024 l i t res , a t 3-6° t o 4-2°, 
t o be , r e spec t ive ly , 71-28, 76-89, a n d 78-29 ; a n d a t 18°, 101-5, 108-6, a n d 109-5, 
-when t h e eq . c o n d u c t i v i t y a t inf ini te d i lu t ion is 116-4 a t 18°. S. M. J o r g e n s e n f o u n d 
t h e sa l t is so luble i n w a t e r , a n d inso lub le i n d i l . n i t r i c ac id , a n d i n a lcohol . 
J . N . B r o n s t e d a n d A . P e t e r s e n f o u n d t h a t a s a t . , a q . soln. c o n t a i n e d 0-010 m o l p e r 
l i t r e a t 20° ; a n d F . E p h r a i m , 0-0107 m o l p e r l i t r e a t 20° . J . N . B r o n s t e d a n d 
co -worke r s s t u d i e d t h e so lub i l i ty of t h e sa l t in w a t e r a n d i n m e t h a n o l . S. M. J o r g e n ­
sen o b s e r v e d t h a t s i lver n i t r a t e p r e c i p i t a t e s n o si lver b r o m i d e f rom t h e freshly-
p r e p a r e d soln. , b u t a f t e r s t a n d i n g for s o m e t i m e , o r boi l ing for a s h o r t t i m e , a n 
opa lescence a p p e a r s , owing t o t h e f o r m a t i o n of s i lver b r o m i d e a s t h e b r o m o - n i t r a t e 
f o r m s t h e a q u o - n i t r a t e . H y d r o b r o m i c a n d h y d r o c h l o r i c ac id s fo rm t h e cor re­
s p o n d i n g b r o m i d e or ch lo r ide . H . J . S. K i n g p r e p a r e d eobal t ie n i t r a t o a q u o t e t r a m -
minosulphate, [Co(NH3)4(H20)(N03)]S04 . 

E . Schmidt, and A. Werner and W. E . Boes prepared eobaltie eis-bromobisethylene-
diamineamminonltrate, [Co(NH8)en8Br](N03)8 , by t r i tura t ing the corresponding bromide 
wi th nitric acid, and re-crystallizing from its aq . soln. The dark reddish-violet, columnar 
crystals are almost black, and sparingly soluble in -water. A . "Werner and E . Scholze 
obtained the dextro-ealt as a tnortohydrcUe from the corresponding camphorbromosulphonate. 
The dark violet crystals, in 0-08 per cent. aq. soln., have a sp. rotat ion [a] = 45° for red-
light. If nitric acid be dropped into a cold, sat . , aq . soln. of the bromide, eobaltie els-
bromobisetbylenedlamlneamminobromonitrate, [Co(NH3)en8Br](NOa)Br, is formed in reddish-
violet crystals. A. Werner and W. E . Boes also prepared eobaltie trans-bromobls-
e$hylenediamineamminonitrate, as a monohydra&e, by t r i turat ing lithium ni t ra te with the 
bromide a n d a little water . C S . Borzekowsky prepared eobaltie bromohydroxylaminebis-
ethylenediamlnenltrate, [Co(NH8)en8(NH8OH)Br](NO a)8 . 

A . W e r n e r a n d A . W o l b e r g 1X p r e p a r e d eobalt ie c J s » b r o m o a q u o t e t r a m m m o -
nitrate , [Co(NH 3 )4 (H20)Br3 (N0 3 )2 , b y t r i t u r a t i n g t h e co r r e spond ing b r o m i d e , s ix 
t i m e s w i t h di l . n i t r i c a c id (4 : 1), a n d w a s h i n g t h e res idue w i t h a lcohol a n d e t h e r . 
T h e r edd i sh -v io le t c r y s t a l s a r e eas i ly so luble i n w a t e r . E . S c h m i d t , a n d A . W e r n e r 
a n d E . S c h m i d t o b t a i n e d eobal t ie c i s -bromoaquobise thy lenediamineni trate , 
[Co Cn 2 (H 2 O)Br] (NOs) 2 * a s a b lu i sh-v io le t c rys t a l l i ne p o w d e r , b y a d d i n g s o d i u m 
n i t r a t e t o a c o n e , a q . so ln . of t h e co r r e spond ing b r o m i d e . 
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J . Sand and G. Bokman obtained cobaltic iodopentamminonitrate, [Co(NH3) 6 .1]-
(NO8J2, by t r i turat ing black ni trosopentamminonitrate wi th an alcoholic soln. 
of iodine, and boiling the green product with 20 per cent, nitric acid. A. Werner 
obtained the salt by mixing the nitro-nitrate with the iodo-nitrate, hu t preferably 
by t r i turat ing the corresponding dichromate or iodide with ammonium ni t ra te and 
a little water, and precipitating t h e salt from i ts aq. soln. by cone, nitric acid. 
J . Angerstein studied the absorption spectrum of aq. soln. The yellowish-green, 
crystalline powder is sparingly soluble in water—F. Ephra im added t h a t a sat. , aq. 
soln., a t 20°, contains 0*00217 mol of t he salt. A. "Werner found t h a t when warmed 
with silver n i t ra te in dil. acetic acid soln., the iodo-nitrate is converted into aquo-
ni t ra te , wi th the precipitation of silver iodide. 

S. M. Jorgensen 1 2 prepared cobaltic sulphatotetramminonitrate, 
[Co(NH8)4(S04)]N03 , by treating an aq. soln. of the hydrosulphate with ammonium 
ni t ra te . The reddish-violet, four- or six-sided prisms lose no -weight over sulphuric 
acid, or a t 100°. F . Ephra im and W. Fliigel observed t h a t t h e sat. , aq. soln. has 
0-0273 mol of salt per litre a t 20° ; and J . N. Bronsted and A. Peterson found 0-0260 
mol per litre a t the same temp. A. "Werner and A. Miolati found the mol. conduc­
tivities of soln. with a mol of salt in 64, 256, and 1024 litres of water, a t 25°, were, 
respectively, 78-63, 89-73, and 101-6. J . C. Duff added t h a t the conductivity 
increases a little with t ime. P . J o b found t h a t when the soln. is t i t ra ted electro-
metrically with soln. of bar ium hydroxide, the curve is regular and shows no 
inflexion, and this is taken to indicate t h a t no mols. of water are present in the radical. 
S. M. Jorgensen observed t h a t with the aq. soln., barium chloride gives a precipitate 
of bar ium sulphate only after the soln. has been boiled ; and dil. nitric acid, potas­
sium iodide, and dichromate, and hydrochloroplatinic acid give crystalline pre­
cipitates of the corresponding salts. 

F . Ephra im and "W. Fliigel prepared cobalt ic su lpha toaquot r i amminoni t ra te , 
[Co(NH3)S(H2O)(SO4)JNO3, by adding ammonium ni t ra te t o a c o n e , aq. soln. of 
the corresponding chloride. G. Vor tmann and O. Blasberg also prepared this 
salt. The rose-red, prismatic crystals lose a mol of water slowly a t 100°. F . Ephra im 
and "W. Fliigel found t h a t a sat., aq. soln. has 0-0712 gram-atom of Co per litre a t 
20°. P . J o b studied t h e electrometric t i t ra t ion of the salt with bar ium hydroxide. 
N . Goslings prepared cobaltic carbonatotetraumiinoiiitrate, [Co(NHg)4CO3]NO3. 
H 2 O ; and K. J . Pedersen studied the ra te of decomposition of the salt. 

The CoA4 or Tetrammine Family 

H . J . S. King ^3 prepared cobaltic dihydroxytetramminonitrate, [Co{Co(NH3)4-
(OH)2>3](N03)6 ; and E . Birk obtained cobaltic dmitratotetramniinonitrate, 
[Co(NH 3 ) 4 (N0 3 ) 2 ]N0 3 .H 2 0, by boiling and cooling a soln. of carbonatotetrammino-
ni t ra te in nitric acid. The red crystals of t he monohydrate lose their water a t 90° 
to 95°. The sp. gr. of the monohydrate is 1-914 a t 25°/4°, and t h e mol. vol. 173-0 ; 
whilst t h e sp. gr. of the anhydrous salt is 1-939 a t 25°/4°, and the mol. vol. is 161-5. 
This salt resembles one prepared by G. Vor tmann in 1886. W. Schramm obtained 
the salt by the action of malonic acid on the diaquotetraznminonitrate, or on t h e 
hydroxyaquotet ramminoni t ra te . Oxalic acid converts t h e salt in to the oxalato-
ni t ra te ; bu t malonic acid has no action. A. Werner and C. Kreutzer obtained 
cobaltic dii^tratobisethylenediaminehydronitrate, [Co Cn2(NOa)2]NO8JKNO8, in 
dark red, triclinic crystals, by evaporating to dryness a soln. of cis-dinitritobis-
ethylenediaminenitrate with cone, nitric acid, dissolving t h e residue i n cone, 
nitric acid, and evaporating over potassium hydroxide. When the hydroni t ra te i s 
exposed t o air, or confined over potassium hydroxide, i t furnishes a greyish-brown 
powder of cobaltic dixutratobisethylenediaminenitrate, [Co en 2 (N0 8 )2]N0 8 , which 
is also prepared by evaporating t h e aq . soln. of t h e hydroni t ra te wi th cone. aq . 
ammonia, or by heat ing the hydrosulphate with liquid ammonia . The mono­
hydrate was reported by W. Schramm to be formed by the act ion of malonic acid 
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on t h e d i a q u o - n i t r a t e . T h e m o n o h y d r a t e decomposes s lowly a t 120°, a n d 
exp los ive ly a b o v e t h a t t e m p . 

H . Seibt « prepared oobaltlc ds-difluobisethylenedlamlnenltrate, [Co e n , F , ] N O „ in 
green plates , b y evaporat ing trans-difiuobisethylenediaminenuoride with water, mixing 
the cold, cone., aq . soln. with ammonium ni t ra te , and re-crystallizing the precipitate from 
water b y the addit ion of alcohol. M. L. Ernsberger and W. R. Brode, and A. Qordienko 
studied the absorption spectrum. 

A . W e r n e r p r e p a r e d cobal t ic c i s -d ichlorotetramminoni trate , [ C o ( N H 3 ) 4 C l 2 ] N 0 3 , 
b y r u b b i n g u p t h e d i t h i o n a t e , w i t h a m m o n i u m chlor ide , a n d t h e n t r e a t i n g t h e cold , 
a q . so ln . w i t h n i t r i c ac id , a n d w a s h i n g w i t h a lcohol a n d e the r . T h e b lu ish-v io le t , 
s ix-s ided p l a t e s a r e freely so luble in w a t e r a n d lose n o w e i g h t ove r p h o s p h o r u s 
p e n t o x i d e . A . W e r n e r a n d A . K l e i n o b t a i n e d cobal t ic trans-dichlOTotetrammino-
nitrate* i n g reen needles , b y t r e a t i n g t h e h y d r o s u l p h a t e w i t h cone , n i t r i c ac id . T h e 
s a l t w a s p r e p a r e d b y G. V o r t m a n n a n d cons idered b y h i m t o b e t h e m o n o h y d r a t e . 
O. S te l l ing s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m . A . W e r n e r a n d A . Miola t i f ound 
t h a t t h e m o l . c o n d u c t i v i t y , a t 25° , inc reases for a d i lu t ion of 512 l i t r es p e r m o l , 
f rom 133-5 t o 323*0 in 1 h o u r , a n d t h e sa l t is c o m p l e t e l y t r a n s f o r m e d i n t o t h e 
d i a q u o - n i t r a t e . L . Tschugaeff m a d e s o m e o b s e r v a t i o n s on t h i s sub jec t . E . R o s e n -
b o h m found t h e m a g n e t i c suscep t ib i l i t y t o b e —0*175X 10~ 6 m a s s u n i t ; a n d 
L». C. J a c k s o n , a n d W . Bi l t z s t u d i e d t h e m a g n e t i c p r o p e r t i e s . J . N . B r o n s t e d 
a n d A. P e t e r s e n found t h a t a s a t . , a q . soln. , a t 0° , c o n t a i n s 0*00383 m o l p e r l i t re ; 
t h e y a lso s t ud i ed t h e effect of t h e a d d i t i o n of o t h e r sa l t s o n t h e so lubi l i ty of t h e 
d i c h l o r o n i t r a t e . A . W e r n e r a n d A . K l e i n obse rved t h a t s i lver n i t r a t e g ives a 
p r e c i p i t a t e of s i lver ch lor ide , a f te r i t h a s been w a r m e d . 

A. Werner and K. Feenst ra prepared cobaltic trans-dichloroquaterpyrldlnenitrate, 
[Co Py4Cl2INO8 , by t reat ing a soln. of the chloride with nitric acid ; dissolving in water 
a t 40° to 50°, and precipitating with cone, nitric acid ; and re-crystallizing from dil. acetic 
acid. The green needles of the monohydrate lose their water of hydrat ion over phosphorus 
pentoxide. T. S. Price obtained a n air-dried salt -with 4 to 5 mols. of water of hydra t ion . 
The salt loses pyridine in a drying-oven. S. M. Jorgensen obtained violet prisms of 
cobaltic cis-dlchlorobisethylenedlamlnenltrate, [Co Cn2Cl2]NO3, by the action of dil. 
ni tr ic acid on the corresponding chloride. O. Stelling studied the X-radiograms. The 
mol. conductivity of an aq . soln. with 15O litres per mol, was found by A. Werner and 
C. H e r t y to suffer very little change a t 0° with t ime, bu t a t 25° the conductivity changed 
from 97-38 to 123-45 in 10 mins. , in consequence of the ionization of chlorine-ions liberated 
during the aquat ion of the complex sal t . The subject was discussed by L. Tschugaeff, 
W . D. Harkins and co-workers, and E . Petersen. E . Rosenbohm found the magnetic 
susceptibility to be —O* 287 X 1O-* mass u n i t ; and the magnetic properties were also 
studied by L. C. Jackson. P . Larisch, and A. Werner and P . Larisch found t h a t 1OO c.c. 
of water, a t 7°, dissolve O-566 grm. of the salt . S. M. Jorgensen observed t h a t the salt is 
less soluble t h a n the corresponding chloride, and t h a t silver n i t ra te gives no precipitate 
with the cold soln., bu t a precipitate of silver chloride is produced if the soln. has stood 
for some time, or if it has been boiled. Hydrochloroplatinic acid gives a precipitate of 
chloroplatinate. A. Werner and Q. Tsohernoff obtained the desctro-aaU and the Icevo-salt, 
in violet crystals, from the corresponding camphorbromosulphonates and nitric acid. 
A 0*25 per cent. soln. of the salt has the sp . rotat ions [a}= ±164° . S. M. Jorgensen 
prepared oobaltlc trans-dlchlorobisethylenedlaminenltrate, [Co On2Cl2]NO3, by adding nitric 
acid t o a n aq . soln. of t h e corresponding chloride. The emerald-green crystals do not 
dissolve in water so readily as t he chloride ; according t o P . Larisch, and A. Werner and 
P . Larisch, 100 c.c. of water, a t 7°, dissolve 0*346 grm. of the salt . O. Stelling studied the 
X-radiograms. A. "Werner and C. H e r t y found t h a t the mol. conductivity of a soln. with 125 
litres per mol, a t 0°, suffers very li t t le change with t ime, b u t a t 25° the conductivity rises 
from 95*44 to 122*97 in 34 mins. , in consequence of the aquat ion of the salt . The subject 
was discussed b y I*. Tschugaeff. According to S. M. Jorgensen, t he colour of the soln. 
changes t o violet-red when i t is boiled, in consequence of the formation of the chloro-
aquoni t ra te ; b u t on cooling, i ts green colour returns, in consequence of the re-formation 
of t he diohloro-nitrate. Silver n i t ra te precipitates no silver chloride from the cold 
soln. A. Werner and A. Frohlioh prepared oobaltlc trans-dlchlorobispropylenedlamlno-
Ilitrate, [Co p n f C l t ] N O s . H 2 0 , in m a t t e green crystals, by t r i turat ing the corresponding 
chloride in a little water . The monohydrate loses its water of hydrat ion in the desic­
cator . They also found t h a t silver cobaltic dlchloroblspropylenedlaminesulphatonitrate, 
2[Co Pn2Cl8]SO4Ag.AgNO8, is formed, in malachite-green scales, on mixing cold, cone., 
aq . soln. of the component salts . The sal t readily dissolves in water, and becomes bluish-
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red on keeping—possibly owing to the formation of silver chloride, say 2Cofpn ,Cl(AgCl)]SO4. AgKO3. A. Werner obtained sparingly soluble cobaltlc dichlorobispyrldlnedlammlno-
nitrate, [Co(NHg)8Py8Cl8]NO8, by adding nitric acid to a soln. of the chloride. C. Rix, 
and A. Werner and F. Chaussy prepared cobaltic trans-dlcUoroetbylenedlaminediammino-
Bltrate, [Co(NH,)8enCl8]NO„ as a green precipitate, on adding, drop by drop, 1 : 1-nitric 
acid to a cone. soln. of the corresponding chloride. M. L. Ernsberger and W. R. Brode 
studied the absorption spectrum of cobaltic chlorobromobisetbylenedlamlnenitrate. 

S. M. Jorgensen " obtained cobaltic dichloroaquotriamminonitrate, 
[Co(NHa)3(H2O)Cl2]NO3, by t reat ing an ice-cold soln. of the hydrosulphate with 
dil. nitric acid ; and A. Werner, by treat ing the chloride in a somewhat similar 
way. The dark green crystals are slightly dichroic—bluish-green and pale red— 
and the green, aq. soln. changes to blue when kept for some t ime. A. Werner 
and A. Grtin obtained cobaltic dichloroaquoethylenediamineamminonitrate, 
[Co(NH3)en(H20)Cl2]N03 , by the action of nitric acid (l : 4) on the chloride. The 
green crystals are freely soluble in water. 

A. Werner prepared cobaltic dichlorodiaquodiamminonitrate, [Co(NH3)2-
(H2O)2Cl2]NO3 , by treat ing the hydrosulphate with cold, cone, nitric acid. The 
dark green, crystalline powder forms a green soln. with water, which soon becomes 
blue. The dry salt decomposes on keeping. 

A. Werner and A. Wolberg prepared cobaltic t rans-d ibromote t ra inminoni t ra te , 
[Co(NH8J4Br2]NOs, by treat ing a cold soln. of the chloride with nitric acid. The 
pale green, prismatic crystals dissolve in water t o form a soln. which soon changes 
into an aquo-salt. A. Werner and co-workers prepared cobaltic cis-dibromobis-
etnylenediamineni t ra te , [Co en 2Br 2]NO s , in greyish-violet crystals, by adding 
sodium ni t rate to a cold, sat., aq. soln. of the bromide. S. M. Jorgensen prepared 
cobaltic trans-dibromobisethylenedianiinenitrate, [Co en 2 Br 2 ]N0 3 , by t reat ing a 
soln. of the bromide, acidified with sulphuric acid, with dil. nitric acid (1 : 2). 
The rhombic, acicular crystals are isomorphous with those of the trans-dichloro-
ni t ra te . E . Petersen, A. Werner and C. Her ty , and W. D . Hark ins and co-workers 
discussed the lowering of the f.p. of aq. soln., and the electrical conductivity. 
According to S. M. Jorgensen, the salt is sparingly soluble in water, and forms a 
yellowish-green soln. ; the soln. gives precipitates with hydrochloroplatinic acid, 
sodium chloromercurate, and potassium dichromate. Silver n i t ra te gives a 
precipitate of silver bromide with a n aged soln., bu t not wi th one freshly prepared. 
S. Berkman and H . Zocher, and G. Depold studied the magnetic constants of 
cobaltic carbonatotetramminonitrate, [Co(NH3J4(CO3)JNO3 .JH2O. 

E . Bohm 1^ obtained cobaltic fluohydroa^tetranriniinonitrate, [Co(NH)3)4-
(OH)F]NO3 , in purple-red, acicular or prismatic crystals, along with t h e 
hexamminonuonitrate, by the action of hydrofluoric acid and an excess of aq . 
ammonia, on cobaltous ni t ra te . H. . Fischlin also prepared cobaltic ch lo ro-
hydroxybisethylenediaminenitrate , [Co en2(OH)Cl]N03 , by the action of l i thium 
ni t ra te on the corresponding bromide—the dextro-salt, or the Icevo-salt. The sp. 
rotat ion of the dextro-salt is [<x]=530°, and of the lasvo-salt, —542° in Na-light. 
J . Lifschitz studied the anomalous dispersion. A. Werner prepared dark violet 
needles of cobaltic cis-bromochlorobisethylenediaminenitrate , [Co en2ClBr]NOa , 
by t reat ing a cold soln. of the bromide with ammonium ni t ra te . A. Werner and 
G. Tschernoff obtained the dextro-salt, and t h e Icevo-salt by the action of cone, nitric 
acid on the corresponding camphorbromosulphonates. The dark grey powder, 
45 mins. after being dissolved in water, becomes inactive. The sp. rota t ion of 
a soln. of the dextro-salt is [a]—144°, and of the lsevo-salt, —152°. A. Werner 
also prepared cobaltic traiis-bromochlorobisethylenediaininenitra.te, by heat ing 
chloroaquobisethylenediaminebromide for some hours a t 110°, t r i tura t ing t h e 
mixture of violet cis- and green trans-bromochlorobromide with cold water and 
saturat ing the green soln. with ammonium ni t ra te . The violet cis-bromochloro-
bromide does not dissolve. The pale green plates are sparingly soluble in water . 

A. Werner and A. Grtin obtained pale green cobaltic bromochloroaQUOtri-
amminonitrate, [Co(NH3)8(H20)ClBr]N03 , by adding cone, ni tr ic acid to a cold, 
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a q . soln . of t h e b r o m i d e ; a n d s imi la r ly w i t h p a l e green cobal t ic b r o m o c h l o r o -
aquoethylenediamineamminonitrate, [Co(NH3)en(H20)ClBr]N03 . 

R . L u t h e r a n d H . F r i e se r s t u d i e d t h e d e c o m p o s i t i o n of cobalt ic tr in i trato-
tr iamtnine , [Co(NOs) 3 (NHg) 3 ] , in ac id ic soln. , in l i gh t a n d i n d a r k n e s s . 

Complexes with Two or More Carbon Atoms 

E . F remy*? prepared cobaltic peroxo-decamminotetranitrate, [ (NH3) 5Co-
O 2 - C o ( N H 3 ) 5 ] ( N 0 3 ) 4 . 2 H 2 0 , in d a r k b r o w n p r i s m s , b y t h e ae r ia l o x i d a t i o n of a cone , 
a m m o n i a c a l so ln . of c o b a l t o u s n i t r a t e . T h e s a l t w a s also p r e p a r e d b y G. V o r t m a n n , 
C. S c h w e n k , a n d O. W . G i b b s . A . W e r n e r a n d A . Myl ins r e c o m m e n d t h e follow­
i n g p roces s for p r e p a r i n g w h a t w a s fo rmer ly ca l led oxycobaltammine nitrate : 

C o b a l t n i t r a t e (2OO grrae . ) is dissolved, i n w a t e r (25O g r m s . ) , t h e bo i l i ng s o l u t i o n p o u r e d 
i n t o a m m o n i a (85O g r m s . , s p . g r . = 0-927), a n d t h e m i x t u r e h e a t e d for a b o u t 5 m i n u t e s ; 
'when co ld , t h e m i x t u r e is filtered a n d t r e a t e d w i t h a s low c u r r e n t of a i r a s l o n g a s a t h i c k , 
c r y s t a l l i n e p r e c i p i t a t e is f o r m e d . T h e c r y s t a l s of t h e p e r o x o - n i t r a t e a r e co l l ec ted , w a s h e d 
w i t h a m m o n i a a n d a l coho l , a n d d r i e d b y p r e s s i n g b e t w e e n f i l t e r -pape r . 

T h e b r o w n c r y s t a l s s o m e t i m e s b e c o m e g reen w h e n d r i e d ; a n d w h e n fo rmed 
i n t h e p r e sence of a m m o n i u m n i t r a t e , t h e p r i s m s a r e d a r k o l ive-green , a l m o s t b l a c k . 
A . W e r n e r a n d A. MyIius , a n d A. Myl ius obse rved t h a t t h e sa l t d e c o m p o s e s a t 
110°, a n d G. V o r t m a n n , t h a t i t exp lodes a t 200° . E . F e y t i s g a v e 0 0 9 2 x 1 0 - « 
m a s s u n i t for t h e m a g n e t i c su scep t ib i l i t y . E . F r e m y o b s e r v e d t h a t t h e sa l t is 
d e c o m p o s e d b y s u l p h u r i c ac id , p o t a s h - l y e , or w a t e r , in t h e cold, a n d o x y g e n is 
g iven off. G. V o r t m a n n n o t e d t h a t i t decolor izes soln. of p e r m a n g a n a t e s . Accord­
i n g t o A . W e r n e r a n d A . Myl ius , a f t e r h e a t i n g a t 110° u n t i l t h e w e i g h t is con­
s t a n t , t h e p r o d u c t , -when t r e a t e d "with a sma l l q u a n t i t y of w a t e r , a n d t h e b r o w n 
filtrate m i x e d w i t h cone , h y d r o c h l o r i c ac id , y ie lds , a f te r a t i m e , a b r o w n p r e c i p i t a t e 
cons i s t ing of a m i x t u r e of m e l a n o c o b a l t ch lo r ide , h e x a m m i n o c h l o r i d e , a n d a q u o -
p e n t a m m i n o c h l o r i d e . T h e m e l a n o c o b a l t ch lo r ide , w h i c h is f o r m e d in sma l l 
q u a n t i t i e s on ly , r e m a i n s und i s so lved w h e n t h e m i x t u r e is t r e a t e d w i t h w a t e r . 
T h e soln . c o n t a i n i n g t h e o t h e r t w o sa l t s is bo i led w i t h h y d r o c h l o r i c ac id , w h e n t h e 
c h l o r o p e n t a m m i n o c h l o r i d e is p r e c i p i t a t e d f rom t h e h o t soln. , a n d t h e h e x a m m i n o ­
ch lo r ide s e p a r a t e s on cool ing. T h i s o p e r a t i o n m u s t be r e p e a t e d severa l t i m e s i n 
o r d e r t o effect a c o m p l e t e s e p a r a t i o n . W h e n t h e b r o w n , a q . soln. o b t a i n e d f rom 
t h e p r o d u c t f rom t h e p e r o x o - d e c a m m i n o n i t r a t e , a f t e r h e a t i n g a t 110°, is t r e a t e d 
w i t h n i t r i c i n s t e a d of w i t h h y d r o c h l o r i c ac id , h e x a m m i n o n i t r a t e is o b t a i n e d , a n d 
on a d d i n g h y d r o c h l o r i c ac id t o t h e f i l t ra te f rom t h i s sa l t , c h l o r o p e n t a m m i n o c h l o r i d e 
i s p r e c i p i t a t e d . G. V o r t m a n n o b t a i n e d cobal t ic peroxo-decamminohydron i t ra te , 
[ C o 2 ( O 2 ) ( N H 3 ) 1 0 ] ( N O 3 ) 4 . H N O 3 . 3 H 2 O , b y ha l f a n h o u r ' s a c t i o n of cone , n i t r i c ac id 
on t h e n o r m a l n i t r a t e . T h e b r o w n i s h p o w d e r is v e r y u n s t a b l e . H e a lso p r e p a r e d 
cobaltic peroxo-decamminohydrochloronitrate, [Co2(02)(NH3)1 0](N03)2Cl2 .4HCl. 
H 2 O , b y t h e a c t i o n of cone , h y d r o c h l o r i c a c i d o n t h e n i t r a t e . T h e b rownish-v io le t 
c r y s t a l s a r e v e r y u n s t a b l e . B y t h e a c t i o n of n i t r i c ac id on t h e s u l p h a t e , 
G. Vor tmann also prepared cobaltic peroxo-decamminohydrosulphatonitrate, 
[ C o 2 ( O 2 ) ( N H 3 ) 1 0 ] ( S O 4 ) ( N O 3 ) 2 . 4 H N O 3 . H 2 O , i n b rownish-v io le t , u n s t a b l e c rys t a l s . 

G. V o r t m a n n p r e p a r e d w h a t w a s fo rmer ly ca l led anhydroxycohaltaniminenitrate, 
or cobaltic peroxo-decamminopentanitrate, [(NH3)SCo-02-Co(NH3)5](N03)5 , by 
disso lv ing t h e t e t r a n i t r a t e , j u s t desc r ibed , i n w a r m n i t r i c ac id (1 : 1), a n d cooling, 
a n d re -c rys ta l l i z ing f rom w a t e r a c i d u l a t e d w i t h n i t r i c ac id . A . W e r n e r a n d 
A . Myl iu s r e c o m m e n d e d t h e fol lowing p rocess : 

F i f t y g r m s . of c o b a l t c a r b o n a t e , d i s so lved in t h e n e c e s s a r y q u a n t i t y of d i l . n i t r i c a c id , 
a r e m i x e d w i t h 200 g r m s . of a m m o n i u m n i t r a t e , a n d f i l tered, m i x e d w i t h 6OO c.c. of a m m o n i a 
(2O p e r c e n t . ) , a n d t r e a t e d w i t h a c u r r e n t of a i r for 26 t o 48 h o u r s , u n t i l t h e so ln . n o longe r 
smel l s s t r o n g l y of a m m o n i a . T h e b l a c k so ln . , w h i c h c o n t a i n s c r y s t a l s of E . F r e m y ' s 
t e t r a n i t r a t e , i s e v a p o r a t e d t o a m a g m a i n a c u r r e n t of a i r , m i x e d w i t h n i t r i c ac id , a n d t h e 
s a l t s e p a r a t e d b y f i l t r a t i on , a n d w a s h e d w i t h co ld , d i l . n i t r i c a c i d u n t i l t h e n i t r a t e i s 
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co lour less . T h e p e n t a n i t r a t e is c o m p l e t e l y in so lub le i n d i l . n i t r i c a c id , w h e r e a s i t i s q u i c k l y 
d e c o m p o s e d b y p u r e w a t e r . I t c ry s t a l l i z e s f r o m Hot, d i l . n i t r i c a c i d (20 o.c. a c i d t o 1000 c . c . 
-water) i n b l a c k , l u s t r o u s n e e d l e s . 

S. M. Jorgensen used a similar process. G. Vortmann observed t h a t t h e 
salt decomposes with the evolution of oxygen. A. Werner and A. Mylius 
found t h a t when treated with hydrochloric acid, the salt forms chloro-
pentamminochloride ; sulphurous acid converts i t into aquopentamminoni t ra te ; 
and potassium cyanide forms a complex cyanide with the evolution of 
ammonia and hydrogen cyanide. G. Vortmann observed t h a t if t he corre­
sponding chloride is t rea ted with dil. hydrochloric acid, cobaltic peroxo-decammino-
chlorotetranitrate, [Co2(O2)(NH3)J0]Cl(NOa)4-H2O, in leek-green crystals is formed ; 
and with cone, hydrochloric acid, cobaltic peroxo-decanfiminotriclilorocUiiitrate, 
[Co2(O2)(NHg)10]Cl3(NOg)2-H2O, is formed, also in leek-green crystals. When 
peroxo-decamminotetranitrate is t rea ted with sulphuric acid (1 : 1), and cooled, 
cobaltic peroxo-decamminonitratodisulpliate, [Co2(O2)(NH3)10](SO4)2NO3.H2SO4. 
H 2 O, is formed in green crystals, which are sparingly soluble in water, and 
become ma t t e a t 110°. A. Werner prepared cobaltic trichlorohydroxy-peroxo-
hexaniminonitrate, [Cl2)(NH3)g-02-Co(NH3)g(OH)Cl]N03 , by t reat ing the corre­
sponding chloride with cone, nitric acid. 

A . 'Werner a n d c o - w o r k e r s p r e p a r e d w h a t t h e y ca l l ed eobaltio dlosotrllmldodeealllinlno— 
nitrate, [Co 4 (O a ) a (3SrH) 8 (NH 8 ) 1 0 ] (NO a ) s . 5 I I a O, b y t r e a t i n g a so ln . of t h e c h l o r i d e i n d i l . 
n i t r i c a c i d with, s i l ve r n i t r a t e . T h e p r o d u c t fu rn i shes b l a c k , t e t r a h e d r a l c r y s t a l s . "When 
t r e a t e d w i t h w a r m , c o n e , n i t r i c a c id , i t y i e ld s c o b a l t o u s s a l t s a n d a b r i g h t r e d s a l t w h i c h , 
w h e n t r e a t e d 'with h y d r o c h l o r i c a c i d , is c o n v e r t e d i n t o t h e d i c h l o r a q u o t r i a m m i n o c h l o r i d e . 
"When t r e a t e d -with n i t r o u s a c i d , i t y i e l d s a n i m i d o h e x a m m i n e s a l t , p r o b a b l y n i t r a t o -
t r i a q u a i m i d o h e j e a m m i n o n i t r a t e , a n d t h e m o t h e r - l i q u o r s of t h i s s a l t , w h e n t r e a t e d w i t h 
h y d r o c h l o r i c a c id , y i e ld t h e d i c h l o r o t e t r a m m i n o c h l o r i d e a n d a d a r k - c o l o u r e d s a l t of 
u n k n o w n c o m p o s i t i o n . 

A. Werner and co-workers obtained cobaltic sulpbatoiinmo-octamminonitrate, 
[ (NH 3 ) 4 Co=(NH)(S0 4 )=Co(NH 3 ) 4 ] (N0 3 ) 2 . 3H 2 0 , in pale violet crystals, by t rea t ing 
sulphato-/x-amino-octamminonitrate with cone, ammonia. A. Werner prepared 
cobaltic ^-aminodecamminonitrate, [(NH3)5Co-NH2— -Co(NH3)5](N03)6, when 
/Lt-amino-ol-octamminonitrate is t rea ted with cold, cone, nitric acid. As indicated 
below, i t forms nitratoaquo-/x-amino-octamminonitrate, and this is converted into 
/x-amino-decamminonitrate when i t is gradually added to well-stirred, liquid 
ammonia—a small quant i ty of the initial salt is a t the same t ime regenerated. 
The same compound is produced by t reat ing chloroaquo-*x-annno-octammino-
chloride with cone, nitric acid, and dissolving the product of the reaction, chloro-
nitrato-/x-amino-octamminonitrate, in liquid ammonia, and, after evaporat ing off 
the ammonia, the residue is covered with water, and heated on a water-bath unti l 
the greater par t has dissolved. The insoluble pa r t is filtered from the hot soln., 
and re-crystallized from water containing acetic acid, when long, red needles of the 
/x-amino-decamminonitrate are formed. The consti tution of this salt was deter­
mined independently of the octammine series, a s chloropentammine and hexammine 
salts are obtained by the action of a mixture of hydrochloric and sulphuric acids, 
from which the deduction is made t h a t 5 mols. of ammonia are a t tached t o each 
of t he cobalt a toms, t hus : [(NH3)5Co.NH2.Co(NH3)5]ClB:+-HCl=[Co(NH8)5Cl]Cl2 
+[Co(NH3)6]Cl3 . T h a t the decammine salt is no t an imino-derivative of t h e 
type . [(NHs)5Co-NH(HCl) .Co(NHs)6]Cl4, is shown by i ts behaviour towards alkalies, 
t he elements of hydrogen chloride not being withdrawn. The bluish-red needles 
are soluble in 20O grms. of water per gram of salt, and the soln. has a neut ra l 
reaction ; i t is precipitated almost quanti tat ively from its aq. soln. by nitric acid ; 
and i t is no t decomposed by boiling nitric acid. A. Werner and A. Baselli pre­
pared cobalt ic iiitrato-aqno-^-amino-octaTnTTiinonitrate, [ (H 2 O)(NHg) 4 CJo-NH 2 
—-Co(NHs)4(NOs)](N03)4, by t r i tura t ing 5 grms. of /Lc-amino-ol-octamminonitrate 
wi th 15 c.c. of cold9 cone, nitr ic acid, allowing the mixture t o s tand for 12 hrs. , . 
draining the crystals on a porous plate, and washing several t imes wi th 
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alcohol. The violet powder is converted by liquid ammonia into the /x-amino-
decamminonitrate. The aq. soln. reacts acidic, since, by aquat ion, 
[Co2(NH2)(NHs)8(H2O)](NOa)6 , is formed. A. Werner prepared cobaltic chloxo-
nitrato^-amino-octamminonitrate, [Cl(NH3)4Co—NH2-—Co(NH3)4(N03)](N03)3 , 
by t reat ing a freshly-prepared soln. of chloroaquo-/i.-amino-octamminochloride 
"with cone, nitric acid. The greyish-violet needles readily dissolve in water ; the 
freshly-prepared soln. gives no precipitate with silver ni t rate , bu t when the soln. 
has aged for a few hours, i t gives a precipitate of silver chloride, indicating t h a t 
some aquat ion has taken place. DiI. sulphuric acid precipitates /x-amino-ol-
octamminosulphate from the warm soln. of the ni t ra te . A. Werner, and I . Fiirsten-
berg prepared cobaltic tetrabromo-/x-aii2ino^hexaiiiminonitrate, [Br2(NH3J8Co 
—NH2--Co(NHB)3Br2]NO8 .2H2O, b y t reat ing the bromide with nitric acid (1 : 1). 
The brownish-green powder loses 2 mols. of water a t 80°. A. Werner ob­
tained cobaltic tricUorx>nitrate-/LL-amino-hexamiiiinonitrate, [Cl2(NH3)3Co—NH2 
••••Co(NH3)3(N03)Cl]N03, in violet-black crystals, by the action of cone, nitric acid 
on trichloroaquo-/x-amino-hexamminochloride, and precipitating the salt from the 
cold, aq. soln. by cone, nitric acid. 

According to A. Werner and A. Baselli, cobaltic SUlphato-/x--amino-OCtamiluno-
nitrate, [ (NH 3) 4Co=(NH 2)(S0 4)uiCo(NH 3) 4](N0 3) 3 , can be obtained by treat ing 
cobalt with fuming nitric acid, and, after allowing the mixture to remain for an 
hour, washing the violet precipitate with water, this operation being repeated three 
t imes ; the precipitate is then washed with water until the wash-water becomes 
violet-red, and the product re-crystallized from dilute nitric acid ; i t cannot, 
however, be completely purified by this means. In order to obtain the pure salt, 
the crude product is converted into the chloronitrate, dissolved in the smallest 
quant i ty of water, and precipitated with nitric acid ; i t crystallizes in small, violet 
leaflets, is only sparingly soluble in cold water, and decomposes when heated on the 
water-bath, especially in the absence of free acid ; bu t the dry salt is stable a t 110°. 
The sulphuric acid contained in this salt cannot be detected by a direct method. 
A. Werner and A. Baselli also prepared cobaltic sulphato-/x-aniino-OCtainiiuno-
dichloronitrate, [ (NH 3 ) 4 Co=(NH 2 ) (S0 4 )_Co(NH 3 ) 4 ] (N0 3 )Cl 2 , by dissolving the 
crude ni t ra te in hydrochloric acid on the water-bath, filtering as quickly as possible, 
and cooling the filtrate with ice and salt, the crystalline product being washed 
free from acid with water and with alcohol, and dried on a porous plate over 
sulphuric acid. I t crystallizes in slender, microscopic, violet needles, easily soluble 
in water, and when warmed with hydrochloric acid and water, is converted into the 
sulphato-/u.-amino-octammine salt. The aq. soln. gives characteristic precipitates 
with several metallic salts ; for example, the sat., aq . soln. gives precipitates with 
sodium and potassium iodides and bromides, with potassium ferrocyanide and 
ferricyanide, with auric chloride, with hydrochloroplatinic acid, and with oxalic 
acid. A. Werner prepared optically inactive or racemic cobaltic su lpha to -^ -
amino^quaterethylenecjiainineiiitrate, [en 2 Co=(NH 2 ) (S0 4 ) _ C o en 2 ] (N0 3 ) 3 .2H 20, 
in red prisms, from the /Lt-amino-peroxo-quaterethylenediaminenitrate, by dis­
solution in cone, sulphuric acid ; this is a t tended by the development of heat , 
and, on cooling, reddish-brown crystals separate. Fur ther t rea tment with sulphur 
dioxide gives a red salt, from the aq. soln. of which concentrated nitric acid 
precipitates the required ni t ra te as light red needles. The optically active de&tro-
8cUt is obtained by treat ing l»vo-ju--ainino-peroxo-quaterethylenediaminenitrate 
with sulphurous acid, as jus t indicated for the optically inactive salt. The sp. 
rotat ion of a 0*125 per cent. aq. soln. is [ a ]=200° . 

A. Werner prepared cobaltic diol-octamminoniirate, [ (NHg) 4 Co-(OH) 2 
nrCo(NH8)4](NO s)4 , as a bright carmine-red crystalline powder, by adding 25 c.c. 
of a cold, sat . soln. of sodium ni t ra te t o a soln. of 3 grms. of the corresponding chloride 
in 14O c.c. of water, and reprecipitating the salt by sodium ni t ra te from i ts aq . soln. 
A. Werner and J . Rapipor t obtained cobaltic ulol-Quaterethylenediaminenitrate, 
[^n2CSaTT-(OH)2- Oo On2](NOs)4, by similarly treating an aq. soln. of the eorre-



846 INORGANIC AND THEORETICAL, CHEMISTRY 

sponding bromide. The purple, crystall ine powder i s readily soluble in. 
water . E . R o s e n b o h m found t h e magnet ic susceptibi l i ty t o be —0-193 X 1O-** 
mass uni t ; and !L. C. Jackson studied the magnet ic properties of t h e salt . 
A. Werner obtained cobaltic diintrato-diol-hexamininonitrate, [(NO8)(NHg)3Co 
- ( O H ) 2 - C o ( N H 3 ) S ( N O a ) ] ( N O a ) 2 - S H 2 O , b y treating an ice-cold soln. of tr io l -hexam-
minosulphate in 8 c.c. of 'water, w i th 5 c.c. of cold nitric acid (1 : 1), and stirring 
the mixture for 5 t o 10 mins . The crystals are drained, washed wi th alcohol and 
ether ; and purified b y adding nitric acid t o the aq. soln. The pale v io le t scales 
form a bluish-red soln. w i th water ; the aq. soln. reacts neutral , but w i t h ageing, 
the soln. becomes acidic, owing t o aquat ion. 

A. Werner prepared cobaltic hyfooxyaquo-peroxo^l-hexamininonitrate, 
[ (OH)(NHa) 3 Co=(OH)(O 2 ) _ C o ( N H 3 ) 3 ( H 2 0 ) ] ( N 0 3 ) 3 , b y tr i turating the corre­
sponding sulphate wi th a m m o n i u m nitrate a n d water acidulated wi th acetic acid, 
precipitating from the filtrate w i t h a m m o n i u m nitrate, and purifying b y adding 
alcohol t o the aq. soln. I t is also present amongst the products obta ined b y 
treating cobalt melanochloride with silver nitrate. The dark brown, tabular 
crystals form, wi th water, a brown soln. hav ing an alkaline reaction. I f a cold, aq. 
soln., acidified w i th acetic acid, be treated wi th cone, hydrochloric acid, the chloride 
of the series is not obtained, for the ol-bridge is broken, and tr ichiorohydroxy-
peroxo-hexamminochloride is formed—vide supra. 

A. Werner obtained, cobaltic ft-lmlno-peroxo-quaterethylenediamlnenltrate, On2Co 
= (0 , ) (NH) = Co eiij](NOj)j, in brown needles, by triturating the iodide with water and 
the theoretical amount of silver nitrate, and evaporating the filtrate over sulphuric acid. 
The aq. soln. gives a precipitate of silver nitrate. The addition compound, silver cobaltic 
/LA-imlno-peroxo-quaterethylenediaminenitrate, 3[Coj(Oj)(NH)on4](NOs)3.5AgNO„ was ob­
tained in dark brown crystals ; and similarly, copper nitrate furnishes copper cobaltic 
^.-imino-peroxoHluaterethylenedianiinenitrate, in apple-green crystals ; and mercuric chloride 
gives bright red crystals of mercuric cobaltic /x-imino-peroxo-quaterethylenediamlne-
chloronltrate. 

A. Werner obtained cobaltic /z-amino-peroxo-quaterethylenediaminenitrate, [engCo 
= ( 0 8 ) ( N H . H N O ) - C o en8](NOs)8.2HjO, by triturating /z-amino-poroxo-octamminonitrate 
with 10 per cent, othylenediamine, and boiling the mixture until ammonia is no longer 
given off. The cold, brown liquor is mixed with nitric acid, added drop by drop, until 
the colour becomes red, and it is then cooled in a freezing mixture. The red, crystal­
line powder is washed with alcohol and ether. The salt in soln. changes into the green 
i someric /x - amino -peroxo -quaterethylenediamineni trate. 

A. Werner and F . Beddow, and C. Schwenk prepared cobal t ic yu-amino-
peroxo-oc tamminon i t ra te , [ ( N H a ) 4 C o = ( N H 2 ) ( O 2 ) Co(NH 3 )J (NOs) 4 , which t h e y 
regarded as a dihydrate, by treat ing cobalt fuscosulphate wi th cone, nitric acid ; 
on diluting wi th water, a dark green soln. is obtained, and a violet-red, insoluble 
salt ; on mixing the aq. soln. w i th cone, nitric acid, the nitrate is precipitated. 
I t crystall izes from acidified water in dark green prisms ; i t is very soluble in water ; 
and i t decomposes in neutral solns. w i t h the evo lut ion of a m m o n i a and the precipi­
ta t ion of cobalt oxide : when heated at 100°, i t does not g ive off i t s water of crystal­
l ization. T h e y also said tha t a hexahydrcUe can be obta ined b y precipitat ing a 
well-cooled soln. of the preceding salt w i th a small quant i ty of nitric acid ; and i t 
crystall izes in si lky, ol ive-green needles . W h e n this nitrate is hea ted w i t h a n aq. 
soln. of a m m o n i u m carbonate, a dark brown salt is deposited, 'which has t h e com­
posit ion of a basic te trammine salt . I t is sparingly soluble in cold water, eas i ly so 
in w a r m water acidified wi th acet ic acid, a n d crystall izes in black, flat pr isms : a 
salt which is probably identical w i t h th is is obta ined on treat ing t h e n i trate w i t h 
ammonia . Neither A. Werner and A. Basell i , nor A. Werner and A. Griin could 
prepare these hydrates ; the anhydrous salt was a lways obta ined. T h e peroxo-
salt is reduced b y potass ium iodide, or by sulphurous or nitrous acids . T h e central 
group is so stable tha t when this ni trate i s warmed wi th 10 per cent , e thy lenediamine , 
all the NH 3 -groups can be displaced t o furnish cobalt ic ^C/-&mino-peroxo-4Uater-
ethylenediaminenitrate, [ en 2 Co=(NH 2 ) (0 2) :_ Co en2](NOa)4) in green needles. 
According to A. Werner and co-workers, if a well-cooled soln. of the optically-
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active camphorbromosulphonates of the series be t reated with cone, nitric acid 
and then with alcohol, the dextro-aalt, and the Icevo-salt can be obtained as pale 
olive-green, crystalline powders, very soluble in water. The sp. rotations of 0-125 
per cent. aq. soln. are [a] =-+-920°. 

A. "Werner prepared symmetrical—vide sujyra, t he corresponding chlorides— 
cobaltic dichloro-/i^amino-peroxo-hexamminonitrate, [ G I ( N H S ) 3 C O = ( N I I 2 ) ( O 2 ) 
*.IL-Co(NH3)3Cl](N03)2, by t r i turat ing the chloride several times with cone, nitric 
acid. The black, microcrystalline powder is sparingly soluble in water. 

A. Werner obtained cobaltic /a-ani ino^l-octamminoxi i t ra te , [(NH3)4Co 
= (NH2)(OH) _Co(NH 3 ) 4 ] (N0 3 ) 4 , by acting on the corresponding chloride with 
silver ni t ra te , and precipitating from the filtered soln. with nitric acid. The rasp-
beTry-Ted prisms, needles, or scales are stable a t 80° ; 1OO grms. of water dissolve 
0*833 grm. of the salt a t room temp. , bu t the neutral soln. is unstable. Cone, 
hydrochloric acid forms chloroaquoyx-amino-octamminochloride ; and t r i turat ing 
with ammonium bromide furnishes the bromide. 

A. Werner and co-workers—I. Fiirstenberg, F . Steinitzer, and A. Mylius— 
prepared cobaltic d iaquo -JX- amino - ol - hexamminoni t ra te , [(H2O)(NH3)3Co 
—(NH 2 ) (OH)_(NH 3 ) 3 (H 2 0)] (N0 3 )4 .2H 2 0. A mixture of 650 grms. of cobalt 
chloride with 4OO c.c. of water and 2 litres of 25 per cent, ammonia is heated to 
boiling, filtered from the precipitated cobalt oxide, and exposed to the air for 
48 hrs. The resulting brownish-red solution is filtered from the crystals 
which have deposited, and mixed with 3 litres of concentrated hydrochloric acid. 
The resulting brownish-red precipitate is quickly collected and extracted with 
cold water until i t becomes pure grey in colour and the wash-water is coloured a 
brownish-violet. One kilogram of cobalt chloride gives about 60 grms. of melano-
chloride. The aq. soln. is acidic, owing to the hydrat ion represented as a balanced 
reaction by the equation : 

C o / > C o ( N O 3 ) ^ ( N H s ) 3 C o ( O H ^ C o ( N H s ) 3 ( N 0 3 ) s + H 2 0 + H N O , 
L(NH8), XOH ' (NH3),J L \ O H / J 
so t h a t both the ol- and the diol-salts are precipitated from aq. soln. Potassium 
bromide or iodide gives the corresponding salts of/Lt-amino-diol-hexammine ; warm 
hydrochloric acid gives trichloro-aquo-/Lt-amino-hexamminochloride ; warm hydro-
bromic acid forms tetrabromo-/z-amino-hexamminobromide ; and warm acetic acid 
forms the /x-amino-ol-acetatohexammine. The salt is precipitated from a 
cold, aq. soln. by cone, nitric acid, or ammonium ni t rate ; and, according 
to A. Werner and co-workers, hot, cone, nitric acid yields cobaltic nitratoaquo-
^-amino-ol-heyamTTiinonitrate, [(H2O)(NHg)3Co-(NH2)(OH) -Co(NHa)3(NO3)]-
(N0 3 ) 3 . 2H 2 0 . This salt was prepared by A. Werner, by dissolving a gram of 
diaquo-/Lt-amino-ol-hexamminonitrate in 7 c.c. of hot water t o which a few drops 
of nitric acid have been added, 18 c.c. of cone, nitric acid are added to the well-
cooled soln., and in a few minutes, yellowish-brown, flat needles separate out. 
The salt can be re-crystallized from warm water by the addition of nitric acid. 
Liquid ammonia converts i t in to /x-amino-ol-octamminonitrate. 

A. Werner prepared cobaltic triol-hexamminonitrate, [(NHg)3Co (OH)3 
;-^Co(NH3)3](NOs)8 .2H20, by t reat ing an ice-cold, c o n e , aq. soln. of the chloride 
or bromide with sodium ni t ra te , and re-crystallizing from a little water by adding 
sodium ni trate . The red prisms of the dihydrate lost the water of hydration over 
sulphuric acid, phosphorus pentoxide, or a t 60° ; 100 grms. of water dissolve 8-33 
grm. of the salt a t room t emp . 

According t o A. Pieroni and A. Pinott i , red, acicular crystals are precipitated 
when nitric acid is added to a soln. of diol-peroxo-sexiesallylaminechloride, and 
W. R . Bucknall and W. Wardlaw found t h a t cobaltic diol-peroxo-sexiesallyl-
aminenitrate, [(C8H6.NH2)8Co=^(Oa)(OH)2ICo(C3H5.NH2)3(N03), can be prepared 
by t h e addit ion of about 1 c.c. of nitric acid to 20 c.c. of a soln. of the complex 
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ch lor ide (2 gr ins . ) , a n d freed f rom ac id b y w a s h i n g w i t h cold w a t e r , in w h i c h i t is 
s l igh t ly so luble ; t h e filtered s u b s t a n c e can b e a i r -d r ied o n a p o r o u s p l a t e . I t 
c o n t a i n e d n o chlor ine , a n d w h e n i t w a s m o i s t e n e d w i t h s u l p h u r i c ac id , n i t r i c ac id 
was l ibe ra ted . I t w a s s l igh t ly soluble i n cold w a t e r , a n d on s t a n d i n g , o r b y w a r m i n g , 
hydro lys i s occur red , w i t h t h e p r e c i p i t a t i o n of h y d r o x i d e . W a r m i n g w i t h s o d i u m 
h y d r o x i d e caused t h e evo lu t i on of a l ly l amine , a n d b y d i s t i l l a t ion w i t h s o d i u m 
h y d r o x i d e a n d D e v a r d a ' s a l loy, t h e n i t r a t e g r o u p s a r e r e d u c e d t o a m m o n i a . T h e 
n i t r a t e is h y d r o l y z e d b y boi l ing w a t e r , b u t t h e p resence of n i t r i c ac id r e t a r d s t h e 
hydro lys i s ; if t h e cone , of t h e n i t r i c ac id is t o o g rea t , t h e s a l t i s d isso lved a n d t h e 
c o m p l e x ion b r o k e n d o w n . 

According to A. Werner, oobaltic ^-amino-diol-hexamminoziitrate, 
[ ( N H s ) 8 C o ^ ( N H 2 ) ( O H ) 2 ^ f ; C o ( N H 3 ) 8 ] ( N 0 3 ) 3 . 2 H 2 0 , is fo rmed b y t h e a c t i o n of a 
cone . soln. of s i lver n i t r a t e o n t h e co r r e spond ing iodide , a n d t h e s u b s e q u e n t a d d i t i o n 
of a lcohol . T h e r ed c rys t a l s furn ish a n a q . soln. w i t h a n e u t r a l r e a c t i o n . A . W e r n e r 
a n d co -worke r s—A. Basel l i , F . S te in i t ze r a n d K . R u c k e r , a n d F . M. Grigoriefi 
—obtained oobaltic /x - amino - ol - peroxo-heTamminonitrate, [(NH3)3Co 
K N H 2 ) 2 ( O H ) ( 0 2 ) = = C o ( N H s ) 3 ] ( N 0 3 ) 8 . H 2 0 , a s a b y - p r o d u c t i n t h e a c t i o n of s i lver 
n i t r a t e on t h e me lanoch lo r ide . I t is a lso p r o d u c e d w h e n t h e co r r e spond ing b r o m i d e 
is t r e a t e d w i t h t h e t heo re t i ca l q u a n t i t y of s i lver n i t r a t e i n cold soln. , a n d t h e 
f i l t ra te t r e a t e d w i t h a lcohol . T h e g reen scales f o r m a g reen i sh -b rown soln. , wh ich 
becomes r e d w h e n r e d u c e d w i t h s u l p h u r o u s ac id ; hyd roch lo r i c a n d h y d r o b r o m i c 
ac ids b r e a k d o w n t h e o l -br idge t o f o r m t h e d ich lorocnlor ide , or d i b r o m o - b r o m i d e ; 
a n d fuming n i t r i c ac id fo rms t r i n i t r a t o t r i a m m i n e . 

S. M. Jorgensen observed that cobaltic hexol-dodecamnrilnonitrate, 
[ C O I ( O H ) 2 = C O ( N H 3 ) ^ 3 ] ( N O S ) 6 , i s p r e c i p i t a t e d , in g rey i sh -b rown , ac icu la r c r y s t a l s 
w h e n a soln. of t h e co r r e spond ing ch lor ide is t r e a t e d w i t h di l . n i t r i c ac id , a n d t h e 
p r o d u c t -washed w i t h a lcohol a n d e t h e r , a n d d r i ed o v e r s u l p h u r i c ac id . T h e a q . 
soln . h a s a n e u t r a l r e ac t i on , a n d b e h a v e s t o w a r d s genera l r e a g e n t s l ike a soln . of 
the chloride. A. Werner found that cobaltic hexol-sexiesetiiylenediaminenitrate, 
[Co{(OH)2==Co Cn 2 )S ] (NOs) 6 ^H 2 O, is f o r m e d w h e n a soln . of c o b a l t n i t r a t e a n d 
of e t h y l e n e d i a m i n e is s u b m i t t e d t o a t m o s p h e r i c o x i d a t i o n ; i t c rys ta l l i zes i n long , 
d a r k b r o w n needles , y ie lds c i s -d i aquob i se thy lened iaminecoba l t i c h a l i d e b y so lu t i on 
in cone , hyd roch lo r i c o r h y d r o b r o m i c ac id , t r an s -d i ch lo rod i e thy l ened i aminech lo r i de 
b y e v a p o r a t i o n w i t h d i l . hyd roch lo r i c ac id , a n d c i s - h y d r o x o a q u o b i s e t h y l e n e d i a m i n e -
n i t r a t e b y t r e a t m e n t w i t h p o t a s s i u m h y d r o x i d e . T h e 10 p e r c e n t . a q . soln . g ives 
c rys t a l l i ne p r e c i p i t a t e s w i t h p o t a s s i u m b r o m i d e , iod ide , a n d t h i o c y a n a t e , w i t h 
s o d i u m n i t r a t e , a n d w i t h p l a t i n i c ch lor ide ; a n d n o p r e c i p i t a t e w i t h s o d i u m n i t r i t e , 
s u l p h a t e , a n d d i t h i o n a t e , o r w i t h a m m o n i u m chlor ide . E . S c h m i d t o b t a i n e d 
t h i s sa l t . T h e c o m p l e x w i t h g u m a r a b i c w a s s t u d i e d b y H . G. B . d e J o n g a n d 
J . L e n s . 
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§ 29. Cobaltous Phosphates 
According to H . Rose,1 A. Salvetat , W. J . Russell, and A. Terreil, when a soln. 

of a cobaltous salt is t reated with sodium hydrophosphate, reddish-violet flakes 
are formed, and when heated in hydrogen gas, i t furnishes cobalt tritadiphosphide, 
so t h a t the salt probably contains the molar proportion CoO : P 2 O 5 = 3 : 1, t ha t is, 
OObaltous orthophosphate* Co8(PO4,^. A. Reynoso obtained small, octahedral, 
rose-red crystals by heating the pyrophosphate with water, in a sealed tube, for 
5 or 6 hrs. a t 280° to 300° ; and F . Ephra im and C. Rossetti obtained rectangular 
plates by crystallization from a soln. containing more than a mol. of P 2 O 5 to 
3 mols. of CoO. E . Birk and W. Biltz observed tha t the dehydrated phos­
pha te has the sp. gr. 2-587 a t 250/4°, and the mol. vol. 141-8. F . de Boer 
studied the K-series of the X-ray absorption spect rum; and E . F . Herroun, 
i ts magnetic properties. The violet-salt forms a deep red soln. with an excess 
of phosphoric acid ; i t dissolves in aq. ammonia, and in a soln. of ammonium 
chloride or n i t ra te . A. Salvetat observed t ha t the reddish-violet salt becomes 
violet-blue when heated ; and J . B . Senderens noted t ha t it is not at tacked by 
sulphur in boiling water. E . Birk and W. Biltz observed tha t the dehydrated 
salt is no t a t tacked by ammonia under press. ; A. Naumann, t h a t i t is insoluble 
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in methyl acetate ; and J . A. Hedvall and J . Heuberger studied the reactions with 
heated alkaline earth oxides. According to H . Debray, the dihydrale, 
Co8(PO4)2 .2H2O, is formed when hydra ted cobaltous hydrophosphate is heated 
with water, or with cobaltous ni t rate , in a sealed tube, a t 250° ; or, according to 
G. Chancel, -when hydrated ammonium cobaltous phosphate is boiled with water. 
H . Bassett and W. X.. Bedwell obtained the tetrahydrate, Co8(P04)2 .4rH20. 
A. Beynoso obtained the octohydrate, Co 8 (P0 4 ) 2 .8H 2 0, by adding alcohol to a soln. 
of the dihydrophosphate ; H . Basset t and W. L. Bedwell also prepared this salt. 
According to M. Beitler, the commercial salt is the octohydrate. E . Birk and 
W. Biltz observed t h a t if the flocculent precipitate of cobalt orthophosphate is 
allowed to s tand in the mother-liquor, i t forms the crystalline octohydrate. The 
sp. gr. is 2-769 a t 250/4° ; and the mol. vol., 184-6. The hydrate loses all i ts 
combined water a t 200°. N. S. Kurnakoff and I . A. Andreevsky found t h a t the 
dehydration curves have breaks a t 110°, 190°, and 270°. According to E . Birk 
and W. Biltz, the hydrate is easily soluble in cone. aq. ammonia. R. P . Weinland 
and co-workers obtained a complex salt with pyridine, namely, Co3(PO4)^C5H5N. 
6H 2O, as a violet-blue powder. J . A. Hedvall and E . Norstrom studied the 
reactions with the oxides of the alkaline earths. W. Muthmann and H . Heramhof 
tried cobalt phosphate as a pigment for porcelain. 

H . Debray obtained ammonium cobaltous orthophosphate, (NH4)CoPO4-GH2O, 
or (NH 4 ) 3 P0 4 .Co 3 (P0 4 ) 2 .18H 2 0, as a hexahydrate, by the action of an excess of 
ammonium phosphate on a soln. of a cobalt salt a t 80° ; M. Porumbaru, by heat ing 
neutral or acid cobaltic aquopentamminopyrophosphate, in a sealed tube, a t 225° ; 
and H . D. Dakin obtained the vnonohydrate, by evaporating to dryness, a t 100° to 
105°, a soln., of a cobalt salt mixed with ammonium hydrophosphate. The mono-
hydra te furnishes violet crystals which do no t decompose in boiling water, and 
which do not lose ammonia a t 110°. The subject was discussed by A. Brand, 
P . Dirvell, H. Bassett and W. L. Bedwell, H . Behrens, and O. Richter. O. Chancel 
also described rose-red crystals of the dodecahydrate obtained by treat ing a cold 
soln. of a cobalt salt with an excess of ammonium phosphate, and allowing the 
bluish-violet, gelatinous precipitate to s tand in contact with its mother-liquor 
for some time. The crystals partially decompose a t 100° into cobaltous and 
ammonium phosphates. 

L. Ouvrard melted cobalt oxide with potassium pyrophosphate or hydrophos­
phate , potassium metaphosphate or orthophosphate with an excess of cobalt oxide, 
or cobaltous orthophosphate and potassium chloride, and obtained potassium 
cobaltous orthophosphate,KCoP04 , or K 3 P0 4 .Co 3 (P0 4 ) 2 , and H . Grandeau obtained 
the same salt by heating cobaltous orthophosphate with potassium sulphate between 
800° and 1000°, and washing the product with water. The blue, rhombic crystals 
have the sp. gr. 3-5 a t 20°, and are easily soluble in acids. If the t emp, of pre­
parat ion is in the vicinity of 1400°, some higher oxide of cobalt is formed. 
L. Ouvrard melted potassium metaphosphate with cobalt oxide and obtained rose-
red, monoclinic crystals of potassium cobaltous phosphate, K 3 P 0 4 . 3 K C o P 0 4 , or 
2K 3 P0 4 .Co 3 (P0 4 ) 2 , of sp. gr. 2-9 a t 20°. The presence of potassium chloride favours 
crystallization. The crystals are soluble in acids. T1. Ouvrard also obtained 
sodium cobaltous orthophosphate by fusing together sodium metaphosphate with 
an excess of cobalt oxide in the presence of sodium chloride ; and also by fusing 
sodium pyrophosphate with an excess of cobalt oxide ; or cobaltous or thophosphate 
with an excess of sodium chloride. The rhombic prisms are isomorphous "with 
those of the corresponding zinc salt, and have a sp. gr. 3*6 a t 20°. By melting 
together sodium pyrophosphate with a small proportion of cobalt oxide ; or sodium 
orthophosphate and cobalt oxide, crystals of Na3PO4-NaCoPO4 , or Na*Co(P04)2 , 
isomorphous with those of the corresponding zinc salt, are obtained. Their sp. gr. 
is 2-5 a t 20°. . * » 

J . G. Gentele obtained zinc cobaltous orthophosphate, 3Zn8(PO4)J6-Co8(PO^)JB. 
12H2O, by adding a mixed soln. of zinc and cobalt sulphates to an excess of a 
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sola, of sodium hydrophosphate, the green precipitate which soon becomes blue. 
An excess of zinc sulphate yields a green precipitate, and an excess of cobalt 
sulphate, a blue one. J . G. Gentele described the use of the mixed salt as a pottery-
colour. A. G. Bergman prepared uranyl oobaltous phosphate, 00(1702)2(1*04)2. 

According t o H . Debray, 2 cobaltous hydrophosphate, CoHPO 4 -HH 2 O, is 
formed by digesting cobaltous carbonate with phosphoric acid, and boiling the 
acidic soln. ; and the same hemitriphospTiate, CoHPO4-I^H2O, also by boiling a 
soln. of cobaltous dihydrophosphate with a cobaltous salt. F . Ephra im and 
C. Rossett i observed t h a t the hydra ted hydrophosphate, CoHPO4-WH2O, is a well-
defined, crystalline compound. C. H . D. Bodeker prepared the hemipentahydrate, 
CoHPO 4 .2^H 2O, in pale violet-red crystals, by adding an excess of sodium hydro­
phosphate to a soln. of cobaltous chloride, dissolving half the lilac-red precipitate 
in t he smallest possible quant i ty of hydrochloric acid, digesting the other half 
with the soln. so obtained, and allowing the liquid to s tand for some t ime. 
H . Basset t and W. L. Bed well studied the constitution of the salt. R. F . Weinland 
and co-workers obtained a complex salt with pyridine, viz., 2CoHPO4 .7C5H5N.8H2O, 
as a rose-red, crystalline powder. 

H . Debray prepared sodium cobal tous hydrophosphate* Co3(PO4) 2. 
23STa2HPO4.8H2O, by adding an excess of sodium hydrophosphate t o a soln. of a 
cobaltous salt, digesting the gelatinous precipitate with an excess of a soln. of 
sodium hydrophosphate a t 80° for 15 t o 2O days ; the blue liquid which is formed 
deposits the salt in blue, tabular crystals. This salt was also prepared by H. Bassett 
and W. L,. Bedwell. 

A. Reynoso 8 heated cobaltous pyrophosphate with water, in a sealed tube, a t 
280° for 5 to 6 h r s . ; cobaltous orthophosphate is precipitated in rose-red, octahedral 
crystals, and cobaltous dihydrophosphate, Co(H 2 P0 4 ) 2 , remains in soln. The 
evaporation of the soln. yields a gum-like mass of the dihydrophosphate. The 
aq. soln. is decomposed by alcohol. 

H . Debray observed t h a t when precipitated ammonium cobaltous phosphate is 
digested with a cone, acidic soln. of ammonium phosphate for 7 or 8 days, i t forms 
rose-red, insoluble crystals of ammonium cobaltous dihydrophosphate , 
(NH 4)CoPC) 4 . (NH 4)H 2P0 4 .4H 20. 

According t o F . Schwarz,4 if a soln. of a cobaltous phosphate be t reated with 
sodium tr iphosphate, cobal tous t r iphosphate , CoTOH5_2mP3O10.wH2O, is formed 
as an amorphous precipitate contaminated with a sodium salt. The precipitate 
quickly re-dissolves. I t was also prepared by M. Stange, and P . Gliihmann. 
F . Schwarz mixed a soln. of a gram of octahedral sodium triphosphate, in the least 
possible quant i ty of water, with 1-5 t o 1-75 gnus, of cobalt sulphate. The rose-red 
precipitate, unwashed, was dried on a porous tile. The analyses of the sodium 
cobaltous triphosphate approximate NaCo2P3O1 0 , bu t they varied so much tha t 
i t might be questioned if a chemical individual is formed under these conditions. 
A dodecahydrate was obtained from soln. of sodium triphosphate and a cobaltous 
salt in dil. aq. soln. The rose-red crystals become blue when dehydrated, and they 
fuse t o a blue glass ; they are easily soluble in acids ; and, according to M. Stange, 
t h e y are isomorphous with those of t he corresponding nickel salt. 

According t o F . Stromeyer,& H . Rose, A. Terreil, and A. Roseheim and 
co-workers, the precipitate which a soln. of a cobaltous salt furnishes when treated 
wi th sodium pyrophosphate , is cobaltous pyrophosphate, Co2P2O7 ; it is soluble in 
a n excess of the precipitant , forming a deep green soln. from which i t is precipitated 
when i t is allowed t o s tand for some t ime. H . D. Dakin obtained i t by igniting 
ammonium cobaltous phosphate . The salt was studied by H . Bassett and 
W. I*. Bedwell. F . W. Clarke found the sp. gr. to be 3-746 a t 23°, and 3-71O a t 
26°. B . F . Herroun, and P . Pascal studied the magnetic properties. A. Reynoso 
found t h a t when the pyrophosphate is heated, in a sealed tube, with water for 
some hours a t 280° to 300°, i t is resolved into acid and normal phosphate. 
A. Sch warden berg said t h a t i t is insoluble in aq. ammonia. J . A. Hedvall and 
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H. Heuberger studied the reactions with alkaline earth oxides whereby ortho-
phosphates are formed. 

According t o C. D . B r a u n , if cobalt ic h e x a m m i n o m e t a p h o s p h a t e be calcined, a smal t -
blue powder is formed h a v i n g t h e compos i t ion 6CoO.5P 8 O 6 ; a n d if cobalt ic n e x a m m i n o -
hydrophosphate be calcined, t n e v io le t p o w d e r Has t h e compos i t ion 3 C o 0 . 2 P a 0 5 . 

Li. Ouvrard prepared sodium cobaltous pyrophosphate, 4Na2P2O7-SCo2P2O7, 
by fusing a mixture of sodium metaphosphate and cobalt oxide ; and 
K. A. Wallroth, by melting microcosmic salt with cobalt oxide, Co3O4. The salt 
furnishes dichroic, violet-red prisms isomorphous with the corresponding nickel 
salt. The sp. gr. is 3-2 at 20°. P. Pascal noted the formation of complexes 
when freshly-precipitated cobalt pyrophosphate is dissolved in an excess of a 
soln. of sodium pyrophosphate ; and the sp. magnetic susceptibility of the soln. 
is 3-03 x 0O-7 mass unit. 

J. H. Gladstone observed that when a feebly ammoniacal soln. of cobalt nitrate 
is treated with pyrophosphotriaminic acid, violet cobalt triamidopyropliospliate 
is formed. 

R. Maddrell 6 evaporated to dryness a soln. of cobalt sulphate in an excess of 
phosphoric acid, and heated the residue to 316°. A rose-red powder of OObaltous 
monometaphosphate, Co(POg)2, is formed, insoluble in water and dil. acids, but 
soluble in cone, sulphuric acid. A. Glatzel said that the metaphosphate is per­
ceptibly soluble in boiling hydrochloric or nitric acid ; it melts at a red-heat, and 
on cooling it forms a glassy mass. When heated with alkali sulphide soln., cobalt 
sulphide is precipitated, and alkali metaphosphate remains in soln. 

A. Glatzel obtained CObaltous dimetaphosphate, Co2(P03)4, as a rose-red 
precipitate on treating a soln. of cobalt chloride with sodium metaphosphate. 
When heated, the hydrate becomes blue ; gives off its water of hydration at a 
dull red-heat; and then melts, forming, when cold, a glassy mass. P. Hautefeuille 
and J. Margottet obtained a metaphosphate by melting cobalt oxide with meta-
phosphoric acid. C. D. !Braun obtained the dimetaphosphate by calcining 
crystals of cobaltic aquopentamminopyrophosphate. The smalt-blue product 
forms a brown soln. and brown powder when treated with cone, aq. ammonia ; 
potash-lye forms a rose-red powder, and when heated, a blue soln. which gradually 
oxidizes and deposits hydrated cobaltic oxide. A. Glatzel said that 1 part of the 
dimetaphosphate dissolves in 25 parts of water ; and it dissolves in boiling mineral 
acids—particularly sulphuric acid. Cold, cone, sulphuric acid does not dissolve 
the salt, but the hot acid does do so, leaving behind a carmine-red powder which 
is soluble in water. G. Tammann found that if an excess of a cobalt salt is added 
to a soln. of sodium dimetaphosphate, sodium cobaltous dimetaphosphate is 
formed. 

G. Tammann obtained cobaltous trimetaphosphate, Co3(PO3)0.9H2O, by treat­
ing sodium trimetaphosphate with cobalt chloride or sulphate. The product is 
sparingly soluble in water. G. Tammann, and G. Tammann and A. Hollander 
obtained disodium tricobaltous trimetaphosphate, Na2P2O6.Co3(POg)6, as a purple 
powder consisting of cubic and octahedral crystals, by fusing cobalt sulphate and 
sodium ammonium hydrophosphate. The salt is insoluble in cone, acids. G. Tam­
mann also treated a soln. of a cobalt salt with one of sodium dimetaphosphate, 
in equivalent proportions, 3 : 1 , and obtained a precipitate approximating the 
henicosihydratey Na2P2Oa.Co3(POs)6.21H20. R. Maddrell obtained sodium tri-
CObaltous; trimetaphosphate, NaP08.Co3(P03)6, by evaporating a soln. of phosphoric 
acid, sodium phosphate, and cobalt sulphate to a syrup, and then heating the 
product to 316°. The rose-red salt is insoluble in water and dil. acids, but soluble 
iu cone, sulphuric acid. L. Ouvrard reported tetrasodium cobaltous trimeta­
phosphate, Na4Co(P03)6, to be formed by melting a mixture of sodium pyrophos­
phate and a little cobalt oxide, or sodium orthophosphate and cobalt oxide. The 
crystals have a sp. gr. 2-5 at 20°, and are isomorphous with thoae of the corresponding 
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zinc salt. C. G. Lindbom, and T. Flei tmann and W. Henneberg reported an octo-
hydrate, Na 4 Co(P0 3 ) 6 .8H 2 0, soluble in water. A. Mente prepared cobalt nitrilo-
trimetaphosphate, CoNP3O7-H2O, by treating a dil. soln. of the acid with cobalt 
n i t ra te . The red salt is insoluble in water, slightly soluble in dil. acids, and easily 
soluble in aq. ammonia. I t is decomposed by sodium hydroxide or carbonate, 
and b y ammonium sulphide. 

H . !Rose observed t h a t sodium hexametaphosphate gives a red precipitate of 
CObaltous hexametaphosphate, Co6(PO3) 1 2 .wH 20, when added to a soln. of cobalt 
chloride, bu t not the sulphate. 
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§ 30 . Cobaltic Phosphates 
G. D. Braun * obtained cobaltic hexammuiorthopliosphate, [Co(NHa)6]PO4. 

4H 2 O, by mixing soln. of the hexamminochloride witb sodium orthophosphate. 
The salt was also obtained by O. W. Gibbs, M. Porumbaru, a n d G. Vor tmann. 
S. M. Jorgensen mixed a warm soln. of 2 grms. of the corresponding ni t ra te in 2OO c.c. 
of water and 10 to 20 c.c. aq . ammonia, with 3 grms. of normal sodium phosphate 
in 100 c.c. of water , and -washed the precipitate with cold water . The golden-
yellow, acicular crystals of the tetrahydrate, dried in air, lose their water of hydrat ion 
a t 100° to 130°. W. Biltz observed t h a t when the salt is heated for 3 days a t 190° 
to 200° in a current of carbon dioxide, it furnishes cobaltous pyrophosphate, and 
the gaseous products—ammonia, water, and nitrogen. E . Birk and W. Biltz gave 
1-864 for the sp. gr. of the crystals a t 25°/4° ; and 137*4 for the mol. vol. P . Mosi-
mann, and F . Ephra im and co-workers observed t h a t a sat., aq. soln. a t 18° contains 
0-033 grm. or 000055 mol of the salt per litre. 

R. Klement prepared cobaltic aquopentajmriinorthophosphate, 
[Co(NH 3 ) 5 (H 2 0)]P0 4 .2H 2 0, by the action of normal sodium phosphate on the 
corresponding ni t ra te , and he also prepared i t from the mother-liquor left in making 
the phosphatotetrammines. The brownish-red crystals are sparingly soluble in 
water, and the mol. conductivities of soln. with a mol of the salt in 1000 and 2000 
litres of water, are, respectively, 214, and 253. The aq . soln. has an alkaline 
reaction, and gives an immediate precipitation of silver phosphate when i t is 
t rea ted with silver n i t ra te ; cone, hydrochloric acid converts the salt slowly in to 
the aquopentamminochloride. The basic salt reported by S. M. Jorgensen is 
considered to be a hydroxypentamminophosphate . J . C. Duff reported cobaltic 
Orthophosphatopentamminophosphate, which he represented by the formula : 

Co(NH8)J-O > P = 0 . 2 H a O 

I t is usually formulated as a cobaltic phosphatopentammine, [Co(NHa)5(PO4)]. 
2H 2O, in which the pentammine, being associated with a tervalent acid radicle in 
the nucleus, is nullvalent. A pentammine with a dibasic acid radicle in the complex 
is un iva len t ; and with a monobasic acid radicle in the complex, bivalent. R. Duva l 
prepared a similar compound. J . C. Duff obtained the phosphatopentammine in 
brick-red, flattened needles by using as precipitant for aquopentamminoni t ra te a 
soln. of 6*73 grms. of hydra ted sodium hydrophosphate to which 18-75 c.c. of 
iV-NaOH had been added to make the normal phosphate. The sal t does no t lose 
water a t 100° ; i t is sparingly soluble in warm water ; and gives a precipitate with 
silver ni t rate , bu t not with ferric chloride. The measurements of the mol. con­
duct ivi ty places the salt in the same class as t he carbonato- and similar pentammino-
salts, b u t no t wi th t h e aquopentammines. The compound was also prepared b y 
C. D u v a l ; bu t R. !Klement could not satisfy himself t h a t the salt is a phosphato­
pentammine . 

R . Klement obtained cobaltic diaquotetram minorthophosphate, 
[Co(NHa)4(H2O)2]PO4 , by mixing warm, equivalent soln. of the diaquo-chloride 
and normal sodium phosphate . The brick-red crystalline powder is sparingly 
soluble in water, and the aq. soln. has a n alkaline reaction, and i t gives a precipi tate 
with silver n i t ra te . If dichlorodiaquodiamminochloride or dichloroaquotriammino-
chloride be warmed with an aq. soln. of sodium hydrophosphate , a green powder 
is formed consisting of cobaltous phosphate and cobaltic phosphatotetraminine, 
[Co(NHa)4(PO4) .WH2O, or : 

[ (NH 8 ) 4 Co]~O^PO.»H t O 
I CT 
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"where n may be 2 or 3 . The te t rammine is separated by boiling the green powder 
wi th a soln. of ammonium phosphate and c o n e , aq. ammonia, and allowing the 
violet liquid t o cool. The salt can be purified by dissolution in very dil. hydrochloric 
acid, a n d precipitation with dil. ammonia. The violet plates very readily lose 
their wa te r of hydrat ion. The electrical conductivities of soln. with a mol of the 
salt in 1000 and 2000 litres of water are, respectively, 37 and 65. The salt is sparingly 
soluble in water ; £he aq. soln.—0*001 mol per litre—gives no precipitate with silver 
n i t r a te ; cone, hydrochloric acid forms a mixture of cis- and trans-dichloro-chloride ; 
oxalic acid yields t he cis-diaquo-oxalate ; and liquid ammonia does not react with 
the salt . R. Vogel reported oobaltic cMorobisetnylenediaminepyridinephosphate, 
and also cobaltio diphosphatobisethylenediaminephospliate, 

[(Co e n 8 ) ^ 1 
(Co e n 2 ) < ^ PO4-TH8O 
(Co e n a ) ^ P ° 4 j 

A similar salt, oobaltio diphosphatobispropylenediaminepliosphate, [(Co en2)3~ 
(PO4 ) 2 ]P0 4 .14H 2O, was prepared by A. Werner and A. Frolich by the action of a 
soln. of sodium phosphate on the corresponding dichloro-chloride. 

C. D . B r a u n 2 prepared cobaltic hexarnminohydrophosphate, [Co(NH3)6]2-
( H P 0 4 ) 3 . 4 H 2 0 , by adding a soln. of sodium hydrophosphate to a soln. of a soluble 
hexammino-salt . The product was probably impure, because his formula very 
nearly corresponds with 3 [Co(NH 3 ) 6 ]P0 4 .H 3 P0 4 . 5£H 2 0 , whereas t h a t prepared 
by S. M. Jorgensen agrees with t h a t of the te t rahydra te just indicated. S. M. Jorgen-
sen obtained the salt by mixing a soln. of 3 grms. of t h e hexamminochloride in 
water acidified with acetic acid with an aq. soln. of 6 grms. of sodium hydrophos­
pha te ; and also by neutralizing an aq. soln. of the hexamminocarbonate with 
10 per cent, phosphoric acid. The brownish-yellow crystals of t he tetrahydrate 
are stable over sulphuric acid, b u t 3 mols. of water are lost in about a couple of 
hours a t 100°, and the remaining water is given off more slowly. The hydro-
phosphate is soluble in dil. hydrochloric acid ; nitric acid converts i t into the 
hexamminoni t ra te ; and an excess of aq. ammonia converts i t into the normal 
phosphate . 

C. and M. Duval prepared cobaltic phospbatopentamminochloride, 
[Co(PO4)(NHa)5]Cl. S. M. Jorgensen reported cobaltic aquopentammino-
hydrophosphate, [Co(NH 3 ) 6 (H 2 0)] 2 (HP0 4 ) 3 .4H 2 0, to be formed by mixing a 
soln. of the corresponding carbonate with the theoretical proportion of IO per 
cent, phosphoric acid. Oily drops separate from the filtrate, and crystals are 
formed ; then the liquid is allowed t o s tand in a cool place for a few days. The 
crystals resemble those the corresponding hexammine. The tetrahydrate loses no 
water over sulphuric acid, bu t a t 100°, i t rapidly loses 5 mols. of water, and 
more is lost slowly a t this t emp . The salt is sparingly soluble in cold water, and 
readily soluble in ho t water . The undissolved salt melts under hot water, to form 
a viscid, reddish-brown mass which becomes pale red on cooling. 

A. Werner and E . Kindscher prepared cobaltic diol-octamminohydrophos-
phate, [ (NHs) 4 Co-(OH)2l^Co(NH3) 4 ] (HP0 4 )2 .6H 2 0, by the action of sodium 
hydrophosphate on t h e corresponding chloride. The rose-red crystals of the 
Hexahydrate are insoluble in water . 

J . C. Duff8 reported a cobaltic phosphatopentamminodihydrophosphate, 
which he represented by the formula : [Co(NH 3 ) 6 (HP0 4 ) ]H 2 P0 4 .2H 2 0, or rather : 

[ ( N H ^ C o . O . P O ( O H ) ] = 5 « P O - 2 H - ° 
J I 

t o be formed b y adding 5 grms. of t h e carbonato-nitrate to a soln. of 3 grms. 
of orthophosphoric acid in 25 o.c. of water a t 40°. The salt is said t o be very 
sparingly soluble in cold water, readily soluble in dil. alkali-lye, or dil. mineral 
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acids. The water of crystallization is lost by the dihydrate over sulphuric 
acid. The salt melts in t he steam-oven. R. Duval prepared the complex : 
[Co(NH8)5(H2P04)3(H2P04)2 .4NH4NOs. L . Dede studied the subject. 

C. D . Braun, 4 O. W. Gibbs, G. Vortmann, and M. Porumbaru studied the 
preparat ion of cobaltic hftxamminopyrophosphate, [Co(NH3)6]4(P2O7)3 .20H2O. 
S. M. Jorgensen said t h a t when a cold soln. of t he hexamminochloride is 
t rea ted with a soln. of sodium pyrophosphate, the precipitate approximates 
[Co(NHa) 6 ]NaP 2O 7 .H^H 2O, and when this is washed with hot water, i t is 
converted into .the normal icosihydrate. If hot soln. of the component salts 
are mixed, say a t 80° t o 85°, sodium cobaltic hexamininopyrophosphate, 
[Co(NH8)6]6(P2O7)3(NaP207) .39H20, is formed in yellowish-brown crystals which 
lose most of their -water of hydrat ion when confined over sulphuric acid. The 
other sodium cobaltic hexamminopyrophosphate retains its composition when 
washed with cold water, and it furnishes brownish-yellow, six-sided plates, 
sparingly soluble in water. The salt loses 8 mols. of water over sulphuric acid ; 
and 11 mols. a t 100°. This salt was discussed by A. Rosenheim and T. Trian-
taphyllides. W. Lenz observed no fluorescence with ultra-violet rays . 

Returning to the normal icosihydrated hexamminopyrophosphate, S. M. Jorgen­
sen prepared i t by t reat ing a cold soln. of the hexamminoni t ra te with potassium 
pyrophosphate ; or as indicated above. The brownish-yellow, six-sided crystals 
lose 15 rnols. of water very slowly over sulphuric acid, and the salt decomposes 
a t 100°. The salt is almost insoluble in ho t and cold water. S. M. Jorgensen 
said t h a t an acid pyrophosphate, cobaltic hexamrmnohydropyrophosphate, 
[ C O ( N H 3 J 6 ] H P 2 O 7 , is produced when the precipitation is made in soln. acidified 
with acetic acid. The dark orange-yellow, prismatic crystals are almost unsoluble 
in water, and they are stable in boiling water ; soluble in dil. hydrochloric acid ; 
and are converted by dil. soda-lye in to the sodium cobaltic salt. The acid salt 
was discussed by A. Rosenheim and T. Triantaphyllides. W. laenz observed no 
fluorescence in ultra-violet light. 

M. Porumbaru reported t h a t when the double salt with sodium precipitated on 
adding an excess of sodium pyrophosphate to a soln. of chloropentamminochloride, 
is washed wi th hike-warm water, cobaltic aquopentamminopyrophosphate, 
[Co(NH 3 ) 5 (H 2 0)] 4 (P 2 0 7 ) 3 .12H 2 0, is formed. S. M. Jorgensen obtained i t by adding 
the theoretical proportion of sodium pyrophosphate t o a soln. of t he corresponding 
sulphate. The red, hexagonal, acicular crystals of the dodecahydrate lose 6 mols. 
of water over sulphuric acid, a n d 13 mols. of water are lost a t 100°. If a soln. of 
5 grms. of the aquo-nitrate in 45 c.c. of water and 10 c.c. of 45 per cent, acetic acid, 
a t 80°, is mixed with a soln. of 2 mols. of sodium pyrophosphate in 80 c.c. of water , 
also a t 80°, rectangular prisms of cobaltic aquopentomminohydropyropliospliate, 
[Co(NHg)5(HaO)]HP2O7 , are formed. The salt is insoluble in water, soluble in 
dil. acetic acid, and freely soluble in dil. hydrochloric acid. If the salt be shaken 
with dil. soda-lye, it forms sodium cobaltic aquopentamminopyrophosphate, 
[ C o ( N H 3 ) 6 ( H 2 0 ) ] N a P 2 0 7 . l l £ H 2 0 . This sal t was also described by C D. Braun, 
O. W. Gibbs, and, as indicated above, by M. Porumbaru . S. M. Jorgensen 
obtained i t by adding an excess of sodium pyrophosphate to an aq . soln. of t he 
aquo-sulphate. The salt yields hexagonal prisms when re-crystallized from dil. aq . 
ammonia . 

S. M. Jorgensen prepared cobaltic diaquotetramminopyrophosphate, 
[Co(NH 3 ) 4 (H 2 0) 2 ] 4 (P 2 0 7 ) 3 .6H 2 0, by adding a 4 per cent. aq. soln. of sodium 
pyrophosphate to a cone. soln. of the diaquo-sulphate in eq. proportions, a n d 
washing the precipitate with water. The Jiexahydrate slowly loses 4 mols. of water 
over sulphuric acid, and 6 mols. a t 100°. The salt is insoluble in water , bu t easily 
soluble in dil. acids. If t he cold soln. in cone, sulphuric acid is t r ea ted with hydro­
chloric acid, t he diaquo-chloride is formed. 

C D . Braun, a n d O. W. Gibbs obtained cobaltic cmoropentamimnopyrophos-
phate, [Co(NHa)6Cl]2P2O7 .4H2O, by the action of a soln. of sodium pyrophosphate 
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on a soln. of t he chloro-chloride. S. M. Jorgensen recommended shaking soln. of 
eq. proportions of the chloro-nitrate and sodium pyrophosphate, and shaking t h e 
n i t ra te with alcohol. The violet-red needles lose 3 or 4 mols. of water a t 100°. 
The salt is easily soluble in water, and the soln. has an alkaline reaction. If a 
very c o n e , cold, aq. soln. of the chloro-nitrate be t reated with a mixture of sodium 
dihydropyrophosphate with a little free pyrophosphoric acid, or with pyrophos-
phoric acid alone, and then with alcohol, violet-red needles of cobaltic cfcdoro-
pentamminohydropyrophosphate, [Co(NH3)Cl]H2P2O7, are formed. The salt is 
sparingly soluble in cold water, easily soluble in ho t water ; and with dil. hydro­
chloric acid, i t forms the chloro-chloride, and with hydrofluosilicic acid, the chloro-
fluosilicate. 

C. and M. Duval prepared sodium cobaltic pyrophosphatopentammino-
cobaltate, Na[Co(P2O7)(NHg)5]. 

C. D . Braun r> obtained a cobaltic hexamininochlorometaphosphate, which 
F . M. Jager represented by the assumed formula: [Co(NHg)6]Cl(POs)2-WH2O. I t 
was obtained by evaporat ing the mother-liquid obtained in the preparation of the 
hydrophosphate . The reddish-yellow scales were found by F . M. Jager to be 
rhombic bipyramids with the axial ratios a : b : c—0-9866 : 1 : 1*044. 
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Chaiybite, 355 
Childrenite, 397 
Chris tophi t e , 167 
Chromic cobalt pentafluoride, 608 

ferric bromosulphate, 35O, 353 
hydrosulphate, 35O 

ferrous hydrosulphate, 300 
• sulphide, 168 
vol ta i te , 352 

Chromium ammonium ferric alums, 35O 
• -cobalt alloys, 538 
_ iron alloys, 54O, 553 
—-— tungsten alloys, 554 
— — -copper-silicon-cobalt alloys, 54O 
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molybdenum-cobalt al loys, 543 
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c h r o m i u m a l loys , 540 
dilerride, 545 
dibydride , 508 
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- s tannide , 536 
• subox ide , 558 
su lphate , 761 
sulphides , 75O 
tetrazincide, 532 
tetr i tatr isulphide , 75O 
te troxysu lphate , 769 

decahydrate , 769 
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— — h y d r o c i t r a t o t r i s p e n t a m i n i n e s , 699 

h y d r o p h o s p h a t o p e n t a m m i n e s , 698 
• h y d r o s u l p h a t o t h i o c a r b o n a t o t r i a m -

m i n e , 82O 
hyd roxya in tn ino -pe roxo -hexa imrn ino -

s u l p h a t e , 805 
h y d r o x y a q u o - p e r o x o - o l - h o x a m m i n o -

b r o m i d e , 732 
- h e x a m m m o c h l o r i d e , 

677 
• - hexa innu inon i t r a t e , 

846 
h y d r o x y a q i i o b i s e t h y l e n e d i a m i n . e s , 694 
h y d r o x y a q u o b i s p y r i d i n e d i a m m h »ds, 

694 
h y d r o x y a q u o b i s p y r i d i n e d i a m m i n o -

b r o m i d e , 727 
h y d r o x y a q u o b i s p y r i d i n e d i a m r n i n o -

n i t r a t e , 838 
h y d r o x y a q u o d i p y r i d i n e d i a m m i n o -

ch lor ide , 667 
h y d r o x y a q u o t e t r a m m i n e s j 694, 696 
h y d r o x y a q u o t e t r a m m i n o b r o m i d e , 727 

• h y d r o x y a q u o t e t r a m m i n o c h l o r i d e , 667 
m o n o h y d r a t e , 667 

h y d r o x y a q u o t e t r a n o n o i n o n i t r a t e , 838 
h y d r o x y a q u o t e t r a m m i n o s u l p h a t o , 796 
h y d r o x y b i s p y r i d i n e t r i a m m i n e s , 694 
h y d r o x y b i s p y r * | J t ne t r i amminob romido , 

727 
h y d r o x y b i s p y r i d i n e t r i a m m i n o n i i r a t o , 

838 
h y d r o x y b r o m o b i s e t h y l e n e d i a m i n e b r o -

m i d e , 731 
hydroxychlorobisothylenediani jLxiebro-

m i d e , 731 
h y d r o x y d i p y r i d i n e t r i a m m i n o c h l o r i d e , 

667 
h y d r o x y d i p y r i d i n e t r i a m m i ^ o i o d i d e , 

747 
h y d r o x y l a m i n e b i s e t h y l e n e d i a m i n e -

a m m i n o s , 691 
h y d r o x y l a m i n e b i s e t h y l e n e d i a m i n o -

a m m i n o b r o m i d e , 721 
h y d r o x y l a m i n e b i s e t h y l e n e d i a m i n e -

a m m i n o c h l o r i d e , 656 
h y d r o x y l a m i n e b i s e t h y l e n e d i a m i n e -

a m m i n o h y d r o x i d e , 6IO 
h y d r o x y l a m i n e b i s e t h y l e n e d i a m i n e -

a m m i n o i o d i d e , 744 
h y d r o x y l a m i n e b i s e t h y l e n e d i a r n i n e -

a m m i n o n i t r a t e , 832 
h y d r o x y p e n t a m m i n e s , 693 
h y d r o x y p e n t a m m i n o b r o m i d e , 726 
h y d r o x y p e n t a m m i n o c h l o r i d e , 667 
h y d r o x y p e n t a m m i n o h y d r o x i d e , 595 
h y d r o x y p e n t a z n r n i n o J o d i d e , 747 
h y d r o x y p e n t a a r * m i n o n i t r a t e , 837 

m o n o h y d r a t e , 837 

C o b a l t i c h y d r o x y p y r i d m e t e t r a n o r m n . e s , 694 
h y d r o x y p y r x d i n e t r i a m m m o n i t r a t e , 

838 
i m i d o - s a l t s , 7IO 
/A- imino-pe roxo-qua te re thy lened ia -

m i n e c h l o r i d e , 675 
q u a t e r e t h y l e n e d i a m i n e -

n i t r a t e , 846 
ina inob i spy r id ineoc t anan i ino t e t r a -

b r o m i d e , 733 
i m m o b i s p y r i d i n e o o t a r m - n i n o t e t r a -

ch lo r ide , 675 
i m i n o h e x a m m i n o b r o m i d e , 733 
i m i n o h e x a m m i n o i o d i d e , 748 
f t - iminohydroch loro-peroxo-q txa te r -

e t h y l e n e d i a m i n e c h l o r i d e , 675 
i o d i d e , 742 
i o d o p e n t a m m i n e s , 6 9 5 
i o d o p e n t a m m i n o b r o r a i d e , 746 
i o d o p e n t a m m i n o c h l o r i d e , 746 
i o d o p e n t a m m i n i o d i d e , 746 
i o d o p e n t a m m i n o n i t r a t e , 84O 

• i o d o p e n t a m m i n o s u l p h a t e , 799 
i s o t h i o c y a n a t o a q u o b i s e t h y l e n e d i a -

m i n e s , 697 
i s o t h i o c y a n a t o a q u o t e t r a r n n i i n e s , 697 
i s o t h i o c y a n a t o b i s e t h y l e n e d i a m i n e -

a m m i n e s , 697 
i s o t h i o c y a n a t o b r o m o b i s o t h y l e n e d i a -

m i n e s , 703 
i s o t h i o c y a n a t o c h l o r o b i s e t h y l o n e d i a -

m i n e s , 703 
• i s o t h i o c y a n a t o h y d r o x y b i s e t h y l e n e d ia-

m i n e s , 702 
i s o t h i o c y a n a t o n i t r o b i s e t h y l o n o d i a -

m i n e s , 703 
i s o t h i o c y a n a t o n i t r o t e t r a r n r n i n e s , 702 
i s o t h i o c y a n a t o p e n t a r n m i n e s , 697 
i s o x a n t h o - s a l t s , 696 
i t a c o n a t o b i s e t h y l e n e d i a x n i n e s , 704 
i t a c o n a t o b i s p e n t a m m i n e s , 699 

• l a n t h a n o u s h e x a m m i n o B u l p h a t e , 791 
l e a d a q u o p e n t a m m i n o b r o m i d e , 723 

h e x a m m i n o h e n a b r o m i d e , 721 
h e x a m m i n o h e n a c h l o r i d e , 656 
h e x a m m i n o h e p t a b r o m i d e , 72O 
h e x a m m i n o p e n t a c h l o r i d e , 656 
t r i s e t h y l e n e d i a m i n o i o d i d e , 744 
t r i s h e x a m m i n o t r i d e c a b r o m i d e , 

721 
h i t e o c h l o r i d e , 653 
l u t o o - s a l t s , 688 , 69O 
m a g n e s i u m a q u o q u i n q u e s b e n zyl-

a m i n o s u l p h a t e , 794 
m a l a t o b i s p e n t a m m i n e s , 699 
m a l e a t o b i s p e n t a m m i n e s , 699 
m a l e a t o p e n t a m m i n e s , 698 

• m a l e i n a t o b i a e t h y l e n e d i a x n i n e s , 704 
- m a l o n a t o b i f l p e n t a m m i n e s , 699 
m a l o n a t o t e t r a m m m e s , 704 

• m a n g a n i c p e n t a f l u o r i d e , 608 
m e l a n o c h l o r i d e , 672 , 803 
m e r c u r i c a q u o c h l o r o p e n t a m m i n o e n -

n e a c h l o r i d e , 661 
a q u o p e n t a m m i n o c h l o r o s u l p h a t e , 

794 
a q u o p e n t a m m i n o e n n e a b r o m i d e , 

723 
a q u o p e n t a m m i n o p e n t a b r o m i d e , 

723 

hydroxyaqiiobisethylenediamin.es
hydroxypyridmetetranormn.es


Cobalt ic mercuric aquopentamminopenta -
chloride, 661 

aquopentamminopenta iod ide , 
745 

b ispropylenediannnediammino-
heptachlor ide , 659 

bronaopentamxninobroinohepta-
chloride, 725 

bromopentamminoc tobromide , 
725 

bromopentamminoctoch lor ide , 
725 

carbonatobise thy lenediamine-
iodide, 819 

carbonatopentaxnminoiodide , 
817 

chloropentainminoctochloride , 
665 

-- chloropentainrninohexaiodide, 
746 

chloropentamminotetrachlor ido , 
665 

ch loropentamminote tra iodide , 
746 

cl i loropyridinobisethylenedia-
minechlor ide , 666 

d iaquote tramminochlor ide , 662 
d ibrombise thy lenediaminehr o -

m i d e , 73O 
dichlorobisethylenediamine-

iodide , 747 
dichlorobisethylenediaminetr i -

chloride, 669 
dichlorobispropylenediamine-

heptachlor ide , 67O 
dichlorotetrammino tetra­

chloride, 669 
- d ichlorotetramminotr ichloride , 

669 
—— dichlorotetrapyridinedodeca-

ohloride, 669 
hexa inminochlorosu lp i ia to , 792 
h e x a m m i i i o e n n e a b r o m i d e , 72« 
hexamminoenneach lor ide , 656 
hexamminoen i i ea iod ide , 743 
hexaxnxninoheptachloride, 656 
h e x a m i n i n o p e n t a b r o m i d e , 72O 
h e x a m n u n o p e n t a o h l o r i d e , 656 
hexarmninopenta iod ide , 743 
hexamrriinotrichloropenta-

c y a n i d e , 656 
/*- imino-peroxo-quaterethylene-

d iaminechloroni trate , 846 
n i t ro topentamminoennea-

chloride , 836 
ni tratopentamxninotetra-

chloride , 836 
• t rans-b i se thy lenediamine-

d iamminotr idecachlor ide , 
658 

-d ichlorobisethylene-
d i a m i n e tr ichloride, 67O 

• t r i se thy lened iaminobromide , 722 
tr i se thylenediaminoohlor ides , 

657 
• meso tar tra tob i se thy lened iamines , 704 
naesotar tratob i spentammines , 699 
inesotartropentarnmines , 698 
n^etaboratopentaramines , 697 
m e t h i o n a t o b i s e t h y l e n e d i a m i n e s , 705 

873 

Cobalt ic meth ionatob i spentamminea , 699 
molybdatote tramznines , 705 
m o l y b d e n y l hexamxninofluoride, 6IO 
monammineB, 707 
nickel tr iaethylenediaminoctochloride , 

658 
nickel ic ferric ox ide , 586 
ni trate , 83O 

complex-sa l t s , 830 
nitratoaquo-/^-aroino-octaniniino-

ni trate , 844 
o l -hexanuninoni trate , 847 

n i t ra toaquote trammines , 696 
nitratoaquotetraxnxrrinonitrate, 837 
n i t ra toaquote tramminosu lphate , 839 
n i tratobise thy lenediannneamminobro-

m i d e , 837 
n i tra tob i se thy lened iamineamminos , 

696 
n i tratoni trobise thylenediamines , 702 
ni tratonitrobistr iraethylenediamine, 

7Ol 
n i t ra topentammines , 696 
ni tratopentamminobroraido, 837 
n i tratopontamminocarbonate , 815 
n i tratopentamminochlor ide , 836 
n i tra topentamminoiod ide , 837 

• n i t ra topentamminoni tra te , 835 
n i t ra topentamminosu lphate , 837 
nitratopurpureo-sal ts , 696 
n i tr i toaquobisetbylenediamines , 696 
n i tr i toaquote trammines , 696 
n i tr i toaquobis tr imethylenediamines , 

696 
n i tr i tobise tbylenediamineamminos , 

696 
n i tr i topentammines , 696 
ni tr i topyridinetr iammines , 696 
n i t rohydroxyte trammines , 702 
n i t ropentammines , 696 
-ni trophenolatoaquobisethylenedia-

mincB, 697 
n i trosopentammines , 695 

— — octamminochlor ide , 655 
orthophosphatopentamrainophos-

p h a t e , 856 
oxalatoaquotr iamni ines , 704 
oxa la tobisd iaminopentanes , 704 
oxalatobisdini trobisdiamminocobalt -

a te , 707 
oxa latobise tby lenediamines , 704 
oxalatochloroaqnotriamraine, 705 
oxa la topentammines , 698 
oxa la to te trammines , 704 
ox ide , 584, 586, 589 

colloidal, 584 
d ihydrate , 589 
bemihydrato , 589 
hydrated properties, 59O 

. hydrates , 584, 586 
monohydrate , 589 
tr ihydrate , 589 
tr i tadihydrate , 589 
tr i tapentahydrate , 589 

ozotrimido-salts , 7IO 
pasonolobisethylenediamines, 697 
pentahydra ted tr ioxo-octanunino-

dichloride, 674 
peroxo-decamminochlorosulphate , 804 

decamminodis i i lphate , 803 



874 

C o b a l t i c p e r o x o - d e c a m m i n o d i s u l p h a t e - t e -
t r a h y d r a t e , 803 

tr ihydrat£», 803 
d e e a r r u n i n o h e m i p e n t a s u l p h a t e , 

803 
d e c a m m m o h y d r o c h l o r o n i t r a t e , 

843 
d e c a m m i n o h y d r o c h l o r o s u l -

p h a t e , 803 
d e c a n n n i n o h y d r o n i t r a t e , 843 
d e c a r r u n i n o h y d r o s u l p h a t e , 803 

m o n o h y d r a t e , 803 
p e n t a h y d r a t e , 803 

d e c a m m i n o h y d r o s u l p h a t o -
n i t r a t e , 843 

decanxmino iod ide , 748 
deoamminon i t r a tod i»uI i^ l i a t e , 

844 
f l ecammi i iopen taoh lo r ide , 673 
d e o a n n r r u n o p e i i t a r t r a t e , 843 
d e c a m m i n o e u l p h a t o m o n o l i y d r o 

s u l p h a t e , 804 
—•— d e c a m m i n o s u l p h a t o d i h y d r o -

s u l p h a t e , 804 
- d o o a m m i n o t e t r a c h l o r i d e , 6'«** 
d e c a r n m i n o c h l o r o t e t r a n i t r a t o , 

843 , 844 
_ d e e a n i r m n o t r i c h l o r o d i n i t r a t e , 

844 
ponta r r t rn ines , 693 
p h e n a n t h r o l i neb i se thy l ened iami i i c -

c h l o r o s u l p h a t e , 793 
p h e n a n t h r o l i n e b i s e t h y l e n e d i a m i n e -

s u l p h a t e , 792 
a - p h e n a n t h r o l i n e b i s e t h y l e n e d i a r n i n e -

iod ido , 745 
d e x t r o - s a l t , 745 
lsevo-sal t , 745 

— p h o s p h a t e s , 856 
p h o s p h a t o p e n t g f > m i n e , 699 , 856 
I > h o s p h a t o p e n t a m m i n o c h l o r i d e , 857 
p h o s p h a t o p e n t a r a m i n o d ihy d r o p h o s -

p h a t e , 857 
d i h y d r a t e , 858 

p h o s p h a t o t e t r a m m i n e , 705 , 856 
ph tha l a tob i se thy lened ianx in . e s , r, J 4 

• p h t h a l a t o b i s p e n t a m m i n e s , 699 
p h t h a l a t o p e n t a m m i n e s , 698 
p i c r a t o a q u o b i s e t h y l e n e d i a n l ines , 697 
p i c r a t o p e n t a m m i n e s , 697 

•—— p o t a s s i u m c a r b o n a t e , 815 
d i s u l p h a t e , 789 
h e x a m z n i n o s u l p h a t e , 791 

p r a s e o - s a l t s , 688 , 6 9 9 , 700 
p r a s e o c h l o r i d e , 729 
p r o p i o n a t o p e n t a m m i n e s , 697 
p r o p i o n y l a c e t o n a t o b i s o t h y l e n e d i a -

m i n e s , 697 
p r o p y l e n e d i a m i n e b i s e t h y l e n e d i a m i no -

i od ide , 745 
d e x t r o - s a l t , 745 

p u r p u r e o - s a l t s , 688 , 696 
p y r i d i n e b i s e t h y l e n e d i a n x i n e a m m i n o -

b r o m i d e , 722 
p y r i d i n e b i s e t h y l e n e d i a m i n e a m m i n o -

ch lo r ide , 659 
pyr id ineb i se thy lened iazn ineaznzn ino-

iod ide , 745 
p y r i d i n e b i s e t h y ] ^ u e d i a n n i n e a m m i » o -

n i t r a t e , 833 

C o b a l t i c p y r o p h o s p h a t o p e n t a m m i n e s , G&Q 
qvunqvi iesbenx id jnopyr id inohydroxy l -

b r o m o s t a n n a t e , 722 
roseo- sa l t s , 692 , 6 9 3 
r o s e a b r o m i d e , 722 
roseoch lo r ide , 659 
r o s e o t e t r a m m i n e s a l t s , 6 9 3 
r u b i d i u m d i s u l p h a t e , 789 
sa l i cy la tob i se thy lened iamin .es , 705 
s a l i c y l a t o t e t r a m m i n e s , 704 
s a l t s , 593 
s e l e n a t o a q u o t e t r a n u n i n e s , 698 
s e l e n a t o p e n t a m m i n e s , 698 
sex i e se thy l ened iamineb i s t r i ano ino -

t r i e t h y l a n i i n e e n n e a c h l o r i d e , 659 
s i l icon h e x a m n n n o l l u o r i d e , 6IO 
s i lve r c a r b o n a t o b i s e t h y l e n e d i a m i n e -

iod ide , 819 
d i c h l o r o a q u o t r i a n u n i n o s u l p h a t e , 

802 
d i c h l o r o b i s e t h y l e n e d i a m i n e s u l -

p h a t e , 802 
d i c h l o r o b i s p r o p y l e n e d i a m i n e s u l -

p h a t o n i t r a t e , 841 
d i c h l o r o t e t r a m m i n o s u l p h a t e , 8Ol 
/ x - i m i n o - p e r o x o - q u a t e r e t h y l e n e -

d i a n i i n e n i t r a t e , 846 
t r i s e t h y l e n e d i a m i n e i o d i d e , 744 

s o d i u m a q u o p e n t a i n m i n o p y r o p h o s -
p h a t e , 858 

h e x a m m i n o p y r o p h o s p h a t o , 858 
p e r c a r b o n a t e , 82O 
p y r o p h o s p h a t o p e n t a m m i n o -

c o b a l t a t e , 859 
t r i s e t h y l o n e d i a m i n c h e p t a -

ch lo r ide , 657 
s t a n n i c d i e h l o r o b i s e t h y l e n e d i a m i n e -

b r o m i d e , 729 
d ich lo rob i se t h y lenedi a m i n e -

c h l o r i d e , 67O 
s t a n n o u s b i s p r o p y l e n e d i a m i n e d i a m -

m i n o h e p t a c h l o r i d e , 659 
c h l o r o p y r i d i n e b i s e t h y l e n e d i a -

m i n e c h l o r i d e , 666 
d icsh lorob ise thy lened iamine-

ch lo r ide , 67O 
h e x a m r n i n o d e c a c h l o r i d e , 656 

d e c a h y d r a t e , 656 
o c t o h y d r a t e , 656 

h e x a m m i n o i o d i d e , 743 
s u c c i n a t o b i s e t h y l e n e d i a m i n e s , 704 

—•— s u c c i n a t o b i s e t h y l e n e d i a m i n o b r o m i d e , 
722 

s u c c i n a t o b i s e t h y l e n e d i a m i n o n i t r a t e , 
833 

s u l p h a t e , 787 
c o m p l e x s a l t s , 787 

sulphat<>- /A-ammo-octamminobro-
xnide, 804 

- o c t a m m i n o c h l o r i d e , 804 
o c t a m m i n o d i c h l o r o -

n i t r a t e , 845 
- o c t a m m i n o h y d r o s u l p h a t e , 

804 
oxjtaxnnainoiodidLo, 804 
o c t a m m i n o n i t r a t e , 8 4 5 

- g u e t t e r e t h y l e n e d i a m i n e -
b r o m i d e , 804 

-quaterethytenediamine-
n i t r a t e , 845 

phthalatobisethylenedianxin.es
salicylatobisethylenediamin.es


C o b a l t i c a u l p h a t o a q u o t e t r a m m i n e s , 698 
su lpha toaquo te t r amr ia i r iohydrosu l -

p h a t e , 8OO 
s u l p h a t o a q u o t e t T a m i z i m o s u l p h a t e , 8OO 

d i a l coh l a t e , 8OO 
d i h y d r a t e , 8OO 
t e t r a h y d r a t e , 800 

s u l p h a t o a q u o t r i a n a n a i n o n i t r a t e , 84O 
s u l p h a t o b i B e t h y l e n e d i a m m e b r o m i d e , 

803 
s u l p h a t o b i s e t h y l e n e d i a m i n e s , 703 
su lphatodiaquot - r iamxi i ines , 6 9 8 

-—-— s u l p h a t o d i a q u o t r i a m m i r i o s u l p h a t e , 8Ol 
Bu lpha to i imno-oc ta ixmunoi i i t r a t e , 844 
Bulpha topen tamra in .es , 698 
s i i l p h a t o p e n t a r m x u n o b r o m i d e , 800 
s u l p h a t o p e n t a n u n i i i o c a r b o n a t e , 816 
s u l p h a t o p e n t a m m i n o e h l o r i d e , 800 
s u l p h a t o p e n t a m m i n o h y d r o s u l p h a t e , 

799 
d i h y d r a t e . 8OO 

sxi lpha topenta i ia imnoiodide , 800 
B u l p h a t o p e n t a m m i n o s u l p h a t e , 799 
Biilph.atopurpurao-sa.l ts, 698 
s u l p h a t o t e t r a m r n i n o n i t r a t e , 84O 

• su lph ide , 755 
H u l p h i t o a q u o t e t r a m m i n e s , 698 
s u l p h i t o a q u o t r i a r n r n i n e s , 703 

—-— s u l p h i t o b i s e t h y l e n e d i a m i n e s , 703 
s u l p h i t o h y d r o x y t e t r a m m i n e , 705 

-—— s u l p h i t o m t r o t e t r a m r n i r t e , 705 
s u l p h i t o p e n t a m m i n e s , 698 
B u l p h o a c e t a t o b i s e t h y l e n e d i a m i n e s , 705 
Bi i lphoace ta tope i i t amra ines , 698 

- s u l p h o b e n z o a t o b i s e t h y l e r i o d i a i u m e s , 
705 

s u l p h o d i a c e t o b i s e t h y l e n e d i a m i n e -
ch lo r ide , 671 

s u l p h o d i t h i o c a r b o n a t o h a x a m r r i i n e , 819 
Bu lphony ld iaoe ta tob i se thy laned ia -

mi i ies , 705 
t a r t a r t o p e n t a m m i n o n i t r a t c , 839 
t e t r ab romo- /* -amino-hexa i ixminobro -

m i d e , 732 
. . h e x a m m i n o n i t r a t e , 845 

t e t r ach lo ro -^ . - amino-hoxa inmino-
ch lo r ide , 674 

t e t r a m m i n e s , 699 
t e t r a n i t r o b i s - p - t o l u i d i n e c o b a l t a t e s , 

707 
t e t r a n i t r o d i a m m i n o c o b a l t a t e s , 706 
t e t r a q u o d i a m m i n e s , 693 
t e t r a q u o d i a m m i n o c h l o r i d e , 662 
t e t r a q u o d i a m m i n o n i t r a t a , 835 
- t e t ro l -qua to re thy lened iami ixoch lo r ide , 

68O 
t h a l l i u m h e x a m m i n o s u l p h a t e , 791 
t h i o c a r b o n a t e , 7IO 
t h i o s u l p h a t o b i s e t h y l e n e d i a m i n a s , 703 
t h i o s u l p h a t o p e n t a m m i n e s , 698 
t r a n s - a q u o b i s e t h y l e n e d i a m i n e a m m i n o -

fluoride, 6IO 
. a q u o b i a e t h y l e n e d i a m i n e a m m i n o -

i o d i d e , 745 
- a q u o b i s e t h y l e n e d i a m i n e a m m i n o -

n i t r a t e , 834 
-b i s e thy l ened iaminecyc lopen -

t a n e d i a m i n e n i t r a t e , 833 
. b i s e t h y l e n e d i a m m e d i a m m i n o -

bromide, 722 

8 7 5 

Coba l t i c t r ans -b i s e thy l ened i a r amed ia r a -
mir tochlor ide, 658 

b ise thylenediaminediar rarmno-
iod ide , 744 

b i s e t h y l e n e d i a m i n e d i a m m i n o -
n i t r a t e , 833 

. bromobisethylenediaxxrine-
a m m i n o b r o m i d e , 726 

b r o m o b i s e t h y l e n e d i a m i n e a m -
m i n o n i t r a t e , 839 

m o n o h y d r a t e , 839 
bromochlorobise thy le r ied ia -

m i n e n i t r a t e , 842 
-ch lo roa l ly lamineb ise thy lened ia -

m i n e b r o m i d e , 726 
• chloroal lylarninebisethylenedia , -

znineiodide, 747 
chloroal ly lar i i inebise thylenedia-

m i n e n i t r a t e , 839 
ch lo rob i se thy l ened i amine -

a m m i n o c h l o r o s u l p h a t e , 797 
ch lo rob i se thy loned iamine -

a i u m i n o n i t r a t e , 838 
d i aquob i so thy l ened iamino -

ch lor ide , 662 
diaquobise thylenediarrxine-

n i t r a t o , 835 
d i aquob i se thy lened iaminesu l -

p h a t e , 796 
d ib romobise thy lened ia i r i inebro-

xnide, 729 
d i b r o m o b i s e t h y l e n e d i a m i n e -

n i t r a t e , 842 
• d i b r o m o t e t r a m i n i n o i o d i d e , 748 

d i b r o m o t e t r a m i n i n o n i t r a t e , 842 
d i c h l o r o a q u o e t h y l e n e d i a m i n e -

a m m i n o c h l o r i d e , 671 
d i ch lo roaquoqua te rpy r id i r i e -

n i t r a t e , 841 
d ieh lo rob i scye lopen taned iamine-

chlor ide , 67O 
d ich lo rob i se thy lened iaminebro -

m i d e , 73O 
d ich lo rob i se thy lened iamine -

ch lor ide , 669 
d ich lo rob i se thy lened iamine -

h y d r o o h l o r i d e , 670 
d ich lo rob i se thy loned iamine-

h y d r o s u l p h a t e , 802 

iod ide , 747 
d ich lo rob i se thy lened iamine-

n i t r a t e , 841 
d ich lo rob i sp ropy ld iaminebro-

m i d e , 73O 
-dichlorobispropylenechlor ido, 

67O 
d ich lorob ispropylened iamine-

h y d r o s u l p h a t e , 802 
• d ich lorob ispropylened iamine-

n i t r a t e , 841 
m o n o h y d r a t e , 841 

-d ichloroe thylenediami i ied iam-
m i n o b r o m i d o , 731 -

d ich lo roe thy lened iaminod iam-
minochlor ido , 67O 

d i ch lo roe thy l ened iammed iam-
m i n o h y d r o s u l p h a t e , 802 

d i ch lo roe thy l ened iamined iam-
minoiodide , 747 

Bulphatopentamrain.es
Biilph.atopurpurao-sa.lts
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Cobalt ic trane -dichloroethylenediaminedi-
an^minonitrate, 842 

dichloroquate^yridinobronaide , 
73O 

-dichloroquaterpyridinehydrosul-
p h a t e , 801 

dichlorotetrajnminobromide, 
730 

dichlorotetramminochloride , 668 
dichlorotetramxninofluoride, 668 
dichlorotetramminohydrosul-

p h a t e , 801 
dichlorotetramminoiodide , 747 
dichlorotetramminonitrate , 841 

-dichlorotetrapyridinechloride, 
669 

_ dichlorotristriinethylenedia-
minechloride, 67O 

-—• dif luorobisethylenediamine-
chloride, 668 

difluorobisethylenedianiine-
fluoride, 6IO 

difluorobiseth.ylenediamin.o-
chloride, 669 

—.— fluobisetbylenediaixLineairiisizio-
bromide, 726 

hydroxyaquobise thy lenedia-
minebromide , 727 

hydroxyaquobise thy lenedia-
minechloride, 667 

•— hydroxyaquobisethylonedia-
mineiodide , 747 

— nitratobisethylenediainine-
amminoni tra te , 837 

triaquotrianxminochloride, 662 
tr i scyc lopentanediaminenitrate , 

833 
dextro-sal t , 833 
laevo-salt, 833 
tetrsf iydrate , 833 
tr ihydrate , 833 

tr iamminos , 706 
• tr iaquotr iammines , 693 
•—•—- triaquotriaraininonitrate, 835 

tr ibromotr iammine , 731 
tr i carbonatohexammine , 819 
triehloro-ft-amino-hexsnominochloride, 

672 
tr ichloro-aquo-/ i -hexamminodichlor-

ide , 674 
tr ich lorohydroxy-peroxo-hexammino-

ebloride, 673 
hexamminon i t ra te , 844 

tr ichloronitrate- /*-ammo-hexammino-
ni trate , 845 

tr ichlorotr iammine, 671 
tr ie is -cyclopentanediaminochlorido, 

658 
t e trahydrate , 658 

; t r ihydrate , 658 
tr ini tratotr iammine, 843 

— — tr io l -hexamminobromide , 733 
hexamminochlor ide , 678 
hexamminon i t ra te , 847 

d ihydrate , 847 
-hexamminosu lphate , 805 
-sexiesbenzylaminechloride, 679 

tr isbutylenediamineiodide , 744 
trisbutylenediarMnes, 692 
tr i sbutylenediammobromide , 722 

Cobalt ic tr i sohromatobis tetrammines , 705 
tr iscyclopentanediainines , 692 
tr i sdiaminopentanenitrate , 833 
tr isdiaininopentanes , 692 
tr i sd iammopentanobromide , 722 
tr isdiaminopentanoehloride, 659 
tr isdiaininopentanoiodide, 745 
tr isethylenediaminebromide, 721 
tr isethylenediaminechloride, 656 

monobydrate , 657 
. tr ihydrate , 656 

tr isethylenediaminechloroiodomercu-
rate , 744 

tr isethylenediaminechlorosulphate , 
792 

tr i se thylenediaminehepta iodide , 744 
tr i se thy lenediammehydrosulphate , 

792 
tr i se thy lenediaminehydroxide , 595 
tr i se thylenediamineiodide , 744 

m o n o h y d r a t e , 744 
tr i sethylenediamineiodomercurate , 

744 
dextro-sa l t , 744 

• laevo-salt, 744 
tr i se thylenediamineni trate , 832 

• tr i se thylenediamines , 691 
tr i se thylenediaminesulphate , 792 
tr isethylenodiaminesuhphatohydrosul-

p h a t e , 792 
trisethylenediarninofluorido, 610 
tr isphenylenediaminechloride , 722 
tr i sphenylenediamines , 692 
tr i spropylenediaminebromide, 722 

dextro-sa l t , 722 
laevo-salt, 722 

tr ispropylenediaminochloride , 658 
• tr i spropylenediaminehydroxide , 595 

tr ispropylenediamineiodide , 744 
lsevo-salt , 744 

tr ispropylenediaminenitrato , 833 
trispropylenediamin.es, 692 
tr istr i -aminopropanechloride, 658 

dextro-sa l t , 658 
tr i trans-eyclopentanodiaminoehloride , 

658 
t e trahydrate , 658 
tr ihydrate , 658 

tungs ty l hexamminof luor ide , 610 
uranyl hexamminof luoride , 610 
v a n a d y l hexamminof luor ide , 6IO 
vio leo-sal ts , 699, 700 
xantho- sa l t s , 696 
zinc aquopentamminobromide , 723 

aquopentammino iod ide , 745 
aquopentamminopentach lor ide , 

661 
chloropyridinebisethylenedia-

minechloride, 666 
. hexammino iod ide , 743 
hexamminopentach lor ide , 656 

Cobalt i tes , 424 , 593 
Cobal tomenite , 4 2 4 
Cobaltosic ox ide , 558 , 577 

oxyni tr i toni trate , 831 
o x y s u l p h a t e , 783 
pyridine , 682 
sulphide , 755 

Cobaltous amminooarbonate , 810 
a m m o n i u m amminotr ichlor ide , 637 

difluorobiseth.ylenediamin.o-
trispropylenediamin.es


IKBEX 877 
Cobal tous arnmonium carbonate , 811 

dodecahydrate , 811 
enneahydrate , 811 
te trahydrate , 811 

copper su lphate , 781 
d ihydrophosphate , 853 
disulphate , 772 

— ferrous sulphate , 783 
— hydrocarbonate , 811 

• hemienneahydrate , 811 
te trahydrate , 811 

magnes ium sulphate , 781 
manganouB sulphate , 782 
orthophosphate , 852 

dodecahydrate , 852 
• hexahydrate , 852 

rnonohydrate, 852 
sulphatofluoberyllate, 781 
trichloride, 637 
zinc sulphate , 782 

aquodipyridinetriaxnrnineB, 693 
aquohemiamminofluoride, 606 
aquomonamminof luoride , 6()6 
aquopentamrninchloride, 63O 
aquopentamminof luoride , 606 
bar ium chloride, 642 
b i s m u t h ni trate , 828 
bromide, 711 

dihydrato , 712 
hemihenahydrate , 712 
hemihydrate , 712 
hexahydrate , 712 
rnonohydrate, 712 
pentahydrate , 712 
properties chemical , 714 

physical , 712 
te trahydrate , 712 

c a d m i u m carbonates , 813 
l iexachloride, 644 
octopyridihohexachloride, 645 

ca'sium disulphate , 778 
—- h e x a h y d r a t e , 778 

pentabromide , 718 
pentachloride , 639 
te trabromide , 718 
tetrachloride, 639 
tetraiodide, 741 
trichloride, 639 

• ca l c ium chloride, 641 
carbonate , 808 

• •—— h e x a h y d r a t e , 809 
tr i tadihydrate , 809 

cerio n i trate , 828 
cerous n i trate , 828 
ch lor ides , 611 

d i h y d r a t e , 610 
double sa l t s , 637 
hemi tr ihydrate , 610 
h e x a h y d r a t e , 613 
rnonohydrate, 6IO 
o c t o h y d r a t e , 611 
propert ies chemica l , 627 

- phys i ca l , 613 
t e t r a h y d r a t e , 610 

a, 611 
JS, 611 

chloroiodide, 739 
• chloronitrate , 826 
coba l t tr i se thylenediaminocto-

chloride* 658 

Cobal tous cobalt ic bispropylenediaxnine-
diamminopentachloride, 659 

c is-bisethylenediaminediam-
minopentachloride, 658 

transbisethylenediaminediam-
minopentachlor ide , 658 

tr isethylenediaminepenta-
chloride, 658 

cobalt i te , 594 
copper d ioxysulphate , 781 

hydrosulphate , 781 
ni trate , 828 
su lphate , 780 
tr ioxydibromide, 718 

• tr ioxydichloride, 641 
• tr ioxydisu lphate , 781 

tr ihydroxyni trate , 828 
decahydroxydini trate , 826 
docamminochloride, 63O 
decamminoiodido, 739 
decamminosu lphatc , 770 
d iamminobromide , 715 
diamminochloride, 631 

a- (unstable) , 631 
p- (stable) , 631 
cis-, 631 
trans-, 631 

• d iamminoiodide , 74O 
- d iamminosulphate , 77O 
- d iaquohydroxylaminesulphato , 771 
• d iaquotetramminosulphate , 77O 
diaquotetrapyridine fluoride, 606 
d i d y m i u m ni trate , 828 
dihydrazinodibromide, 716 
dihydrazinodichloride, 632 
dihydrazinoiodide, 74O 
dihydrazinotetrachloride, 632 
d ihydrophosphate , 853 
d ihydroxycarbonate , 811 

te trahydrate , 811 
d ihydroxy diearbonate, 811 
dihydroxylaminoehloride , 632 
d imetaphosphate , 854 
enneamminoni trate , 826 
ferric chloride, 647 

pentafluoride, 608 
ferrous chloride, 647 

hydrosulphate , 783 
sulphate , 783 

fluocolumbate, 607 
fluoride, 603 

dihydrate , 604 
hexahydrate , 604 

— tetrahydrate , 604 
trihydrate, 604 

fluostanate, 607 
gadol inium nitrate, 828 
hemiamminoeulphate , 771 
hemipentamminodibromide, 716 
hexahydroxycarbonate , 810 
—w rnonohydrate, 8IO 

—,— hexahydroxydicarbonate , 811 
hexahydroxydini trate , 826 
hexametaphosphate , 855 
hexamminobromide , 715 

—.— hexamroinochloride, 63O 
.... . hexanuninofluoborate, 606 

hexonuninofluosulphonate, 606 
hexanuninoiodide, 739 
hexamminoni trate , 826 
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Cobal tous hexamminon i t ra te , d ihydrate , 

826 
liexa.3miziinosulpli.ate, 77O 
hexol -sex iesethylenediamine-obro-

mide , 734 
hydraz ine d i su lphate , 774 
hydraz ine hydrazinochloride , 637 

tetrachloride, 637 
hydrazon ium tetrabromide , 718 
hydrocarbonate , 8IO 
hydrophosphate , 853 

hemipentahydrate , 853 
h e m i tr iphosphate , 853 

hydrosu lphate , 77O 
hydrox ide , 567 

a.-, 569 
/S-, 569 
colloidal, 57O 
properties, 57O 

iodide, 737 
a, 737 
/3, 737 

• d ihydrate , 737 
enneahydrate , 737 
h e x a h y d r a t e , 737 

—-— te trahydrate , 737 
l a n t h a n u m ni trate , 828 
lead hexa iodide , 741 
l i th ium henachloride, 641 

heptachloride, 641 
• hexachloride , 641 

• su lphate , 779 
tetrachloride, 641 
trichloride, 64O 

magnes ium su lphate , 781 
tetrachloride, 642 

m a n g a n e s e chloride, 646 
m a n g a n o u s carbonates , 813 

=- mercuric brorriOe, 718 
hexa iodide , 741 

•— oxybromide , 718 
—. tetrachloride, 645 

tetraiodide, 741 
monamminobromide , 716 
monamminochlor ide , 632 
monammino iod ide , 74O 
m o n o m e t a p h o s p h a t e , 854 
n e o d y m i u m ni trate , 828 
n i trate , 821 

d ihydrate , 822 
enneahydrate , 822 
h e x a h y d r a t e , 822 
p e n t a h y d r a t e , 822 

•—— tetradecahydrate , 822 
te trahydrate , 822 
tr ihydrate , 822 

orthophosphate , 851 
oxide , 558 

properties , 561 
oxyiodide , 739 

— — pentahydrazinoctoehloride , 632 
pontamminochloride, 629 
pentamminosulphate , 77O 
pereobaltite, 602 

r— perdicobaltite , 602 
dihydrate , 602 
monohydrate , 602 
tetrahydrate , 602 
trihydrate, 602 

phosphates , 851 

Cobal tous phosphate s , d ihydrate , 852 
oc tohydrate , 852 

- t e t rahydrate , 852 
poly iodide , 739 
potass ium carbonate , 812 

t e trahydrate , 812 
chloride, 637 
copper su lphate , 781 
d isulphate , 774 

h e x a h y d r a t e , 774 
ferrous su lphate , 783 
hexamminodibromosulphate , 771 
hexamxmnodi iodosulphate , 771 
hydrocarbonate , 812 
m a g n e s i u m su lphate , 782 
m a n g a n o u s su lphate , 783 

— — orthophosphate , 852 
pentasu lphate , 775 

_ pereobalt i te , 6Ol 
sulphatofluoberyHate, 781 

— tr isulphate , 775 
zinc su lphate , 782 

p r a s e o d y m i u m ni trate , 828 
pyrophosphate , 853 
rubidium disu lphate , 77 

h e x a h y d r a t e , 777 
i_ tetrachloride, 638 

trichloride, 638 
sa l t s , 613 

colour of so lut ions , 613 
s a m a r i u m ni trate , 828 

— sarcos inebisethylenediamines , 697 
•—•— s o d i u m carbonate , 812 

decahydrate , 812 
te trahydrate , 812 

chloride, 639 
• d imetaphosphate , 854 

disulphate , 779 
. hydrophosphate , 853 

or thophosphate , 852 
pyrophosphate , 854 
te tra iodide , 741 

• te trasulphate , 78O 
tr iphosphate , 853 

dodecahydrate , 853 
s tannic hexabromide , 718 

hexachloride , 646 
s t ront ium chloride, 642 
su lphate , 761 

d ihydrate , 762 
double sa l t s , 772 
e t h y l p h o s p h o n i u m , 771 
h e x a h y d r a t e , 762 
m o n o h y d r a t e , 762 
pentahydra te , 762 
t e trahydrate , 762 
tr ihydrate , 762 

sulphide , 75O 
colloidal , 752 
hydrated , 751 

t e t rahydroxycarbonate , 811 
t e t ramnunobromide , 715 
te tramminochlor ide , 63O 
te trammino iod ide , 739 
t e t ramminosu lphate , 77O 
te trasod ium t r a n e t a p h o s p h a t e , 854 

o c t o h y d r a t e , 855 
thail ic octochloride , 646 
tha l lous d i su lphate , *782 
t h o r i u m ni trate , 828 

liexa.3miziinosulpli.ate


C o b a i t o u s tria.iruxdn.osulph.ate, 77O 
t r a h y d r a z i n e o a r b o n a t e , 8IO 
t r i h y d r a z i n e n i t r a t e , 826 
t r ihydraz ix iesu lp l i a te , 771 
t r i m e t a p h o s p h a t e , 854 
t r i p h o s p h a t e , 853 
u r a n y l p h o s p h a t e , 853 
z inc c a r b o n a t e , 813 

o r t h o p h o s p h a t e , 852 
s u l p h a t e , 782 
t e t r a c h l o r i d e , 644 

C o b a l t s m i t h s o n i t e , 813 
C o b a l t u m ferro s u l p h u r a t o m i n e r a l i s a t e m , 

757 
p u r i s s i m u m , 452 

C o b a l t y l s o d i u m s u l p h a t e , 79O 
s u l p h a t e , 789 

Cobel , 419 
C o c h r o m e , 519 
Codazz i t e , 369 
C o e r u l e u m bero l inense , 39O 
Col l ins i te , 396 
C o p i a p i t e , 328 , 329 , 333 

o, 329 
/J-, 328 , 329 

CJopper -a lumin ium-coba l t a l l oys , 535 
a m m o n i u m c o b a i t o u s s u l p h a t e , 781 

fe r rous s u l p h a t e , 297 
c o b a l t a l l oys , 529 

si l icon a l l oys , 536 
z inc a l l oys , 533 

c o b a l t i e dichlorobisethylenediancu.no-
ch lo r ide , 67O 

hexe jx iminopen tach lo r ide , 656 
fi. - i m i n o - p e r o x o - q u a t e r e t h y leno -
d i a m i n e n i t r a t e , 846 

t r i s e t h y l e n o d i a m i n o p e n t a -
ch lo r ide , 657 

c o b a l t i t e , 594 
c o b a i t o u s d i o x y s u l p h a t e , 781 

h y d r o s u l p h a t e , 781 
n i t r a t e , 828 
s u l p h a t e , 780 
t r i h y d r o x y n i t r a t e , 828 
t r i o x y d i b r o m i d e , 718 
t r i o x y d i c h l o r i d e , 641 
t r i o x y d i s u l p h a t e , 781 

ferr ic a l u m , 347 
p h o s p h a t e , 4IO 
p y r o p h o s p h a t e , 415 
s u l p h i d e s , 183 
t e t r a s u l p h a t e , 347 

h e p t a h y d r a t e , 347 
t e t r a c o s i h y d r a t e , 347 

f e r rous ferr ic h e p t a s u l p h a t e , 351 
d e c a h y d r a t e , 351 

s u l p h a t e , 296 
h e x a f l u o f e r r a t e , 8 
l e a d ferr ic t r i o x y d i s u l p h a t e , 35O 
- m e l a n t e r i t e , 295 
m o l y b d e n u m - c o b a l t a l l oys , 54O 

p o t a s s i u m c o b a i t o u s s u l p h a t e , 781 
ferr ic s u l p h i d e , 167 
f e r rous s u l p h a t e , 297 

- s t t i oon-ch ro imum-coba l t a l l o y s , 540 
s u l p h o c o b a l t i t e , 757 

C o p p e r a s , 2 4 5 , 248 
C o q u i m b i t e , 3 0 3 , 307 
Corkite, 4 1 2 
Cuban, 192 
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C u b a n i t e , 183, 192 
Cube i t e , 328, 348 
Cupr io ferr ic d i s u l p h i d e , 192 

fe r rous ferric h e x a s u l p h i d e , 192 
s u l p h i d e , 167 

Cuprofe r r i to , 295 
Cupro ja ros i t e , 343 
C u p r o p y r i t e , 192 
C u p r o u s ferr ic d i s u l p h i d e , 184 

h e x a s u l p h i d e , 192 
p e n t a s u l p h i d e , 189 
t e t r a c h l o r i d e , 104 

t e t r a h y d r a t o , 104 
t r i s u l p h i d e , 189 

f e r rous ch lo r ide , 33 
h e p t a s u l p h i d e , 167 
p e n t a s u l p h i d e , 167 
s t a n n i c s u l p h i d e , 189 
t r i s u l p h i d e , 167 

n i t r a t e s , 378 
p o t a s s i u m ferric t o t r a s u l p h i d e , 192 
s o d i u m ferric t e t r a s u l p h i d e , 192 
s t a n n i c fe r rous s u l p h i d e , 168 
su lphofe r r i to , 184 
t e t r a c h l o r o f e r r a t e , 104 

Cyanofe r r i t e , 295 
Cyprus ibe , 328 , 335 

r> 

D a n a i t e , 424 
D a u b r e e l i t e , 168 
D e l v a u x e n o , 411 
D e l v a u x i t e , 408 
D e r n b a e h i t e , 412 
E>estinezite, 412 
D i a d o e h i t e , 412 
L>ialogito, 359 
D i a q u o b i s e t h y l e n o coba l t i e d i a m i n e -

h y d r o x i d e , 595 
D i a q u o t e t r a p y r i d i i i e c o b a i t o u s fluoride, 606 
D i e k i n s o n i t e , 396 
D i c o b a l t i c / t - a c e t a t o - a m i n o - o l - h c x a m m i n e s , 

710 
- d i o l - h e x a m m i n e s , 7IO 

aceta toaquo- /A-aceta to-ol -hexarrunines , 
709 

/ i - a m i n o - d e c a m m i n e s , 708 
d i o l - h e x a n u n i n e s , 7IO 

. n i t r o - o c t a m m i n e s , 709 

. -qua te re thy le i i ed ia rn ines , 
709 

o l - o c t a m m i n e s , 709 
peroxo-hexarnmin.es , 710 
q u a te re thy lonodi a m i n e s , 

709 
p o r o x o - o c t a m m i n e s , 709 

/ t*-ammonium-peroxo-qt iatoro t h y leno-
d i a m i n c s , 709 

broruoaqvio-ju.-amino-oftainmines, 708 
—_— ch lo roaquo- / i - amino-oc tammines , 708 

cl i loronitrato-/Lt-amino-octammines, 
708 

^ - d i a m i n o - o o t a m n u n o s , 709 
d iaquo- /* -ace ta to -amir io -hexammines , 

709 
yu-amino-ol-hexammines, 709 
d i o l - h e x a m m i n e s , 708 

tria.iruxdn.osulph.ate
dichlorobisethylenediancu.no-
peroxo-hexarnmin.es
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D i c o b a l t i c d^bromo- /4 -amino-peroxo-hex-

a m m i n e e , 709 
/x -n i t ro -o l -hexammineg , 709 

d i c h l o r o - ^ - a m m o - m t r o h e x a m m i n e s , 
709 

- p e r o x o - h e x a m m i n e s , 709 
- / i - n i t r o - o l - h e x a m m i n e s , 709 

— d i n i t r a t o - d i o l - h e x a m m i n e s , 708 
— /x -d in i t ro -o l -hexammines , 7IO 
— d i o l - o c t a m m i n e s , 708 

q u a t e r e t h y l e n e d i a m i n e s , 708 
— h y d r o x y a q u o - p e r o x o - o l - h e x a m m i n e s , 

709 
— / * - i m i n o - p e r o x o - q u a t e r e t h y l e n e d i a -

m i n e s , 709 
— n i t r a t o a q u o - j u - a m i n o - o c t a m m i n e s , 708 

- o l - h e x a m m i n e s , 709 
- d i o l - h e x a m m i n e s , 709 

/x -n i t ro -d io l -hexanun ines , 7IO 
peroxo-d.eeamrnin.es , 7U7, 708 

d io l - sex iesa l ly l amines , 7IO 
. s e x i e s b e n z y l a m i n e , 7IO 

s e x i e s p r o p y l a m i n e , 7IO 
s a l t s , 707 
s e l ena to - / x - amino -oc t ammines , 708 
s u l p h a t o - / i - a m i n o - o c t a m m i n e s , 708 

q u a t e r e t h y l e n e d i a m i n e s , 
708 

f t - imino-oc tammines , 708 
— t e t r a b r o m o - / i . - a m m o - h e x a m m i n e s , 708 
— te t r ach lo ro - /x -anuno-hexamxn ine , 708 
— t h i o c y a n a t o c h l o r o - / * - a m i n o o c t a m -

raines, 708 
— t r i c h l o r o a q u o - ^ - a m i n o - h e x a m r n i n e s , 

708 
— t r i c h l o r o h y d r o x y - p o r o x o - h e x a m m i n e s , 

708 
—- t r ichl or o n i t r a t o - ft - a rn ino - h e x a m m i ries, 

708 
t r i o l - h e x a r a m i n e s , 709 

E r u b e s c i t e , 189 
E r y t h r i t e , 4 2 4 
E t h y l f e r r i s u l p h a t e , 319 
E t h y l a m m o n i u m ferr ic fluorides, 7 

fluoferrate, 8 
h e p t a c b l o r o f e r r a t e , 1Ol 
t e t r a e h l o r o f e r r a t e , 1Ol 

E t h y l e n e d i a m i n o a m m o n i u m p e n t a f l u o -
f e r r a t e , 8 

E 

Fa i r f i e ld i t e , 396 
F a l s e o re , 419 
F e a t h e r - a l u m , 299 
F e r s p a t h i q u e , 3 5 5 

su l fu re m a g n e t i q u e , 136 
s u l p h u r e b l a n c , 218 

F e r r i c - a l u m i n a , 9 5 
a l u m i u m c a l c i u m o x y p b o s p b a t e , 411 
a l u m i n i u m ch lo r ide , 104 

b y d r o s u l p h a t e , 348 
o x y p h o s p b a t e , 411 

a m m i n o p h o s p h a t e , 410 
a m m o n i u m a l u m i n i u m a l u m s , 349 

a n t i m o n y c h l o r i d e , 102 
c a r b o n a t e , 37O 
c h r o m i u m a l u m s , 350 
d i s u l p h a t e , 336 

d o d e c a b y d r a t e , 337 

U i d y m i u m c o b a l t o u s n i t r a t e , 828 
f e r rous d o d e c a n i t r a t e , 378 

D i h y d r a t e d c o b a l t i c d i h y d r o x y o c t a m m i n o -
t e t r a c b l o r i d e , 674 

D i m e t h y l a m m o n i u m ferr ic fluorides, 7 
• fluof e r r a t e , 8 

h e p t a c h l o r o f e r r a t e , 1Ol 
• p e n t a c b l o r o f e r r a t e , 1Ol 

t e t r a e h l o r o f e r r a t e , 101 
D i p h o s p h a t o f e r r i c ac id , 4IO 
D i s o d i u m t r i c o b a l t o u s t r i m e t a p h o s p h a t e , 

854 
h e n i c o s i h y d r a t e , 854 

I> i su lpba to ferr ic ac id , 319 
D o d e k a m m i n e -hexo l -1 e t r a k o b a l t 

sa lze , 681 
D o u g l a s i t e , 32 
D u f r e n i t e , 407 

E 

E a r t h y c o b a l t , 424 
E i s e n g l i m m e r , 39O 
Eise tnphyl l i te , 39O 
E i s e n s p a t h , 355 
E l e o n o r i t e , 408 
E n c r e sympa the t iqT-e , 421 
E o s p h o r i t e , 397 
E r u b e s c e n e , 189 

( H l ) -

f e r rous o c t o s u l p h a t e , 351 
o x y c a r b o n a t e , 37O 

fluoride, 7 
h e p t a c h l o r i d e , 99 

• h e x a f l u o r i d e , 7 
o x y t e t r a s u l p h a t e , 339 
p e n t a b r o m o i o d i d e , 135 
p e n t a c h l o r i d e , 99 
p h o s p h a t e , 4 IO 
p y r o p h o s p h a t e , 414 
s u l p h a t o f l u o b e r y l l a t e , 353 
s u l p h i d e , 182 
t e t r a b r o m i d e , 124 
t e t r a c h l o r i d e , 99 
t r i d e c a c h l o r i d e , 1Ol 
t r i s u l p h a t e , 336 

a n t i m o n y o c t o c h l o r i d e , 82 
o c t o d e c a c h l o r i d e , 125 

b a r i u m ch lo r ides , 104 
d i s u l p h a t e , 347 
s u l p h i d e , 194 

b e r y l l i u m p e n t a c h l o r i d e , 104 
b r o m i d e , 117, 122 

h e m i t r i h y d r a t e , 122 
h e x a b y d r a t e , 122 
p r e p a r a t i o n , 122 
p r o p e r t i e s , c h e m i c a l , 124 

p y h s i c a l , 123 
t r i h y d r a t e , 122 

b u t y l a m m o n i u m fluorides, 8 
c a d m i u m ch lo r ide , 104 

d i s u l p h i d e , 194 
caesium a l u m , 3 4 5 

c h l o r o b r o m i d e , 77 
d e c a o h l o r i d e , 103 
d i c h l o r o t r i b r o m i d e , 125 
d i s u l p h a t e , 3 4 5 
d o d e o a c h l o r i d e , 103 
h e x a c h l o r i d e , 103 

peroxo-d.eeamrnin.es


F e r r i c caesium o c t o c h l o r i d e , 103 
p e n t a b r o m i d e , 125 
p e n t a c h l o r i d e , 103 
t e t r a b r o m i d e , 125 
t e t r a c h l o r i d e , 103 
t r i c h l o r o d i b r o m i d e , 125 

c a l c i u m c h l o r i d e s , 1Ot 
f l u o p h o s p h a t e , 412 
oxypb.osph.a te , 411 
s u l p h i d e , 194 

c a r b o n a t e , 369 , 37O 
c h l o r i d e , 4O 

c o m p l e x i n o r g a n i c s a l t s , 98 
o r g a n i c s a l t s , 83 

d i h y d r a t e , 42 
f o r m a t i o n , 4O 
h e m i h e p t a h y d r a t e , 4 3 
h e m i p e n t a h y d r a t e , 4 3 
h e x a h y d r a t e , 4 3 
p r e p a r a t i o n , 4O 
p r o p e r t i e s , c h e m i c a l , 7O 

p h y s i c a l , 45 
t e t r a h y d r a t e , 4 3 
t r i h y d r a t e , 4 3 

c h l o r o p e n t a q u o c h l o r i d e , 47 
c h l o r o s u l p h a t e , 317 
c h r o m i c b r o m o s u l p h a t e , 350 , 3 5 3 

h y d r o s u l p h a t e , 35O 
c o b a l t i c c h l o r o p y r i d i n e b i s e t h y l e n e -

d i a m i n e c h l o r i d e , 666 
n icke l ie o x i d e , 586 
o x i d e , 586 

c o b a l t o u s c h l o r i d e , 647 
p e n t a f l u o r i d e , 608 

c o p p e r a l u m , 347 
f e r rous h e p t a s u l p h a t e , 351 

d e c a h y d r a t e , 3 5 1 
l e a d t r i o x y d i s u l p h a t e , 35O 
p h o s p h a t e , 410 
p y r o p h o s p h a t e , 415 
s u l p h i d e s , 183 
t e t r a s u l p h a t e , 347 

h e p t a h y d r a t e , 347 
t e t r a c o s i h y d r a t e , 347 

c u p r i c d i s u l p h i d e , 192 
f e r rous h e x a s u l p h i d e , 192 

c u p r o u s d i s u l p h i d e , 184 
h e x a s u l p h i d e , 192 
p e n t a s u l p h i d e , 189 
t e t r a c h l o r i d e , 104 

t e t r a h y d r a t e , 104 
t r i s u l p h i d e , 189 

d i a m m i n o c h l o r i d e , 8O 
d i a m m i n o s u l p h a t e , 32O 
d i c h l o r o b r o m i d e , 125 
d i c h l o r o i o d i d e , 77 , 135 
( d i ) c h l o r o t e t r a q u o o h l o r i d e , 47 
d i e t h y l a l c o h o l o c h l o r i d e , 8 3 
d i h y d r o p e n t a c h l o r i d e , 75 
d i h y d r o p h o s p h a t e , 4 1 0 

d i h y d r a t e , 4 1 0 
d i m e t h y l a m m o n i u m fluorides* 7 
dior thophosphate , 4 0 9 

i d e c a h y d r a t e , 4 0 9 
o e t o h y d r a t e , 4 0 9 

d i o x y s u l p h a t e , 3 3 4 
d i h y d r a t e , 3 3 9 
h e x a h y d r a t e , 3 3 5 
p e n t a h y d r a t e , 3 3 4 
t r ihydrate , 3 3 4 
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F e r r i c d o d e c a m m i n o e h l o r i d e , 80 
d o d e c a m m i n o s u l p h a t e , 32O 
e t h y l m e r c a p t i d e , 180 
e t h y l a m m o n i u m f luor ides , 7 
f e r r o u s a l u m , 350 

d e c a s u l p h a t e , 351 
t e t r a h y d r o h e x a s u l p h a t e , 351 

t r i d e c a h y d r a t e , 351 * 
t e t r a s u l p h a t e , 35O 

t e t r a c o s i h y d r a t e , 35O 
t e t r a d e c a h y d r a t e , 35O 

f luochlor ide , 7 
f luor ide , 3 

h e m i e n n e a h y d r a t e , 4 
t r i h y d r a t e , 4 

h e m i n i t r o s y l c h l o r i d e , 81 
h e m i p e n t a h y d r o h e m i h e n n a c h l o r i d e , 

75 
h e m i p h o s p h o r y ! c h l o r i d e , 82 
h e m i t r i h y d r o h e m i e n n e a c h l o r i d e , 75 
h e x a h y d r o x y p e n t a s u l p h a t e , 329 
h e x a m e t a p h o s p h a t e , 415 
h e x a m m i n o b r o m i d e , 124 
h e x a m m i n o c h l o r i d e , 79 
h e x a m m i n o s u l p h a t e , 32O 
h e x a n t i p y r i d i n o b o r o f l u o r i d e , 8 
h e x a q u o e h l o r i d e , 47 
hydrass inochlor ide , 80 
h y d r o p y r o p h o s p h a t e , 413 
h y d r o t e t r a c h l o r i d e , 76 
h y d r o t e t r a n i t r a t e , 379 
h y d r o x y b i s h y d r o s u l p h a t e , 319 
h y d r o x y c a r b o n a t e , 37O 
h y d r o x y l a m i n o c h l o r i d e , 81 
h y d r o x y t e t r a s u l p h a t e , 329 
i od ide , 133 
i o d o s u l p h a t e , 317 
l e a d ch lo r ide , lOo 

h y d r o x y t e t r a s u l p h a t e , 349 
o x y t r i s u l p h a t e , 349 

l i t h i u m ch lo r ide , 102 
l i t h i u m m a n g a n o u s p h o s p h a t e , 412 
m a g n e s i u m a l u m , 348 

fe r rous t r i s u l p h a t e , 353 
h y d r o x y s u l p h i d e , 194 
t e t r a h y d r o t r i s u l p h a t e , 348 
t e t r a s u l p h a t e , 348 
t r i h y d r o d i s u l p h a t e , 348 

m a n g a n e s e p h o s p h a t e , 411 
m a n g a n i c h y d r o s u l p h a t e , 35O 
m a n g a n o u s ch lo r ide , 105 
m a n g a n o u s h y d r o s u l p h a t e , 350 
m e r c u r i c b r o m i d e , 121 
m e t h y l a m m o n i u m f luor ides , 7 
n i t r a t e , 375 , 378 

h y d r a t e s , 379 
p r o p e r t i e s , chemica l , 384 , 385 

p h y s i c a l , 38O 
n i t r o x y l c h l o r i d e , 81 
o x y b r o m i d e , 123 
o x y ch lo r ide , 72 
o x y d i s u l p h a t e , 330 
. m o n o h y d r a t e , 331 

p e n t a h y d r a t e , 331 
t r i h y d r a t e , 331 

oxyf iuor ides , 6 
o x y p e n t a s u l p h a t e , 329 
o x y p h o s p h a t e , 407 

-,, ,, p e n t a m m i n o o h l o r i d e , 80 
p e n t o x y s u l p h a t e , 335 

3 IJ 

oxypb.osph.ate
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Ferric pentoxysulphate heptahydrate, 335 
hexahydrate, 335 
octohydrate, 335 

pentoxytetrasulphate, 334 
decahydrate, 334 
enneahydrate, 334 

pentoxytritatetrasulphate, 333 
phosphate, 4Ol 

colloidal, 404 
dihydrate, 401, 403 
tetraheptahydrate, 4Ol 

— trihydrate, 4Ol 
•• phosphoctochloride, 81 

potassium alum, 339 
< aluminium alums, 349 

• amminochlorides, 103 
—= bromide, 124 

copper sulphide, 167 
cuprous tetrasulphide, 192 
difluotrichloride, 77 
dihydrodisulphate, 34O 

• dioxydodecasulphate, 341 
decahydrate, 342 
pentahydrate, 342 
trihydrate, 342 

disulphate, 339 
dibydrate, 34O 
dodecahydrate, 339 
tetrahydrate, 34O 

heptasulphate, 339 
hexafluoride, 8 
hydroxytetrasulphate, 343 
nitrate, 387 
pentachloride, 102 
phosphate, 4IO 
sulphide, 182 
trisulphate, 339, 344 

propylammonium fluorides, 7 
pyridinophosphij-'te, 410 
pyrophosphate, 412 
rubidium alum, 344 

chlorobromide, 77 
dichlorotribromide, 125 
disulphate, 344 
pentachloride, 103 
trichlorodibromide, 125 

silver chloride, 104 
disulphide, 193 
hydrotetrasulphate, 3^ 7 

• metaphosphate, 415 
pyrophosphate, 415 
tetrasulphide, 193 

sodium ammmopyrophosphates, 415 
bromide, 125 
chloride, 102 
cuprous tetrasulphide, 192 
dihydroxypyrophos-^hate, 414 
diorthophosphate, 410 

dihydrate, 410 
monohydrate, 410 

fluoride, 8 
hemihydrate, 8 

hydrodisulphate, 345 
hydroxypyrophosphate, 414 

hemitrihydrate, 4141 
pentahydrate, 414 

hydroxytetrasulphate* 346. 
metaphosphate, 415 
pyrophosphate, 413, 414 

enneahydrate, 413 

Ferric sodium sulphide, 183 
triorthophosphate, 41O 
triphosphate, 415 
trisulphate, 346 

strontium chlorides, 104 
sulphate, 245, 302 

basic, 328 
complex salts, 336 
decahydrate, 303, 307 
dihydrate, 303, 308 
dodecahydrate, 303, 307 
enneahydrate, 303, 307 
hemihydrate, 303 
hemipentahydrate, 308 
heptahydrate, 303 
hexahydrate, 303, 308 
preparation, 303 
properties, chemical, 316 

physical, 308 
tetrahydrate, 303 
trihydrate, 303 

- sulphatophosphate, 412 
- sulphide, 179 

colloidal, 181 
hydrated, 18O 

- sulphoheptachloride, 78 
- tetrametaphosphate, 415 
- tetramethylammonium fluoride, 7 
- tetramminosulphate, 32O 
- t etranitrosylchloride, 81 
- tetrasulphate, 318 

enneahydrate, 318 
. . monohydrate, 319 
- thallous alum, 349 

disulphate, 349 
pentachloride, 105 

- triamminochloride, 8O 
- trichlorohexabromide, 125 
- triethylammonium chlorotribromide, 

125 
trichlorobromide, 125 

- trihydrohexaohloride, 75 
- trihydroxydiphosphate, 408 
- trihydroxyphosphate, 408 
- trimetaphosphate, 415 
• dihydrate, 415 

trihydrate, 415 
• trimethylammonium fluoride, 7 
- triorthophosphate, 409 

hexahydrate, 409 
tetrahydrate, 409 

• trioxytrisulphate, 333 
• hemihydrate, 333 

heptahydrate, 333 
zinc alum, 348 

chloride, 104 
tetrasulphate, 348 

tetracosihydrate, 348 
tetiadeoabydxate, 348 

Ferrikalite, 344 
Ferrinatrite, 346 
Ferripyrophosphates, 413 
Ferrisulphuric acid, 319, 320 
Ferro cobaltum sulphurato mixieralizatem, 

757 
Ferrobruoite, 369 
Ferrooobaltite, 424 
Ferronatrite, 328, 346 
Ferropallidite, 246, 261 
Ferrosio bromide, 117, 126 



Ferrosic b r o m i d e decahydrate , 125 
hexa.hydra.te, 125 • 

• carbonate , 37O 
chloride, 4O, 106 
p h o s p h a t e , 399 

• p o t a s s i u m bromide , 126 
rubid ium bromide , 126 
sulphide , 137 
te trasu lphate , 35O 

Ferrous acetanmopyridinechlor ide , 28 
a l u m i n i u m bromide , 121 

fluoride, 3 
hydrosu lphate , 299 

• oxychlor ide , 36 
p h o s p h a t e s , 395 , 397 
su lphate , 299 
su lphatophosphate , 396 
sulphide , 168 

anxminobromide, 12O 
a m m o n i u m a q u o p e n t a m m i n o s u l p h a t e , 

29O 
beryl l ium f luosulphate , 297 
bromide , 121 
carbonate , 369 
cobal tous su lphate , 783 
copper su lphate , 297 
ferric oc tosu lphate , 351 

o x y c a r b o n a t e , 37O 
fluoride, 3 
h y d r o p h o s p h a t e , 397 
m a n g a n o u s su lphate , 3Ol 
p h o s p h a t e , 395 
pyrophosphate , 398 
su lpha tofluobery Hate, 3Ol 
tetrachloride, 31 
tetrafluoride, 3 
trifLuoride, 3 

. m a g n e s i u m sulphate , 297 
- z inc su lphate , 298-
- a n t i m o n y sulphide , 168 
• aquoamminof luoride , 3 
- aquohemiaxnminofluoride, 3 
- aquopentamminof luor ide , 2 
- auric iodide , 133 
- beryl l ium su lphate , 297 
• b i s m u t h chloride, 35 
• bromide , 117 

d ihydrate , 117 
• h e m i h y d r a t e , 117 
• h e x a h y d r a t e , 117 

m o n o h y d r a t e , 117 
preparat ion, 117 
t e t rahydrate , 117 

c a d m i u m hexachlor ide , 35 
su lphate , 299 
su lph ide , 167, 194 

caesium su lphate , 293 
tetrachloride , 32 
trichloride, 3 2 

ca lc ium chlorides , 3 3 
p h o s p h a t e , 395 

carbonate , 3 5 6 
col loidal , 357 
c o m p l e x , 369 
format ion , 357 

- preparat ion , 357 
• propert ies , chemical , 3 6 3 

phys ica l , 3 6 8 
chloride , 9 

d ihydra te , 13 

883 

Ferrous chloride formation, IO 
hexahydrate , 12 
preparation, IO 
properties, chemical , 2O 

phys ical , 13 
te trahydrate , 13 

chromic hydrosulphate , 3OO 
sulphide, 168 

chromous su lphate , 3OO 
cobal tous chloride, 647 

hydrosulphate , 783 
su lphate , 783 

copper ferric heptasulphate , 351 
decahydrate , 351 

• ferric hexasulphide , 192 
su lphate , 296 
sulphide , 167 

cuprous chloride, 33 
•— heptasulphide , 167 

pentasulphide , 167 
s tannic sulphide , 168, 189 
trisulphide, 167 

decamminochlor ide , 24 
d iamminobromide , 12O 
diamminochloride , 25 
diatnminoiodide, 132 

———- d iamminosu lphate , 274 
dianil inechloride, 28 

— d i d y m i u m dodocanitrate , 378 
d ihydrophosphate , 397 
d imethylamminochlor ide , 25 
dipyridinechloride, 29 
(di)pyridylchloride, 28 
e thy lenebromide , 121 
ethylenechloride , 27 
ferric a lum, 35O 

decasulphate , 351 
totrahydrohexasulphato , 351 

tr idocahydrate , 351 
• totra-sulphato, 35O 
. totraeosihydrate , 35O 

tetradoeahydrate , 35O 
fluoberyllate, 3 
fluoferrito, 4 

—' fluoride, 1 
octohyclrato, 1 
t e trahydrate , 1 

fluosil icate, 3 
fluotitaixate, 3 
go ld sulphide , 167 
heminitrosylcl i loride, 26 
hemitr ini trosylsulphatc , 275 
heptacarbony 1 bromide, 121 
h e x a m e t a p h o s p h a t e , 398 
hoxamethylaminocl i lor ide , 25 
hexamethylenotetramininoehloride , 28 

— hoxamminobromi.de, 12O 
hexarnixiinochloride, 24 
hexamminoiod ido , 131 
hexamminoni tra te , 378 
hexamminosu lphate , 273 
hexantipyrinoborofluoride, 3 
hydrazinochloride, 25, 32 
hydrochloride, 22 
hydrophosphate , 394, 397 

hemihydrate , 397 
monohydrate , 397 

hydrosulphate , 251, 273 
. hydrosulphatosulphate , 273 

hydroxyhydrosu lphate , 251 
3 I** 

hexa.hydra.te
hoxamminobromi.de
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Ferrous hydroxylaminochlor ide , 25 
hydroxytr ichlor ide , 21 
iodide, 127, 133 

c o m p l e x sal ts , inorganic, 132 
organic , 133 

d ihydrate , 128 
h e x a h y d r a t e , 128 
p e n t anydrate , 128 

— properties , chemica l , 13O 
phys ica l , 128 

te trahydrate , 128 
l ead hexa iod ide , 133 

su lphide , 168 
l i t h i u m phosphate , 396 

su lphate , 293 
trichloride, 32 

m a g n e s i u m a luminium sulphate , 3OO 
• carbonate , 369 

• ferric tr isulphate , 353 
su lphate , 297 
tetrachloride, 33 

• manganese pentasu lphide , 168 
m a n g a n o u s chlorides, 35 

chlorophosphate , 396 
f luophosphate , 396 
phosphate , 396 
su lphate , 30O 

mercuric hexa iod ide , 133 
iodide, 133 
tetrachloride, 35 

m e t a p h o s p h a t e , 398 
te trahydrate , 398 

methyla lcoholochlor ide , 27 
monamminochlor ide , 25 
monammino iod ide , 132 
m o n a m m i n o s u l p h a t e , 274 
ni trate , 375 , 376, 378 

decahydrate , 377 
• enneahydrate , 377 

h e x a h y d r a t e , 376 
o c t o h y d i ^ l o , 377 
pentahydra te , 377 
preparat ion, 376 
properties , chemical , 377 

phys ical , 377 
ni trosylbromide, 121 
n i trosy lhydrophosphate , 397 
n i trosy lpentamminochlor ide , 26 
n i t rosy lpentamminoni trate , 378 
n i trosy lpentaquoni trate , 378 
n i trosy lsulphate , 275 
or thophosphate , 391 
o x y n i t r a t e , 377 
o x y s u l p h a t e , 268 
pentacarbonylbromide , 121 
pentacarbonylohloride , 27 
pentafluoferrate, 8 
pentahydrosu lphatosu lphate , 273 
pentamminosu lphate , 2/*4 
phenantrol inechloride, 28 
phosphate , 39O 

colloidal , 392 , 394 
h e x a h y d r a t e , 392 
monohydrate , 392 
oc tohydrate , 392 
tr ihydrate , 392 

— p o t a s s i u m carbonate , 369 
cobal tous su lphate , 783 
copper su lphate , 297 

— m a g n e s i u m su lphate , 297 

Ferrous p o t a s s i u m m a n g a n o u s su lphate , 
3Ol 

su lphate , 29O 
d ihydrate , 291 
h e x a h y d r a t e , 29O 
te trahydrate , 291 

sulphide , 166 
tetrachloride, 32 

d ihydrate , 32 
m o n o h y d r a t e , 32 

tetrafluoride, 3 
trichloride, 32 
zinc su lphate , 298 

- pyrophosphate , 398 
• pyrosu lphate , 273 
- rubid ium su lphate , 2 9 2 

tetrachloride , 32 
• trichloride, 3 2 
s i lver henasulphide , 193 

octosulphide , 193 
pentasu lphide , 193 
sulphide , 167 
tr isulphide, 193 

s o d i u m chloride, 3 2 
m e t a p h o s p h a t e , 398 
pentasulphide , 166 
pyrophosphate , 398 
su lphate , 294 

d ihydrate , 295 
te trahydrate , 295 

sulphide , 165 
t e trasu lphate r 295 
tr iphosphate , 398 
tr ipotass ium hexachlor ide , 32 

s tann ic bromide , 122 
hexachlor ide , 35 s t a n n o u s sulphide , 168 

s t r o n t i u m chlorides , 33 
su lphate , 242 

d ihydrate , 25O 
h e p t a h y d r a t e , 248 
h e x a h y d r a t e , 249 
h y d r a t e s , 246 
m o n o h y d r a t e , 249 , 25O 
p e n t a h y d r a t e , 249 
preparat ion, 245 
propert ies , chemical , 264 

phys ica l , 251 
t e t rahydrate , 249, 250 
tr ihydrate , 25O 
tr i taoc tohydrate , 250 

su lphide , 136, 14O 
c o m p l e x sa l t s , 165 
format ion , 141 
nature , 9, 137 
preparat ion , 141 
propert ies , chemica l , 157 

phys ica l , 147 
te tracarbonylbromide , 121 

• te tracarbonylchlor ide , 27 
te tracarbonyl iodide , 132 

• t e t r a m e t a p h o s p h a t e , 398 
t e t ramminosu lphate , 274 
te trapyridinochlor ide , 28 
t e tran i troxy lbromide , 121 
te tr i tani troxylchlor ide , 2 6 
tha l l ium v o l t a i t e , 3 5 3 
thal lous su lphate , 3 0 0 
tr ianuninosulphate , 274 

m o n o h y d r a t e , 274 
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F e r r o u s t r i h y d r o s u l p h a t ©sulphate , 273 
t r imetaph.ospt ia . te , 398 
z inc ch lo r ides , 34 

h y d r o s u l p h a t e , 298 
s u l p h a t e , 297 

.— s u l p h i d e , 167 
t r i s u l p h a t e , 298 

d i h y d r a t e , 298 
o c t o d e c a h y d r a t e , 298 

F e r r u m c u m m a g n e s i o e t t e r r a ca l ca rea 
ac ido ae r eo m i n e r a l i z a t u m , 355 

• i n t r a c t i b i l e a l b i c a n s s p a t h o s u m , 355 
r e d u c t u m , 303 

F ib ro fe r r i t e , 328 , 333 
F lo re s sa l is a m m o n i c i m a r t i a l c s , 98 
F o r b e s i t e , 424 
Koucher i t e , 411 
F r i e se i to , 193 

G 

G a d o l i n i u m c o b a l t o u s n i t r a t e , 828 
Geek i s , 183 
Gelbeisenorz , 343 
Gersdorffi te , 424 
G l a u b e r ' s i ron t r e e , IO 
G l a u c o d o t e , 424 
Glaucos ide r i t , 39O 
Globos i t e , 411 
Glocke r i t e , 328 , 335 
G n o m i u m , 4 2 1 , 525 
Gold c o b a l t a l loy , 532 

coba l t i c a q u o p e n t a m m i n o b r o m o -
s u l p h a t e , 795 

a q u o p e n t a m m i n o c h l o r o s u l p h a t e , 
794 

a q u o p e n t a m m i n o h e x a c h l o r i d e , 
661 

b i s e t h y l e n e d i a m i n e d i a m m i n o -
e n n e a c h l o r i d e , 658 

b ise t h y lened i ami nedi a n vmino -
h e x a c h l o r i d e , 658 * 

c h l o r o p e n t a m r a i n o p e n t a c h l o r i d e , 
665 

d i b r o m o t e t r a m m i n o t e t r a e h l o r -
i d e , 729 

d i e h l o r o b i s p r o p y l ened i amino-
t o t r a c h l o r i d o , 67O 

d i c h l o r o t e t r a m m i n o t e t r a c h l o r -
ide , 669 

d i c h l o r o t e t r a p y r i d i n e t o t r a -
ch lo r ide , 669 

, h e x a m m i n o b r o m o s u l p h a t e , 792 
h e x a m m i n o c h l o r o s u l p h a t e , 791 
s u l p h o d i a c e t a t o b i s e t h y l o n o -

d i a m i n e c h l o r i d e , 671 
fe r rous s u l p h i d e , 167 

G o r d a i t e , 346 
G r a f t o n i t e , 412 
G r a u k o b a l t e r z , 750 
G r e e n v i t r i o l , 2 4 5 , 248 
G r e y c o b a l t o r e , 424 
G u a n i d i n i u m p e n t a f l u o f e r r a t e , 8 
Gu i ld i t e , 328 , 347 , 351 

H 

H s e m a t o p h a n i t e , 105 
Hair-sa l t , 299 

H a l o t r i c h i n e , 299 
H a l o t r i c h i t e , 299 
H a r b o r i t e , 411 
H a u c h e c o r n i t e , 424 
H en g l e in i t e , 424 
H e p a t o p y r i t e s , 200 
H e t e r o g e n i t e , 424 , 586 
H e u b a c h i t o , 424 , 586 
H o h m a n n i t e , 332 
H o m i c h l i n , 208 
H o r b a c h i t e , 136, 758 
H v e r s a l t , 299 
H y d r a z i n e c o b a l t o u s d i s u l p h a t e , 774 

h y d r a z i n o c h l o r i d e , 637 
t e t r a c h l o r i d e , 637 

H y d r a z o n i u m c o b a l t o u s t o t r a b r o m i d e , 718 
H y d r o d i p h o s p h a t o f e r r i c ac id , 403 

h e m i p e n t a h y d r a t o , 403 
— t e t r a h y d r a t e , 403 

H y d r o g l o c k e r i t e , 328 , 335 
H y d r o p h o s p h a t o f e r r i c ac id , 403 

d i h y d r a t e , 403 
H y d r o p y r i t o s , 20O 
H y t l r o t e t r a p h o s p h a t o f e r r i c ac id , 403 
Hydro t r i ch lo ro fe r r i phospho r i c ac id , 404 

I d r i z i t e , 328 , 353 
I h l e i t o , 303 , 307 
/ i - imino-sa l t , 672 
I n d i a n ye l low, 519 
I n k , s y m p a t h e t i c , 4 2 1 , 519 
I n v o r a r i t e , 136 
I r i d i u m , 519 
I r o n b r o m i d e s , 117 
• c a r b o n a t e s , 355 

c h a l c a n t h i t e , 296 
• ch lo r ides , 9, 40 

- c h r o m i u m - c o b a l t a l loys , 540 
c o b a l t a l loys , 544, 553 

a l u m i n i u m , 553 
- c h r o m i u m a l loys , 553 

• - t u n g s t e n a l loys , 554 
- m a n g a n e s e a l loys , 554 
m o l y b d e n u m al loys , 554 
t u n g s t e n a l loys , 554 

c ryo l i t e , 8 
d i su lph ide , 199, 202 

col loidal , 208 
p r e p a r a t i o n , 204 

e a r t h , b lue , 390 
fluorides, 1 
iod ides , 127 
l iquor , 386 

n i t r a t e s , 375 
ore ca lcareous , 355 

s p a r r y , 355 
s p a t h ie , 355 

p e n t a i o d i d e , 134 
subsu lph ides , 138 
su lph ides , 136, 199 
zinc s p a r , 359 

I r o n s t o n e c lay , 355 

J a i p u r i t e , 424, 750 
J a n o s i t e , 303, 307 

trimetaph.osptia.te
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Jarosite , 328, 343, 344 
Jeypoor i te , 75O 
Jul ienite , 424, 820 
Junckerito, 355 

K 

Kammkios , 218 
Kertschenite , a-, 391 

P-, 391 
Kerzinite , 424 
Keweenawi te , 424 
Kies , 199 
Kiny ' s blue* 519 
K i s , 199 
Kobald , 419 
Koba.lt, 419 
Kooe l t , 419 
Kobold, 419 
Koboldin, 757 
Kobol t , 419 
Koelt igite , 424 
Koninckite , 401 
Koppar-lazur, 189 
Kornelite., 303, 308 
Kraurite, 407 
Krausite , 340 
Kreuzborgite, 411 
Kroeberito, 136 
Ktipfer-lazul, 189 
Kupferkis, 183 
Kyrosi te , 200 

L 

Lamotto'8 gold drops, 10 
Landesite , 411 
Lanthanous cobalt ic hexamminosulphate , 

791 
Lanthanum cobaltous nitrate , 828 
Lapparentite , 349 
Lausenite, 303, 308 
Lavendulane, 424 
Lawroncite, 10 
Lazulite, 396 
Lead cobalt al loys, 538 

sulphide, 757 
cobaltic aquopontamminobromido, 723 

hexamminohenabromide, 721 
hexamminohenachlonde , 656 
hexarnminoheptabromido, 720 

— — hexamminopentachloride , 656 
trisethylenediaminoiodide, 744 
tr ishexamminotridecabromido, 

721 
cobaltous hexaiodide, 741 
copper ferric tr ioxydisuluhate , 350 
ferric chloride, 105 

hydroxytetrasulphate , 349 
oxytrisulphate , 349 

ferrous chloride, 35 
hexaiodide, 133 
sulphide, 168 

Lebererz, 200 
Leberkies, 136 

pyrites fuscus, 218 
Leberkise, 136 
Lehnerite, 395 

,( Lennseite, 424 
Leucoglaucite, 320 
Leucophosphate , 411 
Leudouxi te , 424 
Linnseite, 757 
Lithiojarosite, 343 
Lithiophilite, 396 
Lithium cobaltous henachloride, 641 

heptachloride, 641 
hexachloride, 641 
sulphate, 779 
tetrachloride, 641 
trichloride, 64O 

ferric chloride, 102 
ferrous phosphate , 396 

sulphate, 293 
trichloride, 32 

manganous ferric phosphate , 412 
trichloroferrite, 32 

Lonchidite , 200 
Louderbaokite, 328, 351 
Lubeckite , 424, 586 
Luokite, 245 
Ludlamite , 394 
Lusakite , 424 

M 

Magnesia cobalt pink, 519 
Magnesium ammonium cobaltous sulphate , 

781 
ferrous sulphate , 297 
vol ta i te , 353 

-cobalt al loys, 532 
cobaltic aquoquinquesbenzylamino-

sulphate, 794 
cobalt i te , 594 
cobaltous sulphate , 781 

tetrachloride, 642 
ferric a lum, 348 

hydroxysulphide , 194 
tetrahydrotrisulphate, 348 
tetrasulphate, 348 
trihydrodisulphate, 348 

ferrous aluminium sulphate, 300 
- carbonate, 369 

ferric trisulphate, 353 
sulphate , 297 
tetrachloride, 33 

pentachloride, 104 
pentachloroferrate, 104 
percobaltite, 602 
potassium cobaltous sulphate , 782 

ferrous sulphate , 297 
totrachloroferrite, 33 
thal l ium vol ta i te , 353 

Magnetkies, 136 
Manganese-cobalt al loys, 543 

-iron al loys, 554 
molybdenum al loys, 544 

nitrates , 828 
cobaltous chloride, 646 
ferrous pentasulphide, 168 
spar, 359 
vo l ta i te , 352 

Manganic cobaltous pentafiuoride, 608 
-Tr-— ferric hydrosulphate , 350 
Manganocalcite , 359 
Manganosiderite, 360 

Koba.lt
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Manganospharite, 369 
Manganous ammonium cobaltous sulphate, 

782 
ferrous sulphate , 3Ol 

cobalt i te , 694 
oobaltous carbonates , 813 
ferric chloride, 105 

hydrosulphate , 350 
phosphate , 411 

ferrous chlorides, 35 
chlorophosphate, 396 

• f luophosphate, 396 
phosphate , 396 
sulphate , 30O 

• l i thium ferric phosphate , 412 
• potass ium cobaltous sulphate, 783 

ferrous sulphate, 301 
Marcasite, 199, 200, 202 

comparison, pyrites , 221 
properties, chemical, 221 

• physical , 218 
Marcassites rhomboidales, 136 
Marchasita, 199 
Marmatite , 167 
Marquashitha, 199 
Masitite, 359 
Masrium, 421 
Maucherite, 424 
Maus* salt , 341 
Mausite, 341 
Melant6rie, 243, 245 
Melanterite, 245 
Melnikoffite, 208 
Melnikovite, 208 
Melnikowite, 208 
Mercuric cobalt aquopentainni inopenta-

chloride, 661 
nitratopontamminoennoa-

chloride, 836 
cobaltic aquoehloropcntammino-

enneachloride, 661 
aquopentamminochlorosulphate , 
794 
aquo|)ontamminoenneabromido, 

723 
_ aquopentamminopentabromide , 

723 
aquopentamminopentaiodide , 

745 
bispropylenediarninediammiiio-

heptachloride, 659 
bromopentamminobromohepta-

chloride, 725 
. bromopentamininoutobromide, 

725 
bromopentamminoctochloride, 

725 
carbonatopentamminoiodide, 

817 
chloropentamminoc tochloride, 

665 
chioropentamminohexaiodide, 

746 
chloropentamminotetrachloride, 

665 
chloropentarnminotetraiodide, 

746 
chloropyridinebisethylenedia-

minechloride, 666 
dlaquotetrainininochloride, 662 

Mercuric cobalt dibromobisethylenediami~ 
nebromide, 730 

dichlorobisethylenediaminetri-
chloride, 669 

dichlorobispropylenediamine-
heptachloride, 67O 

dichlorotetrammino tetrachloride, 
669 

dichlorotetrarnrnino trichloride, 
669 

dichlorotetrapyridinedodeca-
chloride, 669 

hexamminochlorosulphate, 792 
hexamminoenneabromide, 720 
hexamminoenneachloride, 656 
hexamminoenneaiodide, 743 
hexamminoheptachloride, 656 
hexamminopentabromide, 72O 
hexamminopentachloride, 656 
hexamminopentaiodide, 743 
hexamminotrichloropenta-

cyanide. 656 
/x.-imirio-peroxo-quaterethyleno-

diaminechloronitrate, 856 
nitratopentamminotetrachloride, 

836 
jti-peroxo-docamminohena-

chloride, 673 
trans-bisethylenediaminediaTn-

minotridocachloride, 658 
dichlorobisethylenedi-

aminetrichloride, 67O 
trisethylonediaminebromide, 722 

— cobaltous bromide, 718 
hexaiodide, 741 

• oxybromide, 718 
tetrachloride, 645 
tetraiodide, 741 

ferric bromide, 121 
ferrous hexaiodide, 133 

iodide, 133 
tetrachloride, 35 

hexoxytotraohloride, 646 
trioxydichloride, 645 

Mercury-cobalt al loys, 533 
•ammonium alloy, 534 
-zinc alloy, 534 

cobaltic carbonatobisethylenodiamino-
iodide, 819 

dichlorobisothylenediamine-
iodide, 747 

trisethylenediamiiiochlorides, 
657 

Mesitenspath, 369 
Mesitine, 369 
Mesitite, 369 
Metal ammines, 690 

Blomstrand and Jbrgensen*s 
theory, 690 

Werner's co-ordination theory, 
690 

nucleus theory, 690 
ammonia bases, 688 

Metalonchidite, 2O0 
Metavauxite , 396 
Metavoltine, 328, 341 
a-metavoltine, 342 
/5-metavoltine, 342 
Methylammonium ferric fluorides, 7 

fluoferrate, 8 



888 

Methylaramonium heptachloroforrate, 101 
tetrachloroferrate, 101 

Migsite, 329 
Mine de cobal t sulfureuse, 757 
Minora ferri a lba spathiformis, 355 
Misy, 243 , 329 
Misylito, 329 
Modderito, 750 
Mohawkite , 424 
Molecular a s y m m e t r y , 657 
Molisite, 40 
Molybdenum-aluminium-cobal t al loys , 541 

chromiuni-cobalt a l loys , 641 , 543 
cobal t a l loys , 540 

-iron al loys , 554 
manganese al loys, 544 

copper-cobalt a l loys , 54O 
-t imgsten-chromium-cobalt al loys , fi43 

Molybdenyl cobaltio hexamminofluorido, 
610 

Molysite , 40 
Monheimite , 359 
Moronolite, 343 
Mountain butter , 299 
Mullicite, 390 
Mundic, 199 
Musenite , 757 

N" 
Natroalunite , 344 
!Natrojarosite, 343, 344 
N e o d y m i u m cobal tous ni trate , 828 
Neophase , 348 
Nicco lanum, 421 
Nickel-cobalt separation, 440 

pyri tes , 757 
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- - m e r c u r y a l loy , 534 
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s u l p h i d e , 167 
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