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ABBREVIATIONS

aq. = aqueous
atm. = atmospheric or atmosphere(s)
at. vol. = atomic volume(s)

at. wt. = atomic weight(s)

T° or °K == absolute degrees of temperature
b.p. = boiling point(s)

8° = centigrade degrees of temperature
coeff. = coefficient

conc. = concentrated or concentration
dil. = dilute

eq. = equivalent(s)

f.p. = freezing point(s)

m.p. = melting point(s)

gram-molecule(s)

mol(s) = gram-molecular

molecule(s)
mol(s).= {molecular

mol. ht. = molecular heat(s)
mol. vol. = molecular volume(s)
mol. wt. = molecular weight(s)
press. == pressure(s)

sat. = saturated

soln. = solution(s)

sp. gr. = specific gravity (gravities)
sp. ht. = speocific heat(s)

s8p. vol. = gpecific volume(s)
temp. = temperature(s)

vap. = vapour

In the cross references the first number in clarendon type is the number of the
volume ; the second number refers to the chapter; and the succeeding number refers to the
“§,”” section. Thus 5. 38, 24 refers to § 24, chapter 38, volume 5.

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

The use of triangular diagrams for representing the properties of three-component
systems was suggested by G. G. Stokes (Proc. Roy. Soc., 49. 174, 1891). Ths method was
immediately taken up in many directions and it has proved of great value. With practice it
becomes as useful for representing the properties of ternary mixtures as squared paper is for
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi-
lateral triangle the sum of the perpendicular distances of any point from the three sides is
a constant. Given any three substances 4, B, and C, the composition of any possible
combination of these oan be represented by a point in or on the triangle. The apices of the

xi
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xn ABBREVIATIONS

triangle represent the single components 4, B, and C, the sides of the triangle represent binary
mixtures of 4 and B, B and C, or C and 4 ; and points within the triangle, ternary mixtures.
The compositions of the mixtures can be represented in percentages, or referred to unmity, 10,

etc. In Fig. 1, pure 4 will be represented by a point at the apex marked 4. If 100 be the

B 8 6 =<+ 2 o
Fia, 1. Fia. 2. Fia. 8.

standard of reference, the point 4 represents 100 per cent. of 4 and nothing else; mixtures
containing 80 per cent. of 4 are represented by a point on the line 88, 60 per cent. of 4 by a
point on the line 66, etc. Similarly with B and C—F'igs. 8 and 2 respectively. Combine
Figs. 1, 2, and 3 into one diagram by superposition, and Fig. 4 results. Any point in this

T
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=1
O
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@@ TN
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Xy 5T
9 20 >0 60 80 1002 or C
100 80 60 <0 20 o%or B

F16. 4.—Standard Reference. Triangle.

diagram, Fig. 4, thus represents a ternary mixture. For instance, the point M represents a
mixture containing 20 per cent. of 4, 20 per cent. of B, and 60 per cent. of C.
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CHAPTER LIX
TELLURIUM
§ 1. The History and Occurrence of Tellurium

UP to near the end of the eighteenth century, the peculiar mineral known as white
gold-ore or grey gold-ore, occurring in the sandstone near Zalathna, Transylvania,
appears to have been considered by chemists and mineralogists as a kind of alloy
of antimony and bismuth. One variety of the mineral was called Gelberz, Schrifterz,
Blattererz, or bldtterige Graugolderz by G. A. Scopoli; 1 and or gris lamelleur by
I. Eques a Born. Later, it became the Nagyager Erz of A. G. Werner; the
Blattertellur of J. F. L. Hausmann ; and the nagyagite of W. Haidinger. Another
variety, Weissgolderz, was called or blanc d’Offenbanya, or or graphique, or aurum
graphicum, by I. Eques a Born ; prismatische Werssgolderz by J. E. von Fichtel ;
and aurum bismuticum by J. G. Schmeisser. The Weissgolderz was afterwards
called sylvane graphique by A.J. M. Brochant ; Schriftellur by J. F. L.. Hausmann ;
Schrifterz by J. Esmark ; sylvane by F. 8. Beudant ; sylvanite by L. A. Necker; and
aurotellurite by J. D. Dana.

C. A. Gerrard’s analysis gave : 76 per cent. of sulphur and bismuth, 18 per cent. of gold,
and 6 per cent. of silver ; while A. von Ruprecht’s analysis gave : gold, 11-6 ; silver, 2-33 ;
lead oxide, 25 ; iron oxide, 16-66 ; arsenic oxide, 1-00; antimony oxide, 2-08 ; sulphur,
41-66 per cent.

In 1782, F. J. Miiller von Reichenstein 2 showed that the Weissgolderz gave no
indication of the presence of either antimony or bismuth, and he suspected that it
contained a new metal, which he called metallum problematicum or aurum paradoxum.
T. Bergman received a sample of the mineral, and examined it by the blow-pipe.
He said that the metal is of a different nature from antimony, but he did not
venture to give a decided opinion ; although, according to P. Diergart, T. Berg-
man concluded that F. J. Miiller von Reichenstein had discovered a new element.
About 1789, P. Kitaibel also suspected the presence of a new element ; and, a few
years later, M. H. Klaproth extracted the unknown metal and observed a number of
its properties, from which he concluded that the mineral contains a peculiar, distinct
metal essentially different from every other metallic substance hitherto known;
and he added that since these properties had previously been described in the
crude mineral, it is to F. J. Miiller von Reichenstein that the merit belongs of
having first suspected in Weissgolderz a new and distinct metal, and of having
demonstrated its probable existence. This was verified by J. F. Gmelin.
M. Tihavsky tried to show that tellurium and antimony are the same; but the
attempt was abortive.

Tellurium occurs in only a few places and in small quantities; it is less
abundantly distributed than any other element of the sulphur family. It rarely
occurs in the elemental state, and it is present only in tellurides and in a few oxidized
ores. According to F. W. Clarke and H. S. Washington,3 the igneous rocks on the
earth’s crust contain 8 < 10—2 per cent. of sulphur, n <1078 per cent. of selenium,
and 7 <10~ per cent. of tellurium ; and tellurium is about as abundant as gold.
J. H. L. Vogt gave for sulphur 6 x 102, selenium 210 9, and tellurium n 10710
per cent. W. Vernadsky gave 0-046 for the percentage amount, and 0-:0¢5 for the
atomic proportion. H. A. Rowland 4 failed to detect the lines of tellurium in the
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2 INORGANIC AND THEORETICAL CHEMISTRY

and the subject was discussed by F. E. Baxendall. According to

solar spectrum ; - g .
or not tellurium lines occur in the solar

C. E. St. John, it is yet uncertain whether

spectrum. i .
Transylvania, was discussed by

The occurrence of native tellurium at Nagyag, ' 1
V. R. von Zepharovich ; 5 at Oravicza, Transylvania, by B. von Cotta ; in Ruda,

Erzgebirge, by F. Berwerth; in the vicinity of Zalathna, by M. H.' Klaproth, W. Petz,
J. Loczka, V. R. von Zepharovich. L. Tokody, G. Rose, A. Brezina, H. von Foullon,
and G. Benkdé ; in Asia Minor, by G. Cesaro; in Colorado, by W. P. Headden,
G. Rolland, B. Silliman, F. A. Genth, G. vom Rath; in California, by D. L. Mathew-
son, G. Kustel, and F. A. Genth ; in Chile, by E. Bertrand ; in New South Wales, by
A. Liversidge; in Western Australia, by R. W. E. Maclvor, M. Maryansky, and
A. Frenzel ; and in the Transvaal, by A. Frenzel. The following are analyses of

some native tellurium selected from these reports :

Te Se S Au Ag Fe Gangue

Zalathna . . . 80-39 0-33 9-26 0-33 —_ 8-56 1-564
Zalathna . . . 97-92 trace —_ 0-15 — 0-53 1-62 (Cu)
Magnolia (Colorado) . 96-91 — —_— 0-60 0-07 2-42
Ballerat (Colorado) . 93-64 e —_ 2-18 1-15 0-18 2-86
John Jay (Colorado) . 97-94 — — 1-04 0-20 0-89 0-32 (Zn)
Gunnison (Colorado) . 99-45 0-40 — — —_ 0-11 —_

West. Australia . 96-935 — — 2-399 — — —_—

Tellurium occurs combined with gold, silver, bismuth, and many other metals.
It is rather a nuisance in certain auriferous districts where the gold and silver
ores are unfit for amalgamation, etc., because the telluride ores do not give up
their gold to mercury, to cyanide, or to chlorine ; the ores also concentrate badly ;
they are difficult to roast on account of their low m.p. and gold is lost during the
removal of the tellurium. The telluride ores are smelted either with lead or copper
ores which act as a flux. Large amounts of tellurium enter the copper matte.
The mattes are then bessemerized, and the copper refined by electrolysis. The
copper containg not far from 0-04 per cent. of tellurium. The slimes contain
most of the tellurium, antimony, ceesium, and bismuth together with silver and
gold. The chief tellurium minerals are the tellurides; and the oxidized minerals
are represented by tellurous acid, the tellurites and the tellurates. The tellurides
include telluriwm bismuth glance, BiyTeg ; tetradymnite, BigTe,S ; wehrlite, Bi;Te,Ag ;
and pilasonite, BigTe;—as well as the mnon-homogeneous oruetite, BizTeg.BiySg.
There are also joséite, BigTeS ; griinlingite, BisSgTe ; rickardite, CuyTes; altaste,
PbTe; melonite, NigTeg ; coloradoite, HgTe ; stiitzite, AgsTe(monoclinic) ; hkessite,
Ag,Te(cubic) ; empressite, AgTe ; petzite, (Ag,Au);Te; muthmannite, (Ag,Au)Te ;
sylvanite, AuAgTe, ; krennerite, (Au,Ag)Te, ; goldschmidtite, Au,AgTeq ; calaverite,
AuTe, ; antamokite, a gold silver telluride ; nagyagite, AusSb,Pb;oTeqS;5 ; talapite,
Bi(8,Te)sAGy ; vondiestite, (Ag,Au)sBiTe,; goldfieldite, 5CuS.(Sb,Bi,As)y(S,Te) ;
arsenotellurite, TeyAsyS, 5 coolgardite, a mixture of coloradoite, petzite, calaverite,
and sylvanite ; kalgoorlite, a mixture of coloradoite, petzite, and tellurium ; white
tellursum, an antimonial telluride of gold, silver, and lead ; and likewise also Gelberz
and millerite ; and henryite, a mixture of lead telluride and pyrites. The oxidized
minerals include the tellurites—tellurite, TeO, ; durdenite, Fey(TeOg)g.4H,0, with a
little selenium ; and emmonsite, a mixture of ferric tellurite, etc.—and th’e tellu-
rates— montanite, Bi(OH),;TeOy, ; magnrolite, Hg,TeOy4 ; and ferrotellurite, FeTeOy.
_ According to A. Cossa,® tellurium occurs among the eruption products of Vulcana,
Lipari Islands. F. Zambonini and L. Coniglio observed it amongst the products
of Vesuvius. E. Divers and T. Shimidzu found 0-17 per cent. of tellurium in the
orange-red sulphur of Japan, and tellurium was also found in the chamber-mud of
the sulphuric acid works at Osaka, Japan. D. Playfair observed about 0-002 per
cent. of tellurium in the flue-dust of a. furnace roasting Spanish pyrites. D. Forbes 7
reported 5-9 per cent. of tellurium in the native bismuth of Bolivia ; F. A. Genth
0-042 per cent.; and R. Schneider, 0-14 per cent. The presence of tellurium in
commercial bismuth preparations—e.g. the oxynitrate—was discussed by
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J. O. Braithwaite, E. Isnard, G. Brownen, M. Reisert, E. A. Letts, Bonz und S&hne,
etc. The gold and silver ores of Colorado and other American States were dis-
cussed by C. Whitehead,® C. Vincent, H. J. Burkart, F. A. Genth, C. Palache,
W. P. Headden, etc. E. Thomson found tellurium in Canada, in the ores of Mont-
bray, Quebec. C. Rossler, and K. B. Heberlein found it in the silver ores of Spezia,
Italy, when it occurs associated with platinum telluride; P. Krusch, and
L. J. Spencer, in the gold ores of Kalgoorlie, West Australia ; E. Weckwarth, near
Quisque, in Peru ; and it has also been reported in the gold ores of Offenbanya,
Siebenbiirgen. K. B. Heberlein found tellurium in the lead ores of Tasmania, and
of Spezia, Italy ; and C. H. Fulton, T. Egleston, E. Keller, and V. Lenher, in
American copper ores. A. Schoep found up to 0-67 per cent. tellurium trioxide in
fourmarierite. E. Priwoznik,? and 8. Skowronsky made some general observations
on the occurrence of tellurium.
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§ 2. The Extraction of Tellurium

According to M. H. Klaproth,! native tellurium—containing, say, 97 per cent.
of tellurium associated with. iron, gold, and sulphur—can be dissolved in aqua
regia ; the soln. diluted with as much water as can be added without producing a
precipitate, and treated with an excess of potash-lye. The filtrate is neutralized
with hydrochloric acid. The precipitated tellurium dioxide is washed, dried, mixed
with o1l or with one-tenth its weight of charcoal, and heated in a glass retort. The
reduced tellurium is found partly at the bottom of the retort, and partly as
a sublimate.

J. J. Berzelius extracted tellurium from tetradymite—containing approximately
60 per cent. of bismuth, 36 of tellurium, and 4 of sulphur—by making the finely
powdered ore into a stiff paste with sodium and potassium carbonates and olive oil ;
and heating the product, in a closed porcelain crucible, gradually to carbonize
the oil, and afterwards to a white-heat. The object here is to separate the sulphur,
selenium, and arsenic. The arsenic volatilizes and the sulphur and selenium remain
in soln. after the tellurium has been precipitated by a current of air. The mass is
cooled out of contact with air, quickly pulverized, quickly washed with air-free
water, and a current of air passed through the filtrate to precipitate the tellurium.
The filtrate containing tellurium sulphide (and selenide) and alkali sulphide is treated
with hydrochloric acid to precipitate the tellurium. The washed tellurium is then
fused, and distilled in a current of hydrogen so as to separate it from the gold, iron,
manganese, and copper. F. Becker used a similar process. A. Schuller said that
the distillation is easily conducted in vacuo. F. Wohler found that the vacuum
distillation in hydrogen removes the selenium as hydrogen selenide; and
E. Priwoznik, that the selenium is similarly removed from molten tellurium in a
current of hydrogen. J. J. Berzelius said that a trace of selenium always remains
associated with the tellurium distilled in hydrogen. F. Stolba treated powdered
tetradymite with hydrochloric acid to remove the limestone; and heated the
washed residue with conc. hydrochloric acid, with the gradual addition of nitric
acid, until the residue is white. As much water was added to the cold liquid as
could be done without the separation of tellurium ; iron was then added to the
filtered soln., when crude tellurium, containing bismuth and copper, was precipitated.
In another process, the powdered mineral was heated with sulphuric acid of sp. gr.
1-842 so long as sulphur dioxide was given off. The liquid was diluted with water
and the tellurium precipitated from the filtrate by means of iron ; the residual
matter was treated with conc. hydrochloric acid, and tellurium precipitated from
the soln. by iron, or by sodium hydrosulphite. The tellurium was purified by dis-
solution in nitric acid, the liquid made alkaline with gsoda-lye, and the tellurium
precipitated by glucose. The extraction of tellurium from bismuth ores was dis-
cussed by K. Matthey. E. Priwoznik, F. M. Horn, and J. Léwe employed modifica-
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tions of the process for other minerals and ores. F. M. Horn dissolved the ore
from the Allerheiligen Mine, Siebenburg, in boiling conc. sulphuric acid, and precipi-
tated the silver with hydrochloric acid, and the tellurium by zinc.

J.J. Berzelius obtained tellurium from s<lver telluride—containing approximately
35 per cent. of tellurium, 46 to 61 of silver, and 1 to 18 of gold—by heating the
powdered mineral in a current of chlorine, when silver chloride, and volatile tellu-
rium tetrachloride are formed. There escapes a mixture of sulphur, selenium, and
antimony chlorides. The tellurium tetrachloride is dissolved in dil. hydrochloric
acid, and the tellurium precipitated by sodium hydrosulphite. The tellurium is
purified by distillation in hydrogen. J.J. Berzelius also obtained tellurium by fusing
the powdered ore with a mixture of potassium nitrate and carbonate in a silver
crucible not quite to redness. When the black mass becomes reddish-grey, the temp.
is increased to redness, and the mass allowed to cool. It is then lixiviated with
water, and filtered. The clear liquid, which becomes turbid when heated, is
evaporated to a small vol.,, mixed with a large proportion of powdered charcoal,
and evaporated to dryness. The product is heated in a covered crucible, and then
treated as in the extraction of tellurium from tetradymite. H. Hess employed a
somewhat similar process. J. J. Berzelius also heated the native silver telluride
with conc. nitric acid—free from chlorine. When all is oxidized, the liquid is
cvaporated to dryness; the dry mass extracted with water; and the residual
tellurium dioxide mixed with sodium carbonate and oil as in the extraction of
tellurium from tetradymite.

P. Berthier obtained tellurium from finely powdered nagyagite—containing
approximately 30 per cent. of tellurium, and 50 per cent. of lead along with some
gold, copper, antimony, and sulphur-—-by repeatedly boiling with conc. hydro-
chloric acid, and washing with boiling water ; the residue was treated with nitric
acid, and the decanted liquid evaporated to dryness; the resulting tellurium
dioxide was dissolved in hydrochloric acid, and the tellurium precipitated with
sulphurous acid. P. Berthier also fused the powdered mineral with a mixture of
potassium nitrate and carbonate, and precipitated the tellurium from the acidified
extract by means of iron. F. Stolba extracted the powdered mineral with hydro-
chloric acid, digested the residue with aqua regia, and added water so long as a
precipitate—tellurium dioxide and antimony oxychloride—was formed. The gold
was precipitated from the filtrate by ferrous sulphate, and the tellurium by iron
in the presence of a little stannous chloride. The mixture of tellurium dioxide and
antimony oxychloride was boiled with conc. soda-lye, and the tellurium pre-
cipitated from the alkaline liquor by glucose. According to B. Brauner, the pre-
cipitate obtained by diluting the above-indicated soln. with water may also contain
basic tellurites which are not completely decomposed by the boiling soda-lye ; if
basic copper tellurite is formed, some copper may pass into soln., and be pre-
cipitated as cuprous oxide by the glucose. E. Donath, and L. Kastner used
modifications of the process. J. Farbaky recommended the following process for
extracting tellurium on a large scale from gold-tellurium ores :

The ore is slowly thrown into boiling conc. sulphuric acid, when lead, copper, zinc,
tel.lurxum, and also a portion of the silver compounds present go intc soln.. gold and silicic
acid remaining undissolved. The product is then heated with water containing from
10 to 15 per cent. of hydrochloric acid, when the latter precipitates the dissolved silver and
dissolves the hydrated tellurium oxide precipitated by the water. On filtering, a residue
of gold and silver is obtained which is worked up separately. Sulphur dioxide is passcd
through the filtrate, and as this takes place in sulphuric or hydrochloric acid soln., only
tellurium and selenium are thrown down. This residue is found to contain from 72—-83 per
cent. of tellurium, and after a repetition of the process, the percentage is increascd to 97-98.
The crude powder is melted and cast in moulds.

A. von Schrétter treated impure nagyagite with hydrochloric acid to remove
soluble carbonates, etc.; and afterwards digested with aqua regia—with an
excess of hydrochloric acid until the insoluble residue was white. Water, and
hydrochloric acid were added to keep the tellurium dioxide in soln. The liquid
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was filtered from the silver chloride, and the soln. treated with ferrous sulphate,
oxalic acid, or glycerol in a neutralized soln., to remove gold. The ﬁltl:a!;e was
treated with sulphur dioxide whereby scarlet-red selenium was first precipitated,
and afterwards dark-grey tellurium. This was melted under a layer of sodium
hydroxide. E. Priwoznik, F. M. Horn, H. Schnitzler, H Schwarz, and J..Lowe
used modifications of this process. W. Pethybridge discussed the extraction of
tellurium from gold ores. .

M. Shimose extracted tellurium from chamber-mud in the sulphuric acid works
of Osaka, Japan, by digesting it with a warm soln. of potassium cyanide and sodium
carbonate ; the mixture was diluted with water and boiled ; the filtrate was strongly
acidified with sulphuric acid, treated with a little nitr.ic acid, and the telluriux_n
precipitated as sulphide by a current of hydrogen sulphide. The yellow sulphuric
acid from the chambers was treated in a similar manner. The precipitates were
melted with potassium cyanide, and the tellurium precipitated from an aq. soln.
of the melted mass by the passage of a current of air. C. Whitehead said that the
slimes obtained in the clectrolytic refining of copper may contain much tellurium.
The slimes are digested with hydrochloric acid, and the resulting soln. is decanted
from the insoluble siliceous matters, and poured into water. Tellurium dioxide,
along with some antimony oxychloride, is precipitated. The precipitate is dissolved
in conc. hydrochloric acid and treated with sulphur dioxide when a red precipitate,
consisting largely of selenium, separates out ; the filtrate is diluted and again treated
with sulphur dioxide when the tellurium is precipitated. The tellurium can be
further purified by fusion with potassium cyanide when potassium telluride K,Te
is formed. A current of air is passed through the aq. soln. 2K,Te}-2H,0+ 0O,
=.4KOH-4+2Te. The precipitated tellurium is then fused and distilled in a current
of hydrogen. Several of the tellurium ores can be treated with acid in a similar
way, or fused with potash or soda, or with a mixture of sodium carbonate and
potassium nitrate. In the case of the alkali fusion, the tellurate is extracted with
water, treated with hydrochloric acid, and afterwards with sulphur dioxide, when
glucose or sugar precipitates tellurium from soln. of alkali tellurates. Observations
on this subject were made by E. Keller, V. Lenher, A. T. von Gersdorff and
W. L. Koélreuter, A. Wehrle, and F. D. Crane. The extraction of tellurium from
lead and silver ores was discussed by K. B. Heberlein.

P. Hulot fused the tellurate with potassium nitrate, and, on extracting the cold
mass with water, there remained insoluble potassium tellurate, KoTe,O;3, which
furnishes tellurinm when suspended in water and reduced with nascent hydrogen
from zinc and hydrochloric acid, or aluminium and alkali-lye.

R. W. E. Maclvor found that when the vapour of sulphur monochloride is passed
over tellurium minerals—native tellurium, calcinite, etc.—the tellurium is
volatilized as the tetrachloride. The solid is washed with carbon disulphide,
dissolved in hydrochloric acid, and the tellurium precipitated by potassium
hydrosulphite. -

According to A. Gutbier, the above described methods of purification furnish
cruc'le tellurn}m contaminated with foreign metals—copper, silver, gold, zinc, arsenic,
antimony, bismuth, iron, etc.—as well as by sulphur, selenium, silica, etc. Owing
to the anomaly in the at. wts. of iodine and tellurium—1. 6, 6—tellurium has been
tortured in numerous ways in order to find if the presence of a small proportion
of some unsuspected impurity would account for the discrepancy. The element
was obdurate—the results were nugatory. The impurities in selenium were
:en_ltoved by cox_lveﬂﬁng the selenium to the dioxide and heating the product nearly
1;1(; el ssuini}). in a&r, xiv en all but a trace of the selgqn;m is volatilized as the dioxide ;

phur and selenium can be rex.nqved by oz_udlzmg the elements to telluric acid,
ete., adding barium chloride to precipitated barium sulphate and selenate. H. Rose
removed sulphur by heating the mixture with aqua regia, evaporating with hydro-
chloric acid, and precipitating the tellurium by sulphur dioxide. H. Rose also
melted the crude tellurium with potassium cyanide in an atm. of hydrogen—
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potassium telluride, selenocyanate, and sulphocyanate are formed. The telluride
is then treated as indicated below for crude tellurium. A. Oppenheim observed
that when the crude tellurium is heated on a water-bath with a soln. of potassium
cyanide, only a little tellurium, but all the sulphur and selenium, pass into soln.
Hydrochloric acid added to the soln. precipitates the selenium. A current of air
passed through the soln. converts the tellurium into alkali tellurite and the soln.,
when treated with sulphur dioxide, gives a precipitate of tellurium. H. Rose, and
M. Shimose added that tellurium is only slightly attacked by a boiling soln. and it
passes into soln. in a form not precipitable by air, or by a hot soln. of potassium
hydroxide and glucose, but which, like selenium, is precipitable by hydrochloric
acid. A.von Schrétter, E. Priwoznik, C. Alexi, and M. Shimose said that when a
conc. hydrochloric acid soln. is treated with sulphur dioxide, the selenium is first
precipitated, and this is followed by grey tellurium. The process was discussed
by J. J. Berzelius, E. Priwoznik, and A. von Schriétter. This subject has been dis-
cussed by E-. Keller, and his results are summarized in Figs. 1 and 2 of the preceding
chapter. F. D. Crane replaced the sulphur dioxide by hydrazine, hydroxylamine,
or magnesium, but P. Koéthner said that these precipitants offer no advantages over
sulphur dioxide. E. Divers and M. Shimose worked with sulphuric in the place of
hydrochloric acid. They said that selenium and tellurium are sharply distinguished
from each other in their behaviour towards sulphur dioxide in the presence of
sulphuric acid, and absence of hydrochloric acid. With precautions easy to be
observed, the whole of the selenium is precipitated without a trace of the tellurium
accompanying it. The sulphur dioxide soln. must be added to the undiluted or
very slightly dil. soln. of the oxidized elements in conc. sulphuric acid. Some
dilution of the sulphuric acid is indeed necessary, as the precipitation of the
selenium is incomplete without it, but this is most safely and simply etffected by the
sulphur dioxide soln. itself. H. Rose said that the precipitation by sulphur dioxide
in the presence of sulphuric acid alone is imperfect, but, added K. Divers and
M. Shimose, this is only the case when the conc. of the sulphuric acid is too low. In
the sulphuric acid process, the crude tellurium is heated with conc. sulphuric acid
to form a colourless soln., and until no more sulphur dioxide is evolved ; four vols.
of sulphurous acid are added, and only the selenium is precipitated. The soln. is
warmed on a sand-bath, diluted and filtered. The tellurium is then precipitated
from the filtrate by adding hydrochloric acid, and passing a current of sulphur
through the liquid. M. Shimose said that when an alkaline tellurite soln. is boiled
with glucose, the tellurium is first precipitated and afterwards the selenium.
F. Stolba made some observations on this subject.

B. Brauner purified tellurium by dissolving it in hydrochloric acid mixed with
as little nitric acid as possible, and removing the nitric acid by repeated evapora-
tion with hydrochloric acid. The soln., at 60° to 70°, is treated with sulphur dioxide
to precipitate the selenium and tellurium which may be contaminated with lead or
copper. The dry product is fused with five times its weight of potassium cyanide
in an atm. of hydrogen to protect it from air. The cold mass is extracted with
water, and a current of air passed through the claret-red soln. of potassium telluride.
The washed and dried precipitate of tellurium is distilled in a current of
hydrogen.

According to P. Kéthner, tellurium may be separated from its common impurities
(copper, silver, gold, bismuth, antimony, arsenic, and selenium) by dissolving the
crude substance in hydrochloric acid containing a little nitric acid, evaporating off

the excess of the latter reagent, diluting the cooled soln. with water until the deep -

yellow colour of tellurium tetrachloride disappears, filtering from the precipitate
of silver chloride and the oxychlorides of antimony and bismuth, and treating the
warm filtrate with sulphur dioxide. The treatment is repeated, and by fractional
precipitation two or three times, and collecting the middle fraction, pure tellurium
18 obtained. The first fractions contain arsenic, whilst the third fraction shows
traces of copper and gold. The element may be obtained in a crystalline form by
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passing sulphur dioxide into a hot soln. of the tetrachloride in conc. hydrochloric
acid (20-3 per cent.) ; the crystals being opaque with a silvery lustre. .

L. Staudenmaier obtained tellurium of a high degree of purity by dissolving frfael_y
powdered crude tellurium in dil. nitric acid ; evaporating the soln. with conc. nitric
acid, and filtering. The tellurium is then precipitated with sulphur dioxide, and
washed with hydrochloric acid and water. It is then dissolved in an excess of dil.
nitric acid, and a slight excess of chromic acid is added. The soln. is evapprated for
crystallization, with the crystals washed with nitric acid and dissolved in a small
quantity of water. The soln. is treated with a few drops of alcohol to reduce any
chromic acid remaining, and precipitated by the addition of nitric acid. Finally, the
product is dissolved in water and evaporated to dryness on the water-bath—-telluric
acid remains. This reduces to tellurium dioxide when heated, and it can be reduced
to tellurium by heating it in hydrogen, or by the action of sulphur dioxide.
P. Kéthner said that this product still contains spectroscopic traces of copper and
silver.

D. Klein and L. Morel dissolved the tellurium in conec. nitric acid, and evaporated
the soln. for crystallization. The basic nitrate crystallizes out leaving the other
metal nitrates in soln. The product after washing with hot water, is heated to form
tellurium dioxide. This is dissolved in hydrochloric acid, and the tellurium
precipitated with sulphur dioxide. J. F. Norris, H. Fay and D. W. Edgerly dis-
solved the oxide obtained from the purified basic nitrate in hydrochloric acid, pre-
cipitated the tellurium with sulphur dioxide, and distilled the resulting metal.
P. Kothner said that the basic nitrate is conveniently prepared by dissolving
small quantities of tellurium in a slight excess of nitric acid and evaporating the
soln. obtained from scveral experiments. In this way, the separation of tellurium
is reduced to a minimum. This salt, however, even after repeated crystallization,
still contains traces of silver and copper. According to P. Kéthner, tellurium can
be separated from all other elements except antimony by distillation in a vacuum,
and since this element is removed in purifying the basic nitrate, it follows that a
combination of the two processes should lead to the production of pure tellurium.
The product obtained by reducing the recrystallized nitrate with sulphur dioxide
is distilled under 9-12 mm. press. in a tube divided into segments by asbestos
partitions. After repeated distillation through three or four of these com-
partments a spccimen is obtained which is quite free from impurities.
G. W. A. Kahlbaum and co-workers, and F. Krafft and L. Merz also purified the
element by distillation in vacuo. K. B. Heberlein treated the crude tellurium with
nitric acid (or aqua regia or, if lead was present, with boiling conc. sulphuric acid),
and added an excess of aq. ammonia—the lead, bismuth, iron, etc., are precipitated
as tellll{rltes, and the filtrate was treated with an ammoniacal soln. of an ammonium
magnesium salt. White magnesium tellurite was precipitated. The washed
precipitate was dissolved in a little hydrochloric acid, and reprecipitated by aq.
ammonia. The tellurium was precipitated from the hydrochloric acid soln. of this
product by sulphur dioxide. R. Schelle boiled the crude tellurium with powdered
sulphur and a soln. of sodium sulphide, and added sodium sulphite when a greyish-
black precipitate of pure tellurium was obtained. Selenium, arsenic, tin, gold, and
platinum are not precipitated by this method, but copper is removed by the
initial treatment with sodium sulphide. F. Krafft and R. E. Lyons prepared
(hphenyl telluride, Te(C¢Hg),, by treating tellurium with diphenyl mercuride.
O. Steiner purified this product by fractional distillation in vacuo. G. Pellini con-
verted the purified diphenyl telluride into dibromide which was then purified by
recrystallization from benzene; the dibromide was converted into telluric acid -
this was reduced to tellurium, and the product distilled in vacuo. : '

C: Himly used an electrolytic process for purification. The cathode was made
by dipping a platinum wire into molten tellurium ; and it was surrounded by a
woollen or linen bag; the anode was of platinum ; the electrolyte, dil. pot;zshJ'ye.
The potassium telluride formed at the cathode is oxidized to tellurite by the oxygen
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at the anode. According to C. Whitehead, tellurium is readily deposited by an
electric current either from an acid or alkaline soln. It has been found possible
to separate tellurium from copper by adding an excess of sodium hydroxide and
about 3 grms. of potassium cyanide for each grm. of copper present, and passing
an electric current through the soln.; the tellurium is thrown down as a black,
non-adherent precipitate which can readily be filtered off ; the soln. can then be
slightly acidified with sulphuric acid and the copper estimated in the usual way by
electrolysis. According to F. C. Mathers and H. L. Turner, tellurium can be
deposited from a soln. of 300 grms. of tellurium dioxide (49-6 per cent. TeO, and
46-1 per cent. Na,TeOg), 500 grms. of 48 per cent. hydrofluoric acid, and 200 grms.
of sulphuric acid per litre, using 1-6 amp. per sq. din. at a lead cathode at ordinary
temp. The tellurium anode dissolved and the 0-9 per cent. of selenium remained
in the slimes. The deposited tellurium is light grey and brittle. The deposits
are less satisfactory if hydrochloric acid be substituted for hydrofluoric acid.

J. J. Berzelius 2 referred to the blue liquid containing finely-divided tellurium
which is obtained when a very dil. soln. of potassium telluride is exposed to air;
and B. Brauner, to the blue, greenish-blue, or violet liquid obtained by the action
of sulphurous acid on a hydrochloric acid soln. of tellurium dioxide. A. Gutbicr
obtained colloidal telurium by reducing a dil. soln. of tellurous or telluric acid by
means of hydrazine hydrate, phenylhydrazine, hydroxylamine hydrochloride,
hypophosphorous acid, sulphurous acid, sodium hydrosulphite. If the reduction
occurs in the presence of gum arabic, or an extract of the seeds of Plantago psyllium,
the hydrosol is ausserordentlich bestindig. L. Lilienfeld used gelatin, gum arabic,
and proteins as protective colloids. A. Gutbier and F. Resenscheck found that
when an aq. soln. of telluric acid containing potassium cyanide is electrolyzed with
a current of 0-5 amp., the soln. gradually becomes brownish-violet owing to the
formation of tellurium in the hydrosol formn ; as the electrolysis is continued, the
tellurium separates as a flocculent precipitate. When ammonium oxalate is sub-
stituted for potassium cyanide, the steel-blue hydrosol of tellurium is first of all
formed. By dialysis, the new brownish-violet hydrosol form may be obtained
in brilliantly-coloured soln., which are not decomposed after six months. Accord-
ing to C. Paal and C. Koch, the brown modification of colloidal tellurium is easily
obtained by warming an alkaline aq. soln. of telluric acid, containing protalbic or
lysalbic acid, with hydrazine hydrate on the water-bath ; in neutral or alkaline soln.,
containing sodium protalbate or lysalbate, telluric acid is reduced by hydroxylamine
only on boiling, as is tellurium dioxide by hydrazine hydrate ; in these cases, the
brown modification, at first formed, changes into the blue as the boiling proceeds.
A. Gutbier and F. Resenscheck’s brownish-violet tellurium hydrosol is probably
a mixture of the brown and blue modifications. As in the case of colloidal selenium,
the liquid hydrosols of tellurium, containing sodium protalbate or lysalbate, are
very stable, and, on careful evaporation, yield the solid hydrosols, which are soluble
In water and remain unchanged when heated to 100° in vacuo. On addition of
acetic acid to the liquid hydrosols, the solid hydrosols containing protalbic or
lysalbic acid are precipitated ; these contain upwards of 80 per cent. of tellurium,
and are very stable when protected from the atm. oxygen, the brown modification
retaining its solubility after three years. P. P. von Weimarn and B. V. Maljisheft
obtained colloidal tellurium by adding 0-1 grm. of the element to 5 c.c. of a boiling
soln. of potassium hydroxide, sat. at the ordinary temp., and adding the soln. of the
metal thus formed to 1000 c.c. of cold water, the mixture being stirred vigorously.
The stability of the colloidal tellurium soln. depends directly on the peptization
processes, and can be greatly increased. The soln. can also be made more stable
by the addition of gelatin or similar substances. C. Levaditi found that a 30 per
cent. aq. soln. of dextrose added to a 5 per cent. aq. soln. of sodium tellurite, and
heated to boiling for half an hour, furnishes colloidal tellurium.

G. Bredig obtained a colloidal soln. of tellurium by the cathodic spluttering of
the element. E. Miiller and R. Lucas found that with an applied e.m.f. of four or
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more volts, in water, a tellurium cathode loses weight, and yields a colloidal soln.
of tellurium. The very dil. soln. are reddish-violet in colour, the more cone. soln.
are brown and opaque. The tellurium goes into soln. with an apparent valency of
about 1-2, which indicates that the pulverization is not merely mechanical. The
dissolution is independent of the presence of oxygen in soln. and is therefore not due
to oxidation of tellurium hydride. No hydrogen is evolved at the tellurium cathode.
The phenomena may be explained by assuming that the tellurium goes into soln.
in the form of the Te’-ion, which then passes into bivalent tellurium ions either b}:
direct assumption of a second charge from the electrode or by the reaction 2Te
-—Te-}-Te”. In alkaline soln., the pulverization takes place also, but alkali poly-
tellurides are also formed. In acidic soln., hydrogen is evolved and only a trace
of pulverization can be observed, the discharge potential of hydrogen in the acidic
soln. being lower than that required for the dissolution of tellurium. A. Gutbier
and B. Ottenstein prepared a sol of tellurium by reducing telluric acid with dextrose
in the presence of ammonia. The presence of tellurous acid, and absort_)ed dextrose,
even after dialysis, probably makes the sol very stable. They also obtained a purple
colour by depositing the colloid in stannic hydroxide. E. Fouard obtained colloidal
tellurium by electrolyzing a soln. of a salt of the metal containing a pure organic
colloid (albumin, starch, or gelatin) with a current of a few milliampéres. At the
cathode the metal ions are neutralized by the repelled negatively-charged colloid
micelles. A colloidal organo-metallic complex is thus formed. The anode is
separated by immersion in a collodion cell rendered semi-permeable by precipitated
copper ferrocyanide. The cathode should be a bad conductor, so as to reduce the
frequency with which formation of the complex occurs on the cathode. The
flocculation of the colloidal soln. by boiling or by the addition of electrolytes was
studied by A. Gutbier, C. Paal and C. Koch, W. Biltz, J. J. Doolan, etc. S. Utzino
observed that the maximum stability of colloidal tellurium ground in the so-called
colloid mill, is not necessarily obtained with the finest subdivision. R. Auerbach
studied the coloured soln. of tellurium in sulphuric acid-—wzide infra, oxysulphates.
A. Gutbier and B. Ottenstein said that the colloidal particles are negatively charged.
W. Reinders discussed the distribution of the colloid between two liquid solvents.
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§ 3. The Physical Properties of Tellurium

J. J. Berzelius 1 described tellurium cooled from the molten state, as a tin-
white crystalline mass with a metallic lustre, and added that it is brittle and easily
powdered ; and R. Schelle added that after fusion tellurium is silver-white, and if
fused in sodium hydrosulphate, and cooled in carbon dioxide, a crystalline star
resembling that of antimony is formed. A. W. Wright said that a thin film is dull
purple ; and D. Gernez, that the vapour is golden-yellow or orange-yellow.
G. Magnus said that tellurium usually occurs massive—columnar or granular—dark
grey or black in colour. J. C. L. Schréoder van der Kolk said that the streak of
tellurium is reddish violet-grey. When precipitated by the action of air on a dil. soln.
of potassium telluride, by the addition of water to a conc. sulphuric acid soln., or by
the action of sulphur dioxide on a soln. of a tellurite, it furnishes a brown powder.
N. W. Fischer observed that the tellurium precipitated by metals—e.g. zinc, tin,
iron, etc.—from a soln. of tellurium dioxide in hydrochloric acid as a black powder,
which has a metallic lustre when rubbed with a burnishing tool ; if precipitated by
lead, the tellurium is dendritic. D. Bel-
jankin said that tellurium precipitated o0 722 @

from alkaline soln. consists of micro-
scopic thombohedra. L. P. Sieg said
that a film of spluttered tellurium “ozy |2 2 L
probably consists of crystals few or '

many in number. W. Phillips made %

some observations on the natural Z

crystals . $ ipi

na.)tr:ur l, andt(ir Rose showed tl‘mt the Fra. 1 — Natural Fra. 2.— Crystal precipi-
tural crystals are trigonal with the Crystal. tated from Potassium

axial ratios @ :¢=1:1-3298; and ob- Telluride.

servations were made by A. Breithaupt,
F. A. Genth, L. Tokody, G. vom Rath, A. des Cloizeaux, J. Loczka, H. von
Foullon, and G. Rolland. C. Haushofer, and F. F ouqué and A. Michel-Lévy,
described the sublimed crystals as rhombohedra, and G. W. A. Kahlbaum, as
hexa,gonal prisms. G. Rose, and C. W. Zenger said that the crystals obtained by
freezing the molten metal are thombohedra. J. Margottet gave « : ¢c=1:1-33695
fox: the axial ratio of the artificial crystals. G. Rose represented the hexagonal
prisms of the natural crystals by Fig. 1, and the crystals may also be acicular and
%1_108132 obtained from soln. of potassium or ammonium telluride are also needie-like,
ig. 2.
The crystals show signs of twinning. The (211)-cleavage is complecte, and the
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; film has
111)-cleavage is incomplete. L. P. Sieg found that a spluttered tungsten
S} crj)'stallinegstructure. PThe X-radiograms obtained by A. J. Bra;ﬂey z‘;l;fﬁ]sp(;zggﬁ
with crystals having a space-lattice with a simple trigonal structure o (;g s
axial angles almost 90° in which each atom is slightly displaced tOW&]; sh oL she
six adjacent atoms. This furnishes a threefold spiral composed of three fl er,
penetrating simple triangular lattices—wvide selenium. M. K. Slatter}goc?;ted
that both elements crystallize in a simple triangular lat.tlce W].th 3 aton}s 8£1S ociatec
with each point of the lattice. The side @ of the basal triangleis 444 A.; the heig ;
h, is 5-912 A.; the axial ratio, ¢, 1-33, and the density, 6-25. The arra.n.gemexﬂi'o
the atoms in the space-lattice about the prism edge, %, forms an ascending 't}:el 1x,
with a threefold symmetry, so that each atom is exactly above the third atom (i (;:v
in the same helix. The X-radiogram does not distinguish between a right- and eh -
handed screw. The prisms edge is thus a screw-axis; and the interactions of the
screw-axis with the basal plan, form the unit basal triangles. The radius of the
helix is 1-20 A, so that this represents the distance from the centre of each atom to
the axis of the helix. The shortest distance between the atoms in the same helix,
2-86 A., is less than 3-46 A., the shortest distance between atoms in dlﬁerer}t helices.
This means that the atoms in the same helix are held together by cohesive forces
much greater than those binding atoms in different helices, and that the crystal is
harder in the direction of the screw axis than perpendicular to it. The uniqueness
of this axis was emphasized by A. J. Bradley, and R. F. Mehl and B. J. Mair, who
showed that it accounts for many of the directional properties of the two elements,
and that crystallization is probably preferential along this line. This was shown
to be the case by P. W. Bridgman, who found that the trigonal or screw axis lies
longitudinally in the casting—wvide enfra. S. von Olshausen, and G. Wassermann
made some observations on this subject ; the data were also summarized by
P. P. Ewald and C. Hausmann. W. Hume-Rothery..studied the lattice-constants
of the elements. )
It is not probable that isomorphism exists betwecen tellurium and arsenic,
antimony, and bismuth ; but tellurium is isomorphous with the trigonal form of
selenium. The isomorphism with selenium was discussed by G. Rose, C. F. Rammels-
berg, P. Groth, W. Muthmann, etc. J. W. Retgers studied the isomorphism of
sulphur, selenium, and tellurium, and concluded that while sulphur and selenium
showed complete crystal similarity, tellurium was isomorphous with neither element.
No isomorphous mixtures are formed between potassium tellurate on the one hand,
and with potassium sulphate, selenate, chromate, molybdate, tungstate, manganate,
or ferrate on the other hand. Nor could J. F. Norris and W. A. Kingman prepare
isomorphous hydroselenates and hydrotellurates. The only case of isomorphism
known to J. W. Retgers was that between the sulphides, selenides, and tellurides,
which crystallize in the cubic system, but he argued that the crystals in this system
have such a high degree of crystallographic symmetry that their power to form
mixed crystals is not a satisfactory proof of true isomorphism. Potassium tellurate
is not isomorphous with the selenate, but it is isomorphous with the osmiate. This
with the atomic weight of tellurium has been used as an argument for placing
tellurium in the eighth group. The isomorphism of compounds of the type K,TeBrg
—where bromine may be replaced by chlorine, and potassium by ammonium,
rubidium, or csesium—observed by H. L. Wheeler, and W. Muthmann with the
corresponding selenium compound and with the analogous platinum salt, is also a
result of all crystallizing in the cubic system. J. F. Norris and R. Mommers found
that the double bromide of platinum and dimethylamine, crystallizing in the
orthorhombic system, is isomorphous with the analogous compounds of selenium and
tellurium, and this case of isomorphism is not open to the objections raised by
J. W. Retgers; and similar remarks apply to the isodimorphism of G. Pellini’s
diphenyl dibromotelluride, (CeHj)oTeBr,. F. Krafft and O. Steiner discussed the
mutua! replacement of sulphur, selenium, and tellurium in this family of elements.
G. Pellini and G. Vio, and Y. Kimata found that the f.p. curve of mixtures of selenium
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and tellurium show that solid soln. are formed in agreement with the isomorphism
of the trigonal forms of these two elements—uvide tellurium selenide in the preceding
chapter. G. Pellini also came to a similar conclusion with respect to sulphur. Some
of the isomorphous crystals have the form of rhombic sulphur. A similar conclusion
was drawn by E. Billows. The structure of the crystals of tellurium was discussed
by V. M. Goldschmidt.

From the vapour demsity at 2100°, H. von Wartenberg found the molecular
weight to be 160. E. Moles found the mol. wt. deduced from the f.p. and con-
ductivity of soln. in sulphuric acid to be abnormal. A. Jouniaux inferred that
tellurium is monatomic at 357° and more complex at lower temp. ; it is diatomic
at about 1500°. For the mol. wt. in iodine soln., vide 7nfra, tellurium halides.
R. Auerbach’s cryoscopic observations showed that tellurium dissolves as Te in
pyrosulphuric acid. The specific gravity of native tellurium varies with its degree
of purity. Thus, J. Loczka gave 6-:084 ; R. W. E. MaclIvor, 6-2; V. R. von Zepharo-
vich, 5-86 ; and F. A. Genth, 6-275. For the artificial crystals M. H. Klaproth gave
6-115; F. J. Miiller von Reichenstein, 6-393 ; J. Léwe, 6-180; E. Matthey for
98-7 per cent. Te, 6-27 ; G. Magnus, 6-1379 ; and D. Klein and L. Morel, 6-204-
6-215. J. J. Berzelius gave 6-245 for the average of five determinations of crystals
obtained from the molten element, but preferred the higher value 6-258 because of
pores. E. Priwoznik gave 6-2459 at 18-2° for a sample which had been melted in
hydrogen, and C. F. Rammelsberg, 6-38 to 6-42 ; D. Beljankin gave 6-338 at 18°-22° ;
and H. Fay and C. B. Gillson, 6-243. For distilled tellurium, V. Lenher and
J. L. R. Morgan gave 6-194 to 6-204—mean 6-199, and G. W. A. Kahlbaum, 6-23538
at 20°. D. Beljankin gave 6-157 for the sp. gr. of tellurium precipitated from alkaline
soln. ; and 6-015 at 20° for amorphous precipitated tellurium. C.F. Rammelsberg
gave 5-93 for the sp. gr. of the amorphous tellurium precipitated by sulphur
dioxide ; he added that the amorphous tellurium suffers no change if heated to
300°. W. Spring gave for tellurium which had been subjected to high compression,
as well as for the element which had not been compressed :

0° 20° 40° 60° 80° 100°
Sp. wr.j Not compressed  6-2322 6-2194 6-2052 6-1500 6-1366 6-0640
SP- 87 Gompressed . 6-2549 6-2419 6-2294 6-2170 6-3030 6-1891

M. L. Huggins calculated for the atomic radius, 2-46 A.; J. C. Slater, 1-22 A._;
and W. F. de Jong and H. W. V. Williams, 1-33 A. W. L. Bragg calculated 1-33 A.
for the at. radius; A. Ferrari, 3-025 A. E. T. Wherry gave 0-81 to 0-89 A. for
quadrivalent tellurium, and 0-56 A. for sexivalent tellurium. F. H. Burstall and
S. Sugden discussed the parachor of some bivalent tellurium compounds.

V. Lenher and co-workers said that the metal expanded slightly after solidifi-
cation. E. Cohen and J. F. Kréner 2 observed that the treatment to which tellurium
has been subjected greatly influences the sp. gr., and it varies between 6-272 and
5-949. Tellurium, prepared by the reduction of telluric acid by hydrazine sulphate,
had a sp. gr. of 3-242. This low value was traced to occluded nitrogen. They
assume that tellurium exists in two forms present as dynamic allotropes in equili-
brium a—Te=B—Te. The variety with the smaller sp. gr. is stable at the higher
temp. Thus, the sp. gr. of a sample before heating to 350° was 6-233, and after
heating to this temp., 6-203. A. Damiens said that observations on the sp. gr. of
tellurium purified by distillation in vacuo, and either sublimed, or slowly cooled
from the molten state, lend no support to E. Cohen and J. F. Kréner’s theory of
dynamic allotropy. Sublimed tellurium of sp. gr. 6:310 is not changed by prolonged
heating at various temp. Tellurium prepared in other ways may appear to have
a smaller sp. gr. owing to its porosity. Amorphous tellurium, of sp. gr. 5-85 to 5-87,
18 transformed by heat into crystalline tellurium, and heat is evolved during the
transformation. W. Haken reported that the electrical conductivity indicated the
v:axistence of two allotropic forms with a transition temp. at 3564°; but A. Damiens
inferred from observations on the sp. gr., rate of cooling and heating, sp. ht. and heat
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of reaction, that the analogy between the allotropy of sulphur and tellurium does
not apply since tellurium is characterized by the existence of a single crystalline
form. Attempts by H. Staudinger and W. Kreis to prepare solid red tellurium
by cooling the vapour at 1000° in liquid air were unsuccessful. ~C. del Fresno, and
I. 1. Saslavsky studied the at. vol. of tellurium in its compounds. L. S. Ramsdell
calculated 1-27 A. for the atomic radius ; H. G. Grimm made observations on this
subject.

%VI. Toepler 3 observed an irregularity in the vol. changes of tellurium as it cools
from the molten state, and this he attributed to the formation of an amorphous
plastic variety of tellurium just before it solidifies. J. R. Rydberg gave 2-3 for the
hardness of tellurium (diamond 10). P. Saldau gave 18-43 kgrms. per sq. mm. for
the hardness of tellurium when that of lead is 3-92 kgrms. per sq. mm. E. Schmid
and G. Wassermann discussed the percussion figures of the crystals, and also the
plastic deformation. P. W. Bridgman found the cubic compressibility to be
0-0000024 kgrm. per sq. cm.; Poisson’s ratio, 0-33 ; the tensile strength expressed
as a breaking load in tension was 115 kgrms. per 8q. em. A piece of tellurium wire
8 cms. long and 0-0348 cm. diameter, fastened rigidly at one end, and bent by a
weight at the other, showed a maximum permanent set of 0-11 cm., and broke under
a deflection of 1-82 ecm. The brittleness is extreme for a metal, but is not as high
as for glass. P. W. Bridgman mecasured the elastic constants ; he found the initial
linear compressibility, p in kgrms. per sq. cm., for angle crystals to be, at 30°,
—4-14>1077 when parallel, and 27-48 <1077 when vertical to the trigonal axis ;
at 30°, when perpendicular to the trigonal axis —8l/l=27-48 X 10~ 7p—5b2-7 X 10™12p%
at 30°, and at 75°, 27-7x<1077p—53-6 <1072 at 756°; at 75° when parallel to the
trigonal axis, -}-8//1=4-137 <107 7p—9-6 107122 and at 75°, 5-132x 107 7p
—13-2x10712p2.  The remarkable fact is that the compressibility along the
trigonal axis is negative, so that when the crystal is subjected to hydrostatic press.
all over, it elongates along the trigonal axis. The cubic compressibility is normal
—80/vg=50-82 < 107 7p—101-1 x 10712p2 at 30°, and 50-41 x 1077 —85-6 < 10712p2
at 756°. The cubic compressibility thus decreases with rise of temap. R.F. Mehl and
B. J. Mair explain this as follows :

1t is evident that this crystal structure is not closely packed, and it is conceivable that

a change in either of the major dimensions, that of the side of the unit basal triangle, «,
or that of the prism edge, %, should cause a change

in density resulting merely fromm a difference in the

6-36 T T T ¥ 500 & closeness of the packing ot the atoms, the two inter-
L 634 \\ P - — 498 - atomic distances remaining unchanged. In such
X 632 Xx 7 1 96 a process a lengthening of the prism edge, %, would
¢§ 6-30| 14 202 5 cause a shortening of @ and also a shortening of the
S s N Jf Jl‘!,_,‘ 297 : radius of the helix. If such an elongation would
'@ 626 Y 1. ¥ [ oo R result in an increase in density, it is entirely reason-
§ 629 b // 258 ,§ ?ble t? suppo:qe t}'xa.t an increase in press. tending
2 0 A 3 owards an increase in density, would in fact cause a
X 2 ;5 ) 3 ] ;r’ 2&' 38 lei.n,%flhonlgg of this axis, with an attendant shortening

20 L Tk A dg.gy o 1 other t i i Suc i
#8 50 52 54 56 56 60 62 647 would obviec:‘uslwo dlmexixsmns. el cooft Ephoning
| dusly cause the abnormal coeff. observed

F2 IF 6 FE 50 52 594 56 585e by I’. W. Bridgma Fig. 3 sh

ershtn of s dvn % by P.W. gman. fig. 3 shows a curve represent-
SITRS ing density as a function of the height of the unit

prism. The values from which the curve was plotted
Tollurium  and  Selonivtm - with ;vsgekcfmIC}llatelcl by taking a series of values for k
Spaco.Lattices of Difforont 21 eeping the 1nter-atom1c.dlst&nces, 2-86 A. and
Hoights, 3-4§ A, uncheu_)ged, calculating the radius of the
helix and the side of the unit basal triangle, a, and

. . from these the density of the hypothetical crystal.
The curve passes through a minimum at a density slightly greater than 6-20, corresponding
to a value for % of 5-56 A. Fora prism of height less than 5-55 A. an increase in press. tend-
ing to cause an increase in density could do so only by shortening %, the two interatomic
chsta.nces_rqualnlng unchanged, and the screw-axis would therefore show the usual positive
compressibility coeff. On the other hand, if the value for & lay to the right of 55656 A
an increase 1 press. would cause a lengthening in %, since such a process would result in an
increase in demnsity. The actual value of » for tellurium, indicated by the arrow in the

Fira. 3.—Calculated Densities of
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figure, 18 5:91 A. and is therefore to the right of the minimum, so that an increase in press.
should cause an increase in %, or, in other words, a negative compressibility coeff. along this
axis. .

Measurements have not been made with selenium, but R. F. Mehl and B. J. Maijr,
applying the same argument, state :

The actual value for %, indicated by the arrow, dotted line. Fig. 3, appears to lie vory
slightly to the left of the minimum, and therefore, the height of the unit prism would very
likely decrease with the application of press. (assuming, of course, that the lattice dimensions
used in the calculations are correct) ; but since the screw-axis is in a state of greater com-
pression than the triangular axes the compressibility along this axis is probably low.
Resisting the elongation (or contraction) of the helix upon the application of press., thero
is the tendency within the lattice to maintain the angle formed by any three atoms in the
same helix at (for tellurium) 126-5°, and this tendency doubtless becomes more and moro
urgent as the angle departs further and further from this value, so that it may be assumed
that the adjustment of density by the lengthening or shortening of tho helix meets with
increasing resistance as the press. rises. It is this restraint which prevents the helix from
straightening completely upon the first application of press.

H. Fizeau gave a==0-00001675 for the coeff. of thermal expansion—Ilinear
between 0° and 40°; and 0-00001732 between 0° and 50°; whilst W. Spring gave
for coeft. of cubical expansion 00,3440 between 0° and 20°; 0-04,3737 between 0°
and 60° ; and 0-04,3687 between 0° and 100°. P. W. Bridgman gave for the linear
thermal expansion at 20°—1:6x10"8 when parallel and 27-2Xx107% when
perpendicular to the trigonal axis. K. Jannetaz found that the ratio of the sqg. root
of the thermal conductivity, k,, in the direction of the principal axis, and ka, in
the direction of the base, is (ka/ky)t==0-81. H. Kopp gave 0-0475 for the specific
heat ; H. V. Regnault, 0-0474 for distilled tellurium, and 0-0516 for that pre-
cipitated by sulphur dioxide; M. Berthelot and C. Fabre gave 0-0483 for fused
tellurium slowly cooled, 0-0524 for that precipitated by sulphur dioxide, and 0-0518
for that distilled in a current of sulphur dioxide; A. Wigand, for crystalline
tellurium between 15° and 100°, gave 0-0483, and for amorphous tellurium, 0-0525 ;
and G. W. A. Kahlbaum and co-workers, 0-04878 for that distilled in wvacuo.
W. A. Tilden gave 0-0469 between —182° and 15°; 0-0483, between —15° and 100°;
0-0487, between —15° and 200° ; and 0-0500, between —15° and 380°. J. Dewar
gave 00288 between —253° and —196°. The corresponding atomic heats are
3-68 between —253° and —196° ; 5-98 between —182° and 15°; 6-16 between 15°
and 100° ; and 6-38 between 15° and 380°. E. Adinolefi4 found that the sp. ht.
of tellurium is increased by about 8 per cent. after exposure to the X-rays, and this
is attributed to a change in the structure of the element. The relations of the
sp. ht. were studied by I. Maydel.

T. Carnelley and W. C. Williams found the melting point of tellurium to be
between 452° and 455°; R. Pictet, 525°; H. Fay and co-workers, and S. Umino,
446° ; K. Monkemeyer, 428° ; W. Guertler and M. Pirani, 450° ; H. Pélabon, 452° ;
W. R. Mott, 452°; W. Biltz and W. Mecklenburg, 455°; M. Chikashige, 438°;
M. Kobayashi, 437°; and E. Matthey, for 97-0 per cent. Te, 450°. A. Damiens
gave 453° for the m.p., and observed no break in the heating or cooling curve
between this temp. and the ordinary temp. W. Guertler and M. Pirani gave 450°
for the best representative value. A. Simek and B. Stehlik gave 452° for the m.p.
In vacuo; in hydrogen, the m.p. is lowered 0-15°, and in carbon dioxide 0-2°. There
is a marked contraction during the freezing of the mother-liquid, and with slow
cooling, a cavity is formed in the middle of the mass; and if quickly cooled,
the surface freezes first, and numerous small cavities form in the interior. 1f
tellurium be melted in a glass vessel, the glass is inclined to shatter on cooling
owing to the formation of pores between the crystals producing an apparent
expansion. H. Carlsohn found that the m.p. of tellurium compounds does not
follow the additive rule. J. J. Berzelius said that tellurium boils at a temp.
higher than the softening temp. of glass, and it is converted into a yellow vapour,
the colour of chlorine. M. H. Klaproth added that when heated to redness in
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a retort, the tellurium sublimes into the neck in the form of shining drops.
F. Wohler, and A. Oppenheim distilled the element in a porcelain retort at a
red-heat, J. J. Berzelius distilled it in a current of hydrogen ; and_ A. Schuller
obtained well-defined crystals by distillation in vacuo. L. Staudenmaier observed
that a little volatilization occurs at 300°; H. St. C. Deville and L. Troost gave
1390° for the boiling point ; and W. R. Mott, 1390° ; while F. Kra.ﬂt and L. Merz
added that in the vacuum of a cathode light marked sublimation occurs at 430°,
and the b.p. at 58 mm. press. is 478°. J. Joly observed that sublimation of tellurium
dioxide occurs at 850° with native tellurium, and at 700° with purified tellurium ;
and of the monoxide, respectively at 525°, and 470°. J.J. Doolan and J. R. Part-
ington found the vapour pressure of tellurium to be 0-0186 atm. at 671°; 0-00440 at
578°; and 0-000610 at 488°. The corresponding latent heat of volatilization is
24-7 Cals. per mol. between 578° and 671°, and 28-2 Cals. per mol. between 488° and
578°—assuming the diatomic Tey,-molecule. The mean value is 26-5 Cals. per mol.
H. Biltz obtained a vapour density of 9-13 at 1880° corresponding with the Te,-
molecule. He added that H. St. C. Deville and L. Troost’s determinations are
inaccurate. H. Pélabon calculated the latent heat of fusion to be 20 to 21 Cals.
per mol. W. Herz gave 7-4 Cals. per gram ; and 8. Umino, 33-5 cals. per mol.
J. J. van Laar discussed the equation of state of the solid.

M. Berthelot and C. Fabre found the heat ot solution of tellurium in bromine
and bromine water is 66-7 Cals. in the case of crystalline tellurium ; 42-6 Cals. in
the case of tellurium precipitated by sulphur dioxide; 66-7 Cals. for tellurium
precipitated by oxygen from potassium telluride; and 67-O Cals. for tellurium
separated by oxygen from hydrogen telluride. Tellurium separated from ferric
chloride by hydrogen telluride is crystalline. Tellurium rapidly cooled from the
molten state develops 41-4 to 58-1 Cals. indicating that it is an indefinite mixture
of amorphous and crystalline tellurium. The calculated heat of crystallization from
amorphous selenium is thus 12-096 cals. for 64 grms., but A. Damiens obtained 2:63
cals. for this constant. 8. Umino gave 0-63 cal. per mol. for the heat of trans-
formation at 348°. . N. Lewis and co-workers gave 12-8 for the entropy of tel-
lurium at 25°, and B. Bruzs, 17-2 at the m.p. E. Kordes calculated 1-63 for the
ratio Qcars./T for Te, and 6-52 for Te,. W. Herz studied the subject. J. Franck
calculated 69 Cals. for the work of dissociation of Tey ; and V. Kondrateeff, 65 Cals.

C. Cuthbertson and E. P. Metcalfe 5 found the index of refraction of tellurium
vapour to be 1-002620 for A=546,, ; 1-002495 for A=589-3,, ; and 1-002370 for
A=656-3,u. R. F. Miller found that the refractive indices for single crystals with
the light parallel and perpendicular to the plane of incidence are, respectively,
1-9 and 1-7. The whole range of wave-length, L. P. Sieg and G. D. van Dyke gave
2-50 to 3-14 and 2-05 to 2-68 respectively when the light falling on one of the
hexagonal faces is polarized with the electric vector respectively parallel and
perpendicular to the principal crystal axis. The absorption constants are respec-
tively 0-40 to 0-56, and 0-54 to 0-67. Observations were also made by A. H. Pfund
and E. O Hulburt. W. W. Coblentz gave for the percentage reflecting power, R:
of tellurium for rays of wave-length A :

A . . 0-6u 0-8u 1-0p 2-0p 4-0, -
“ 7-0
rR . . 49 48 50 52 57 a8 p’elr cent.

R. F. Miller found that the reflecting powers of single crystals with the crystal
axis parallel and perpendicular to the plane of incidence respectively are 2-9 and 2-7
over the whole range of wave-lengths; L. P. Sieg and G. D.van Dyke gave 0-28 to 0-34
and 0-26 to 0-30 when the light falling on one of the hexagonal faces is polarized with
the electric vector respectively parallel and perpendicular to the principal crystal
axis. From observations on the halides and organic tellurium compounds, G. Pellini
and A. Menin found the atomic refraction with the u-formula to be 32-06—33-81
and with the pu2-formula 15-28-16-66. J. E. Calthrop studied the relation between
the at. vol.,, and the index of refraction. K. Spangenberg compared the mol,
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refractions of the oxides, sulphides, selenides, and tellurides. M. A. Shirmann
studied the polarization of light by submicroscopic particles of tellurium.

R. T. Simmler 6 observed that the flame spectrum of tellurium in a colourless
gas-flame is continuous, and a similar result was obtained by G. Werther;
A. Mitscherlich also observed that the spectrum of the vapour of tellurium in burning
hydrogen is continuous. The flame spectrum of tellurium was also examined by
G. Salet, W. N. Hartley, and J. M. Eder and E. Valenta. The spark spectrum of
tellurium between electrodes of that element was observed by W. A. Miller,
W. Huggins, R. J. Lang, H. Nagaoka and co-workers, L. and E. Block, A. M. Vieweg
and co-workers, J. C. McLennan and A. C. Lewis, and T. R. Robinson. As in the
case of sulphur, tellurium furnishes two spectra—the line, and the band spectra.
The line spectrum of tellurium obtained by the gas discharge between tellurium
electrodes was measured by R. Thalén, A. Ditte, G. Salet, R.Capron, G. L. Ciamician,
W. N. Hartley, W. N. Hartley and W. F. Adeney, R. J. Lang, E. Demarcay, C. Runge
and F. Paschen, A.de Gramont, F. Exner and E. Haschek, P. Kéthner, P. G. Nutting,
A. Hagenbach and H. Konen, E. Goldstein, and J. M. Kder and E. Valenta. The
principal lines in the visible region are 6438 in the red, 6040-7, 6011-3, 5974, and 5936
in the orange-yellow ; 5982, and 5756 in the yellow ; 5707, and 5648 in the yellowish-
green ; 5575, 489, 5478, 5448, 5367, 5311, 5218, 5153, and 5105 in the green ; 4302,
4275, and 4260 in the indigo-blue ; and 4221, 4062, 4055, 4006, 3984, and 3969 in
the violet. W. L. Dudley and E. V. Jones found that the spark spectrum remained
the same after the element had been fractionally precipitated by hydrazine hydro-
chloride twenty times. E. J. Allin studied the under-water spark spectrum. The
arc spectrum was examined by F. Exner and E. Haschek, A. Hagenbach and
H. Konen, H. S. Uhler and R. A. Patterson, M. Kimura, J. Stark and R. Kiich,
E. Gehrcke and O. von Baeyer, and J. M. Eder and E. Valenta. The band spectrum
was obtained by G. Salet by passing a spark through the vapour of tellurium.
D. Gernez obtained an absorption spectrum, extending from the yellow to the violet,
by passing light through the vapour of tellurium in an atm.»of carbon dioxide. The
absorption spectrum was studied by A. W. Wright, J. J. Dobbie and A. J. Fox,
J. C. McLennan and R. F. B. Cooley, B. Rosen, A. Michaelis, R. V. Zumstein,
E. Riitten, C. H. Cartwright, and W. Friederichs; and the band spectrum, by
R. Mecke. F.K. Bell examined the ultra-red absorption spectrum of organic sulphur
compounds. The reflection spectrum was examined by J. Trowbridge and
W. C. Sabine; the cathode ray spectrum, by P. Lewis; the emission spectrum
of the vapour by E. Paterno and A. Mazzucchelli; and the resonance spectrum, by
B. Rosen, who gavey=a—250-4n+0-53n2, where a==-23930, 25451 and 22411 respec-
tively for the exciting mercury lines 4359 A., 4046 A., and 5461 A. The ultra-violet
spectrum is particularly rich in lines. It was observed by F. Exner and E. Haschek,
A. Griinwald, R. J. Lang, P. Iacroute, R. V. Zumstein, and V. Schumann.
J. C. McLennan and co-workers, H. Schiiler and H. Briick, E. V. Condon and
G. H. Shortley, A. Porzeborsky, and R. C. Gibbs and A. M. Vieweg discussed the
structure of the arc spectrum. R. J. Lang discussed the series spectrum.

According to W. Steubing,? the vapours of the four elements of the sulphur
family show a marked fluorescence discussed in connection with selenium, and
similarly also with the observations of D. Diestelneier, H. R. Pogorzelska, and
B. Rosen; J. C. McLennan and co-workers studied the fluorescencc spectrum of
tellurium vapour. H. R. Pogorzelska examined the banded fluorescence of the
resonance spectrum of tellurium vapour. W. Steubing found that a magnetic field
has no effect on the intensity of the resonance and fluorescent spectra. W. Kessel
also studied the resonance spectrum ; and A. Smekal, the Raman effect.

The K-series in the X-ray spectrum of tellurium was observed by F. C. Blake
and W. Duane,8 A. Leide, S. Bjérck, B. Walter, B. B. Ray, M. Siegbahn, K. Chamber-
lain and G. A. Lindsay, M. Siegbahn and E. J6nsson, and there occur the lines
0-456a,a ; and 0-4048,8. The L-series was measured by D. Coster, Y. Nishina,
A. Leide, B. B. Ray, E. Hjalmar, K. Chamberlain and G. A. Lindsay, S. Bjérck,
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M. Lindsay, M. Siegbahn, and H. Hirata. They include 3-29100azal ; 3-28199aa ;
3-069978B8; 2-877Bay; 2-T064Ty,8; 3-040048,y; and 3-00133Bg¢. S. Bjorek,
and Y. Nishina also measured the M-, N-, and O-series. W. Herz gave 2-:43 10712
for the vibration frequency.

H. Miiller ® observed that the exposure of tellurium to intense a-rays did not
affect the induced radioactivity. N. Piltschikoff studied the Moser rays emitted by
tellurium ; and T. Pavolini, and R. S. Bartlett, the photoelectric effect of tellurium
films. E. Rupp studied the absorption of slow electrons by tellurium. B. Rosen
discussed the resonance potentials. . Piccardi calculated 8-43 volts for the
ionization potential. E. Rabinowitsch and E. Thilo studied the subject. J. Vrede
found that tellurium is not a good radio-detector.

A. de la Rive 19 noticed that tellurium is electrified by rubbing it with wool ;
and P. E. Shaw and C. S. Jex said that the triboelectricity acquired with glass is
negative. K. F. Herzfeld discussed the metallic conductivity of tellurium.
P. W. Bridgman said that the electrical properties of tellurium are unusual and
variable ; it is seldom that two observers obtain the same numerical values for any
of its properties. This is taken to mean that tellurium under ordinary conditions
contains two modifications in unstable equilibrium, and the proportions of the
two forms change greatly with the manner of treatment—thus, the temp. coeff.
of the same piece may be positive or negative according to its treatment.
A. Matthiessen said that the electrical conductivity is such that if silver at 0° be
100, that of tellurium is 0-000777 at 19-6°. This works out at about 0-000466 mho
at 19-6° (silver 603x10—4), or roughly an electrical resistance of 2000 ohms.
P. W. Bridgman gave for the sp. resistance of simple crystals at 20°, 56,000 ohms
when parallel and 154,000 ohmns when vertical to the chief axis. A. Matthiessen
and M. von Bose added that when heated, the resistance increases with temp. up
to 70°-80°. A. Schulze gave 2-1 for the ratio of the resistance in the solid and
liquid state ; A. Giinther-Schulze made some observations on thissubject. F.Exner
said that at 20° the conductivity is 0-00293 if the element has been rapidly cooled,
and, if slowly cooled, 0-00437. He found that the resistance R, arbitrary units, of
a rod was :

20° 50° 101° 180° 200° 182° 100° 51° 22°
R . . 707 7-86 8-10 5-25 4-40 5-21 14-75 31-1 40-0

The detailed results are plotted in Fig. 4. The resistance increases as the temp.-
rises to about 140°, and then falls up to 200°; as the temp. falls from 200°, the
resistance increases steadily so that at ordinary

7:0 N temp. 1t is nine times as great as it was at 200°,
< N ' and four to six times as great as it was initially
¥, N2l at ordinary temp. On repeating the experiment
8 3 RSN the maximum no longer appears, but the resist-
3 20 Heating |-t ance steadily decreases from the lowest to the
< W highest temp. The more rapidly the sample is

[ 11 cooled, the smaller the final resistance, and con-

o° #0° s0° /20° /60° Z00° yersely. The explanation is attributed to the
Fia. 4.—The Electrical Resistance better development of the crystals with slow
of Tellurium (Heating and Cool- cooling. E. Matthey found the resistance of a
ing). sample of 97 per cent. tellurium to be about 800
times as great as that of copper. For the ratio of the resistance R at 8° and
Ry at 0°, H. K. Onnes and B. Beckman found a minimum at —225° :
—80° —100°  —140°  —180° —220°  —225° —240° —258-6°
R/R, . 0-773 0-732 0-659 0-596 0-547 0-546 0-5668 0-624
H. Perlitz studied the relation between the space-lattice and the change of resistance
with fusion; and R. Schubhmann found no difference in the e.m.f. of cells with
amorphous and crystalline tellurium. V. Lenher and J. L. R. Morgan, A. Matthiessen,
¥. W. Warburton, F. Exner, W. G. Adams, and A. Guntz and W. Broniewsky,
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showed that the structure has a great influence on the resistance ; they found that
the sp. resistance of tellurium varied from 279 to 1152 ohms. A. Guntz and
W. Broniewsky found that the sp. resistance of tellu-

rium at 2° is 0-102 ohm, and, increasing with temp., w 917 T

attains a maximum at about 50°. It then diminishes ~§ Z’_Z A NS

until the m.p. is reached, Fig. 5; and added that, in § 0-08 (

agreement with F. Exner, the abnormal variation is g 0-06

due to the separation of crystals of varying sizes, and § ,,,

not to the formation of an allotropic modification of S 0-02 SN

tellurium as was supposed by E. Cohen and J. F. Kréner. = g )
-2005/00°0°100°200 300" 300" 500°

For J. M. Riviere’s observations, vide wnfra, silver 7
telluride. B. Beckman found the sp. resistance varied ¥1¢. 5.—The Variation of

~ the Electrical Resist >
from 0-0493 to 0-617 ohm per cm. cube, an(ir the of Tollurimm ik oo
pressure coeff. varied linearly from —9-1x107% to perature.
—26-6 <1073, P. W. Bridgman obtained a resistance

of 0-00645 ohm per cm. cube; and a press. coeff. of —0-00012 ; and the average
temp. coeff. from 0° to 24° was —0-0063. W.G. Adams said that the conductivity
of tellurium is slightly increased by ewmposure to light, but not to the same extent
as that of selenium. T. W. Case found that tellurium has a resistance less than
a megohm, and does not change its resistance on exposure to light. R. S. Bartlett
observed that tellurium shows a photoelectric effect at ordinary temp., and a 70
per cent. greater effect at —185°. P. Kapitza studied the change of the resist-
ance in a magnetic field. L. Amaduzzi and M. Padoa found that isomorphous
mixtures of seleniumm and tellurium show photoelectric sensibilities—ratio of the
conductivity in darkness and in light—such that with 0-887 to 10-081 at. per
cent. Te, the curve falls rapidly at first and then slowly with increasing tellurium
content.
C. A. Kraus and E. W. Johnson gave for the sp. resistance, R, of tellurium :

480-5° 466-0° 449-1° 431-8° 404-7° 380-5° 363°
Rx10% . 0-488 0-525 0-579 0-663  11-69 13-31 14-81
Li‘:_[uld S(:lh.l

and for the resistance at 440° of mixtures of tellurium and sulphur:

S . 00 5-0 30-0 50-0 700 75-0 77-5 80-0 85-0 per cent.
B . 0-036410 0-0;8010 0-2390 15-71 1870 10,920 33-650 114,500 231,700

B. Lange and W. Heller studied the thermoelectric force of the tellurium-
platinum couple between —75° and 90°, and found that the thermoelectric force
is almost constant, but it increases linearly from 0° to 40°, and nearly linearly up
to 400°. A. Teichmann also measured the thermoelectric force of this couple.
W. Ogawa also found the e.m.f. of the thermocouple with copper and tellurium to
be —1000 volts, and the current passes from tellurium to the copper at the hot
junction.

M. A. Levitsky and M. A. Lukomsky found that the bismuth-tellurium couple
gives a current of 360 microvolts per degree or three times that of the iron-con-
stantan couple. ‘

A. von Ettinghausen observed the change in the resistance of telluriumm when
exposed to a magnetic field ; C. W. Heaps found that for small magnetic fields, of
strength H, the effect on the resistance, R is dR/R=100-0 x 10~12H2 for transverse
fields, and dR/R=27-7 x10—12H2 for longitudinal fields. The subject was studied
by P. Kapitza. According to P. I. Wold, the change of resistance in the magnetic
field is proportional to the square of the field strength. The resistance of tellurium
was very variable at ordinary temp., depending on the previous heat-treatment,
but diminished with rise of temp. and in all cases approximated to the same value
at 150° C. The increment in resistance in the magnetic field was greater at the
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lower temp., the curve connecting change of resistance and temp. being very similar

to that for resistance and temp. ) ) ]
The Hall effect in tellurium is abnormally large (sixty times greater than in
bismuth), so that if there is any close connection between the Hall effect and the

change of resistance in a magnetic field one would expect the curve for the latter
phenomenon to exhibit abnormal properties. The relatively large values of dR/R in
tellurium, however, are small compared with those of dR/R in bismuth. P.I1I. Wold,
and F. W. Warburton studied the Hall effect with tellurium. P.I. Wold found the
Hall efifect is practically independent of the field strength-——up to 15,000 c.g.s. units.
There is a disymmetry with reversal of field, but since this is }_)roportlonal to the
square of the field it is due to the Hall electrodes not being ex-actl.y on an
equipotential. At ordinary temp. the Hall constant is positive, but 1t diminishes
rapidly with rise of temp., changes sign, and with further rise of temp. reverses to
positive again. The initial value depends on the heat-treatment, but there is
always the double reversal as the temp. rises. It is only at ordinary temp. that
widely different values of the constant are obtained ; at higher temp. the curves for
different heat. treatments approach each other, and the reversal to the second
positive value occurs at 245° C. This behaviour cannot be regarded as due to
impurities, special precautions having been taken in preparation of the specimen, and
analysis showed the amount of oxide present to be exceedingly small. The author
considers it due to the existence of two crystalline forms, a and 8. According to
W. Haken, the a modification is stable below 354° C. and the 8 form above this temp.
The author assumes a positive Hall constant for the 8 modification and a negative
for the a. As the Te is cooled the 8 form passes into the a form, but the quantity
making the transition will vary. A curve connecting thermoelectric power and
temp. has a shape similar to that for Hall constant and temp. Measurements of the
Hall constant for liquid tellurium were unsatisfactory. The Hall effect has not been
observed with amorphous substances—excluding gases—and it seems as if a
crystalline structure is necessary for the Hall effect. The Ettinghausen-efifect was
found to be proportional to the field strength and to increase with rise of temp.
The Nernst-effect was also approximately proportional to the field, but diminished
in value with increase of mean temp. of the plate. The l.educ-effect was
proportional to the field strength. A diminution of about 19 per cent. in the thermal
conductivity was observed in a field of 6500 c.g.s., the mean temp. of the plate
being 45-3° C. G. Polvani observed a lag with respect to the magnetic field of the
Hall effect.

Observations on the electrolysis of dil. soln. of potassium hydroxide with
tellurium electrodes were made by J. W. Ritter,l1 H. Davy, H. G. Magnus,
J. C. Poggendorff, C. Himly, and G. Bredig and F. Haber—at the platinum anode,
there is an evolution of oxygen, but no hydrogen is given off at the cathode. The
tellurium passes into soln. as violet potassium telluride, and then is precipitated
by the anodic oxygen. The observations of E. Miiller, and R. Lucas are indicated
above in connection with colloidal tellurium. E. Miiller and R. Nowakowsky added
that in 0-1N¥-KOH, selenium dissolves at the cathode with the valency 0-67 to 0-75,
sulphur with the valency 0-57 to 0-89, and tellurium dissolves with valency about
0-9. The potentials at which soln. begins (measured against the 0-1N calomel
electrode) are sulphur 0-53 volt, selenium 0-804 volt, tellurium 0-07 volt. M. le
Blanc observed that tellurium as cathode readily dissolves in alkaline soln., but the
dust observed by E. Miiller, and R. Lucas is not obtained with very conc. soln. of
potassium hydroxide. M. le Blanc found that tellurium in N-KOH dissolves both
as anode and cathode. At the cathode it yields a red soln. of polytelluride. At the
anode it dissolves with a valency of nearly four, in the form of Te™ "-ions the greater
part of which react with hydroxyl ions, forming TeOg’-ions. Tellurium is insoluble
in a normal soln. of potassium hydroxide from which oxygen is excluded. In a
10N —sol.n., however, it dissolves at 100° to a red soln., from which it separates again
on cooling or dilution. This points to the simultaneous presence of positive and
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negative tellurium ions. A red soln. prepared by cathodic soln. of tellurium, and
containing only negative ions, is permanent. No tellurium dissolves when an
alternating current is passed between tellurium electrodes in N-potassium hydroxide
soln., but in- 10/N-soln. dissolution takes place, the quantity dissolved increasing
as the number of alternations per minute decreases. Red soln. are formed from
which tellurium soon begins to separate. The observations are most simply
explained by supposing that tellurium dissolves at the cathode in the form of
Te’’-ions and at the anode as Te "-ions. KEquilibrium exists in soln. between these
ions and free tellurium, 3Te=2Te” +Te ~~. In very conc. alkaline soln., the
equilibrium requires the presence of measurable quantities of the substances on the
right-hand side of the equation, but in dil. soln. it is displaced almost entirely towards
the left-hand side of the equation. According to K. Miiller, the cathodic
decomposition potential of tellurous acid in 2/N-sulphuric acid is —0-08 volt. No
deposition potential could be obtained for tellurium from a 2N-sulphuric acid soln.
of telluric acid, from which it follows that tellurium cannot be deposited from telluric
acid. According to L. Schucht, with dil. soln. of tellurous acid, tellurium is depostted
loosely on the anode ; and with a conc. soln. the separated tellurium floats in the
liguid. E. Miiller also observed that when faintly alkaline soln. of sodium tellurite
or tellurate are electrolyzed there is a marked reduction to tellurium which is not
hindered by the presence of chromates. According to J. Lukas and A. Jilek, a
bright, adherent deposit of tellurium with a silvery lustre can be obtained by dis-
solving say 3 grms. of a tellurium compound in 3 c.c. of hot, conec. sulphuric acid.
The cold soln. 1s diluted with water and 0-5 grm. of tartaric acid added, followed by
ammonia until neutral to methyl-red ; the soin. is acidified with 3 grms. of malonic
acid, cooled to 18°, treated with 10 grms. of ammonium sulphate diluted to
120-150 c.c. and electrolyzed with a rotating anode in a platinum dish at 2 volts.
The current, originally 0-03—0-09 amp., falls to 0-004—0-007 amp. when the tellurium
is completely deposited. Without shutting off the current, the deposit is washed
first with water, then with alcohol, dried at 100°, and weighed ; it should possess a
bright, silvery lustre and be firmly adherent to the dish. Tellurium is amphoteric,
for, when wused as cathode in the electrolysis of potassium hydroxide,
J. Kasarnowsky found that it dissolves as a univalent element forming potassium
telluride, K,Te,, but when used as anode in the electrolysis of hydrochloric acid, the
tellurium passes into soln. as a quadrivalent metal forming tellurium tetrachloride.
The normal potential of the system Te/Te,”” in potassium hydroxide soln. is —0-818
volt ; and with the system Te/Te """, 0-549 volt. The thermal value for the system :
3Te=xTe " "+2Te is 136 Cals.; of bHTe=Te " +2Te,” is —129 C(Cals.; and
Te-}-Te”=Te,” is 3-5 Cals. Tellurium as a metal comes between copper and silver
in the electrochemical series, and it is the ‘‘ noblest >’ of the metalloids. The
hypothetical system Te | N-Te-:-, N-Tey,”” | Te should have an ionic product
[Te ""J[Tey” |2==10"95, which gives a measure of the amount of ionization into
positive and negative ions. F. W. Bergstrom found that in liquid ammonia the
electrochemical series is Pb, Bi, Sn, Sb, As, P, Te, Se, S, and I. W. Haken observed
a discontinuity in the thermoelectric properties at 354° due, he supposed, to the
existence of two allotropes.

H. Euler observed that the cell Te | sat. soln. H,TeO,, N-KCI | HgCl gave no
potential difference, but with other specimens of tellurium higher and lower values
were obtained ; and with the cell Te | TeCl,, N-KCl1 | HgCl, 0-19 volt was observed
by R. Lorenz and J. Egli. G. C. Schmidt in studying the passivity of metals found
that theve is so small a change of potential on polishing tellurium as to be scarcely
detectable. G. Gallo obtained 127-61 for the electro-chemical equivalent of
tellurium, and added that it generally goes into soln. as quadrivalent tellurium,
but with N-HCI, or 10 per cent. potassium chloride, potassium nitrate, or sodium
pyrophosphate and hydrochloric acid, it goes into soln. as sexivalent tellurium,
never as bivalent tellurium. D. Reichinstein found for the electrode potential
Te " "—>Te, 0-5658 volt; for Te-»Tey”’, —0-827; and the e.m.f. of the cell
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Te | Te """, Tey’’ | Teis 1-385 volt. The solubility product[Te™ " )| Te,"” j2==6-2 X 10797;
and the constant K=—[Te " J|OH’|6/[TeQ’’] is 2x10—47. R. Schumann found
that the e.m.f. of the cell TeyniaTeOgs01a | 0-10 to 0-74N-HCIO4 | Hy(1 atm.)
is —0-5286 volt at 25°, and —0-5213 volt at 45°. The reduction potential for
Tesotia+2H0=TeO(OH) +3H 4 4(—) is —O0-5509 volt. J. Kasarnowsky gave
—0-91 volt for the normal potential Tey”’—>Temetal- F. Joliot measured the deposi-
tion potential of tellurium. A. C. Krueger and L. Kahlenberg, and S. J. French
and L. Kahlenberg studied tellurium-gas cells where the gas is oxygen, hydrogen,
helium, argon, or nitrogen.

E. T. Wherry 12 found tellurium to be a poor radio-detector. W. Ogawa, and
I. Stransky discussed the rectifying action of tellurides. A. Giinther-Schulze
described the cathodic spluttering of tellurium.

The diamagnetism of tellurium was observed by J. C. Poggendorff,13 F. Zante-
deschi, and A. Oppenheim. J. Kénigsberger found the magnetic susceptibility
to be —2-1 1076 vol. unit; S. Meyer, —0-6 <1076 vol. unit at 18°; and A. von
Ettinghausen, ——1-6 X106 vol. unit. P. Curie gave —0-3>x1076 mass unit
between 20° and 305°; G. Wistrand, —1-70x1078 mass unit; P. Curie,
—0-303 1073 mass unit; J. C. McLennan and K. Cohen, 0-308 xX107% mass
unit ; K. Honda, —0-32 <1076 mass unit between 18° and 440°; and for the
molten element above 440°, —0-04 X 1076 mass unit. A. Dauvillier discussed the
diamagnetism and at. structure of tellurium. P. Pascal gave —378 <1077 for the
atomic susceptibility ; and S. S. Bhatnagar and C. L. Dhawan, —40-5 X< 1076,
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§ 4. The Chemical Reactions of Tellurium

In agreement with the general observation that the basic properties of the natural
families of elements increase with rising atomic weight tellurium exhibits a greater
basicity than selenium and sulphur. Sulphur is decidedly an acidic element, the
acid character is weaker with selenium, and weaker still with tellurium. The
last-named element exhibits feeble basic qualities since it forms a tartrate, basic
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sulphite and basic nitrate, and in this respect it exhibits the characters of a metal.
Tellurium also resembles metal in general appearances. Lord Rayleigh and
W. Ramsay,! and F. Fischer and F. Schritter were unable to form a compound
of argon and tellurium. According to H. Davy, F. Becker, J. Lowe, BE. Priwoznik,
F. Jones, M. G. Weber, and B. Brauner when tellurium is distilled in hydrogen a
little tellurium hydride is formed; but A. Gutbier said that this is not the
case with purified tellurium. A. Ditte observed that tellurium hydride is formed
if tellurium be heated with hydrogen in a sealed tube. J. J. Berzelius said that
crystalline tellurium does not change in air, but precipitated tellurium, when dried
in air, is slightly oxidized, while B. Brauner, M. Berthelot apd C. Fab.re_, and
A. Gutbier found that a slight oxidation occurs during the washing of precipitated
tellurium ; and tellurium can be detected in the runnings from the filter ; if allowed
to stand exposed to air in the presence of hydrochloric acid, much tellurium tetra-
chloride passes into soln. J. J. Berzelius said that tellurium, heated in air some-
what above its m.p., burns with a bright blue flame which is green at the edges.
The flame is attended by a white cloud of the oxide, which, according to J. J. Ber-
zelius, and H. G. Magnus, has a faint unpleasant odour different from that of
selenium ; the horse-radish oxide reported by M. H. Klaproth is attributed to the
presence of admixed selenium. H. B. Baker and H. B. Dixon observed that
tellurium is one of the few elements which will burn in thoroughly dried oxygen.
A. Mailfert said that in the presence of water ozone oxidizes tellurium to telluric
acid. C.F. Cross and A. F. Higgin said that water does not act on tellurium either
at ordinary temp. or when heated in a scaled tube at 160°. H. V. Regnault also
found that tellurium does not decompose water at a red-heat. .. J. Thénard
observed that hydrogen dioxide does not act on tellurium ; but A. Gutbier and
IF. Resenscheck found that a soln. of the element in potash-lye is oxidized to tellurate.
G. Schluck found that colloidal tellurium is acted on by very dil. soln. of the dioxide,
whilst the crystalline modification only reacts slowly with 60 per cent. hydrogen
dioxide at 100°. The rate of dissolution increases with the amount of telluric
acid formed. Amorphous tellurium, precipitated from hydrochloric acid soln. by
sulphur dioxide and dried at 105°, behaves similarly to crystalline tellurium, but
if the amorphous variety is dried by treatment with alcohol and ether, it dissolves
quite readily in conc. hydrogen dioxide soln. P. K&thner observed that an aq.
solln. of sodium dioxide converts tellurium into the trioxide which dissolves as
tellurate.

H. Moissan found that fluorine reacts with tellurium with incandescence form-
ing a crystalline fluoride. H. Davy said that tellurium burns to the tetrachloride
in chlorine. H. Rose found that chlorine docs not attack powdered crystalline
tellurium in the cold ; but when feebly warmed, a reaction sets in with incan-
descence forming tellurium di- or tetrachloride according as the tellurium or the
chlorine is in excess. On the other hand, J. Thomsen said that chlorine reacts
slowly with tellurium at ordinary temp., and if a little sulphur be present, the
reaction is faster. C. Willgerodt studied tellurium as a catalyst—chloriibertrdger—
in the chlorination of organic compounds. J. J. Berzelius found that bromine
reacts with tellurium at ordinary temp., with the disengagement of heat, forming
a bromide ; tellurium and iodine can be melted together in any proportions ; and
if a mixture is heated strongly enough tellurium jodide sublimes. ©O. Ruff and
H. Krug showed that tellurium reacts with incandescence with chlorine fluoride.
W. Engelhardt observed that colloidal tellurium readily reacts with a soln. of iodine
and potassium iodide. J. Thomsen said that hydrochloric acid is without action
on tellurium. According to V. Lenher, although tellurium is ordinarily considered
to be insoluble in hydrochloric acid, yet it is actually attacked slightly by the acid
when exposed to the air, if sufficient time is allowed for contact. This action can
be demonstrated by bubbling a current of air, for several weeks, through conc.
hydrochloric acid in which is suspended metallic tellurium. In & comparatively
short time the acid becomes yellow, indicating the presence of tetrachloride.
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J. J. Berzelius said that sulphur can be melted with tellurium in all proportions
—wide infra, tellurium sulphide. R. Weber, and E. Divers and M. Shimose observed
that dry sulphur dioxide reacts with tellurium at 30° forming red tellurium sulpho-
trioxide. F. J. Miiller von Reichenstein, and M. H. Klaproth, N. W. Fischer,
H. G. Magnus, and H. Rose, and E. Divers and M. Shimose found that conc. or
fuming sulphuric acid dissolves tellurium at ordinary temp. forming a red soln.;
and, according to N. W. Fischer, with the conc. acid, sulphur dioxide is evolved.
Tellurium separates out when water is added to the soln., and when heated, sulphur
dioxide is evolved. The colour of the soln., said R. Weber, is probably due to the
formation of tellurium sulphotrioxide. M. G. Levi and co-workers found that a
soln. of potassium persulphate dissolves tellurium ; E. Moles found that tellurium
reacts with sulphuric acid giving a soln. with an increased conductivity, and hence
mol. wt. determinations are ambiguous. According to R. Auerbach, tellurium in
accord with its metallic character dissolves in pyrosulphuric acid as monatomic
molecules, and in coagulation, the colour changes from red, through violet, to blue
—<f. selenium oxysulphates. J. Thomsen said that tellurium vigorously decom-
poses sulphur monochloride forming tellurium tetrachloride; and this was shown
by V. Lenher to occur when the monochloride is in excess, while F. Krafft and
O. Steiner found that the dichloride is produced if the tellurium be in excess.
W. Prandtl and P. Borinsky said that selenium or tellurium forms with chloro-
sulphuric acid an unstable soln. containing, respectively, SeSO; or TeSOy; it
reacts with pyrosulphuryl chloride to form TeCl,.SOj3, in accord with the equation :
Te+-28,0;Cl,=803.TeCl;+280,+80; ; chlorosulphonic acid reacts : Te-+H(1S0;
=HCI+TeS0Ogz; and sulphuryl chloride is without action in the cold but forms
the tetrachloride when heated, while B. von Horvath said that purified tellurium
reacts at ordinary temp., and at a red-heat forms tellurium tetrachloride and
sulphur dioxide ; thionyl chloride yields the same products together with sulphur.
V. Lenher also studied the action of sulphuryl and thionyl chlorides on tellurium.
L. Tschugaeff and W. Chlopin found that in an atm. free from oxygen tellurium
dissolves in sodium hydroxide containing sodium hyposulphite forming sodium
telluride. J. J. Berzelius observed that selenium and tellurium can be melted
together in all proportions, and heat is at the same time evolved-—uide supra.
C. A. Cameron and J. Macallan found that selenic acid dissolves tellurium in the
cold forming a red soln. which is decomposed by water with the separation of
tellurium ; the red substance is probably tellurium selenotrioxide.

G. Gore, E. C. Franklin and C. A. Kraus, and C. Hugot found that tellurium
is unchanged by liquid ammonia. F. W. Bergstrom found that tellurium reacts
fairly quickly with the amides of potassium and sodium at ordinary temp., and
slowly at —33°. C. A. Kraus discussed the complex anions formed by tellurium
in ammonia soln. C. C. Palit and N. R. Dhar observed that 13 and 26 per cent.
nitric acid exert but a slight action on tellurium in 3 hrs. According to A. Oppen-
heim, when a mixture of phosphorus and powdered tellurium is warmed, part of
the tellurium forms a black compound, and part burns to phosphorus oxide.
V. Lenher observed that phosphorus trichloride, and phosphoryl trichloride are
without action on tellurium. J. J. Berzelius, and A. Oppenheim said that tellurium
and arsenic can be melted together in all proportions; and similarly with antimony
or bismuth. F. Jones found that arsine is converted by tellurium into arsenic
telluride and hydrogen telluride ; and stibine behaves in an analogous manner.
J. Hoffmann observed no characteristic coloration is produced by tellurium in
molten borax ; the tellurium is sparingly dissolved, and forms a regulus. On the
other hand, sodium telluride colours the molten borax brown or black. Molten
boric acid dissolves some telluride and when cold the mass is brown; with fused
microcosmic salt, and sodium telluride, a reddish-brown glass is formed, which,
on the addition of boric oxide, becomes amber-yellow. P. Fenaroli found th'a,t,
as in the case of selenium, the oxidized element does not colour glass, but if reducing
conditions are present blue, brown, and red glasses are produced. Some contain
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colloidal soln. of the element, and others, polytellurides. The former correspond
completely with the tellurium hydrosols, and are, like them, of two fundamental
colours, blue and brown, analogous to the red selenium glass. The blue glass
contains larger colloidal particles than the brown. The glass containing polytel-
lurides is red, or violet-red, and has an absorption spectrum which corresponds
exactly with that of aq. soln. of polytellurides, showing an absorption from the
green to the violet, with a distinct maximum between 480 and 490uu.

J. W. Retgers found that tellurium is not dissolved by benzene, or xylene ;
and with methylene iodide it forms a dark brown soln.—100 parts of the solvent
dissolve O-1 part of tellurium at 12°. W. Muthmann said that the methylene
iodide dissolves tellurium only when the liquid contains a little free iodine, but this
was contradicted by J. W. Retgers. A. Gutbier added that tellurium decomposes
the methylene iodide and passes into soln. as tellurium iodide. A. Oppenheim’s
observations on the action of a soln. of potassium cyanide have been discussed
in connection with the separation of this element from selenium and sulphur.
V. Lenher observed that carbon tetrachloride does not react with tellurium ; and
K. Lindner and L. Apolant found that when tellurium is heated with carbonyl
chloride, tellurium dichloride is formed. H. Wayts and G. Cosyno studied the
action of tellurium on organo-magnesium compounds. A. C. Vournasos found
that when heated with sodium formate, tellurium hydride is formed. J. Dean
studied some organic compounds of tellurium.

The action of tellurium on the metals is indicated in connection with the tellu-
rides. According to M. le Blanc, when tellurium is heated with a N-soln. of potas-
sium hydroxide, while protected from air, no action occurs at ordinary temp. or
at 100°; but with a 10N-soln., the liquid becomes blood-red and the dissolved
tellurium is precipitated when the soln. is diluted. H. Rose observed the formation
of tellurides when tellurium is melted with alkali hydroxide ; and J. J. Berzelius
observed a similar result with alkali carbonate. M. Websky said that when tellu-
rium is fused with potassium hydrosulphate, tellurium dioxide, or potassium
tellurite is formed ; and F. Becker found that fused potassium nitrate forms alkali
tellurate ; and similarly also with a fused mixture of potassium hydroxide and
chlorate—wvide the tellurates. Tellurium acts as a reducing agent on many salts
of the heavy metals. Thus, J. B. Senderens obtained a partial reduction of copper
sulphate or acetate, and he represented the reaction of powdered tellurium with
silver nitrate at 100° by 4AgNO3g+3Te+3H,0=2Ag,Te+H;TeO3-+-4HNO;. In
sealed tubes, the precipitation of the silver by tellurium is always complete, and
if the tellurium is in excess, the nitric acid which is formed is decomposed with
production of nitrogen peroxide even in dil. soln. Silver nitrate in soln. is com-
pletely although slowly reduced by selenium and tellurium at the ordinary temp.
R. D. Hall and V. Lenher, and F. Hundeshagen, represented the action on gold
chloride by 4 AuCl3-+-3Te=23TeCly+4Au. Selenium reduced a soln. of gold chloride
only when boiled ; so that tellurium is a more active reducing agent than selenium.
R. Boéttger found that ferric salts—sulphate, ferrocyanide, etc.—are reduced to
ferrous salts. F.W. Bergstrom found that tellurium failed to react with magnesium,
arsenic, or copper in liquid ammonia, but did dissolve very slowly in soln. of
aluminium and potassium cyanides. Evaporation of these soln. to dryness appeared
to cause decomposition into cyanide and elementary tellurium. No definite com-
pounds were isolated. Arsenic failed to react with soln. of potagsium or aluminium
cyanides over a long period of time. E. Kessler, and A. Gutbier and co-workers
studied the purple substance, analogous to purple of Cassins, produced by the
deposition of tellurium on stannic hydroxide—that is, tellurium-tin purple.
H. Lessheim and co-workers discussed the co-ordination number of tellurium in
its complex salts. .

Some reactions of analytical interest.—As in the case of selenium, tellurium
forms two acids—tellurous and telluric acids. When a soln. of a tellurite is treated
with hydrochloric acid, a white precipitate of tellurous acid, HyTeOg, may be formed
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in come. soln. ; with a soln. of a tellurate, there is no precipitation, but if the soln.
be boiled, chlorine is evolved, and when water is added, tellurous acid may be pre-
cipitated. Acidic soln. of a tellurite yield a brown precipitate of tellurium sulphide,
TeS;, when treated with hydrogen sulphide, and the precipitate is soluble ‘in
ammonium sulphide soln. ; under similar conditions the tellurates behave like the
tellurites to which they are reduced. As previously indicated—vide Figs. 1 and 2
of the previous chapter—sulphur dioxide precipitates tellurium completely from
dil. hydrochloric acid soln., and this even in the presence of tartaric acid; but
with a conc. hydrochloric acid soln., unlike selenious acid, no tellurium is precipi-
tated even on boiling. Tellurous and telluric acids give similar products when
treated with reducing agents—stannous chloride precipitates black tellurium if
the soln. be not too acid; zine gives a similar precipitate ; phosphorous acid pre-
cipitates tellurium from conc. soln., but not from cold, dil. soln.; and ferrous
sulphate gives no precipitate with tellurous or telluric acids although with the
selenium acids precipitation occurs.

According to P. Jannasch,2 an ammoniacal soln. of hydroxylamine reduces
tellurous and telluric acids causing the complete precipitation of the tellurium,
whilst an acidic soln. of this reagent is without action on these acids; hydroxyl-
amine may therefore be employed in separating selenium and tellurium. - The
selenium is completely precipitated when a hydrochloric acid soln. of these elements
is boiled with hydroxylamine, and the tellurium separates quantitatively when
the filtrate is rendered ammoniacal and boiled with more of the reducing agent ;
four mols. of hydroxylamine are required for the reduction of one mol. of tellurous
acid, water and nitrogen being produced at the same time. Tellurium is also
precipitated from its hydrochloric acid soln. by hydrazine sulphate, but not from
its soln. in nitric acid; hydrazine precipitates tellurium quantitatively from a
hot ammoniacal soln. G. Pellini said that a feebly acidic soln. of selenium con-
taining ammonium tartrate gives a precipitate with hydrazine sulphate, but not so
with tellurium ; hydrazine chloride precipitates both selenium and tellurium.
For the action of other reducing agents—wide <nfra, tellurous and telluric acid.
With magnesia mixture, tellurites give a white precipitate; so also with sodium
hypophosphate, and with barium chloride. G. Deniges 3 found that a soln. of
10 grms. of mercurous nitrate in 10 c.c. of nitric acid and 100 c.c. of water gives a
yellow crystalline precipitate with telluric acid or tellurates. If a tellurium com-
pound or tellurium be melted with potassium cyanide in a current of hydrogen;
potassium telluride is formed. When the cold mass is dissolved in water, and a
current of air passed through the soln., unlike the case with selenium, the element
itself is precipitated.

The physiological action of tellurium.—Soln. of the tellurium salts have a
metallic taste ; and, according to K. Hansen,* and A. P. A. Rabuteau, they are
poisonous. B. Turina found that like selenium salts, tellurium-——as tellurite or
tellurate—does not enter the system of germinating or mature plants in appre-
ciable quantities by way of the root-hairs; rather does the root-sap play the
important réle of point of entry and filtration for nutrifying salts. F. Czapek and
J. Weil said that in the organism tellurium salts are rapidly reduced to the metallic
state, which is harmless. F.Wohler, K. Hansen, F. Mylius, and J. I.. Beyer were
of the opinion that a small quantity of telluric or tellurous acid—say, 1 mgrm.—
taken internally is reduced to tellurium simultaneously forming a volatile com-
pound—possibly methyl telluride—which imparts to the breath a most offensive
odour. F. Lehmann said that high concentrations of tellurium salts are fatal to
trypanosomes, but after one hour’s exposure, the following dilutions were not
lethal : tellurites 1 : 500; and tellurates 1 : 300. G. Joachimoglu and W. Hirose
observed that on an isolated frog’s heart, sodium tellurite is at least two hundred
times as toxic as sodium tellurate, and sodium selenite at least one hundred times
as toxic as sodium selenate. The selenite is also much more toxic than the tellurite.
The heart muscalature has a reducing effect on the first three salts mentioned.
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On the rabbit’s blood-press., sodium selenite and tellurite have a more powerful
depressor action than sodium selenate and tellurate. They also showed that
diphtheria bacilli are less sensitive than the bacilli of the typhus-coli group towards
tellurites and tellurates. The former are killed by conc. of tellurites 1 : 420, and
tellurates 1 : 125—while the latter are killed at dilutions 400 times these amounts.
According to A. Massen, the solid compounds of selenium and tellurium are attacked
by Penicillium brevicaule, forming volatile substances. The volatile selenium
compound has a mercaptan-like odour, quite distinct from that of the arsenic
compound, but cultures containing tellurium emit an odour resembling that of
garlic. Whilst in the animal organism selenium and tellurium compounds are
converted into ethyl derivatives, in microbes, methyl derivatives are formed.
The reducing property of the cells of animals and microbes is due to the presence
of a substance which can exercise this power even when removed from the tissues,
but the formation of methyl or ethyl derivatives seems, however, to be really
dependent on vital processes occurring only in the organism. O. Rosenheim, and
A. Massen discussed the effects of the presence of selenium and tellurium on the
biological tests for arsenic. B. Gosio added that whilst all arsenical compounds
are attacked only by a comparatively few species of hyphomycetes; only some of
tellurium compounds are attacked by all the varieties of hyphomycetes tried.
The action with the telluriumm compounds is more rapid than with arsenical com-
pounds, and under favourable conditions can be detected in 2 or 3 min. It is
said to be probable that the decomposition of tellurium compounds by micro-
organisms is not brought about by means of products formed by the organisms,
but is a direct consequence of the life or development of the moulds or bacteria.
B. Gosio, and E. Scheurlen recommended the use of tellurium compounds as tests
for bacterial life in substances supposed to have been sterilized. L. D. Mead and
W. J. Gies found that non-toxic doses of tellurium (as oxide, tellurite, tartrate,
and tellurate) do not materially affect metabolism in dogs. They appear to stimu-
late katabolism, and diminish fat absorption slightly ; the urine is rendered dark
Large doses retard digestion, and induce vomiting and somnolence.
They cause enteritis. Subcutaneously injected, they cause diarrhcea, tremors,
and death from asphyxia. At the point of injection, tellurium is deposited in the
metallic form, and is distributed in most of the organs and tissues. - Methyl telluride
appears in the breath a few minutes after the introduction of quite small amounts
of tellurium into the system. It persists for months, slowly leaving the body,
by skin, lungs, urine, bile, and fxeces. Of the digestive ferments, trypsin is the least
resistive to the destructive influence of the metal. Albumin and bile pigment are
usually present in the urine. T. Bokorny said that a O-1 per cent. aqg. soln.
of telluric acid, or of potassium tellurite or tellurate, has no action on various algse
and infusoria. 'W. Adolphi described a case of poisoning from the fumes of
tellurous oxide volatilized during the smelting of some platinum slimes.
N. M. Stover and B. S. Hopkins found that sodium or potassium tellurite, or
tellurium acid tartrate in 0-0005- to O-05N-soln., exert no perceptible fungicidal
action.

Some uses of tellurium compounds.—On account of some industrial applica-
tions, tellurium is beginning to acquire some technical importance.5 It has a very
limited application in the glass industry ; it is used in the preparation of organic
dye-stuffs ; in the manufacture of electrical equipment; high resistance alloys
and ultramarine ; in the colouring of lithophone ; the staining of silver; as a
delicate test of sterilization in bacteriology ; and as a toning agent in photography.
A compound of tellurinm has been used as an anti-knock constituent of motor
fuels, and its use is said to lead to greater efficiency. Remarkable properties are
shown by the alloys of tellurium ; the tin alloys are extremely hard and have
very great tensile strength ; and the aluminium alloys are very ductile. The silver
alloys have been used. The element is poisonous, and is fairly readily absorbed—
e.g. from gold dental stoppings. F. C. Mathers and J. Papish used soln. of salts

brown.
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of tellurium for staining metals ; C. Dickens used colloidal tellurium as an insecti-
cide, germicide, fungicide, and wood preservative.
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§ 5. The Atomic Weight and Valency of Tellurium

Le tellure a donc subi toutes les tortures auxquelles un corps peut étre soumis. Il a
6té6 fondu, sublimé, oxyde, hydrogéné, dissous et précipité, mais, le nombre 128, repre-
séntant le poids atomique de tellure pur, inscrit dans son tableau périodique par Men-
deléeff, n’a 6té, jusqu’ici, confirrné par personne.—G. N. W¥ROUBOTYF.

Tellurium shows a clear and definite relationship to selenium and to sulphur.
This is evidenced by the valencies as shown by corresponding compounds. Thus,
tellurium is bivalent in tellurium dichloride, TeCl,, hydrogen telluride, HgTe, the
organic tellurides—e.g. ethyl telluride, (Co;Hj),Te, prepared by A. Marquardt and
A. Michaelis 1-—and the inorganic tellurides—e.g. AgyTe, etc. According to
F. Becker, and A. Cahours the organic tellurides form additive compounds with
the alkyl iodides yielding the so-called telluronium salts—e.g. triethyl telluronium
iodide, (C3Hj)sTel, in which the tellurium is quadrivalent. There are also com-
pounds like diethyl tellurium oxide, (C;Hg),TeO, and the salts (C;Hjy),TeCly, ete.,
in which the tellurium is also quadrivalent. According to G. Pellini, (CgHj)sTeBry
is isomorphous with the corresponding selenium compound (CgHj;),SeBr,. Accord-
ing to T. M. Lowry, the tetrahedral configuration of the sulphur and selenium does
not apply to tellurium since R. H. Vernon has isolated two stereoisomeric forms of
E. A. Demarg¢ay’s dimethyl telluronium diiodide :

CH, I
cH,— Te<g

The isomerism is best explained on the assumption that the four valencies of tellu-
rium lie in one plane. In these compounds, two of the valencies of tellurium appear
to be different from the other two, whereas with sulphur and selenium, one valency
appears to be different from the other three. Hence, the same argument which
indicates that the four radicles of isopropylidene iodide

CH,
CH,

are not coplanar shows that the four radicles in the analogous compounds of tellu-
rium have a square not a tetrahedral configuration. The subject was discussed
by R. F. Goldstein, and by T. M. Lowry and co-workers. The quadrivalency of
tellurium is also illustrated by tellurium tetrachloride, TeCl,, which, according
to A. Michaelis, has a normal vap. density, and passes into tellurous acid, TeO(OH),,
when treated with water. The sexivalency of tellurium is represented by the
hexafluoride, TeFgq, prepared by E. B. R. Prideaux, but not so clearly in telluric
acid, known only in the form of the dihydrate, H,;Te0,.2H,0, which may be ortho-
telluric acid, Te(OH)g, and in the tellurates which have a formal resemblance to
the selenates and sulphates. The isomorphism of these salts has been previously
discussed. 1. I. Tschernyeff discussed the constitution of the complex salts ;
and J. N. Frers, the place of tellurium in the periodic table.

According to the periodic law, tellurium should have an at. wt. between that of
antimony and iodine—that is, it should be greater than 120, and less than 126.
J. J. Berzelius 2 gave 128 for the at. wt. of tellurium. while iodine has an at. wt.
very near to 126-5. D. I. Mendeléeff accepted 125 for the at. wt. based, he said,
on the work of B. Brauner ; but this value for the at. wt. of tellurium is too low ;
all the best determinations agree that the at. wt. of tellurium is above that of iodine.
This means that either all the-observations are affected by a constant error, or else
the theory is insufficient to describe the facts.

B. Brauner said that tellurium is not a simple substance, because on distilling

and CI}”> Te<;:’H3

>o<1
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tellurium in a current of hydrogen, or the tetrabromide, in vacuo, it can be separated
into two constituents, one more volatile than the other, and having a different
at. wt. He added that as a result of fractional precipitation with ammonia, tellu-
rium as ordinarily understood is probably a mixture of three elements, and that
pure, red tellurium remains to be discovered. P. E. Browning and R. Flint also
said that if purified tellurium tetrachloride be partially hydrolyzed by water, and
the precipitated tellurium dioxide separated by filtration the tellurium has an at.
wt. of 126-53 ; whereas the tellurium salt remaining in soln., when precipitated by
ammonia and a slight excess of acetic acid, contains tellurium which has an at. wt.
of 128-97. They called the former a-tellurium, and the latter B-tellurium. These
results were subsequently confirmed by R. Flint. G. Pellini suggested that tellu-
rium contains a small quantity of an element of at. wt. 212, apparently correspond-
ing with D. I. Mendeléeff’s di-tellurium, Dt, which B. Brauner called austriacum,
and which is said to be analogous to the radioactive constituents of pitchblende.
W. Griinewald said that his spectroscopic observations on tellurium agree with
the assumption that a dwi-tellurium was present. E. W. Wetherell asked :

May it not be possible that the atoms of an element may in some cases have a satellite
—a minute body inseparable from the atom by any means at our disposal, yet one which
may materially affect the properties of an element ? Such satellite would in no way upset
the law of Avogadro that equal vols. of a gas under equal press. and temp. contain equal
numbers of molecules, as the satellite is an integral part of the molecule; it might even
account for the very slight deviation from the law which has been observed.

These speculations and observations have not been supported by others, and this
in spite of a bias, so to speak, in favour of the heterogeneity of tellurium.
A. G. V. Harcourt and H. B. Baker attributed the results by P. E. Browning and
R. Flint to the failure of the methods of purification to remove some element of
lower eq. wt. than tellurium, and that this impurity accumulated by the process
of fractionation employed. A. G. V. Harcourt and H. B. Baker were unable to
confirm R. Flint’'s results. W. G. Morgan, and G. Pellini obtained results in agree-
ment with those of A. G. V. Harcourt and H. B. Baker, and opposed to those of
R. Flint. W. Marckwald believed that by a laborious fractional crystallization
of telluric acid, he obtained tellurium of lower at. wt. than that of iodine, but on
repeating the work by a more trustworthy process, W. Marckwald and A. Foizik
concluded that no separation of the tellurium had been effected. L. Staudenmaier
fractionally ecrystallized telluric acid; J. F. Norris and co-workers fractionally
crystallized potassium bromotellurate ; J. F. Norris fractionally distilled tellurium
dioxide ; H. B. Baker and A. H. Bennett fractionally crystallized telluric acid,
fractionally dissolved barium tellurate, and fractionally distilled the metal, the
chloride, and the dioxide, fractionally decomposed the hydride, fractionally pre-
cipitated the chloride, and fractionally electrolyzed the bromide and the chloride ;
V. Lenher fractionally precipitated the tetrachloride or complex chlorides ; fraction-
ally precipitated the tetrachloride with ferrous salts, and fractionally dissolved
tellurium in hydrochloric acid in the presence of air. W. L. Dudley and P. C. Bowers
fractionally precipitated tellurium by a hydrazine salt ; O. Steiner, and G. Pellini
fractionally distilled phenyl telluride ; and G. Pellini fractionally hydrolyzed the
tetrachloride, and fractionally electrolyzed a soln. of tellurium dioxide in sulphuric
acid and ammonium hydrotartrate. In all cases, these investigators were unable
to distinguish any difference in the at. wts. of the different fractions, and they
concluded that tellurium is chemically homogeneous ; <.e. if tellurium is a mixture
the components cannot be separated by the processes so far investigated. The
differences observed by W. Bettel in the cupellation of silver telluride ores were
attributed by H. B. Baker to differences in the surface tensions of silver telluride
and silver ; and have no bearing on the controversy on the complexity of tellurium
—uvide Infra, isotopes. .

J. J. Berzelius 8 made the first attempt to determine the at. wt. of tellurium
by oxidizing the element to the dioxide by means of nitric acid, and from the ratio
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Te : TeO,, he calculated 128-34 for the at. wt. when his data are reduced to oxygen
16 as the standard. W. L. Wills also obtained results ranging from 126-64 to
129-66 ; and a whole series of observations on the oxidation of tellurium to the
dioxide, or the reduction of the dioxide to tellurium have been made. Thus, for
the oxidation, B. Brauner obtained 125-72, and for the reduction, 127-46 ; G. Pellini
obtained for the oxidation 127-657, and for the reduction, 127-625 ; G. Gallo found
127-053 ; V. Lenher, 127-50 ; A. Gutbier, 127-585, 127-609, and 126-74 ; L. Stauden-
maier, 127-60 ; R. Metzner, 128-032 ; K. B. Heberlein, 127-002 ; L. M. Dennis
and R. P. Anderson, 127-61; A. Stahler and B. Tesch, 127-5613 ; and P. Bruy-
lants and C. Desmet, 127-75. J. B. A. Dumas by an unpublished method obtained
129 for the at. wt. of tellurium.

C. von Hauer analyzed potassium bromotellurate, and from the ratio
K,TeBrg : 6AgBr, obtained 127-64; W. L. Wills from the same ratio obtained
127-10. B. Brauner obtained from the ratio TeBr : 4Ag, 127-64 ; M. Chikashige,
127-42 ; H. B. Baker and A. H. Bennett obtained from the ratio Te : TeBr,, 127-53
(Br=74-92). W. L. Dudley and P. C. Bowers precipitated tellurium by a hydra-
zine salt and from the ratio TeBr, : Te, calculated 127-479. V. Lenher obtained
127-57 from the ratio K,TeBrg: 2KCl. L. Staudenmaier obtained 127-16 from
the ratio HgTeOg : TeO,, and 127 31 from the ratio HgTeOgq: Te ; W. Marckwald
gave 126-81 ; and K. B. Heberlein similarly obtained 126-72. H. B. Baker objected
to telluric acid as a starting point because of the difficulty in obtaining the acid
with exactly the right proportion of water of crystallization, HyTeO4.2H,0.
K. B. Heberlein treated telluric acid with hydrochloric acid, collected the liberated
chlorine in potassium iodide, and titrated the freed iodine with standard thio-
sulphate ; he thus obtained Te=127-223. O. Steiner analyzed phenyl telluride,
and from the ratio (CgHg)pTe : 12CO, obtained Te==126-42; A. Scott from the
ratio (CHg)gTel : Agl obtained 127-56; and from the ratio (CHg)gTeBr: Ag,
127-72. J. F. Norris ignited the basic nitrate, and from the ratio Te,HNO, : 2TeO,
obtained 127-48. W. L. Dudley and P. C. Bowers showed that the basic nitrate
method is not so reliable owing to variations in composition with variations in the
nature of the precipitate. H.B. Baker and A. H. Bennett heated tellurium dioxide
with sulphur, and from the ratio TeO, : SO,, obtained 127-62. W. Marckwald
and A. Foizik said that the results by this process are not so good owing to the
formation of a little sulphur trioxide. F. A. Gooch and J. Howland oxidized
an alkaline soln. of tellurium dioxide to telluric acid by adding an excess of a
standard soln. of permanganate, and after acidification with sulphuric acid, titrated
back the excess with oxalic acid. They thus obtained 126-92 for the at. wt. of
tellurium ; J. F. Norris and H. Fay determined the excess of permanganate iodo-
metrically. W. Marckwald and A. Foizik also oxidized the tellurium dioxide to
telluric acid by permanganate in an acidic or an alkaline soln. The results gave
127-61 for the at. wt. of tellurium. P. Bruylants and J. Michielsen calculated
127-8 from the ratio Te: H, in hydrogen telluride. G. Gallo found the electro-
chemical equivalent of tellurium in terms of silver, and he found that if the at. wt.
of silver be .107-880, that of tellurium is 127-053.

The avallable_ data were reviewed by K. Seubert, and P. Kéthner in 1903 ; and
by F. W. Clarke in 1910. F. W. Clarke gave 127-5 as the best representative value
for the at. wt. ; and the International Table for 1926, 127-5, and for iodine, 126-92.
Tellurium is therefore considered to be a misfit in the periodic table of at. wts.
As G. N. Wyrouboff,* and H. Wilde expressed it, the law of periodicity ceases to
be valid. J. W. Retgers accordingly argued that tellurium should be placed in
the eighth group, and he said, in support of this, that potassium tellurate and
osmiate are isomorphous. On the other hand, W. Muthmann said that the general
character of tellurium ; the isomorphism of potassium selenium bromide, and
potassium tellurium chloride ; and the isomorphism of the trigonal forms of
vt;ilﬂx;::lxnhand sﬂem;xq make te]!un.um fitted for a place in the periodic table along

phur and selenium. As indicated above, J. W. Retgers considered that the
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cases of isomorphism cited by W. Muthmann are open to doubt. In spite of this,
the chemical characters alone, in the opinion of K. Seubert, make tellurium a
member of the sulphur-selenium family ; and, added A. Gutbier and F. Flury,
the anomaly would not be avoided by placing tellurium in the eighth group away
from its congeners sulphur and tellurium in the sixth group. A. Werner showed
that the anomaly exhibited by tellurium is itself periodic and appears in other
parts of the table—e.g. with argon (39-9) and potassium (39-15); with cobalt
(59-0) and nickel (58-7) ; and with neodymium (143-6) and praseodymium (140-5).
P. Kusnetzoff pointed out that when the differences in the at. wts. of the elements
in the uneven periods are tabulated, they show a regular rise and fall within the
separate groups. The negative difference between iodine and tellurium is in accord
with the other differences in the sixth group.

The case of tellurium shows that the position of an element in the periodic
table is not entirely dependent on its at. wt., but on some other property of the
atom to which the at. wt. is nearly proportional. A. van den Broek 5 showed that
if the elements are arranged in the order of their at. wts. they are in nearly all
cases also arranged in the order of increasing nuclear charge ; and it is the nuclear
charge not the at. wt. which should determine the position of the element in the
periodic table ; and H. G. J. Moseley showed that the variation in the wave-length
of the characteristic X-rays emitted by different elements can be explained on the
assumption that the nuclear charge increases by one unit from element to element.
The nuclear charge is represented by so-called atomic number, which for tellurium
is 52.

The theory of isotopes has also changed the point of view of the at. wt. question.
According to F. W. Aston,® the mass spectrum of tellurium gives lines corresponding
with isotopes of the at. wts. 126, 128, and 130, the intensities of the latter two
being equal and double that of the first. All the mass numbers of tellurium pro-
bably form members of isobaric pairs. H. Pettersson and G. Kirsch 7 observed
evidence of atomic disruption when tellurium is bombarded by a-rays. H. Miiller
obtained no evidence of this. A. L. Foley studied the action of ultra-violet light;
and of X-rays on tellurium confined in sealed glass tubes when the spectra are
periodically examined. The results were indefinite. The electronic structure
according to N. Bohr 1s (2) (4, 4) (6, 6, 6) (6, 6, 6) (4, 2). The subject was discussed
by M. L. Huggins, G. I. Pokrowsky, C. P. Smyth, H. G. Grimm and A. Sommerfeld,
J. ID. M. Smith, J. C. Slater, and C. D. Niven.

Polonzum is discussed in connection with radium.
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§ 6. Hydrogen Telluride

J. W. Ritter 1 observed that when water is electrolyzed with a tellurium cathode
no hydrogen is evolved on the metal, but the liquid is coloured owing, he supposedj
to the formation of a tellurium hydride ; H. Davy also found that, under similar
circumstances, the water about the cathode acquires a purple tint owing to the
formation of hydrogen telluride. If air be present, a brown powder is precipitated
which he regarded as a tellurium hydride containing a smaller quantity of hydrogeu.
On the other hand, H. G. Magnus showed that the brown powder is nothing but
metailic tellurium, and it is precipitated even when thoroughly boiled water is
employed because of the diffusion of cathodic oxygen into the liquid. If the
water be acidified, no brown powder is deposited because the hydrogen telluride
which is then produced, being but slightly soluble in the acid liquor, escapes as a
gas. Gaseous hydrogen telluride, H,Te, was discovered by H. Davy.

H. Davy observed that when the telluride—obtained by electrolyzing potassium
hydroxide by means of a tellurium cathode ; or by heating potassium and tellurium
together—is treated with dil. hydrochloric acid, there is a violent effervescence,
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and an aériform compound of tellurium and hydrogen is produced which smells
very like hydrogen sulphide, and which gives elemental tellurium when it comes
in contact with air. As indicated previously, H. Davy, F. Becker, J. Lé&we,
E. Priwoznik, F. Jones, B. Brauner, A. Ditte, and A. Gutbier discussed the direct
union of hydrogen with heated tellurium. M. G. Weber obtained only traces of the
telluride to be formed by the direct union of the two elements. E. Pozzi-Escot
observed only a very slight hydrogenation of tellurium occurs during diastatic fer-
mentation. Hydrogen telluride is produced by the
action of acids on tellurides—e.g. H. Davy, and
A. Bineau used potassium telluride ; J. J. Berzelius,
zinc or iron telluride ; and M. Berthelot and C. Fabre,
magnesium telluride. M. G. Weber obtained only
a poor yield by the action of an acid on magnesium
telluride ; and E. Ernyei, a gas with only 5 per
cent. of hydrogen telluride. F. Wdhler, L. M. Dennis
and R. P. Anderson, and R. de Forcrand and
H. Fonzes-Diacon found that water acting on
aluminium telluride furnishes hydrogen telluride ;
K. Divers and M. Shimose acted on zinc with a soln. g, 6. The Preparation of
of tellurium dioxide in sulphuric acid. J. C. Poggen- Hydrogen Telluride.
dorff obtained hydrogen telluride by the electrolysis

of dil. sulphuric acid with a tellurium cathode. A. C. Vournasos observed the
formation of hydrogen telluride when tellurium is heated with sodium formate
to 400°. The yield is limited because of the reverse reaction—the decomposition
of the telluride. In all these cases, the product is contaminated with much
hydrogen. By the electrolysis of 50 per cent. sulphuric acid, in an apparatus
resembling Fig. 6, E. Ernyei obtained a gas containing only 5 to 6 per cent. of
hydrogen. M. G. Weber also obtained the best yield by the electrolytic process.
E. Ernyei’s apparatus is as follows :

The negative pole is of tellurium ; the electrolyte of 50 per cent. sulphuric acid is
cooled during tho electrolysis between —15° and —20°. The electrolytic cell has a dia-
phragin, Fig. 6, of parchment paper to retard movements of the electrolyte. Two glass
tubes rise from this cell--the one over the positive pole is fitted with a two-way cork,
funnel and bent tube. The latter is to introduce liquid into the cell, and the former is to
allow air to be washed from the apparatus by a current of hydrogen before the electrolyte
is introduced, and afterwards for the exit of the anode gases. The tube over the negative
pole has a partition above which calcium chloride and phosphorus pentoxide can be placed
for drying the gas. The fittings are all of glass since cork and rubber decompose the gas.
W. Hempel and M. G. Weber cooled the vessel with solid carbon dioxide and alcohol ;
and protected the apparatus from light.

L. M. Dennis and R. P. Anderson prepared the gas by the electrolysis of a
50 per cent. soln. of phosphoric acid using a tellurium cathode and platinum anode.
The hydrogen telluride was purified by liquefaction, and fractional distillation a
number of times. P. Bruylants and J. Michielsen purified the gas from the electro-
lysis of sulphuric acid in a similar way, and employed it in their determinations of
the at. wt. of tellurium. L. Moser and K. Ertl said that the best way of preparing
the gas is to drop powdered aluminium telluride into dil. hydrochloric acid in an
atm. of nitrogen. The best yield was 80 per cent. of the theoretical. The gas was
liquefied in a tube cooled with a mixture of solid carbon dioxide and ether. Liquid
hydrogen telluride is sensitive to light, but the dry gas is stable in light. F. Paneth
and co-workers observed that hydrogen telluride is formed by an electric discharge
with tellurium electrodes in hydrogen.
.. H. Davy described hydrogen telluride as a colourless gas with a feetid smell
like that of hydrogen sulphide ; and M. Berthelot and C. Fabre said that its odour
is different from that of hydrogen sulphide, or selenide, and it slightly regembles
that of hydrogen arsenide. Its action on the animal economy is very much less
irritating than is that of the selenide. A. Bineau estimated the vapour density
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to be 4-49 (air unity) when the calculated value for HyTe is 4-48. E. Ernyei deter-
mined the vap. density to be 4-49. When the gas is cooled with solid carl%on dioxide,
it forms lemon-yellow, needle-like crystals with the melting point —54° according
to E. Ernyei, and —48° according to R. de Forcrand and H. Fonzes-Diacon. The
liquid is greenish-yellow, and it has a specific gravity of 2-57 at 20°; P. Bruylants
gave 2-65 at 0°. E. Rabinowitsch gave 48-9 for the mol. vol. H. Remy discussed
the structure of hydrogen telluride. P. Bruylants found the vapour pressure,
» mm., to be '

—60° —50° —40° —30° —20° —10° 0°

» 36 79 139 234 370 555 808

The boiling point is 0° at 760 mm. E. Ernyei said the b.p.is over 0°; E. Q. Adams
studied the relation between the b.p. and composition. P. Bruylants gave —1-8°,
and he estimated the critical temperature to be at about 200°. The triple point
is at —45-4° and 102 mm.; the latent heat of vaporization was estimated
to be 57 cals. M. Berthelot and C. Fabre found that the heat of formation is
(Hygns, Tecryst)=HyTegas—35-0 Cals.; and R. de Forcrand gave —bH0-8 Cals.
for the solid telluride. The heat of formation of water, hydrogen sulphide and
hydrogen selenide are respectively 59-0, 46, and -—12-3 Cals. ; thus showing that
in the oxygen group, as in the chlorine group, the energy of combination with
hydrogen diminishes as the at. wt. of the element rises. A 0-1N-soln. of hydrogen
telluride, in the absence of air, according to L. Bruner, has a sp. electrical con-
ductivity of 21073, and at this conc. is 50 per cent. ionized. M. de Hlasko found
for the mol. conductivity u, of soln. of hydrogen telluride at 18°; the sp. con-
ductivity & ohms; the ionization constant %, where k=a2/(1—a)v; and a repre-
sents the degree of ionization :

0-098N- 0-0667N - 0-08178N- 0-3442N- 0-02326.N - 0-01186N-
" . 56 63 67 855 107-5 136 208-5
k . 000124 0-004215 0-004061 0-002942 0-002497 0-001607 0-000579
K . 0-00240 0-00223 0-00226 0-00222 0-00259 0-00250 0-00180
a . 0-148 0-166 0-176 0-225 0-283 0-360 0-549

The mean value of the ionization constant is K=—0-00227 at 18°. Hydrogen
telluride thus appears to be a stronger acid than hydrogen fluoride. The increase
in the strength of the hydrogen acids of this family of elements thus increases
rapidly with increasing at. wt. Thus, theionization constants for Hy0 is 0-64 1014,
for H,S, 0-91 <1077 ; HySe, 1-88 <10 ¢; and for H,Te, 2:27 x103. The increasing
acidity with increasing at. wt. was also noted by L. Bruner

Hydrogen telluride was found by M. Berthelot and C. Fabre to be very unstable
even in darkness. K. Ernyei also found that decomposition occurs in a sealed
tube, and it can be kept for a couple of days while cooled by a freezing mixture,
but even under 0°, it decomposes into tellurium and hydrogen. A. Ditte said
that when warmed, it behaves like hydrogen selenide, but at a much lower
temp. He said that it becomes more stable at a somewhat higher temp., but at
a still higher temp., a large proportion is decomposed. Both H. Davy, and
E. Ernyei found that the gas burns in air with a pale blue flame forming water,
and tellurium dioxide. According to M. Berthelot and C. Fabre, and R. de For-
crand and H. Fonzes-Diacon the gas is decomposed at once by moist air, and a
piece of moist filter-paper in contact with the gas is blackened immediately. The
gas dissolves in water forming a red soln.—presumably owing to the separation of
tellurium. The aq. soln. reddens litmus ; water with air in soln. at once decom-
poses the gas. L. Bruner added that if a bubble of oxygen be allowed to come in
contact with the aq. soln. of the gas, the soln. is decomposed, tellurium separates,
and the conductivity falls to zero, thus proving that the electrical conductivity of
the aq. goln. is really due to the hydrogen telluride. H. Davy found that chlorine
reacts vigorously with the gas forming tellurium which is quickly converted into
chloride ; and E. Ernyei observed that an aq. soln. of bromine is decolorized by
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the gas; and similarly also with iodine. According to C. Whitehead, tellurium
tetrachloride reacts with the gas: 2H,Te{|+TeCly=3Te+4HCl. C. Whitehead
said that the soln. in 95 per cent. alecohol is stable in air. A. Bineau observed that
when heated with tin, all the tellurium is withdrawn, and an equal vol. of hydrogen
is produced. Hydrogen telluride was found by H. Davy, and J. J. Berzelius to
dissolve in an aq. soln. of alkali hydroxide. K. Ernyei added that the soln. with
alkali hydroxide are colourless, and they become red on exposure to air; if the
soln. contains oxygen, tellurium separates, and this subsequently dissolves forming
a red soln. of potassium telluride. Hydrogen telluride reduces ferric chloride to
ferrous chloride ; M. Berthelot and C. Fabre represented the reaction
2FeClgaq.-+ HoTe=Te+2FeClyaq. +-2HClyq.+58-24 Cals. E. Ernyei also found that
the gas reduces mercuric chloride to mercurous chloride. A. Brukl studied the
action of the gas on metal salt soln.—wvide the tellurides.

According to E. Divers and M. Shimose, if hydrogen telluride made by the
action of zinc and sulphuric acid holding tellurium dioxide in soln. be passed
into more of the tellurated sulphuric acid, not diluted with water, a red soln. of
tellurium sulphotrioxide is formed : 2H,Te+ TeOy,+3H,S0,=5H,0-+3TeS03, and
as the passage of the gas continues, the red sulphotrioxide is destroyed, and there is
formed a brown insoluble substance which in some parts appears in the form of scaly,
black particles with a metallic lustre, and which is thought to be hydrogen per-
telluride. Its solubility in sulphuric acid, and its appearance is said to indicate
that it is not elemental tellurium. It may, however, form a red soln. if treated
with sulphuric acid containing tellurium sulphate, or if fresh sulphuric acid be
added to the mother-liquor. In this case, the sulphuric acid probably exercises
an oxidizing power by containing traces of dissolved oxygen, or oxidizing agents.
It redissolves in its own mother-liquor when the mixture is exposed to the air, the
dissolution proceeding from the surface of the liquid downwards, evidently a case
of atm. oxidation. But it also redissolves slowly when sealed up with its mother-
liquor in glass tubes in an atm. of hydrogen, and this dissolution of it is accompanied
by reduction of the sulphuric acid; for on opening the tubes, the smell of sulphur
dioxide is distinct. This reduction of sulphuric acid further shows that the pre-
cipitate is not tellurium, as this substance dissolves without forming sulphur
dioxide. The hydrogen of the pertelluride is readily oxidized by air in the presence
of sulphuric acid, and more slowly by sulphuric acid alone, with the production of
sulphur dioxide.
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§ 7. The Tellurides

A. F. Hallimond ! discussed the isomorphism of the sulphides, selenides, and
tellurides. A. Bineau obtained colourless plates of ammonium hydrotelluride,
(NH,),HTe, by bringing ammonia in contact with an excess of hydrogen telluride.
E. Wendehorst obtained the colourless salt by passing purified hydrogen selenide
into a sat. soln. of ammonia in an atm. of nitrogen, and cooled below 30°.

H. Davy 2 prepared potassium telluride, presumably K,;Te, by warming a
mixture of the two elements in an atm. of hydrogen; combination occurs with
incandescence. C. A. Tibbals also obtained potassium telluride by the direct
union of the elements. H. Davy obtained this compound by the electrolysis of
molten potassium hydroxide, using tellurium electrodes ; if a conc. soln. of potassium
hydroxide is similarly treated, the tellurium dissolves forming a red soln. which is
rapidly decomposed with the precipitation of tellurium by the oxygen liberated
at the anode. J. J. Berzelius, and G. Magnus melted tellurium with potassium
hydroxide or carbonate, and boiled tellurium with cone. potash-lye ; in both cases
some potassium tellurite is formed ; but not so if zinc be present since F. and
C. Heberlein observed that by boiling oxy-salts of tellurium with conc. potash-
lye, and granulated zinc, the liquid becomes red owing to the formation of potassium
telluride. This reaction is recommended as a test for tellurium in minerals.
J. J. Berzelius, M. Berthelot and C. Fabre, and K. Ernyei obtained potassium
telluride by the action of hydrogen telluride on a soln. of potassium hydroxide in
the absence of air; A. Oppenheim, by melting tellurium with potassium cyanide ;
H. Davy, by heating the tellurite or tellurate with carbon, or, according to A. Oppen-
heim, in hydrogen ; and C. Hugot, by the action of a soln. of potassium in liquid
ammonia on an excess of teilurium.

M. Berthelot and C. Fabre described their preparation as colourless crystals ;
E. Demargay said that the soln. is pale yellow; C. Hugot's preparation was

amorphous and white; H. Davy's preparations

7 200° 553° were copper-red, or steel-grey. M. Berthelot and
R C. Fabre said that potassium telluride forms a

§00~ I~ N colourless soln. with oxygen-free water. The
600° / \ coloured preparations dissolve in water forming a
oo fase 115 red liquid. Tl_le colour may be dpe to the presence
200° Br \ of a }?olytellurlde, of the monoxide, or of colloidal
2 = \ tellurium. If the strongly alkaline soln. be treated

200° N R \ with a reducing agent—say, phosphorus, a hypo-
] ?ﬂ_ phosphite, or aluminium—E. Demar¢ay found that

oot L R R TR the soln. becomes pale yellow; and similarly, if a

so(lln. of potassium tellurite be treated with a
A . reducing agent, it becomes violet and then vellow.
Fia. 07;' thf%?;l?;":nnli ELam  According to M. Berthelot and C. _Fa.brz, and
) g ] E. Demarcay, the colourless soln. rapidly reddens
in contact with air, and, added H. Davy, the red soln. becomes colourless owing
to the deposition of the separated tellurium. J. J. Berzelius said that soln.
of tellurium in conc. alkali-soln. are decomposed by acids with the evolution
of hydrogen telluride. C. A. Tibbals said that the telluride is precipitated in
crystals by adding alcohol to a conec. soln. A. Brinkmann did not obtain lithium
telluride by boiling tellurium with a conc. soln. of lithium hydroxide, or by melting
tellurium with lithium hydroxide. G. Pellini and E. Quercigh investigated the
sodium tellurides by thermal methods, and the results, summarized in Fig. 7, show
that only these compounds which melt unchanged can exist under these con-
ditions, namely, the normal telluride. It is white, and deliquescent ; and rapidly
darkens on exposure to air. There is also sodium tritaditelluride, NagTe,, with
a grey metallic appearance; and sodium tritaheptatelluride, NagTe,. Neither
Na,Teg nor NayTeg were obtained. H. Davy obtained sodium telluride, Na,Te,

Ac per cent. Na
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by the methods employed for potassium telluride; likewise also A. Oppenheim,
E. Ernyei, and C. A. Tibbals. According to L. A. Tschugaeff and V. G. Chlopin,
when tellurium is heated with an alkaline soln. of sodium hyposulphite in the
absence of air, tellurium is converted into the unstable sodium telluride, Na,Te,
and sodium sulphide is formed at the same time. The tellurium is probably first
transformed by the sodium hydroxide into a mixture of sodium tellurite and
telluride, the latter being then converted by the tellurium into polytellurides, which
undergo reduction by the sodium hyposulphite: Na,8,04-+NayTe,+4NaOH
=2Nas803+2Na,Te+2H,0. This reduction is analogous to the action of the
hyposulphite on sodium polysulphides. It is possible that the tellurium combines
with the sulphoxylate part of the hyposulphite mol.,

Na.80.0Na+Te=Na.Te.80.ONa, the unstable compound 6297 1
thus obtained reacting with the sodium hydroxide, thus: zzo

Na.Te.S0.0Na+2NaOH=Na,Te+0.S(ONa), + Hy0. The | o1 I

formation of the sodium sulphide also obtained in the re- _ .

action is probably explained by the equations: 2Na,S;0, o 0|™| ...
+ 2NaOH = NayS,0; + 2Na,80; + Hy0, and NapS,0y4 0 SE RS
+Nay8,0,+4NaOH=Na,S+ 3Na,SO3+2H,0.  The ex- g0l ;’ | %'w

treme instability of sodium hyposulphite makes it difficult ) 5
to prepare sodium telluride in large quantities in the above Abomic per cent.of sodliarm
manner. A good yield may, however, be obtained by heating, ¥Fia. 8.—The Equilib-
in a current of hydrogen, a mixture of a gram of tellurium, Sodin Diagram _of
3 3 . Sodium Telluride
6 grms. of sodium formaldehyde-sulphoxylate (rongalite), and Tellurium.

and 40 c.c. of a 10 per cent. sodium hydroxide soln.:
HO.CH,.0.SONa+Te+3NaOH—=CH,0+4Na,Te4Na,S8S03+H,0. Sodium tellu-
ride is instantaneously decomposed in the air, with separation of tellurium.
D. M. Liddell said that if kept from air, sodium telluride is the colour of potassium
permanganate, but in air it is decomposed setting free tellurium with the formation
of potassium hydroxide. Contrary to G. Pellini and E. Quercigh, C. A. Kraus
and 8. W. Glass find that sodium telluride and tellurium are miscible in all propor-
tions. The equilibrium diagram is shown in Fig. 8. In addition to the normal
telluride, NayTe, there are formed the ditelluride with a transition point at 355°.
and the hexatelluride with a congruent m.p. at 436°. There are eutectics at 319°
with 43 at. per cent. of Na, and at 402-5° with 12-5 at. per cent. Na.

According to C. A. Kraus and C. Y. Chiu, the initial compound formed in the
reaction between sodium and tellurium in liquid ammonia is the normal telluride,
Na,Te, which is in equilibrium with sodium ditelluride, Na,Te,. Figs. 7 and 8
show the range of stability of the compound. C. A. Kraus and S. W. Glass found
that it has a transition point at 355°. Its electrical resistance is given in Figs. 9
and 10. The soln. in equilibrium with free tellurium has a composition which varies
as a function of the concentration, and the maximum conc. of tellurium corresponds
with sodium tetratelluride, Na,Te,. C. A. Kraus and E. H. Zeitfuchs discussed
the mol. wt. of the sodium-tellurium complex formed in liquid ammonia. Tellurides
of the heavy metals are formed by double decomposition between sodium telluride
and aq. soln. of salts of the heavy metals. C. A. Kraus and S. W. Glass observed
the formation of sodium hexatelluride, Na,Teg, and its equilibrium conditions are
illustrated in Fig. 8. It melts at 436°; and its electrical resistance is indicated
in Figs. 9 and 10. C. A. Tibbals said that sodium telluride forms small colourless
crystals with much water of crystallization; and that tellurium diss»lves in an
aq. soln. of this salt forming sodium tetritatritelluride, Na,Te;. Tellurium does
not dissolve in a soln. of sodium telluride beyond the proportion 4 : 3, and when
this soln. is concentrated by evaporation, it breaks down into the normal telluride
and tellurium. According to C. Hugot, sodium hemitritelluride, Na,Tes, is pro-
duced by the action of a soln. of sodium in liquid ammonia on an excess of tellurium ;
and similarly also with potassium hemitritelluride, K,Te;. The latter furnishes
a violet liquid which becomes brown and viscid at —25°, and when stirred, freezes
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to a solid. This melts at —15°, and as the ammonia evaporates, at ordinary temp.,
there remains the hemitritelluride as a dark brown crystalline mass ; which, undgr
press. absorbs ammonia and becomes liquid. L. A. Tschugaeff and V. G. Chlopin
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observed that a soln. of sodium telluride reacts with benzyl chloride or phenyl-
benzyldimethylammonium chloride forming benzy! telluride, Te(CgH5.CHy)s.

J. J. Berzelius 3 prepared a pale red alloy by melting together copper and
tellurium ; M. Chikashige obtained the alloys by melting mixtures of the two
elements in a current of carbon dioxide. T. Parkman said that tellurium pre-
cipitates a little copper from cold soln. of copper sulphate or acetate, and likewise
also with boiling soln. After boiling tellurium for 4 or 5 hrs. with a soln. of copper
acetate, a black powder with the composition of copper hemitritelluride, CugTeg,
was formed ; and with a boiling soln. of copper sulphate a black powder with
the composition of copper telluride, CuTe. C. A. Tibbals obtained the mono-
telluride and also the hemitritelluride by treating a soln. of a copper salt respectively
with normal sodium telluride, Na,Te, and the tetritatritelluride, Na,Tes;. F. Garelli
obtained what appearcd to be mixtures of copper tetritatelluride and monotelluride
by wrapping a piece of tellurium with copper wire and immersing it in a soln. of
copper sulphate. A. Brukl obtained cuprous telluride by the action of sodium
telluride on a soln. of sodium cuprous chloride. B. Brauner and B. Kuzma found
that in precipitating tellurium by sulphur dioxide from soln. of salts of other metals
like copper, some of the metal is precipitated with the tellurium, and this the
more the longer the action and the more conc. the soln. W. E. Ford reported a
massive mineral which he called richardite—after T. A. Richard—occurring in the
Good Hope Mine, Vulcan, Colorado. Its composition corresponds with cuprous
telluride, CuyTes, or CuyTe.2CuTe. It has a rich purple colour ; sp. gr. 7-54 ; and
hardness 3-5. N. A. Puschin said that this product is a solid soln. of telluride and
hemitelluride. E. T. Wherry found richardite to be a poor radiodetector.
W. M. Davy and C. M. Farnham observed the behaviour of polished surfaces of the
mineral towards etching agents.

According to M. Chikashige, the f.p. curve of the copper-tellurium alloys, Fig. 11,
shows a eutectic point at 344° and 17-3 per cent. of copper, and there is a break at
620° with about 34 per cent. of copper ; and one at 855°, with 50 per cent. of copper.
The break with 50 per ceiit. of copper corresponds with copper hemitelluride, Cu,Te,
which is miscible with copper only to a limited extent—at about 1030°, the hemi-
telluride dissolves 1 to 2 per cent. of copper, and copper about 4 per cent. of tellu-
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rium. From 32-7 to 50 per cent. of copper, the hemitelluride crystallizes primarily
in solid soln. with tellurium ; and at 623° the mixed crystals with 45 per cent. of
copper react with the fused mass to form copper tetritatritelluride, Cu,Teg, analogous
in composition with richardite. A. Mazzucchelli and A. Vercillo obtained a sub-
stance of this composition by the action of copper on tellurium tetrachloride, but
they regarded it as a mixture of TeCu and

A/08%°

TeCuy,. According to M. Chikashige, the tetri- //00° 7 1
tatritelluride has a transition point at 365° /000° {1 730"
marked by a considerable development of heat. 999 s

B. Brauner prepared the monotelluride by pass- %%

ing the vapour of tellurium in a current of Z?f

carbon dioxide over heated copper; and 500° ) &3

J. Margottet, by heating a mixture of tellurium ;0 58 43S

and copper to redness in an atm. of nitrogen. o5z —

M. L. Huggins studied the atomic structure. . ,50L 1 i

G. von Hevesy and W. Serth studied the o 2 W & &

diffusion of silver telluride in copper telluride. rer cent. copper

M. Chikashige found that the hemitelluride has ¢ (1,1'—0}:‘:;?7[‘;"3'1’70“;{’"2’:“”@ of
two transition points at 387° and 351°, and the “oppaer- tofiurium y8.
latter is lowered to 334° by the addition of 5 per cent. of tellurium. A. Beutall
obtained hair-copper by heating the telluride in a sealed tube at 350°-600°. C. Fabre
gave 7-15 Cals. for the heat of formation, and added that the alloy is not stable in
air. B. Brauner added that the crystals are rhombohedral, and when heated for
a long time they are decomposed with the separation of copper. W. P. Crawford
described a massive, bluish-black mineral in the tellurium deposits of Colorado.
He called it weissite-—after 1.. Weiss; its composition corresponds with copper
pentitatritelluride, CusTes. Its sp. gr. is about 6, and its hardness 3. It gives
a violet colour with warm, conc. sulphuric acid. The weissite of W. P. Crawford is
probably richardite.

According to N. A. Puschin, the alloys rich in copper are dark grey, brittle,
and crystalline ; those with 30 to 33 at. per cent. of tellurium are much darker,
and more brittle ; the colour then becomes dark

violet with about 40 at. per cent. of tellurium ; -¥0 I

the colour becomes paler as the proportion of I '§.
tellurium rises to 50 at. per cent., when S ¢

the colour becomes yellow; with higher pro- T§

portions of tellurium the colour becomes grey. ||

W. C. Roberts-Austin found that the addition of %

tellurium reduces the malleability of copper. I . e
M. Chikashige said that the re-melting of the & N S
alloy does not remove the copper; but P. Kéthner 8 20

found that all the tellurium can be removed by X 160

distillation in vacuo. I. Stransky discussed the 0 2w 0 60 8 0

rectifying action of the heavy metal tellurides ; Ac. per cent. Te

and G. P. Thomson, electron diffraction rings. ¥1¢. 12.—Potential Differences
N. A. Puschin found that the potential of copper of Cu | N-CuS0, | CuTen.

in the cell Cu | N-CuS80O, | CuTe, shows breaks corresponding with CupTe, and
CuTe, Fig. 12. According to B. Brauner, the tellurium is not removed by fusion
with sulphur and sodium carbonate; or, according to M. Chikashige, by fusion
with cuprous oxide. F. W. Hinrichsen and O. Bauer said that the telluride
dissolves in a soln. of potassium cyanide forming a polytelluride; and when
shaken in air, the reddish-violet soln. becomes colourless owing to the deposition
of the tellurium in grey flakes. E. Heyn and O. Bauer found that the soln. in
potassium cyanide gives a dark grey precipitate with alcohol and cadmium acetate ;
and C. Whitehead obtained tellurium by electrolyzing the soln. G. Tammann
studied the chesnical activity of the alloys.
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The silver tellurides are represented in nature by the three minerals stiitzite,
Ag,Te; hessite, Ag,Te; and clampressite, AgTe. The mineral stiitzite, probably
from Nagyag, Transylvania, was shown by A. Scl}rauf4 to have a composition
approximating silver tetritatelluride, Ag,Te; and it was named after A. Stiitz,
who, in 1803, described what appears to have been the same mineral. It is leaden
grey, with a reddish tinge. V. Goldschmidt, and C. Hintze regard it as hexagonal
or pseudohexagonal with the axial ratio ¢ : ¢=1: 1-2530 ; or, as A. Schrauf prefers

to regard it, monoclinic with the axial ratios a : b6 :¢=1-73205 : 1 : 1-24829, and
B8=89° 33’. E. S. Dana emphasized the resem-

1 000° 7T 3%  blance to dyscrasite, and chalcocite and said that
° like them, it may be rhombic. A. des Cl_omeaux

also regarded stiitzite as having rhombic sym-
metry. There is no evidence of the existence of
U a tetritatelluride on the f.p. curve, Fig. 13.
! The f.p. curve was first explored, in a pre-

: liminary way, by H. Pélabon,? who found two
# eutectics—omne at 345° and 34 at. per cent. of

c ¥ 'fg silver, and the other at 825° with 78 per cent. of

o° <] silver-—and a maximum representing the normal
v P:iceﬂéfA &® telluride at 965°. _G. Pellini and K. Quercigh
Fia. 13 —I"retszing-'p(f;n t Curve made a more (letz}lle(l _study, and 7_‘th.eu' work as
"of the Systom : Ag-Te. revised by M. Chikashige and 1. Saito, is illus-
trated by Fig. 13. Two compounds are indi-

cated on the curve ; the normal telluride melting sharply at 957°; and the other
silver heptitatetratelluride, Ag,;Te,. The heptitatetratelluride decomposes below
its m.p., and exists in two modifications, each of which corresponds with a short
branch of the f.p. curve. B-Ag,Te, is formed from AgoTe and liquid at 443°;
and changes into the a-modification at 403°. Solid soln. are not formed. Eutectics
occur at 32 per cent. Ag and 350° and at 87-5 per cent. Ag and 870°, respectively.
Annealing experiments indicate that the transformation is one of a single com-
pound, and that a second compound, such as AgsTe,, is not formed. In Fig. 13,
the area 4 represents Te-+melt ; B, Tet-eutectic L, ; C, a-Ag,Te,}eutectic E; ;
D, a-Ag;Tes~+melt ; E, B-Ag;Tes+melt; F, B-Ag;Tey;+Ag,Te; G, Ag,Te+melt;
H, a-Ag;Te,+Ag,Te; I, AgoTe-+melt ; J, Ag,Tet-eutectic E,; K, Ag-teutectic
Es : L, Ag{-melt.

The compound which M. Chikashige and I. Saito regarded as hepitatetra-
telluride was considered by G. Pellini and E. Quercigh to be silver monotelluride,
AgTe, and they said that its existence is marked by a break in the curve at 444° ;
and that it undergoes a polymorphic change at 412°. The monotelluride is repre-
sented in nature by the mineral empressite obtained by W. M. Bradley from
the Empress Josephine Mine, Kerber Creek District, Colorado. It ocecurs in
granular and compact masses with a fine conchoidal or uneven fracture, and a
pale bronze colour. It is readily soluble in nitric acid. Its hardness is 3-0 to 3-5.
E. T. Wherry found empressite to be a poor radio-detector. The mineral was also
analyzed by E. J. Dittus; and W. T. Schaller considered it to be a kind of gold-
free muthmannite—vide infra.

G. Rose ¢ described a mineral occurring in the Savodinsky Mine, Zyrianovsky,
Altai, Siberia, which he designated Tellursilber ; J. J. N. Huot, and W. Haidinger
called it savodinskite, in allusion to its origin ; and J. Fribel, hessite— after H. Hess.
The term hessite is commonly employed although it has not first claim. A. Schrauf
supposed the mineral from Rezbanya, Hungary, to be isomorphous with silver
glance and therefore called it Tellursilberglanz, and reserved the term Tellursilber-
blende for stiitzite. Analyses of the mineral have been reported by G. Rose, S. Koch,
W. Petz, K. A. Nemadkevich, G. A. Kenngott, F. J. Malaguti and J. Durocher,
F. Becke, J. Loczka, C. F. Rammelsberg, G. Kiistel, F. A. Genth, F. A. Genth and
8. I Penfield, I. Domeyko, A. des Cloizeaux, F. W. Clarke, A. Carnot, T. L.. Walker
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and A. L. Parsons, E. V. Shannon, and E. S. Simpson. The results agree that
hessite is normal silver telluride, z.e. silver hemitelluride, Ag,Te, in which gold
often replaces part of the silver until the hessite merges into petzite.. The occurrence
of the mineral in Zyrianovsky, Altai, Siberia, was described by G. Rose, N. von
Kokscharoff, and P. von Jeremejeff ; in Nagyag, Zalathna, Botes, etc., Transyl-
vania, by P. Groth, G. vom Rath, A. Schrauf, J. A. Krenner, G. A. Kenngott, and
F. Becke ; in Rezbanya, Hungary, by C. F. Rammelsberg, K. F. Peters, A. Schrauf,
and F. von Richthofen; in Kara Issar, Asia Minor, by A. des Cloizeaux; in
Karangahake, New Zealand, by J. D. Dana; Kalgoorlie, West Australia, by
E. 8. Simpson ; in Coquimbo, Chili, by I. Domeyko; in Refugio and Quiteria,
Mexico, by C. F. de Landero, and F. W. Clarke ; in California, Colorado, and Utah,
United States, by B. Silliman, W. P. Blake, G. J. Brush, G. Kiistel, H. J. Burkart,
F. A. Genth, and F. A. Genth and S. L. Penfield.

B. Brauner prepared this telluride by passing the vapour of tellurium over
silver at a red-heat. J. Margottet obtained regular octahedra by passing the
vapour of tellurium in a current of nitrogen over silver at a dull red-heat. G. Rose,
and B. Brauner prepared it by heating a mixture of the two elements. H. Pélabon,
G. Pellini and E. Quercigh, and M. Chikashige and I. Saito also obtained it by the
direct union of the elements. The conditions of equilibrium are illustrated in Fig. 7.
R.D. Hall and V. Lenher obtained this telluride by passing hydrogen telluride into
an ammoniacal soln. of silver nitrate, but the black precipitate always contains an
excess of silver. C. A. Tibbals, and A. Brukl obtained this telluride as a dark
brown or black flocculent precipitate by the action of a soln. of sodium telluride
on a soln. of silver acetate in acetic acid ; and J. B. Senderens, by the action of
tellurium on a soln. of silver nitrate at 100°: 4AgNOz3+3Te+43H,0=2Ag,Te
+H,TeO3+4HNOg; the reaction is slow at ordinary temp.—R. D. Hall and
V. Lenher represented the reaction 4AgNOg+3Te=—=2Ag,Te+Te(NOj3);. B. Brauner,
and R. D. Hall and V. Lenher obtained a product resembling the mineral by passing
carbon monoxide or ammonia over silver tellurite heated to a high temp.

The mineral occurs in compact or tine-grained masses—rarely coarse grained.
The colour is lead-grey, steel-grey, or iron-black. K. F. Glocker called the yellow
earthy telluride mdillerin, or Nagyager silver. The mineral also occurs in crystals
more or less modified and often much distorted. According to A. Schrauf, P. Groth,
H. Rose, T. L.. Walker and A. L. Parsons, J. A. Krenner, C. Palache, V. Rosicky,
R. Pilz, and L. Tokody, they are cubic. The distortion led H. Hess, and G. Suckow
to assume that the crystals are rhombohedral ; G. A. Kenngott, and K. F. Peters,
rhombic ; and F. Becke, triclinic. According to I.. S. Ramsdell, the X-radiogram
of hessite indicates that the mineral is pseudo-cubic and probably rhombic. The
cubic form is said to represent a high temp. modification. The artificial crystals
prepared by J. Margottet were regular octahedra. The cleavage of hessite is
indistinct. M. L. Huggins studied the atomic structure of the crystals; and
T. Andrews, J. Arnold and J. Jefferson, F. Osmond and  W. C. Roberts-Austen,
the structure of the alloys. F. A. Genth gave 8-359 for the sp. gr. of varieties
free from gold, while G. Rose gave 8:412-8-565. These numbers are probably
too high. F. J. Malaguti and J. Durocher, and G. A. Kenngott gave 8&8-071.
W. Petz gave 8-31 to 8-45 for specimens with 0-69 per cent. of gold; F. A. Genth,
8-178. (. Kiistel gave 9-0 to 9-4 for a sample with 24-80 per cent. of gold.
F. Henglein gave 41-3 for the mol. vol. G. Pellini and E. Quercigh said that the
silver tellurium alloys are crystalline, and have a metallic appearance, changing
from grey to white as the proportion of silver increases. The brittleness diminishes
from tellurium to silver. ~W. C. Roberts-Austen studied the mechanical properties
of these alloys. The hardness of hessite is about 2-5. L. Jordan and co-workers
measured the hardness, tensile strength, and elongation of silver-tellurium alloys.
G. von Hevesy and W. Serth studied the diffusion of silver in silver ditelluride, and
of silver telluride in copper telluride. H. Pélabon gave 955° for the m.p.; G. Pellini
and E. Quercigh, 959°; and M. Chikashige and I. Saito, 957°—uvide Fig. 13.
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J. Margottet found that the mineral is partially decomposed at a white-heat ; and
J. Joly, that hessite sublimes at about 900°. K. Friedrich and A. Leroux said
that, unlike silver sulphide, the telluride is not altered by light; and H. E. McKinstry
found no effect was produced by exposing the mineral to the electric arc-light.

A. Beutell obtained hair-silver by heating the

—100 telluride in a heated tube at 350°-600°. A.de Gra-
§ mont studied the spark spectrum of the mineral.
Ny 7 F. Beijerinck described the mineral as an electric
S R conductor. T. W. Case said that the electrical
% 20 8 resistance is less than one megohm ; and that
R 200 the conductivity is not affected by exposure
] to light. R. G. Harvey studied the subject.
§ 300 N. A. Puschin’s observations on the potential dif-

00 . e

At_;”” aegz 7 v ference in the cell Ag | JN-AgNO;s | AgTe,(milli-

Frc. 14.—P . . volts) show the existence of only one telluride,
. —Potential Difference of A . .

Ag | 3N-AgNO, | AgTen. Ag,Te. E.T. Wherry called hessite a fair radio-

detector. J. M. Riviére's measurements of alloys

with 2 (continuous curves) and with 20 (dotted curves) per cent. of silver are

summarized. The different curves represent specimens which have been previously

heated and at first rapidly cooled to the temp. indicated and then slowly cooled.

Below 200°, the resistance is a func-

200 /600 tion of two variables (i) the temp. of
< 80 e /270 . neasurement ; and (ii) the temp. of
§ \ @ £ annealing. For the 12-30 per cent.
S /60 40 s7280 S alloys there is a discontinuity at
N BIEA \ & —20°; and for nearly pure tellurium,
S o EIWAS \ ss20°S one at 415°. J. Margottet observed
S “‘6\ ’g that when heated to near the m.p.
o 20 % _ 960 & of silver telluride in a current of
g ____,E,\\ y ‘“vﬂ_g\ \\ § hydrogen, hair-silver is produced.
_§ J00 ) K \\\ 800 § J. Joly observed that a sublimate is
£ ' SN . formed between 820° and 930°.
5 & Nt NS 620 § C. A. Tibbals observed that the
S *.\ 1N § precipitated telluride is quite stable
§ 60 \\fr""‘ <N #80 ¥ 1in air, even when moist, and is not
N o n\vﬂ}nﬁo T 3 acted on by acids other than nitric
g - —K zraﬂ“l‘y? = — 320§ a,g]d_. Hesmte also dmsolveg in hot
8 & \-.1 fﬂ@-r::;%zl,. <8 J60 & nitric aqu; and when the r.nmer.al 1:s

s e s ! KR M N !4 ] heated with conec. sulph}u'lq a,c1d. it
0 770/ 77 p. L i e i N forms a red or purple liquid which
-/00° -30°  20° 80° 1#0° 200° 260° 320° becomes clear when diluted with

Fi1c. 15.—Effect of Preheating and of Tempera- water, and tellurium is precipitated.
ture on the Electrical Resistance of Tellurium- W. M. Davy and C. M. Farnham
Silver Alloys. ;tudied the etching of polished sur-

aces of hessite. R. D.
V. Lenher said that sulphur monochloride converts it into tellurium tetri.lcaillllor‘ia'clll:z1
etc. G. Tammann studied the chemical activity of the alloys. ’
J. A. Krenper,7 and G. vom Rath described, about the same time, a krystallisierte

Tellurgoldverbindung from Nagyag, Transylvania. A yellow earth from Nagyag

Transylvania, }iescribed by M. H. Klaproth, A. Stiitz, W. Phillips, W. Haidinger,

and W. H. Miller was probably this mineral. Its occurrences in Cripple Creek,

Colorado, was described by A. H. Chester; and in Kalgoorlie, Western Australia,’

by A. Frenzel, E. F. Pittman, A. Gmehling, M. Maryansky, and K. Schmeisser’

‘J. A. Krenner called it bunseninc—after R. Bunsen—and J. ). Dana altered this
to bunsenite ; while G. vom Rath called it krennerite because the former term was
already in use for native nickelous oxides. The analysis approximates to silver
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gold ditelluride, Ag,Te.Auyle;, or AgAuTe,, or, as E. 8. Simpson writes it,
(Ag, Auy)Tey, Ag.Te.Te.Te.Te.Au. Analyses were reported by M. H. Klaproth,
W. Petg, 8. Koch, E. H. Liveing, R. Scharizer, L. Sip6cz, A. H. Chester, A. Frenzel,
and E. F. Pittman ; the analysis by L. Sipdcz was eq. to AggAu;oTeyqs. Krennerite
occurs in prismatic crystals which are vertically striated. The colour varies from
silver-white to brass-yellow. G.vom Rath found that the rhombic crystals have the
axial ratios a:b:c¢=0-94071:1:0-50445. Observations on the crystals were
made by A. H. Chester, J. A. Krenner, A. Schrauf, L. Sipécz, and H. A. Miers.
The (001)-cleavage is complete. W. M. Davy and C. M. Farnham examined the
etched polished surfaces. W. Petz gave 8-27-8-33 for the sp. gr.; A. Frenzel,
8-14; L. Sipécz, 8-3533. The hardness is 2-5. H. E. McKinstry observed no
action when krennerite is exposed to the electric arc-light. R. G. Harvey measured
the electrical resistance.

The Schrifterz, Blattererz, aurum graphicum, etc., indicated in connection with the
history of tellurium, to which the term sylvanite—-from Transylvania—was subse-
quently applied, was analyzed by M. H. Klaproth,8 J. J. Berzelius, W. Petz, S. Koch,
A. Schrauf, L. Sipécz, F. W. Clarke, P. Krusch, A. Carnot, E. H. Liveing, C. Palache,
W. H. Hobbs, F. A. Genth, V. Hanko, and E. S. Simpson. The results agree with
the formula (Au,Ag)Tes, in which the at. ratio Au: Ag varies from 1 :1 to about
6:1. The formula (Au,Ag)Te, was given by G. Rose, and P. Groth. C. F. Ram-
melsberg, W. Petz, and C. F. Rammelsberg supposed sylvanite to be a mixture of
silver monotelluride and gold tritelluride. G. A. Kenngott used the formula
(Au,Ag,Pb) (Te,Sb),. The occurrence of the mineral in Nagyag, Offenbanya,
Zalathna, and Faczelraja, Transylvania, was described by B. von Cotta, V. von
Zepharovich, A. von Groddeck, A. Schrauf, A. Stiutz, K. Vrba, and F. Beyschlag ;
in Hungary, by F. von Richthofen ; in California, by J. D. Mathewson, H. J. Bur-
kart, and G. Kiistel ; in Colorado, by B. Silliman, F. A. Genth, E. P. Jennings,
J. D. Dana, C. Palache, W. F. Hillebrand, R. Pearce, and W. H. Hobbs ; in South
Dakota, by F. C. Smith ; in Ontario, Canada, by G. C. Hoffmann ; and in Western
Australia, by A. Frenzel, and E. 8. Simpson.

The mineral occurs in steel-grey to silver-white crystals with more or less of a
yellow tinge. J. C. L. Schréder van der Kolk said that the streak of sylvanite is
bluish. The crystals were supposed by W. Phillips, and F. Mohs to be rhombic ;
and J. F. L. Hausmann, and W. H. Miller inclined to the same view. According
to N. V. Kokscharoff, the crystals are monoclinic ; this view was supported by
J. A. Krenner, and A. des Cloizeaux. According to A. Schrauf, the monoclinic
crystals have the axial ratios a:b:¢=1-63394:1:1-12653, and B=89°35".
Twinning occurs about the (101)-plane, and there is contact twinning, lamellar
twinning, and penetration twinning which give rise to branching dendritic forms
resembling written characters—hence the terms Sckrifterz, and Schrifitellur. The
dendrites usually cross at an angle of 69° 44’—rarely at 55° 8”, or 90°. Skeleton
forms are common. The (010)-cleavage is perfect. The crystals were examined
by G. Rose, V. von Zepharovich, F. A. Genth, W. H. Hobbs, C. Palache, etc.
W. M. Davy and C. M. Farnham examined etched polished surfaces. The sp. gr.
given by W. Petz is 8-28 ; L. Sipécz, 8:0733; V. Hanko, 8036 ; F. A. Genth,
7-943 ; and C. Palache, 8-161. The hardness is 1-5. J. Joly observed a sublimate
of tellurium dioxide is formed below 730° and 780°; and of monoxide between 460°
and 520°. E. T. Wherry formed the mineral to be a fair radio-detector.
H. E. McKinstry observed no effect by exposing the mineral to the electric arc-
light. R. G. Harvey measured the electrical resistance.

W. H. Hobbs described a mineral from Arequa Gulch, Colorado, which he called gold-
schmidtite—after V. Goldschmidt. It occurs in silvery white, monoclinic prisms with the
axial angles @ :b:¢c=1-85661:1:1-2980, and B=89°11’. Twinning is common; the
(010)-cleavage is perfect ; the sp. gr. is 8-:6 ; and the hardness 2. The analysis corresponded
with AgAu,Tes. C. Gastaldi gave (Au,Ag)sTes. In view of the wvariations in the com-

osition of sylvanite, both C. Palache, and E. 8. Simpson consider goldschmidtite to be
identical with sylvanite.
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F. A. Genth found a pale bronze-yellow, massive, indistinctly crystalline mineral
in Calaveras Co., California, and in the Red Closed Mine of Colorado ; he called it
calaverite. Analyses were reported by A. Carnot, F. A. Genth, W. F. Hillebrand,
R. W. E. Maclvor, A. G. Holroyd, P. Krusch, E. H. Liveing, W. Lindgren and
F. Ransome, S. L. Penfield and W. E. Ford, L. J. Spencer, E. S. Simpson, etc. The
composition corresponds with that of krennerite, (Au,Ag)Te,, or in the idealized
case, AuTe,. The crystals were stated by S. L. Penfield and W. E. Ford to be
monoclinic with the axial ratios ¢ :b:¢=1-6313:1:1-1449, and 8=90° 13’.
G. F. H. Smith regarded it as triclinic with the axial vtatios a:b:¢
=2-0013:1:1-1743, and a=—83° 58", 8=100° 39", and y=90° 19’. M. L. Huggins
studied the electronic structure of the crystals. F. A. Genth gave 9-:043 for the
sp. gr.; K. S. Simpson, 9-311; J. C. H. Mingaye, 9-377 ; and R. W. E. MacIvor,
9-314 ; J. Joly observed a sublimate of tellurium monoxide occurs between 450°
and 530°, and of dioxide between 600° and 675°. A. Beutell obtained moss gold by
heating the telluride in a sealed tube at 350°-600°. E. T. Wherry found the mineral
to be a fair radio-detector. According to L. J. Spencer, when calaverite is heated
on charcoal in the oxidizing flame of the blowpipe, the tellurium it contains is
readily oxidized, giving rise to the flame, a bead of gold being left behind. When
heated in a bulb-tube, calaverite gives a black sublimate of metallic tellurium, and
a less volatile sublimate of drops of tellurous oxide (TeO,), which is yellow when hot
and white or colourless when cold ; a yellow malleable bead of gold is not obtained
in this way. During the cooling of the beads so obtained, either on charcoal or in
the bulb-tube, the interesting phenomenon of recalescence was sometimes observed
—after a red-hot bead had become dark it suddenly and momentarily again flashed
out red and glowing. This behaviour, which was also exhibited by beads obtained
from sylvanite, appeared to depend on the presence of a small amount of tellurium
still remaining in the bead. H. E. McKinstry observed no effect when the mineral
is exposed to the electric arc-light. R. G. Harvey studied the electrical resistance.

These ohservations make it appear as if there are three gold tellurides : (1)
idealized gold ditelluride, AuTe;——namely, rhombic krennerite ; (2) monoclinic

sylvanite, and (3) triclinic calaverite. All these

'; /0 ”0; 70643 minerals contain more or less silver. The thermal
s00° P diagram for the system : Au-Te was examined by
200° H. Pélabon, and more completely by G. Pellini and
700° E. Quercigh, whose results are summarized in
600° | Fig. 16. The alloys were made by direct fusion in
500° et ¥ ol an atm. of carbon dioxide. The curve has a single
200° = o maximum corresponding with gold ditelluride,
300° S AuTe,, melting at 464°; H. Pélabon gave 472°
200°)——_ "';2 ' 5’0 5 1] for the m.p.; and T. K. Rose, 452°. The curve of

. 20 G. Pellini and E. Quercigh shows two eutectics at

At. per cent. Au
i 416° with 12 at. per cent. Au, and at 447° ith
F1a. 16.—-F -point C > I Tl . wi
of the S’.;f’:tz(;;g_‘PRT_T;’"ve 47 at. per cent. Au. There is no indication of the
] . formation of solid soln. Since the ditelluride
cannot be obtained by the action of tellurium on gold salts, it is inferred that the
minerals have been formed by fusion processes. M. Coste’s observations on the
microscopic appearance and the e.m.f. of gold-tellurium alloys showed the gold
telluride.
E. H. Liveing described a white mnineral with a bismuth tinge of col f Kal i
s\::'esgtr Ati'ns;rgiia. T}I;Ie ca,llled_ it fipecuh'te. 1t has the perfect gleav;geo‘olz‘. s’;)ll\lrlani:egzgx;“:;
. . of 8-64. .he analysis indicates 36-1 t . - -
o e Ot herhe ¢ tell{;rium. icates 0 36-6 per cent. of gold, 3-50 to 4-45 per cent.
J. dJ. Berzelius reported gold hemitelluride, Au,Te, to be formed by heating gold
sulphotelluride, Auzsg.Te§2, 80 as to drive off the sulphur; B. Brauner ° said that
when the alloys of tellun.um are heated to redness in a current of carbon dioxide,
they dissociate into a mixture of the hemitelluride and gold. J. Margottet said
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that the hemitelluride is formed when the vapour of tellurium is passed over leaf
gold heated in the absence of air. V. Lenher was unable to prepare a gold telluride
by heating a mixture of the two elements; and when hydrogen telluride is passed
into a soln.‘of auric chloride, gold is precipitated. If a soln. of auric chloride be
treated with tellurium, gold is deposited and tellurium tetrachloride is formed :
4AuClg}3Te=4Au-+3TeCl,. He also found that the natural tellurides—calaverite,
sylvanite, coloradoite, kalgoorlite, and nagyagite—the gold-tellurium alloys
behave in a similar manner. Hence, it was inferred that these tellurides are not
to be regarded as chemical individuals. L. Nowack observed that the alloys with
gold and tellurium are very brittle. C. A. Tibbals found that sodium telluride
precipitates gold and tellurium from soln. of sodium tellurate, but the substances
formed do not appear to be of constant composition. When sodium telluride
reacts with an excess of neutral auric chloride soln., a precipitate of metallic gold
is formed which contains no tellurium. This may be due to one of two reactions,
viz. a telluride of gold may be formed which at once reacts with the excess of nitric
chloride, reducing it in a manner similar to the action of the natural tellurides ; or
the sodium telluride may act simply as a reducing agent toward the auric chloride
according to the equation: 2AuClg+4Na,Te=2NaCl+TeCly+2Au. A. Brukl
obtained auric telluride, Au,Te3, by the action of hydrogen telluride on an ethereal
soln. of auric chloride since 1n aq. soln. the compound is decomposed. The black,
flocculent telluride is soluble in soln. of ammonium hydrotelluride and sodium
telluride, and only slightly s¢luble in soln. of ammonium sulphide or sodium sul-
phide. Non-oxidizing acids are without action, but nitric acid dissolves the
tellurium and leaves the gold behind. :

The mineral hessite, in the idealized case, is silver hemitelluride, Ag,Te, but it is
nearly always auriferous, and to distinguish the two, J. F. L. Hausmann called the
former Tellursidber and the latter, Tellurgoldsilber ; and W. Haidinger proposed to
call the auriferous varieties petzite—after W. Petz. The analyses and occurrences
are included in the description of hessite. Like hessite it crystallizes in the cubic
system. The idealized mineral can be regarded as gold hemitelluride, Au,Te,
actually it is a silver gold hemitelluride, (Au,Ag),Te. J. Joly found that a sub-
limate of tellurium dioxide is formed at 750°. E.T. Wherry found the mineral to be
a poor radio-detector. According to L. J. Spencer, when heated on charcoal in
the oxidizing flame of the blowpipe, petzite produces only slightly the bluish-green
coloration of the flame and the dense white fumes characteristic of tellurium ; only
when fused with sodium carbonate does it give a white malleable bead, and this
when placed in nitric acid becomes yellow. Calaverite and sylvanite, on the other
hand, are much less stable, and are readily converted into a bead of gold by simply
heating on charcoal in the oxidizing flame ; this, however, takes place much more
readily with calaverite than with sylvanite, since the latter contains more silver in
combination with the tellurium. H. E. McKinstry observed no effect by exposing
the mineral to the electric arc-light. According to F. Zambonini, the analyses of
krennerite fall into two groups: those containing but little silver and with the
ditelluride formula (Au,Ag)Te,; and those containing about 20 per cent. silver,
which have the monotelluride formula (Ag,Au)Te. Crystals of the former group
are identical with the orthorhombic krennerite ; and those of the latter group are
taken to represent a distinct species for which the name muthmannite—after
W. Muthmann—was proposed. Analyses by A. Schrauf, S. Koch, R. Scharizer,
and- C. Gastaldi agree with the formula for silver gold monotelluride, (Au,Ag)Te,
or in the idealized case, gold monotelluride, AuTe. Externally, muthmannite
resembles krennerite, but the imperfect crystals are tabular and often elongated in
one direction, parallel to which direction there is a perfect cleavage. The colour
13 very pale brass-yellow, but on a fresh cleavage, greyish-white. A. D. Alvir
described a gold silver telluride from Antamok, Philippine Islands, which he called
antamokite.

M. Berthelot and C. Fabre 1° obtained caleium telluride, presumably CaTe, by
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heating calcium tellurite with carbon in a current of hydrogen. It is decomposed
by acids with the evolution of hydrogen telluride, rapidly if the telluride is powdered,
and slowly if it be in lumps. M. Berthelot and C. Fabre obtained strontium telluride
in a similar way ; and also barium telluride. F. A. Henglein and R. Roth could
not make the alkaline earth tellurides by the methods they used for the selenides.
M. Haase gave 4-87 for the sp. gr. and 54-41 for the mol. vol. of calcium telluride ;
respectively 5-22 and 41-21 for strontium telluride ; and respectively 5-51 and
48-08 for barium telluride. The X-radiograms show that the space-lattices of
calcium and strontium tellurides have the sodium chloride structure with a re-
spectively 3-20 A., and 3-3¢ A. V. M. Goldschmidt gave a=6-343 A. for calcium
telluride, and I. Oftedal, a=6-345 A., while M. Haase gave a=6-82 to 6-86 A.
for barium telluride, 6-48 A. for strontium telluride, and 6-1 A. for calcium
telluride. He also gave for the ionic distances 3-05 A. for calcium telluride,
3-26 A. for strontium telluride, and 3-41 A. for barium telluride. L. Pauling dis-
cussed the structure. XK. Spangenberg found the crystal structure of barium
telluride to be of the sodium chloride type with a density of 7-593. He also found
the index of refraction and the mol. refraction to be respectively 2-51, and 22-04
for calcium telluride ; 2-408, and 25-39 for strontium telluride; and 2-440, and
29-94 for barium telluride. I. Oftedal discussed the lattice constants of calcium
telluride. M. Haase found the index of refraction for the D-line to be between 2:51
and 2-58 for calcium telluride ; and for the Tl-, D-, and C-lines respectively 2-460,
2-448, and 2-367 for strontium. telluride, and 2-520, 2-440, and 2-379 for barium
telluride. For the mol. refraction of calcium, strontium, and barium tellurides, he
gave respectively 21-99, 24-38, and 29-95. F. Wohler prepared beryllium telluride,
as a grey powder, by heating a mixture of the two elements. Combination occurs
without incandescence ; and the cold product gives off hydrogen telluride when
treated with water. W. Zachariasen gave a==5-615 A. for the side of the face-
centred lattice of beryllium telluride. M. Berthelot and C. Fabre obtained mag-
nesium telluride, presumably MgTe, by heating magnesium in the vapour of tellurium
carried by a current of hydrogen. If a mixture of tellurium and magnesium be
heated to dull redness, a reaction sets in with explosive violence. W. Zachariasen
found that while magnesium oxide, sulphide and selenide have the sodium chloride
structure, magnesium telluride has the wurtzite space-lattice with side a=4-52 A.,
c=7-33 A, and a:c=1:1-622; the calculated density is 3-86, and the shortest
distance between the magnesium and tellurium atoms is 276 A. M. Haase gave
26-83 for the mol. vol. K. Spangenberg found the index of refraction to be 3:05, and
the mol. refraction 29-94 ; while M. Haase gave 3-50 for the index of refraction for
the D-line. White, flocculent magnesium telluride quickly turns brown when
exposed to air, it dissolves in water forming a purple-red soln. if the water is only
slightly aérated, but if the water is charged only with nitrogen, the aq. soln. is
colourless. Acidulated water acts on the telluride with the evolution of hydrogen
telluride. L. Moser and K. Erth prepared magnesium telluride, as a brown sintered
mass, by distilling tellurium at a low press. over finely-divided magnesium.
D. M. Liddell made it by dropping tellurium into molten magnesium. According
to A. Hilger, and K. B. Heberlein, an ammoniacal soln. of a magnesium salt in the
presence of an aq. soln. of an alkali telluride gives a precipitate of ammonium
magnesium telluride.

J. J. Berzelius 2 found that when a mixture of zinc¢ and tellurium is heated
union occurs with incandescence, and a grey porous, crystalline mass is produced
which is not soluble in dil. sulphuric acid or conc. hydrochloric acid. J. Margottet
obtained zinc telluride, ZnTe, by heating a mixture of the component elements ;
and C. A. Tibbals obtained it in a similar way. M. Kobayashi found that alloys’
of tellurium and zinc furnish a f.p. curve, Fig. 17, which shows the existence of only
one compound, ZnTe, with a maximum at 1238-5°. The two eutectic points
practically coincide with the m.p. of the pure components. The f.p. curve falls
steadily from the compound to tellurium, but alloys richer in zinc lose zinec so rapidly
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by volatilization that it is not possible to determine the course of the curve,
although the zinc cutectic arrest is well marked. H. St. C. Deville and L. Troost
obtained cubic crystals of the telluride by passing hydrogen over zinc telluride
heated to bright redness. L. Moser and K. Erth prepared zinc telluride, as a pale
brown mass, stable in air, by distilling tellurium at a low press. over finely-divided
zinc. E. Kordes studied the eutectic. M. Kobayashi obtained the telluride as a
mass of microscopic needles of sp. gr. 5-54 at 13°. W. Zachariasen found that the
X-radiograms indicate that the cubic space-lattice, of the zinc blende type, has four
mols. per cell ; the edge-length of the cells is 6:07 A.; and-the calculated density
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is 5-72. By a double decomposition of soln. of sodium telluride and zinc acetate
in acetic acid soln., C. A. Tibbals obtained a yellowish-brown precipitate of the
monohydrate, ZnTe H,0O ; this turns brown when dried. The compound was also
prepared by A. Brukl. F. Henglein gave 29-5 for the mol. vol. M. L. Huggins
studied the atomic structure of the crystals. W. Zachariasen gave a=6-089 A.
for the side of the face-centred lattice. It is decomposed by dil. hydrochloric acid ;
it is oxidized by nitric acid ; and unatfected by dil. sulphuric acid ; it gives the
dark red anhydride when heated out of contact with air. C. Fabre gave 37-22
Cals. for the heat of formation of the crystalline telluride.

A. Oppenheim obtained impure cadmium telluride, CdTe, by heating cadmium
tellurite or tellurate to redness in a current of hydrogen. The black powder yields
a porous, grey mass when heated more strongly. J. Margottet prepared this
compound by melting together eq. proportions of the two elements at 500°, and
subliming the product slowly in a current of hydrogen. M. Kobayashi made alloys
by fusing mixtures of the two elements in glass or porcelain tubes in an atm. of carbon
dioxide. The f.p. curve, Fig. 18, has a maximum at about 1041°, corresponding
with the compound TeCd, but it is not possible to prepare this compound in a pure
condition under ordinary press., owing to the volatility of cadmium. The two
eutectic points lie so near to the f.p. of cadmium and tellurium respectively as to be
indistinguishable from them. W. Zachariasen found that the X-radiogram agrees
with a cubic space-lattice, containing four mols. per cell which is of the zinc blende
type with the edge-length of the cell 6-41 A.; and the density, 6-06. W. Hartvig also
said that the space-lattice is of the zinc blende type. C. A. Tibbals, and A. Brukl
obtained the telluride by treating a soln. of cadmium in acetic acid with sodium
telluride. M. L. Huggins studied the atomic structure of the crystals. C. Fabre
gave for the heat of formation: (Cd,Te)=20 Cals. C. A. Tibbals said that the
chestnut-brown precipitate dries almost black ; it is easily oxidized by moist air ;
and is very resistant towards acids ; nitric acid alone attacksitin the cold. A. Brukl
observed no sign of the complex 2CdTe.CdCls,.

F. A. Genth 12 described an iron-black mineral which occurs at Keystone,
Colorado, and which he called coloradoite. The analysis was made on impure
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samples, but the results were taken by F. A. Genth, and C. F. Rammelsberg to
indicate that idealized coloradoite is mercury monotelluride, HgTe, mixed with
native tellurium. E. S. Simpson analyzed a sample from West Australia and gave
the representative formula Hg,Teg; but L. J. Spencer found that selected samples
of homogeneous material from the same locality gave results in agreement with
the monotelluride formula. L. Rivot, and G. A. Kenngott described impure mercury
telluride from Chili : and W. F. Hillebrand, from California. The mineral occurs
massive and granular. L. J. Spencer thus described the mineral from West
Australia. It is iron-black, opaque, with a bright metallic lustre, an excellent
conchoidal fracture, but no indication of cleavage. W. Zachariasen found that the
X-radiogram of the monotelluride agrees with a cubic space-lattice, of the zinc
blende type, with four mols. per cell ; the edge-length of the cell is a=—=6-36 A
and the calculated density is 8-42. F. de Jong found a=6-43 A.; density 8-20;
and the distance between the mercury and tellurium atoms 2-78 A. M. L. Huggins
studied the atomic structure of the crystals. The mineral is brittle and extremely
friable. W. M. Davy and C. M. Farnham studied the etching of polished surfaces
" of the mineral. For impure samples, F. A. Genth gave 8-627 ; and E. S. Simpson,
9-21 ; but for more pure samples, L. J. Spencer gave 8-062 to 8-:077—mean, 8-07.
According to L. J. Spencer, tetrahedral cubic crystals of metacinnabarite, HgS,
have a sp. gr. 7-81 ; those of tiemannite, 8-19 ; but coloradoite, instead of having a
greater sp. gr. has a smaller one. F. Henglein gave 38-0 for the mol. vol. J. Joly
observed a sublimate of tellurium monoxide occurs at 20°, and of the dioxide at
835°. F. A. Genth gave for the hardness, 3-0; L. J. Spencer, 2-5. F. Beijerinck,
and R. D. Harvey said that it is a good conductor of electricity ; and E. T. Wherry
found it to be a fair radio-detector. P. I. Wolf and J. M. Hyatt studied the Hall
effect with tellurium amalgams. L. J. Spencer said that when coloradoite is
heated on charcoal, it readily fuses and colours the flame bright bluish-green, emits
dense white fumes, and in a very short time completely disappears. In the closed
tube it fuses with spluttering to a black globule, and gives a sublimate of globules of
mercury and a much less volatile sublimate of drops of tellurous oxide, the latter
being yellow when hot and white or colourless when cold ; with a larger fragment

of material a black sublimate of metallic tellurium is also obtained.
Both M. H. Klaproth, and J. J. Berzelius noted the ease with which tellurium
amalgamates with mercury, and they prepared tin-white, and granular tellurium
amalgams ; and G. Pellini and C. Aureggi found

600° that mixtures of mercury and powdered tellurium
. react readily on heating with development of a
500" s considerable amount of heat. When 66 at. per
200° cent. or more of tellurium are present, the mixture
0 fuses completely, whilst mixtures less rich in tellu-

300° rium decompose at a high temp. with liberation
of mercury. The solidification curves of mixtures

200° © containing from 60 to 65 at. per cent. of tellurium
X exhibit a eutectic temp. halt at about 410°, Fig. 19.

100° The form of the curves indicates the existence or
a mercuric monotelluride, which, however, melts

2° A\ with decomposition at the ordinary press., its upper

. limit of stability being about 550°. The eutectic

O =0 G a0 . Te—}—I.IgTe corresponds with 87 at. per cent. of
Atormic per cent. K tellurium, am'i has a distinctly crystalline appear-

Fic. 19.—Freezing-point Curve  2DCE. Tellurium dissolves only slightly in mercury.
of the System : Hg-Te. When triturated in a mortar at the ordinary temp.,

) ) mercury and tellurium yield a greyish-white paste
with a metallic lustre, from which, after a long time, or by gently heating, the
monotelluride may be isolated. A. C. Vournasos obtained the monotelluride by
heating the  constituents under melted paraffin. J. Margottet found that the
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vapours of the two elements at about 800° unite with a small explosion, with the
evolution of heat. The black powder which is formed suffers a little dissociation
at 360°. F. Krafit and R. E. Lyons obtained the telluride by the action of
tellurium dichloride on mercury phenide. C. A. Tibbals observed that sodium
telluride soln. precipitates from mercuric chloride soln., a grey substance, which
changes first to a yellow and then to a red colour, and finally to a homogeneous
light brown. The final product is mercurous chloride, and tellurium is found
to be dissolved in the soln. Mercuric telluride is probably formed at first, but
subsequently reacts with the excess of mercuric chloride reducing it to mercurous
chloride with the formation of tellurium chloride. A. Brukl obtained it by the
action of hydrogen telluride on soln. of mercuric salts. Mercury monotelluride is
not stable in air, but readily decomposes into its components. 1t is a little soluble
in a mixed soln. of sodium sulphide and hydroxide, but not in ammonium sulphide ;
it is a little soluble in a soln. of ammonium hydrotelluride. Mercuric chloride soln.
are reduced. Mercuric telluride is easily oxidized by nitric acid, and acids decom-
pose it into its elements without forming hydrogen telluride. A. Brukl could not
prepare mercurous telluride, Hg,Te, by the action of hydrogen telluride on a soln.
of a mercurous salt The product is a mixture of tellurium and mercury.

E. . Pittman described an iron-black mineral from Kalgoorlie, West Australia, and he
called it kalgoorlite. The analysis corresponded with HgAu,AgeTeq ; and the sp. gr. was
8-791. XE. S. Simpson, and L. J. Spencer also analyzed a sample with results in agreement
with this. A. Carnot previously applied the term kalgoorlite to a mercurial petzite from the
same locality. T. A. Richard, and E. H. Liveing regarded it as a mixture of petzite and
coloradoite ; and this was proved to be the case by L. J. Spencer—thus, HgAu,AgsTeq
=HgTe(coloradoite)+2AgsAuTe(petzite) {Te. H. E. McKinstry observed no effect
when the mineral is exposed to the electric arc-light. A. Carnot also described a mineral
from the East Coolgardie gold field, West Australia, as a sesquitelluride of gold, silver, and
mercury, (Au, Ag, Hg, Cu, Fe, Sb),Te;, or (Au, Ag, Hg),Te;. It was called coolgardite.
The analyses differ widely, and I.. .F. Spencer showed that coolgardite is probably not a
distinct, homogeneous individual, but rather a mixture of coloradoite, calaverite, petzite,
and sylvanite.

H. Moissan 18 observed that boron does not combine with tellurium to form
a boron telluride. F. Wohler prepared presumably normal aluminium telluride,
Al,Teg, by heating a mixture of the .
powdered elements; a vigorous reaction 1000 P
sets in, with incandescence. M. Chika- 200 -
shige and J. Nosé made a similar ob- g oyseis+s 9 »
servation. C. Whitehead said that this So0°
tglluride is formed when variable quanti- ar-crpstais+s
ties of the two elements are melted B9
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together. D. M. Liddell made the tellu- 7z, pcpi

. . . o —

ride by dropping tellurium into molten 200° -
aluminium. ~ R. de TForcrand and $IZ4s & E."J 3

H. Fonzes-Diacon inflamed a mixture o) Lh’;]a = ‘;ﬂ -
of the powdered elements by means of . ~
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