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P R E F A C E .

A METALLURGICAL work in English by a Chinese author is unusual;
but long residence in America, and in England and other parts of
Europe, and much study of English literature, have familiarised
me with the language, and have encouraged me to make it the
medium for presenting my work to the English-speaking public :
and I desire to express my thanks to Messrs Charles Griffin & Co.
for the opportunity they have afforded me of doing so.

My researches concerning Antimony have extended over several
years, and I would express my thanks to Professor Kemp, of Columbia
University, for his valuable guidance.

References to Antimony are scattered through the technical litera-
ture of many languages, and the subject is dealt with in general
treatises on metallurgy. There does not, however, appear to be
any English text-book devoted to its special consideration, and
foreign works on this subject are not readily accessible to English
readers, who have had to content themselves with the necessarily
condensed notes in the standard work on metallurgy by Phillips
and Bauerman, and Professor Louis' translation of Carl SchnabeVs
work. These, although valuable, do not claim to be exhaustive, and
the modern volatilisation process naturally finds but little mention.
It seems likely, however, to become the sole process by which the
poorer classes of antimony ores can be economically treated ; and as
these ores are of rapidly growing importance, possibly as a result
of the exhaustion of the richer grades of ore, a description of the
process is of importance.

It has been my privilege to carry out practical tests of the
volatilisation process patented by Mons. H. Herrenschmidt, and the
results are incorporated in this book. I am also greatly indebted to
that gentleman for kindly reading through the greater part of
my MS., especially the chapter on the Metallurgy of Antimony.



Till PREFACE

Invaluable suggestions resulting from his many years7 experience in
antimony smelting were freely given and -jladly received.

I also desire" gratefully to aeknowlodge the assistance derived
from the consideration of articles which have appeared in the
technical press* and especially from the study of the following
works:—Friedheim's Hnudhurh der anorrianischen Chemie, Abegg's
ffandbuch der anoryinizcken Chemie. Moissan's Trade de Chimit
Min^rale, and Frciuy's Encydoptdie Chimique. The chapter on the
Chemistry of Antimony is "based on these studies. Beringer's Text-
Ujoh of Assaying and Parry's Assay of Tin and Antimony have like-
wise proved serviceable in dealing with the Analysis of Antimony.

My brother, Dr C. H. Wang, has kindly seen this work through
the pres-s as my duties in Hunan necessitated my return to China.

In conclusion. I venture to hope that the arrangement and co-
ordination of the very scattered records of the results of other
people's work oiriWiiM in the pr^ent volume may prove of service
to metallurgical students, to manufacturer.a, and to users of
antimony.

C. Y. WANG.
LONDON. M'lich l£ly. [Reprint.]
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T H E M E T A L L U R G Y OF A N T I M O N Y .

CHAPTER I.

THE HISTORY OF ANTIMONY.

THE natural sulphide of antimony was known to the people of
ancient times.* It was used by them as medicine, and as an article
of toilet "by women to paint their eyebrows with.

In St Jerome's translation of the Hebrew of Ezekiel xxiii. 40 we
read, " circumlinisti stibio oculos tuos," and in the second book of
Kings ix. 30 we find, "Porro Jezebel introiter eius audite depixit
oculos suos stibio." The latter passage, as translated by Cheyne and
Driver, runs thus, " set her eyes in paint (literally, antimony)."

The Hebrew and Arabic word for antimony is " kohl," which was
altered to "alcool" or "alkohol" in other languages; thus the
Spanish translation of the above passage from Ezekiel is, " alcoholaste
tus ojos." As a matter of fact, the word ."alcohol" was, in the
Middle Ages, used to designate anything in the form of fine powder;
and it was only at later periods that it was used to mean spirit
of wine.

Dioscorides called this metal orifi/u, and mentioned that it was
known also by irkarvo^OaXfxov (meaning " eye-expander "), yvvatKetov
(meaning " womankind"), etc. He also mentioned that the roasting of
crude antimony could be done in a current of air under moderate
heat until it burnt, and that if it were heated more strongly it would
melt like lead. This statement might suggest the idea that he was
acquainted with the metal itself.

The term " stibium" was given to the metal by Pliny, and the
term " antimoninm" by the Latin author Geber; but both these

* M. Berthelot has made a curious observation in regard to a vase found at
Tello Chaldeaby M. de Saizec, which was cast in metallic antimony (R&v.
1387, 3e, t. ix.).
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2 THE METALLURGY OF ANTIMONY.

terms had been used to stand for the sulphide of antimony up to the
time of Lavoisier.

In the beginning of the fifteenth century * or thereabouts there
lived in Germany a monk by the name " Basil Valentine," who has
been supposed to be the author of many books on antimony and its
allied subjects. As an historical figure he was shrouded vvitH
mystery. Doubts had been entertained as to the genuineness of the
writings attributed to him. Consequently Emperor Maximilian I.
commanded that this question should be examined into. The con-
clusion was that he was a Benedictine monk of Southern Germany,
and that nearly all the works attributed to him had undergone many
changes and alterations, introduced by later authors, t City
Chamberlain Tholde, of Frankenhausen, Thuringia, published a list
of his works in the early part of the seventeenth century : Triumph-
Wagen des Antimonii ("Triumph Car of Antimony"); Von dem

grossen Stein der uralten Weisen (" On the Great Stone of the Ancient
Philosophers " ) ; Offenbarung der verlorc/e?ien Handgriffe (" Revela-
tion of the Hidden Key ") ; Letztes Testament (" Last Testament");
Schlussreden (" Concluding Words"). The language he uses is fre-
quently obscured by mystical pictures and alchemistic ideas ; yet he
deserves the credit of having made many careful and conscientious
observations.

The most important of his writings is the Triumph' Wagen des
Antinionii.% Professor Schorlemmer has, however, shown that this
was a forgery, dating from about the year 1600. The nature of this
book can be seen from the following passage, as translated in lloscoe
and Schorlemmer's Chemistry: " I n order, as is most proper, that I
may say something about the name of the material, it should be
understood that this material was long known to the Arabians, and
from ancient time was termed by them 'asinat.' The Chaldeans
entitled it 'stibium,' and in the Latin tongue it has been called
c antimonium' up to the latest times, and in our own German mother-
tongue the. same material has been foolishly called ' Spicssglas,' for
this reason, that this material can be fluxed and a glass mado from
it." The operation of producing metallic antimony, as described by

* Probably Basil Valentine was born in the year 14G0, at Peteraklostor, in Erfurt.
t Consequently Basil Valentine is sometimes known as the pseudo-Basil

Valentine.
X This book has been translated into English : The Triumphal Chariot of Anti-

mony, by BasiKus Valentinns, translated by Theo. Kerckringius: James Elliot &
Co., London, 1893. It has also been translated into Latin by an unknown author
under the title Currus triuwpJictlis antimonii.
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Basil Valentine, is as follows (taken from Roscoe and Schorlemnier's
Che?ii>istry) : " Antinionium is a master in medicine, and from it, by
means of cream of tartar and salt, a king (regulus) is made, steel-iron
being added to the spiessglas during fusion. Thus by an artifice a
wonderful star is obtained which the learned before my time have
termed the ' philosophical signet star.; . . . Take good Hungarian
spiessglas, and with the same quantity of crude tartar and half as
much saltpetre rub these small and let them fuse well in a wind
furnace; afterwards pour out into a mould and allow to cool, when a
regulus is found."

Basil Valentine was well acquainted with the starred surface of pure
metallic antimony, and remarked that the starred and the unstarred
antimony had exactly the same composition, and that the starred one
was due to the use of iron in its preparation ; while, in opposition to
this idea, other chemists of the period traced the cause of the starred
one to the favourable conjunction of stars. He also knew that anti-
mony did not possess the full character of a metal, and for this
reason he called it lead of antimony. Furthermore, he noticed that
spiessglas contained sulphur, and he was acquainted with sulphur
auratum (a mixture of Sb2S3 and Sb2S5). He gave distinct recipes
for the preparation of antimony trichloride (butter of antimony),
powder of algaroth (basic chloride of antimony), antimony trioxide,
potassic antimoniate. In his time antimony was used for the pre-
paration of printers' type, mirrors, and bells, and was also used as
medicine.

The story of the accidental poisoning of certain monks by spiessglas
administered to them by someone who had observed that pigs could
be fattened if they were fed with a little spiessglas, thus originating
the word " anti-moine," * has been proved by Kopp to be without any
foundation, as Basil Valentine wrote his book in German; and hence
the story must have been invented by a Frenchman. It has been
suggested that the word " antimony }> might be derived from " anti-
monos," meaning, opposed to solitude, as it was supposed that it
could only be found in combination with other elements in nature.

Paracelsus was the first one to use antimony as'a medicine to be
taken internally. His emetic was a solution of antimony in wine.
In the year 1564, not long after the death of Paracelsus, a work on
antimony by Louis de Launnay appeared. In 1566 the Parliament
forbade its use as medicine; but this law was, upon the decision of
the Faculty of Paris, repealed in 1650.

* The term "antimcmium" is found in the writings of Constantin, a doctor,
who lived towards the end of the twelfth century, long before Easil Valentine.
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Boyle, in his book On the Unsuccessfulness of Experiments (Opera,
ed. 1772, i. 325), says: "And it may perhaps also be from some
diversity either in antimonies or irons, that eminent chemists have
(as we have observed) often failed in their endeavours to make the
starry regulus of Mars and antimony. Insomuch that divers artists
fondly believe and teach (what our experience will not permit us to
allow) that there is a certain respect to times and constellations
requisite to the producing of this (I confess admirable) body. Upon
this subject I must not omit to tell you that a while since an
industrious acquaintance of ours was working on an antimony, which,
unawares to him, was, as we then supposed, of so peculiar a nature,
that making a regulus * of it alone without iron, the common way
(for this manner of operation I inquired of him), he found, to his
wonder, and showed me his regulus adorned with a more conspicuous
star than I have seen in several stellate reguluses of both antimony
and Mars." Lemeny, in his Ooursde Chymie, 1675, argued against the
idea that the planet Mars had anything to do with the appearance of
the stars in antimony.

With regard to the metallurgy of antimony, Agricola, in his
Mining, book xii., 1557, wrote:—"The liquation is done in pots.
The pot, with holes in the bottom, is belly-like shaped, that is, narrow
at the top, and is placed over an empty vessel, supported on a bed,
upon which and around the pots are thrown earth and coal-dust,
which is heated with logs of wood from above." After this unpractical
method came the method of Balthasar Bossier, who in 1650 wrote
JSpeculvm metallurgies politissimum. His experiment runs thus:—
20-30 centner (quintal =100 lbs. in weight) of the sulphide of
antimony are allowed to melt in an oven. The liquid is mixed
with 10 per cent, of its quantity, 3 parts of saltpetre and 1 part of
ashes of wood. This mixture is allowed to stand until a slag is
formed. In order to extract the silver or gold contained in the
metal, it is mixed with an equal quantity of iron, or half as much
copper or lead. This is put into a refining furnace and is allowed to
remain there until all the "Spiess" is volatilised. Still later than
Rossler, Lazarus Ercker recommended the following method:—The
sulphide of antimony, together with iron needles, was melted before a
blast or in an oven, with the use of saltpetre to cover the liquid,
which, after solidification, must be remelted three or four times, until
the beautiful stars appeared upon the surface of the metal. The

* One part of antimony in one thousand parts of gold is sufficient to destroy the
working properties of it. From this peculiar action the ancients gave it the name
"regulus" or "little king."
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precipitation method came after this. In the eighteenth century
the roast-reduction method commenced to be used; in the thirties
of the nineteenth century, the reverberatory furnace; and in 1896
electrolytic antimony first appeared in the market.*
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CHAPTER II.

THE CHEMISTRY OF ANTIMONY.

SECTION 1.—THE ATOMIC WEIGHT OF ANTIMONY.

(a) Selection of Atomic Weights.— Berzelius in 1852 already knew
that the ratio of the oxygen contents of the three oxides of antimony
is 3 : 4 : 5, but he wrote their formulae as SbOs, SbO4, SbO5, and con-
sidered the double of 129 as the atomic weight of antimony. When
he, however, found out in 1826 the existence of the sesqui-oxide, he
changed the above formulas to Sb2O3, SbO2, Sb2O6, whereby Sb= 129.
Gmelin at first gave the same formulas, and put 64*5 as the atomic
weight; but they were subsequently changed back to SbO3, SbO4, SbO5.

It is now admitted that antimony has three H-equivalents, which
are related to one another as 5 : 4 : 3, that is, Sbxri, Sbxi, Sbx3.

Now, we consider 120 as the true atomic weight of antimony, for
the reason that this number is in harmony with the following lavvs
and rules:—

1. With Avogadro's Law, since the number 120 denotes the
smallest quantity of antimony which, in a vaporous condition, can be
present in combination in a double normal volume. Also the content
of combination of antimony in solution, according to the theory of
van't HofF, is in harmony with this number, in so far that the
phenomenon of its being a cathode through hydrolysis is not entirely
absent, this being due to the weak basic character of antimony.

2. With Dulong-Petit's Rule, since the atomic heat, as calculated
with this number, amounts to between 6'0~6'3, which hardly deviates
from the normal value.

3. With the Theory of Isomorphism. Wo know only so much about
it that the element Sb is isomorphous with the elements arsenic
and bismuth, and also with its. next atom-analogies from the same
natural group.

4. With the Periodic Law. The properties of antimony and its
compounds are the functions of its atomic weight, 120.

(b) Determination of the Atomic Weight.—1. Berzolins in 1812
devoted much time and energy to dotormme tho atomic weight of

6



THE CHEMISTRY OF ANTIMONY. 7

antimony, but expressed himself with great dissatisfaction as to the
results obtained, in the following words: " Ich habe niem.aU mit
einer Materie, too es so ausserordentlir.h schwer gewesen ist, kooistante
JResidtate zu erhalten, gearbeitet." He oxidised metallic antimony
with the aid of nitric acid, and then heated the residue, whereby
from 100 parts of antimony he obtained 124*8 parts of Sb^O .̂ Hence

124-8 : 100 = Sb3+64 : Sb*
.'. 100Sb2+ 6400 = 12-1-SSbij.

' 24-8Sb.2 = 6400.
. \ Sb = 129, approximately.

This number 129 was considered by Berzelius as the true atomic weight,
and had been taken so until the 'fifties of the nineteenth century.

2. Kessler, 1855-60. The work of Kcssler does not show any
particular exactness; the interest of his work lies in the fact that he,
for the first time since Berzelius, obtained results which approach
more closely to the true value 120. The following are his results : —

a. Through oxidation of Sb.2O3 from 100 parts Sb =123 "84.
of SbVith K3Cr307 =123*61.

c.
d.
e
f.

of Sb with K Cl< >3 and K2Cr2O7 = 123 72.
of SboO;i with KC1O., and" KoCi\207 = 123*80.*
of Sb.jO3 with K2Cro07 " =123 '85.
of emetic tartar =119*80.

3. Schneider in LSfiG reduced a natural sulphide of antimony from
Arnsberg to its metallic form in a current of hydrogen. From 100
parts of Sb.,S8 he obtained 28*52 as an average value of sulphur
evolved. Hence the proportion:

2Sb : 3S = 100-28*52 : 28*52.
.\ Sb = 120*53.

4. Hose in 1856 published, the results of the analysis of antimony
chloride by Weber, in which he gave 120*63, the mean value of
1*20-2, 121-1, 120-6.

5. Dexter in 1857 carried out some valuable work in Bun sen's
laboratory to determine the atomic weight of antimony. He carefully
weighed out a small quantity of antimony and oxidised it with'nitric
acid, and finally heated the residue until it was converted into Sb.>04.
From 100 parts of Sb2O4 there were 79*28.'} (average value) parts of
Sb. Hence tho proportion :

asb : 64 = 79*283 : 20*717.
.*. Sb = 122'-i(J.

G. Dumas in 1859 caused chlorine to act upon metallic antimony;

* ID 1861 Kesslor corrected this value and changed it to 122'3(5.
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and, to be sure that there was no free chlorine present, he distilled it
many times through pulverised antimony. A suitable quantity of the
trichloride thus obtained was taken and was decomposed by means of
a solution of tartaric acid. The chlorine thus set free was determined
by the quantity of silver chloride that could be deposited in a bath of
silver solution of known strength. Hence the following proportion :

SbCl3 : 3Ag = 70'512 : 100
(the atomic weight of Ag taken to be 107*92).

.-. Sb = 121'88.
This value is a little too high, due to the fact that the trichloride
used contained some oxychloride, as was proved by Cooke later.

7. Unger in 1871 made an analysis of Schlippe's salt, Na3SbS4.9H2O,
and found that the result was best in harmony with the given
formula when 120 was taken as the atomic weight of antimony.
From 7*347 grms. of Schlippe's salt he obtained 3*291 grms. of
sodium sulphate and 3*0864 grms. of pure antimony pentasulphide.
Hence, from the relationship

3Na2SO4 : Sb2S5 = 3'291 : 3*0864,
Sb=U9*71.

8. Cooke, 1877. The analytical work of J. P. Cooke, in regard to
the atomic weight of antimony, started a new epoch in the history
of the determination of atomic weights. Cooke followed in the foot-
steps of Stas with particular regard to his methods of working and
to his exactitude in chemical manipulations, but worked always with
small quantities of substances, thus reducing the source of error to a
minimum, this being in opposition to Stas' practice, who was known
always to use large quantities of substances, even sometimes up to
several hundred grams.

The following independent methods for the determination of the
atomic weight of antimony are given by Cooke :—

a. Synthesis of • Antimony Trisulphide.—Balls of antimony were
dissolved in part in hydrochloric acid in the presence of some nitric
acid. The solution was boiled until it became colourless and only
trivalent antimony was present. The loss in weight of the balls of
antimony gave the quantity of antimony dissolved. The solution was
then diluted with a solution containing acetic acid. Water impreg-
nated with hydrogen sulphide was added by means of a syphon, and
the antimony trisulphide thus formed was washed six times with hot
water. After this it was dried at a temperature of 130° ;* and at
210° the red trisulphide was changed to its black modification. In

* The scale used in this book is Centigrade.
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the red modification Cooke found the average sulphur content to be
28-5731 j hence the ratio 2Sb : 3S = 71*4269 : 28*5731, whereby Sb =
120*22. In the black modification he found the average sulphur con-
tent to be 28-5182 ; hence the proportion 2Sb : 3S = 71*4818 : 28*5182,
whereby Sb = 120*54.

/3. With antimony trichloride the analysis gave Sb —121*86,
while with antimony tribromide Sb= 119*882, and with antimony
iodide Sb= 119*86.

In the years 1880-81 Cooke made his final determination of the
atomic weight of antimony. This time he used antimony trichloride
and made the determination by the gravimetric method. The result
obtained was Sb = 119*88.

Summary.—The following is a summary of the different values
assigned for the atomic weight of antimony as obtained by different
workers and investigators employing different methods ::—

Authority.

Berzelius

Kessler .
3 5
it

J>
Schneider
Rose (Weber)
Dexter .
Dumas .
Unger .
Cooke .

9
i

Schneider
Pfeifer .

Bongartz
Popper .
Friend and Smith .

Years.

1812

1855-60
j >
>j

>}
1S56
>t

1857
1859
1871
1877

1880-81

1880
1881

1883
1886
1902

Proportions.

2Sb : Sb.,O4
2Sb : Sb3s
Sb2O3 : O2
2Sb : 02

2SbCl3 : OoSbCl3 : SAg&l
3[C4H4KSbO7.£H,>d] : K2CroO7 •

SboS3 : 2SbAnalysis of SbCL,
2Sb : Sb.2< )4
SbCl3 : 3Ag3Na2SO4 : Sb2S3 in Schlippe's salt

2Sb : Sb2S3 (red modification)
2Sb : Sb2S3 (black modification)

SbCl3 : 3AgCl(Ag= 107*92)
(Ag= 107*90)

SbBr3 : 3AgBr(Ag = 107*92)
(Ag=107'90)

Sbl3 :3AgI(Ag= 107*92)
SbBr3 : 3AgBr(Ag = 107*92)

(Ag=107'90)
SbBr8: 3Ag(Ag= 107*92)

SboS3 : 2Sb
8Ou& : 28b111

3Ag : Sb111

2Sbx" : 3BaSO4
3Ag : Sb111

C4H4KSb07 : KCl

Atomic
Weight.

129*0
128*9
120-86
121*31
121-21
124-26
119-59
120*53
120-63
122*46
121*88
119*71
120*22
120*54
121*86
121-84
119-91
119-88-
119*86
119-90
119*88
119*90
120-41
122-36
121-3t>
120-64
121-20
120*43

The International Commission for the Determination of Atomic
Weights took 120 as the true atomic weight of antimony, but since
J902 i t has been changed to 120-2.
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SECTION 2.—THE ELEMENT ANTIMONY.

Antimony, like phosphorus and arsenic, has several allotropic
modifications. Besides the gray form of antimony, the most
common and the best known, there is another form which is an
explosive. This latter is very unstable and changes easily to the
stable metallic form. The most unstable modification is yellow
antimony, which does not possess any metallic property, corresponding
thus to white phosphorus and yellow arsenic.

Metallic Antimony.—Pure antimony is a silver-white,* shining,
brittle metal. By slow cooling it crystallises in the hexagonal system,
isomorphic with the gray form of arsenic, while rapid cooling makes it
granular and crystalline. Moreover, when molten antimony is allowed
to solidify slowly without any disturbance, and when it is covered by a
layer of slag, a fern-like appearance is seen on the solidified surface.
This is the so-called " antimony star " or regulus antwionii stellatus.
The specific gravity is 6*5178, according to Kahlbaum, Siedler, and Eot.

The coefficient of cubical expansion, between 0° and 100°, is
0*003161. The coefficient of linear expansion depends upon the
direction taken, being 0*00001692 at 40° along the axis of the hcmi-
dodecahedron, and 0*00000882 at the same temperature along a
direction perpendicular to it (La,7idolt, Bernstein, Meyerhoffer).

The metal is a conductor of heat and electricity. The electrical
conductivity, in reciprocal ohms, is 2*71104 at 0°, 2*47104 between 0°
and 37°, 0*62104 during melting, 0*88104 when it changes ontirely
into a liquid state, and O'SS10'1 at 860°. The absolute conductivity
for heat is 0*042 between 0° and 30°, 0*0442 at 0°, and 0*0396 at
100° (Landolt, Burnstein, Meyerhoffer).

The specific heat is as follows :—

Temperature
Interval.

-186°to - 79
- 79 to + 18
- 7f> to - 20
- 20 to 0

0 to 4- 33
0 to H-'lOO

17 to 92
15

100
2f»0
300

Specific Heat

0-0462
0*0484
0*0499
0*0486
0-0495
0*0495
0*05079
0*04890
0*05031
0*05198
0*05366

Observer.

Bolm.

Pobal and Jalm.

Hun sen.
Gawlo.
Naccuri.

* With a slight tinge of blue, -which may be iiitonyifuul by the prespneo of
impurities in the metal.
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The metal melts at 630*6° (ffolborn and Day). In this liquid
state it can dissolve not only the solid metal itself, but also the
sulphide of the metal.

The boiling-point of the metal under atmospheric pressure is 1300°;
it is 290° in the vacuum of cathode light (Krafft, Bergfeld). The
colour of the fume of antimony is green (Linck).

Explosive Antimony.—In a bath of hydrochloric acid and antimony
proto-chloride, with antimony metal as anode and platinum-foil as
cathode, metallic antimony is deposited upon the cathode. This
antimony is quite different from the ordinary kind. Its hardness is
less, being 5*78, and it explodes, when it is scratched with a sharp
point, with the development of heat and the setting free of white
fume. When it is rubbed with a pestle in a mortar, strong detonation
occurs, with a simultaneous development of light and heat. The same
phenomenon can be produced when the dried substance is heated to
200°, the resulting reaction product being the ordinary antimony.

Recently E. Cohen and his students have made researches into this
remarkable explosive form of antimony. It can be obtained through
electrolysis from a solution in chlorine and bromine; while, on the
other hand, from a solution in fluorine alone only the" ordinary
antimony can be obtained, without any admixture of halogens.

The important factors for the production of this particular explosive
form of antimony are a particular temperature and a particular halogen
concentration, the concentration of H being unimportant. The follow-
ing table shows the fact that the temperature to render the explosive
modification unexplosive varies directly as the concentration:—
Concentration.
10% SbCl3, at 16°-17°, shining and explosive ; 28°, not shining and not explosive.
15-6% „ at 0°, „ „ 30°,
21-2% „ at 10°, „ „ 50°,

As a rule, the higher the concentration of the electrolyte is, the
larger the quantity of the halogens taken up by the metal.

Its heat of solution is higher than that of the ordinary kind.
Hence the heat of transformation is the difference between the two,
which is calculated to be 20 to 21 calories.

The sensitiveness of the explosive modification decreases with an
increase of the amount of halogens in solution. The stability
increases as the temperature decreases. Comparatively, the explosive
modification is meta-stable. It is still uncertain "whether it is
crystalline or amorphous.

Black Antimony.—Another meta-stable form of antimony is black
antimony. It is produced when metallic antimony vapour is
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suddenly cooled. For its production a vacuum is used, such as that
employed for the production of yellow arsenic, heated inside by elec-
tricity and cooled externally by liquid air. It can also be produced
by leading a current of oxygen into liquid antimony hydride at — 40°,
or by heating the yellow modification of antimony at - 90°.

This black modification is amorphous, has a specific gravity of 5*3,
and is easier liquefied and is more active chemically than the ordinary
metallic form. It oxidises easily in the air under ordinary tempera-
ture, and is sometimes spontaneously combustible. At 100° it
changes gradually to the ordinary metal, but suddenly at 400°.

Yellow Antimony.—It is the most unstable of all the modifications
of antimony. It was discovered by Stock, Guttmann, and Siebert,
and corresponds to white phosphorus and yellow arsenic. It cannot
be produced by a sudden cooling of antimony vapour, but only by
introducing oxygen into antimony hydride at - 90°. The reaction
can be accelerated by ozonising. It can also be produced by the
action of chlorine upon antimony hydride.

As stated, it is very unstable and changes into the black modifica-
tion above - 90° under ordinary light.

Chemical Properties.—Pure antimony oxidises very little at the
ordinary temperature. By being heated it is converted into the
trioxide, which rises in the form of smoke from the upper surface of
the metal. It can also be oxidised by any oxides that can easily give
up their oxygen component, e.g. manganese peroxide, quicksilver,
lead oxides, etc. It can also be oxidised in the presence of steam.
Hydrogen reduces the trioxide.

In concentrated nitric acid the metal can be converted into the
trioxide or the pent oxide through the agency of nitrous oxide.
Which oxide is produced depends entirely upon the' temperature and
the concentration. Powdered antimony, particularly if previously
heated, is powerfully acted upon by chlorine and bromine, resulting
in the production of pentachlorides or pentabromidos, with evolu-
tion of light.

Antimony is attacked by hydrochloric acid only when it is in the
state of very fine powder. Dilate sulphuric acid does not attack it,
while with hot concentrated acid it forms antimonious sulphate.
Aqua regia in the cold dissolves it easily, forming the pentachloride.

When ignited with a mixture of nitre and soda it explodes, forming
an alkaline antimoniate. With alkaline nitrate and chlorate the
metal decrepitates, resulting in the formation of an antimoniato.

The metalloids, with the exception of boron, carbon, and silicon
form compounds with antimony.
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SECTION 3.—THE COMPOUNDS OF ANTIMONY.

Antimony has three valences, 3, 4, and 5.* Its chemical pro-
perties are very similar to those of arsenic. In other ways it stands
close to the zinc group, particularly to the elements germanium and
zinc. The likeness between antimony and germanium is so close that
the discoverer of the latter at first called it Eka-antimony of
Olendelejeff. Analytically, antimony presents some difficulty in its
separation from zinc.

A. The Compounds of Antimony of 3 Valences.

In this condition antimony is a weak base and possesses an electro-
positive character. Its ion concentration is not great.

Antimony Hydride, SbH3.—It corresponds to phosphorus hydride
(PH3) and arsenic hydride (AsH3). It was discovered by Lewis
Thompson in 1837, and about the same time independently by Pfaff.
However, the production of pure antimony hydride and the deter-
mination of its physical constants are matters of recent times.

It is formed when hydrogen is generated in the presence of a
soluble antimony compound, or when the compounds of antimony
and the alkali metals are decomposed by water, or when an antimony-
zinc alloy is treated with sulphuric acid or hydrochloric acid.

It can also be formed when metallic zinc is treated with a weak
solution of hydrochloric acid or of sulphuric acid on the addition of
a solution of antimony salt.

According to Stock and Doht, 1 gram of the alloy of zinc and
antimony (Zn:Sb = 4 : l ) in a mixed solution of tartaric acid and
hydrochloric acid can produce 0*1 to 0*15 gram of pure antimony
hydride. But according to Stock and Guttmann a better result
could be obtained by putting finely powdered magnesium antirnonide
(Sb : Mg = 1:2) into a cold weak solution of hydrochloric acid.

Antimony hydride is a colourless, inflammable gas with a charac-
teristic damp and weak hydrogen sulphide smell. It burns with a
greenish flame, producing a white smoke of steam and antimony
trioxide. 1 cm.3 weighs 5-302 mgrms. at 0° and 754 mm. pressure.
On an average it is 4360 times heavier than air and 3994 times
heavier than oxygen. The observed density, on account of mole-
cular association or of molecular attraction, is 2*95 per cent, more
than the theoretical one.

The boiling-point of the liquid is -18° (Olszewski). The specific

* May bo called tri-, quadri-, quinqui-.
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density is 2*26 at - 25C and iKU at -50° (Stock and Guttoriann).
At - 91*5° it becomes sulid (Ohzewski).

1 vol. of water can dissolve \ vol. of antimony hydride; 1 vol. alcohol,
15 vols.; 1 vol. carbon bisulphide, 250 vols. at 0°. The inhaling of
even a small quantity of SbH3 will produce giddiness and headache.

Antimony hydride is endotheruiic. Berthelot and Petit have
determined that 84*5 calories of heat will be set free from the
decomposition of one of its molecules. From this it can be deduced
that its decomposition may be accompanied by explosion.

At ordinary temperatures the rapidity of its decomposition depends
upon the nature of the vessel containing it. In antimony hydride we
have an instance of what is known as "auto-katalysis." The decom-
position of liquefied SbH3 at room temperature is very rapid; while
in a gaseous state its decomposition at such temperature is slow.

Antimony hydride is very sensitive towards oxygen. At ordinary
temperature these two gases react on each other with the formation
of water and antimony. Even at - 90° (the melting-point of SbH3)
this reaction is still possible, with the production of yellow antimony,
while at the temperature of liquid air there is no such reaction.

The oxides of nitrogen can easily be reduced by SbH3. With
chlorine it reacts with a simultaneous development of light and a
loud noise ; with bromine it reacts with less energy; and with iodine
the action is slower still. Alkalies decompose it. When it is acted
upon by powdered sulphur, the resulting products are sulphuric acid
and orange sulphide of antimony.

Alkyl-combination.—Antimony hydride (SbH3), like arsenic hydride
(AsH3) and phosphorus hydride (PH3), can give rise to organic com-
pounds in which the H-component is replaced by an alkyl. It is
then called stibine. I t can be produced by allowing iodine-alkyls
to act upon potassium antimonide or upon sodium antimonide, or by
the reaction between antimony chloride and zinc-alkyls.

I t is self-inflammable and is not soluble in water. I t reacts upon
oxygen, sulphur, and chlorine with the formation of SbR3O, SbR3S,

RCL It behaves like a metal thus :—

SbRj + 2HC1 = SbRjCla + H2.

Some of the constants of the compounds are:

Trimethylstibine.
Triethylstibine, S

Sb(CH3), .
b(C2H5)3 .

Boiling-point.
81°

. . 159°

Sp. Gr. (15°).
1-523

Like phosphine and arsine, the tertiary stibine has the power of
combining with iodine-alkyls, forming a salt which is called the
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compound of stiboniuin. In a solution it can be ionised into SbR4

and I'.
Some other compounds are: Tetramethylstibonium chloride,

Sb(CH3)4Cl; tetraethylsliboniuni chloride, Sb(C2H5)4Cl; tetramethyl-
stibonium hydroxide, Sb(CH.i)4OH.

Antimony Trihaloids.—Antimony combines with the halogens
to form a series of characteristic compounds. For fluorine,
chlorine, and iodine there occur the tri- and pentahaloids ; and for
bromine only the trihaloid is known. The characteristic of the
trihaloids is the capability of being hydrolysed; and in water they
form insoluble oxyhaloids.

Antimony Trifluorides.—When metallic antimony is brought into
an atmosphere of fluorine, it burns, with the production of a white
solid fluoride, probably the trifluoride (Moissan). When antimony
trioxide is put into hydrofluoric acid and the solution is gradually
diluted, crystals of fluoride are deposited. As an amorphous mass,
it can be produced by dry distillation of antimony powder with
quicksilver'fluoride.

The trifluoride is dimorphous, and it crystallises generally in rhombic
octahedra, but sometimes also in prisms. According to Buff and Plato,
its specific gravity is 4*379 at 20'9°, and its molecular volume 40*3.

By mixing antimony trioxide and the carbonate of alkalies in
hydrofluoric acid, the following complex alkali-antimony fluorides are
obtained :—

Chemical
Formulae.

LiSbF4j LiF

NaSbF4, 2NaF
KSbF4

KSbF4.KF

NH4SbF4.NH4F

CsSbF4

C2SbF4.CsF
4C2SbF4.3SbF3

CsSbF4.SbF3
CsSbF4.2SbFa

Crystalline
Forms.

Crystallises with
difficulty.

Small prisms.
Large rhombic

octahedra or
prisms.

Leaf-like or in
plates.

Rhombic plates
or prisms.

Prisms.

Rhombic prisms.
Generally in

plates.
Needles.
Prisms.

Solubility
in Water.

1

1
1 :

1
1

1

>20

14
2'8

9 (at 13°)
< 2 (boil-

ing-point!
0-9 (cold)

Remarks.

Becomes dull
in air.

Melts at 120°.

Observers.

Fliickiger.

!

JJ

Wells and
Metzger.
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A solution of this kind of salt has an acid reaction, thus showing
that the salt in solution is at least partially dissociated into an alkali
fluoride and an antimony fluoride.

Antimony Trichloride.—This compound has been known since the
time of Basil Valentine, who knew a method of producing it by dis-
tilling chloride of mercury with antimony trisulphide, and named it
"butyrum antimonii."

When antimony sulphide, taken in excess, is heated in a current of
chlorine, the resulting product is a mixture of two chlorides, chloride
of sulphur and chloride of antimony, which can be separated by
fractional distillation.

The best way to produce chloride of antimony is thus:—1 part of
crude antimony is added to 4 to 5 parts of concentrated hydrochloric
acid in a retort, in which, from time to time, a small quantity of
potassium chlorate is placed in order to oxidise any accompanying
sulphides that might be present in the crude material used. The
distilling of the solution is commenced as soon as the sulphide is
completely dissolved. If the material contains much lead, the latter
will be separated out as lead chloride with a violent pressure on the
wall of the vessel. When this happens, it is best to allow the
solution to cool down and to pour off the liquid from the deposited
residue. The concentration of the liquid is continued until a drop
from it becomes solid. On redistilling it the chlorides of foreign
metals remain behind, while the chloride of antimony, together with
a little iron chloride, is distilled over. In order to obtain an iron-free
chloride, it is then put into water, when the iron chloride is dissolved
and the antimony chloride is changed into an insoluble oxychloride.
This is washed, redissolved in concentrated hydrochloric acid, boiled,
and then distilled as before. The distillate will give rise to
transparent, white crystals of the rhombic system. At 26° the solid
chloride has a specific gravity of 3*064 (Landolt, B'&nutein,
Meyerhoffer). The melting-point is 73*2°, and the specific density of
this colourless liquid is 2*676. The molecular volume is 100*7 (Kopp).
The boiling-point is 223° under atmospheric pressure, 113'5' undor
a pressure of 23 mm. (Anschiitz and Evans), and 103° under 14 mm.
The specific density of the vapour is 7*96, or a little more than 7*85,
the theoretical value.

The chloride is soluble in bisulphide of carbon and ether. The
heat of combination is 91*4 cal.

The following is a list of the complex salts of antimony chloride
in combination with other elements:—
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COMPLEX SALTS (COLOTTHLESS).

Chemical Formulae.

K3SbCl6
Na3SbCl6

(NH4):iSbClQ
SbCla.2KCl

SbOlg.2NH4Cl.HoO
2SbCl3.8CsCr
SbCl,.RbCl

2SbCl3.RbCl.H2O
10SbCl3.23RbOl
7SbCl3.16RbCl

SbCl3.BaCl2.2iHo0
2SbCl8.HC1.2H26

Crystalline Forms.

Crystalline leaves.

Right-angled prisms
Triclinic columns.
Cubes.

Star-like needles.
Crystalline leaves.

Observers.

Fehling's Diet.

...

Saunders.
Saunders & Wheeler.
Wheeler.
Saunders.

3 j

Engel.

Besides these products of addition, there occur a great number of
products of displacement. With concentrated sulphuric acid the
chloride is changed to the sulphate, with the production of hydro-
chloric acid.

The solubility of the trichloride is as follows (after Bemmellen^
Meerburg, and Noodt):—

Temperature
Mol. SbCl3 in)
100 niol. HoO J

0° 15° 20° 25° 30° 35° 40°
log.g

50° 60° 72°

An excess of water will give rise to a strong hydrolysis and the
separating out of basic antimony chloride, the composition of which
depends upon the temperature and the quantity of water.

If heated with antimony sulphide, the chloride is changed to the
sulphochloride, which is used as a medicine and as a corrosive or
macerating agent for wool.

When antimony chlorine is dissolved in formamide, a peculiar
phenomenon is observed. The chlorine atoms of the chlorine
gradually change places with the NH.COH as dilution increases,
with the formation of a series of ever-changing compounds, thus:—

SbN^.COH, Sb(mC0H)2> Sb(NH.COH)3.

This kind of reaction is called amidolysis (Bruni and Mannelli).
Antimony Tribromide.—When powdered antimony is put into a

solution of bromine, the intensity of the heat evolved is so great that
the bromine is vaporised and the metal is melted. In order to

2
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counteract this effect, bisulphide of carbon is used. The solution is
then dibtilled, producing the tribromide, which can be purified by
sublimation. Obtained in this way, it is a colourless crystalline
mass, though crystals belonging to the rhombic system can be formed
from a solution of bisulphide of carbon. The specific gravity of the
solid mass is 4*148 at 23°. It melts at from 90° to 94°, forming a
liquid having a specific gravity of 3*641. Its molecular volume is
116*8 (Kopjf). The boiling-point is 275*4°, and the specific density
of its vapour is 12*57 (Worcester).

Its chemical properties are analogous to those of the trichloride.
It absorbs water from the moisture of the air, and in water it

changes into an oxybromide.
The complex salts are:—

2SbBr3.3RbBr, 10SbBrs.23RbBr (IVheel&r),

and the yellow ammonium salts are:—

3SbBr3.7NH4Br, 2SbBr3.3NH4Br [Caven).

Antimony Tri-iodide can be best obtained by putting the pul-
verised metal in a solution of iodine in bisulphide of carbon with
a slight excess of the metal. The medium used is then distilled off,
and the product thus obtained is purified by sublimation (Nickles).
The reaction will be very energetic and violent if bisulphide of carbon
is not used. The powder must also be added in small quantity at a
time.

The solid tri-iodide has been observed to possess three allotropic
modifications, the relationship of which, one to another, is not yet
known. The stable form, crystallising in the hexagonal system, is
obtained by sublimation at a temperature over 114°. It can also be
obtained from a diluted solution. I t is red, and its specific gravity
is 4*848 at 26°. It is isomorphic with bismuth iodide. The meta-
stable form, crystallising in the monoclinic system, is obtained by
allowing the carbon bisulphide solution to be evaporated in sunshine.
It is red, and its specific gravity is 4*768 at 220°. The most unstable
of the three is the greenish-yellow rhombic form, which is obtained
through sublimation at a low temperature. At higher temperatures
the two unstable forms change to the stable modification.

The melting-point of the stable form is 167°. The liquid is garnet
red and boils at 401°, forming a red vapour, the specific density of
which is 17*59, the theoretical one being 17*33.

The tri-iodide is soluble in carbon bisulphide, alcohol, and benzol
It is changed to the sulphate in sulphuric acid.
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The other properties of the tri-iodide are analogous to those of the
trichloride and the tribromide.

The following are some of the complex salts :—

Chemical Formulae.

2NH4SbI4.KH4I
NH4SbI4.3NH4I

NH4SbI43NH41.3H2O
BaSbI4.9H2O
2RbSbI4.RbI

Colour.

Red.
Dark - brownish

black.
Red.

j>
Almost black.
Orange-red.

Crystallisation.

Prisms.
Small leaves.

Prisms.

Rhombic prisms.

Observers.

Caven

Wheeler.

Antimony Trioxide, Sb4O6.—In nature it appears under two forms:
as rhombic oxide and as senarmontite belonging to the octahedron
form of crystallisation. It can be artificially produced by roasting
pure antimony in a crucible with a current of air. The oxide thus
obtained might contain some tetroxide. It can also be obtained by
heating the metal to red heat in a current of vapour (Regnauli). The
two crystalline forms of trioxide found in nature can be artificially
produced (Bonsdorff, Mitscherlich, Wohler, H. Rose, Des Cloiseaux).

The rhombic form has a specific gravity of 5*6, while the octahedral
form has 5*22 to 5*33. The octahedral form can be transformed into
the rhombic form by rapid heating. The specific heat of the trioxide.
is 0*0927 between 18° and 100° {Neumann). When it is in the form
of a white powder it becomes yellow when heated, regaining its
whiteness on cooling. It melts at a dark-red heat, forming a yellow
liquid which, on being suddenly cooled, solidifies to a gray mass
resembling asbestos. It is volatile and can be sublimed at higher
temperatures. The specific density of its vapour is 19*60 at 15*60°,
as opposed to 19*19, the theoretical value (F. Meyer and C. Meyer),
The trioxide is neither soluble'in water, nor in dilute sulphuric acid,
nor in dilute nitric acid. With hydrochloric acid it is changed into
the chloride, with tartaric acid to the complex salts of antimony
tartrate, and with the hydroxides of the alkalies to antimonates. All
these are soluble in water. If the vaporised trioxide and air be passed
over ignited, finely divided oxides of those metals which form com-
pounds with antimonic acid, antimonates are formed from the reaction
between the oxides and the antimonic acid.

The trioxide can be reduced by hydrogen to metallic antimony.
When the trioxide is heated in the air, it is oxidised to the tetroxide,
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Sb<>04. Sulphur reacts upon the trioxide with the formation of anti-
mony sulphide and sulphur dioxide. With antimony sulphide the
trioxide melts without decomposition, forming the so-called antimony-
glass. The trioxide, especially in the form of vapour, is poisonous.

The equilibrium existing between the trioxide, the tetroxide, and
oxygen, and also the partial pressure exercised by the oxygen, when
the metal is heated in the air, are still unknown.

Antimony Hydroxides or Hydrates.—The three possible hydrates
of antimony, as derived from antimony trioxide, are:—

HSb03=(Sb203 + H20) or(SbO)OH, metantimonious acid or monohy-
drate or metahydrate.

H4Sb2O5 = (Sbo03 + 2H2O), pyro-antiraonious acid.
Sb{OH)3 = (Sb2O3 + 3H2O), ortho-anthnonious acid.

HSbO2 is obtained by decomposing tartrate of antimony and
potassium with acetate or alkaline carbonate (Long), This hydrate
presents the character rather of a base than of an acid. Nevertheless
it can give rise to the formation of antimonites.

H4Sb.,O5 is obtained by dissolving antimony trisulphide in an alk aline
liquor, which is subsequently sulphurised by the addition of copper
sulphate (Fresenius and Schaffner) until a portion of the liquid,
filtered off, gives, with an acid, a white precipitate. Aided by heat,
it changes gradually to the anhydride form, even in the presence
of water. The dissociation tension (Dissoziationsspannung) of this
hydrate is greater than the vapour-pressure of water. Serono doubts
the existence of this hydrate.

SbO3Hs (Clarice and Stallo) is obtained by decomposing tartrate of
antimony and barium with an equivalent quantity of cold dilute
sulphuric acid. After nitration, the liquid gradually gives rise to a
deposit of white powder, which is then carefully washed and dried
at 110°.

These hydrates are not known as crystals. They are amphoteric
in character; on the one hand they behave like acids, forming anti-
monites with the alkalies, and on the other hand like bases, forming
salts of the acids used.

AntiTnonites.—They are salts formed from the acids derived from
Sb.-jOg, and are obtained from a solution of antimony hydroxides in
alkaline liquor. The sodium salts derived from HSbO2 are:—

Sp. Gr.
NaSbOo-SBy) Octahedron. 2*86 Very hard to dissolve in hot water.
2saSbO2.2HSbO2 Large crystals. 5*05 Almost insoluble in water.

A solution of sodium metantimonite gives a precipitate from
the salts of heavy metals. Cupric antimonite is precipitated when
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a copper sulphate solution is added to a solution of tartar emetic.
A solution of alkaline antimonite has a reducing character; for
example, chromates can be thus reduced to chromites, etc.

Antimonious Oxyhaloids.—When water is allowed to act upon
the halogen combinations of antimony, it is observed that there
results a deposit of a white crystalline material. By hydrolysis, a
basic salt of antimony produces :—

(la) Antimonious ojcyfluoride, Sb4O3FG. This is obtained by eva-
porating a solution of antimony trifiuoride. FC1 is evaporated off,
and a white oxyfluoride is left behind.

(lb) Sb8OrF10 was obtained by Fliickigen from the action of
humidity upon the trifiuoride.

(2) Antimonious oxychloride. This lias long been known as
the product of the action of water upon antimony trichloride.
Paracelsus (1493-1541), Glauber, and Basil Valentine wrote about
the methods to obtain it. They described it as a white powder and
called it mercurius vitce. Later, Victor Algarotus, a physician, used
it as a medicine, and hence it came to be called Algaroth powder. Tn
1871 Sabanejew first succeeded in unravelling its chemical composi-
tion. According to him, the first product of water acting upon the tri-
chloride is SbOOl, which, when again acted upon, changes to Sb4O5Cl2.
Still later, van Bremmelen, Meerburg, and Noodt found another
oxychloride whose probable composition is 2SbOCl.SbCl3 = Sb3O2Cl5.

(2a) SbOCl is the normal oxychloride, giving rise to beautiful
crystals. It is soluble in bicarbide of sulphur, benzol, and chloro-
form, but not in water, alcohol, or ether.

(2b) Sb4Or>Cl2 is not soluble in alcohol, but is soluble in hydro-
chloric acid and tartaric acid. It is the principal constituent of
Algaroth powder.

(2c) Sb8O2Cl5 is decomposed by water, with the formation of SbOCl.
(2d) Sb8OCl22 or SbOCl + 7SbCl3 (Schneider and Sabanejew).
(2e) SbOClg.
(2/) Sb,{OClla or SbOCl3 + 2SbCl6 ( Williams).
(2#) Sb:{04Cl7 or 2SbOCl3 + SbOaCl (Williams).
(2h) SbsOuClo (Gooke, Sahanejew, Frenzel).
(2i) 10Sl)4Or)C\.
(3a) Antimonixnis oxybroniide^ Sl>4Br206 (Cooke, JSerullas, and

Mac-Ynov).
(3b) SbOBr (Cooke).
(4a) Anti-itloniom oxyiodide, Sl>I4<>r>, yî llowiwh in colour.
(4b) SbOI.
(4c) Sb4O5I8.
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Antimony Trisulphide, Sb2S3.—It can exist in two forms: (1)
crystals, (2) amorphous.

1. Crystals.—They can be obtained by fusing antimony and
sulphur together in proper proportion and then compressing the
fusion product (Spring). They can also be obtained by the following
methods:—

(la) Reduction by the use of sulphur in excess upon oxide of
antimony (Jannash and Eemmler) or autimonate (Unger).

(16) Action of hydrogen sulphide upon the vapour of the trichloride
(Durocher, Arctowslcy) or any other compound of antimony (Carnot).

(lc) Action of a solution of sulphur anhydride upon antimony in
closed tubes (Geitner).

(Id) Reaction between chloride of sulphur and antimony (Herr-
mann and Kochlin).

(le) Reduction of oxide of antimony by sulphocyanide of potassium
at high temperatures (Warren). Action between tartar emetic and a
solution of sulphocyanide of ammonium in closed tubes heated to
230°-250° (Weinschenk).

(If) Decomposition of the pentasulphide, heated to 200'-230° in
a current of carbonic anhydride (Rose, Paul).

(Ig) Crystallisation of the amorphous sulphide under the action
of heat in a current of inert gas or hydrogen sulphide (Monrlot,
Mitchell); or by the action of vapour in closed tubes heated to 200°
(Schumann, De Senarmont).

System of crystallisation, rhombic. Hardness, 2 to 2*5.
Specific density is as follows:—

£ = t 1 o 3 [ f , , " T f } Natural sulphide.D =4-624 (Schroder) J r

D16=4-S90 ,, \ Sulphide produced by combining the
= 4*614 to 4*641 {Rose) J elements.

r> ^ I Sulphide produced by fusing the amor-

P16=4*640 (Rose) *| Transformation of the amorphous sul-
D =5*01 ,, J phide by dilute acid.
D =4*57 „ Reduction of the pentasulphide.

It is a conductor of electricity. Its specific heat is 0 -0907 (Neumann)
or 00840 (Regnauli).

2. Amorphous.—There are three modifications of the amorphous
sulphide:—

(2a) The ordinary metallic black sulphide. It is easily powdered,
giving a streak like that of graphite. Its specific gravity is between
4-6 and 4*7.
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(2b) The red modification is generally obtained in the presence of
water. Hence it may be considered as a hydrate of the trisulphide,
i.e. Sb2S3.2H2O. But both Rose and Fuchs have been able to obtain
this red variety, by quickly cooling the liquefied sulphide, with
the specific gravity 4*15. It can be obtained thus :—

a. Dry Method {Guinchant and Chretien).—A small boat, filled with
the sulphide, is heated in a porcelain tube traversed by a current of
nitric acid. In the vicinity of the boat the porcelain tube is cooled
by a current of running water, upon which the sulphide deposits.
The boat must be heated to 850°. The product thus obtained
contains a little sulphur, which can be washed off. Its specific
density is 4*278.

/?. Wet Method.—The product obtained by passing H.2S into a
solution of antimony salts or tartar emetic has an orange-red colour.

(2c) The dark violet modification is obtained by pouring the
liquefied sulphide into cold water. In transmitted light a thin section
appears red. The streak is also red.

When heated to high temperatures, the red modification changes
to the ordinary black sulphide.

The density and the heat of formation of these three modifica-
tions are:—

Density. Heat of Formation.
Red 4*120 Wet = 34'0 cal., dry = 32'6
Violet . . . . 4-278 33 "9
Black (melted) . . . 4*652 38*2
Black (synthetic) . . 4*659

From the above, the heat of transformation can be calculated:—

Violet->black =+4*3 cal.
Red(dry)->black=+5'6 ,,
Red (wet)->black = +4*2 ,,

Specific heat = 0*0816 between 20° and 500°; 0*220 at 500°.
Melting-point = 555° (Pelabon); the heat of melting = 17*5 cal.

(jGhjuinchant and Chretien). The specific heat above the melting-point
= 0-263.

The liquefied sulphide is capable of dissolving Cu2S, HgS, Ag2S,
PbS, and BiS. The melting-point of the sulphide is lowered in a
regular manner when any of them is being dissolved. This fact en-
ables one to determine the molecular weights of these sulphides by
using antimony sulphide as the solvent {Guinchant and Chretien, and
Pelabon). The molecular depression constant of the sulphide is
jfc = 790 (determined from Ag.,S and PbS); £ = 797 (from Cu2S);
and £=788 (from HgS) (Ptlahan).
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The sulphide readily dissolves metallic antimony. In fact, antimony
and antimony trisulphide are soluble in each other. This solution
gives rise to" two layers, which have been studied by Chretien and
Guinchant, and Pelabon.

The specific density of a solution of antimony and antimony tri-
sulphide is :—

Temperature.

13
643
69S

1116
115o

Specific

The Sb Layer.

6-75
...

6*55

6*45

Density.

The SI.2Sa Layer.

4*63
3*85

8-82

The composition of the Sb phase:—

Temperatu

539
595
640
660
698

Percent.
r e \ Metal.

I 11-28
1 13*2
i 14-34
! 15-7
! 16-5

Temperature.

702
: 750
! 800
: 825
: 960

Per cent.
Metal.

16-8
17-96

20-0
20-6 i

Temperature.

1036
1108
1130
1167
1180

Per cent.
Metal.

21-0
21-8
21-3
21-2
211

Above 360° the reaction between SbJ33 and H is thus :—

2 + 3HoS

{Berthier, Schneider, Rose). The relative importance of this reaction
has been studied by Pelabon.

Fluorine decomposes it in the cold, with the production of a blue
flame and fluoride of antimony {Moissari).

Chlorine reacts upon the crystallised surface in the cold; if heat is
applied, the trichloride and chloride of sulphur are formed {Rose).

Bromine attacks it when heated {Jannash and Remmler). With
iodine it gives rise to iodine sulphide and the tri-iodide {Schneider).

Air and oxygen oxidise it easily to Sb2O3 when heated. Biichner
says, however, that the very finely pulverised powder can be acted
upon by oxygen at ordinary temperatures.

With ozone it forms the sulphate (Mailfert).
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Boiling water oxidises it slowly. According to De Clermont and
Frommel, hydrogen sulphide is evolved at 89°. Oxidation is only
accelerated in the presence of the vapour (Regnault). Hydrogen
peroxide, according to Thenard, gives rise to the sulphate. If water
is in excess, antimonic acid is produced (Zambelli and Zuzzato), and
in the presence of the alkalies antimonates are formed (Hampe.
Raschig).

Hydrogen sulphide combines with it to form salts of sulphantimon-
ites with the metals.

Phosphorus hydride attacks it, with the formation of hydrogen
sulphide and antimony phosphoride (E. Rose).

With chloride of phosphorus it forms chloride of antimony and
sulphide of phosphorus, and also sulphophosphoride of antimony
(Brandimont).

Carbon monoxide reduces it only partially, while carbon reduces it
completely to the metallic state.

The sulphide is desulphurised by potassium, sodium, copper, iron,
and zinc.

By heating the sulphide in a solution of ammonium chloride there
is produced the chloride together with ammonium sulphide, which
passes off with the aqueous vapour (Ph. de Glerrnont).

A boiling alkaline solution decomposes it into the oxide, while
sulphide of the alkalies is formed ; by a secondary reaction autimon-
ites and sulphanthnonites are formed. The same result can be
obtained by fusion.

Sulpho-salts and sulphantimonites are formed by the reaction
between the sulphide and alkaline sulphide.

Carbonates of the alkalies act like the alkaline hydrate : they give
rise to the formation of the oxide and sulphides of the alkalies, with
evolution of carbonic acid; secondary actions produce sulphantimon-
ites, antimonites, and antimony sulphide. The solution of the sul-
phide is never complete, even when it is heated; and, according to
Terreil, carbonate of potassium does not help it. This has been
demonstrated by Weppen and affirmed by Terreil. When a solution
of sodium carbonate, to which the sulphide has been added, is being
cooled, there are formed the sulphide, neutral and acid antimonites
of sodium, and antimonious acid, constituting what is called
" Kermes mineral."

A solution of sulphurous gas has no action upon it (Berthier); but,
according to Goverant, a small quantity of the sulphide is attacked,
with the production of hydrogen sulphide and sulphur. Dilute
sulphuric acid has no action upon the sulphide crystals, but attacks
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the-amorphous sulphide slowly, perhaps giving rise to crystals of the
sulphide. Strong sulphuric acid changes it to the sulphate (Eose,
Websky, Reusgen). Fuming nitric acid attacks it, with the formation
of sulphuric acid and antimonic acid, while ordinary nitric acid
attacks it to form the nitrate and the sulphate, with the separation of
sulphur (JBunsen).

Oxidisers, such as chlorate and nitrate of potassium, decompose it
with explosion. I t is also decomposed by a mixture of ammonium
chloride and ammonium nitrate.

The sulphide is sensibly dissociated at about 600° (Gninchant and
Qhretien), and is completely so in the electric furnace of Moissan
(Mourlat).

Thio-antimonious Acids or Sulphantimonious Acids.—These
acids are not known in the free state. In fact, they decompose
immediately after their formation into hydrogen sulphide and
sulphide of antimony. The complex anions of the acids are only
stable in the presence of a neutral solution or in that of hydroxyl ions.
The thio-antimonious acids are in part dissociated into the neutral
and S" ions.

The important thio-antimonious acids or sulph-antimonious acids
are:—

H3SbS3, ortho-thioantimonious acid, or normal sulphantimonious acid
=Sb2S3.3H2S.

H4Sb2S5, pyro-thioantimonious acid, or pyro-sulphantimonious acid
= Sb2S3.2H2S.

HSbS2, meta-thioantimonious acid, or meta-sulphantimonious acid
=Sb2S3.H2S.

H2Sb4S7=2Sb2S3.H2S.

The following are some of the important salts formed from the thio-
antimonious acids, according to Pouget and Stauck :—

Chemical
Composition.

K3SbS3

K4Sb2SB
KSbS2

XT QVv Q
JX2O O4O17ITagSbS^HaO
NaSbS2

Na.,Sb4S72H2O
(NH4)3SbS3

NH4SbS22H2O

Colour.

Colourless.

Red."*
Red.

Black.
Red.
White.

Yellow.

Crystal Form.

Crystalline,
Octahedron.
Prismatic.
Octahedron.

Powder.
Crystalline.
Powder.

Needles or
leaves.

Solubility.

Very easily soluble.

Not soluble in cold water.

Easily soluble in water.
Not soluble in water.

Soluble in water; not
soluble in alcohol.

Not soluble in water.
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Chemical
Composition.

(STH4)2Sb4S7

Ba3Sb2S68H2O
Ba2Sb2S68H,O

Sr̂ SbaSelOĤ O
Sr2Sb2S5f5HoO
CaoSb2S615H-o0

Ag3SbS3
KAg2SbS3
Zn3Sb2S6
KZnSbS3
Mn3Sb2S6
KMnSbS,
Pb3Sb2S6
KPbSbS3Fe3Sb2S6
Ni3Sb2S6
Co3Sb2S6
Cu3Sb2S6
Cu3SbS3

KCu2SbS3

Colour.

Red.

Golden
yellow.

Grayish
green.

White.
Yellow.

Brown.
Brown.
Orange.
White.

Rose.
Brown.
Brown.

...

Black.'
Reddish

brown.
Yellow.

Crystal Formv

Microscopic
needles.

Crystalline.

...

Crystalline.
Crystalline.

Crystalline.
Amorphous.
Crystalline.
Amorphous.
('rystalline.
Amorphous.
Crystalline.

V- Amorphous.

Amorphous.
Crystalline.

Crystalline.

Solubility.

...

...

Not soluble in water.

,,

)5

3)

fJ

The native minerals corresponding to some of these salts or to
some other of the salts of thio-antimonious acids, are :—

i Boulangerite, (SbS3)2Pb3/f.
Ortho-thioantimonites < Pyrargyrite, (SbS3)Ag3.

( Bournonite, (SbS^^Pb '̂Cu''.

(
Zinkenite, (SbS2)2Pb".
Miargyrite, (SbS2)Ag.
Wolfsbergite, (SbS2)7Cu".
Berthierite, (SbS2)2Fe".

r> 4X>' *• -4. f Plumosite, Sb2SePb2.Pyro.thioantimomtes { Panabas6j Sb2s6(CuFe)2.

Antimony Sulph-haloids.—When the trisulphide is dissolved in
a solution of chloride of antimony, the sulphochloride is formed;
but it has not been possible to isolate it (Schneider). The brown masB
is crystalline and is strongly hygroscopic. The important sulpha-
chlorides are :—

SbSCl, SbSCl + 7SbCl3, Sb4SeCl2,"SbSCl3, Sb8SnCl2, SbCl5.SbCl4.

The sulphiodide, SbSI, is obtained by fusing the trisulphide and
the tri-iodide together. SbaS3l6 may also be mentioned, SbSBr
oxemplifies the sulphobromides.
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Antimony Oxysulphide, Sb2S2O or Sb2O8.2Sb.2S3.—This can be
obtained by imperfectly roasting the sulphide. The substance thus
obtained, on being melted in a crucible, gives upon cooling a
vitreous mass called " antimony glass."

Antimony, Triselenide, Sb2Se3.—This is obtained by melting
antimony and selenium together in proper proportion. It is gray,
metallic, and crystalline. The amorphous variety is in the form of
a black powder, which is obtained by passing the selenium hydride
gas into a solution of tartar emetic. At 145° the black powder
cakes into a gray mass (Chelsmann); at 605° this melts, and on
cooling crystallises out (Pelabon). When in the liquid state it can
dissolve the sulphide; and when heated in air it changes to the
trioxide, with the formation of selenium dioxide.

The other less important compounds of antimony and selenium
are Sb2S3Se2, sulphoselenide of antimony; 2SeO2Sb2O3|H2O, the basic
selenite of antimony; and 4SeO2Sb2O3, the acid selenite of antimony
(Nelson).

Antimony Telluride, Sb2Te3.—This is obtained by fusing antimony
and tellurium together in proper proportion. It melts at 595° and
is a solvent for metallic antimony.

Antimony Sulphate.- -This is obtained by dissolving the metal or
the oxide in concentrated sulphuric acid. On cooling, the sulphate
crystallises out in long needles. Its specific gravity = 3*6246;
and it is very hygroscopic (Schultz-Sellack, Metzl). When water
is added to it, the hydrate, Sb2(SO4)3.2|H.2O, is formed. When
heated in air, it changes to the trioxide and the tetroxide, with the
evolution of SOS.

The neutral salt = (SO4)3Sb2 (Dexter, Adie).
The basic salt is obtained by putting the neutral salt into a more

or less dilute solution of sulphuric acid. The most important basic
salts are:—

2SO8.7SbaOs.3H2O {Adie).
SO3.2Sb.j63.%2H2O {Adie, Hensgen, Dexter, Ptiigot).
S0a.Sb20;, or S04(Sb0)2 {Brand™, Dexter).
5S03.3Sbo0;}.2H20 {Dexter).
2SO3.Sb263.HaO {Adie, Dexter, Ptligot).

The important acid salts are :—

(SO4)jjSb2.S03 or Sb2Os.4SOy (ScJmUz-Sellach, Adie).
(SO4)sSl)25SO3 or SbsO8.8SO3 {Adie, Dexter).

The complex salts of antimony sulphate, which may then be
regarded as the salt of the complex acid H.[Sb(SO4)2], can bo obtained
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by dissolving the alkali sulphates and the oxide in concentrated
sulphuric acid. They are :—

Specific Density.
£Ta[Sb(804)o] 3--J08
K[SbSO4)2] 3-3396

} 3-094S

Antimony Nitrate.—It is obtained by dissolving the oxide in
cold fuming nitric acid. On moderate heating it changes to the
pentoxide, which is again converted into the tetroxide on further
heating. Finally the trioxide is produced (Prlif/ot).

Antimony in combination with nitric acid and oxygen gives rise to
two salts : 2Sb/)6.ls

T
205 and 2Sb2OvX2O3.

Normal Antimony Acetate, Sb(C2H3O.2)3, is slfghtly soluble in
benzol, and is not soluble at all in etherfetc.

Antimony with Phosphorus forms the following combinations :—
(a) SbP, antimony phosphide, is white and metallic, obtained from

the reaction between phosphorus and liquefied antimony.
(b) Phosphite of antimony.
(c) Sulphophosphate, PS4Sb.
Antimony with Arsenic gives rise to the following :—
(a) Arsenides: SbAs, Sb2As, and SbAs^.
(b) Arsenite.
Complex Salts of Sb'" with Organic Acids.—There is a large

number of these salts. The best known are the salts formed with
tartaric acid and tartar emetic, 2C4H406.SbOK.3HoO.

Some of the complex antimony oxalates are:—

Composition.

NaSb(Co04)o.2£EU0
KSb(G,Ojo.HoO

NH4Sb(d204}o.6H..O
K3Sb(C2O4)3.4H.2O

Na3Sb(Co04)3.5HoO
(XH4),Sb(C204)3.HHo0

IC10Sb2(C2O4)11.iiSH2O
K10Sba(C2O4)u-7H2O

Form.
i

Large monoelinic prisms.
Cry-ralline needles.
Beautiful prismatic crystals.
Star-grouped needles.
Small rhombic crystals.
White needles.
Monoclinic prisms.

E. The Compoimds of Antimony of 4 Valences.

The number of. these compounds is very small. The important
ones are:—

Antimony Tetroxide, Sb204.—In nature it is known as antimon-
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ochre, cervantite, and stiblith. It is obtained by heating the metal or
the trioxide or the trisulphide for a long time in air. The same
result is obtained when nitrate of antimony is heated to red heat.

Pure antimony tetroxide is a white powder, which changes to
yellow on being heated, and changes back to the original colour when
it becomes cold again. Its specific density = 6'69 at moderate tem-
peratures. It cannot be melted and is not volatile. I t is not soluble
in acids, with the exception of concentrated hydrochloric acid. I t can
be reduced by carbon, potassium cyanide, potassium, and sodium.

At the temperature of the melting of silver, the dissociation pres-
sure of the oxygen is so great that the trioxide is formed.

When the tetroxide is heated with antimony the trioxide is
formed. The tetroxide is reduced by sulphur, with the formation
of SO2.

Under certain circumstances the tetroxide behaves as if it were a
mixture of the trioxide and the pentoxide.

Some of the important chemical reactions are :—

Sb2O4 + 5S = Sb2S3 + 2SO2.
Sb2O4 + 2Sb = 4Sb2O3 (fusion).

9Sb.2O4 + Sb2Ss=10Sb2O3 + 3SO2.

Sb2O4.H2O, the hydrate, was first prepared by Berzelius.
Antimony Tetrasulphide, Sb2S4.—This was obtained by Berzelius

by passing hydrogen sulphide gas into a solution of the tetroxide.
Rose was able to obtain it from the decomposition of an aqueous
solution of the fusion-product of the trisulphide and bisulphato of
potassium by tartaric acid. I t is a reddish-yellow powder.

Antimony Tetrahaloids.—The tetrachloride and the tetrabromide
are not known in the free state, but only in solution.

C The Compounds of Antimony of 5 Valences.

Antimony Pentafluoride, SbF5.—Berzelius first indicated its exist-
ence in the action between hydrofluoric acid and antimonic acid.
It was obtained by Marignac, Moissan, 0. Ruff, and W. Plats. Accord-
ing to Ruff and Plats, the pure pentafluoride can be obtained by
allowing the pentachloride to be acted upon by hydrofluoric acid for
three days at 25°-30\

It is a heavy liquid, having a consistency like that of oil, and
solidifying into a substance resembling paraffin. Specific density at
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227° = 2-993 ; mol. vol. = 72; boiling-point- 149°-loO°. It is soluble
in water, and in moist air it gives rise to SbF52HUO.

Some of the complex salts of meta-fluo-antimonic acid [H(SbF6)]
are:—

Composition. ! Crystal Form.

KSbF6

KShPg.KF.2HoO
NaSbF6 "

KH4SbFfi
NH4SbFe.NH4F.iH2O

CsSb5F5.0H

Thin rhombic
plates. *

Monoclinic.

Small needles.
Rhombic prisms.

Solubility.

Easily soluble.

Remarks.

Unchanged in air.

Melts at 90°.

Antimony Pentachloride, SbCl5.—If powdered metallic antimony
is added to a chlorate, it burns, forming SbCl5. It is colourless,
and boils at 140° under the ordinary atmospheric pressure. Its
specific density at 20° = 2-346.

We may mention the following derived compounds:—

SbCl5.SCl4.
2SbCl5 SCI*
SbCVONCL

SbCl5.SeOCl2.
2SbClB.5NOGL

SbCl5.PCl5.
SbCl5.POCl3.

With organic acids it forms the following compounds:—

2SbCl5.3C6H6NO2. SbCl5. C5HSO..
SbCl5.(C2H5)2O. 6

A few of the chlor-antimonates are :—

KSb016.Ho0.
NH4SC16.H2O.
Ca(SbCl6)o.9H20.
MgSbCl7.9H2O.

FeSbCl6.8H2O.
Ag(SbCa6).2NH8.

Zn(SbCl6)2.4NH3.

Antimony Pentabromide, SbBr6.—This cannot be produced in a
pure form. The following are some of its compounds :—

NH4SbBr.H2O.
2CsSbBr6.CsBr6.2H20.
LiSbBr6.4H2O.

Antimony Penta-iodide, Sb2I5.—This is obtained by heating
It is dark brown, andantimony at 130° with an excess of iodine,

melts at 78°-79°.
Antimony Pentoxide, Sb2O5.—When metallic antimony is treated

with nitric acid, the pentoxide is formed. In a dry way it can be
obtained thus :—
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(a) Pulverised antimony with oxide of mercury.
(b) Oxidisers, such as potassium permanganate, with the inferior

oxides or sulphides.
It can also be obtained by treating the metal or the pcntasulphide

with hydrogen peroxide or peroxide of sodium. It is a yellowish
powder, which changes to black when heated. Its specific density =
5*6. It does not melt and has no taste.

Tt dissociates into oxygen and the tetroxide at 300°. It is not
soluble in water, but soluble in hydrochloric acid. Sulphur reduces it :

Sb2O5 4- US = dSbjjSg + 5SO2=2SbS3 + 5SO (Rammelsberg).

Carbon reduces it partially. Iodic acid decomposes it in part,
liberating iodine (Bu?isen). With a current of hydrogen sulphide
it forms Sb4S-O. Sulphide of carbon reduces it (Milller). We
have also:—

PCl3 = 2SbCl5 + P.2O5 (Michaelis).
«S.2C12 + 2Sb2O5 = 4SbCl3 + 5SO2 + 7S (Prim).

The Hydrates or Acids derived from the Pentoxide.—Berzelius was
able to obtain SbO3H by treating the product of reaction between
antimony and dilute nitric acid with water. Fremy, by boiling
antimonate of potash with nitric acid, obtained Sb.2O5H6. Geuther
obtained SbO4H3 from Sb2O5Hg, and HSbO3 from-SbO4H8 heated
to 175°.

Senderens' conclusion is as follows:—The hydrates of the pent-
oxide can be obtained by precipitating the red liquid obtained from
the action of nitric acid upon the trichloride with water.

(a) Sbo057iH.,0, soluble in water.
(b) Sb2O5.6H2Or obtained from (a) by being dried in the open

air.
(<?) Sb205.3Ho0 obtained from (b) by desiccation in the presence of

sulphuric acid.
{<£) Sbo05.H20, obtained by heating (c) to 200°.
(e) Sb2O5.H2O, obtained from Sb2O5.3H2O, heated to 300°. At 400°,

Sb.2O5.H.2O loses its water component and becomes Sb2O5, which finally
breaks down to Sbo04 at a still higher temperature.

Delacroix was able to obtain Sb2O5.4H2O. At any rate the most
important of these are:—

H3Sb04=Ortho-antimonic acid.
H4SbO7=Pyro-
HSbO3 =Meta-
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Some of the important salts of these acids are:—

(SbO3K).,5H2O. SbO3LL
Sb2O7K4. Sbo07(̂ H4)Ho.6H.O.
Sb2O7K2H2.6H.2O. (NH4)Sb03. G Ho0.
SbO3Na. (Sb03)oBa.
SbOtf (SbO3\>Mg.

Besides these there are the antimonates of strontium, calcium,
aluminium, manganese, iron, nickel, cobalt, and tin.

Antimony Pentasulphide, Sb2Sv—It is obtained by decomposing
the sulpho-salts with acids. It is called soufre dore d'aniimoine in
French, and Goldschwefel in German. It is generally obtained in a
pure condition from Schlippe's salt:—

2Na3SbS4 + 3HoS04=3NaoS04 + Sb^ + 3H A
or 2Na2SbS4 + 6HC1 = 6NaCl + 3H.2S + Sb.^

According to Bertsch and Harmsen we have:—

S4 + 3SbCl6=4Sb>2S5 +
10N"a3SbS4 + 30HC1+3Sb2O5=8SbIs5 + 30XaCl + 15H2O.

According to L. Prunier, the process is:—Fuse the trisulphide and
sulphur together. The product of fusion is boiled with a solution of
monosulphide of sodium. After nitration, the liquid is concentrated
for crystallisation. This salt is redissolved in a solution with excess
of acid. The pentasulphide is then precipitated.

The pentasulphide is easily dissociated: it loses its sulphur
component partially at 120°, and changes to the trisulphide if the
temperature is raised higher. Hydrogen reduces it (Hoffter). When
heated in air, it oxidises with a flame. It alters in humid air {Otto
and Jahn). Alkaline solutions change it to a mixture of sulph-
antimonate and antimonate.

The most important salts of sulph-antimonic acid (HaSbS4) are:—

SbS4Ba3.6H2O. SbS^-f 9H2O.
•(SbS4).2Cd3.

SbS4K3+4H2O.

With other elements we have :—
Sb2Se5, antimony pentaselenide.
Antimony arsenate.

., phosphate.
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BIBLIOGRAPHY ON THE CHEMISTRY OF ANTIMONY.

Complete bibliographies on the chemistry of antimony can be found
in the following works :—

1. Abegg, E.. Eandbuch der anorganischen CJiemie, dritter Band, dritto
Abteilung, Leipzig, 1907, pp. 623-627.

2. Fremy, M., Encyclqpidie chimique, Paris, 1884, tome iii., 11° cahier,
pp. 403-412.

3. Friedheim, C, Gmelin-Krant's Hamdbueh der anorganisclicn Chemie, Bd. iii.,
Abt. 2, 1908, pp. 643-851, Heidelberg.

4. Moissan, H., TraiU de Chimie minimle, tomeii. pp. 1-54.
5. Repertorium der techniscKeii Journal-Litwat.nr, Berlin, 1854-1907.
6. Bolton, H. C, Select Bibliography of Chemistry, 1492-1892, Washington.
7. Bibliographie d. deutschcn naturwissenschaftl. Lit, vol. i., 1901 (issued by

G. Fischer, Jena).
8. International Catal. of Scientific Literature, D. Chemistry, first issue, 1902,

London.




