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A

Gexus VIII. SurpHITES:

TaEse salts are formed by saturating the alkaline and
earthy bases with sulphurous acid. = The easiest pro-
cess is that which was followed by Berthollet, and af-
terwards by Vauquelin and Fourcroy. 'The proper
mixture of sulphuric acid and mercury for obtaining
sulphurous acid is to be put into a glass vessel, from
which! there passesia tube into a small bottle containing
a little water. From this bottle there passes another
tube into.one of Woulfe’s bottles, which contains the
alkaline or earthy base designed to be combined with
sulphurous acid, either dissolved or suspended in water.
When the apparatus is properly adjusted, heat is ap-
plied to the mixture of mercury and acid ; sulphurous
acid gas ‘passes over first into the bottle with water,
where the sulphuric acid, if any, passes along with it,

is detained ; thence it passes jnto the Woulfe’s bottle,
Vol, II1. A

Book 1I.
Division I,
b—-v——l
Prepara-
tion.
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where it combines with the base. When the base is
saturated, crystals of sulphite often form spontaneous-
ly, or they may be obtained, by evaporating the solu-
tion. )

The sulphites were first pointed out by Stahl; but
scarcely any of them were examined, except sulphite of
potash, till Berthollet made a set of experiments on them
about the year 1790 *. But a much more complete
description of them was published by Fourcroy and
Vauquelin, from their own experiments, in the year
17971,

Sulphites are distinguished by the following proper-
ties :

1. A disagreeable taste, analogous to that of burning
sulphur. :

2. When heated, they emit sulphurous acid and wa-
ter, and then sulphur, which takes fire and burns with
a violet flame, if the experiment be performed in an
open crucible. A portion of sulphate remains behind.

3. When exposed to the air in a state of solution,
they absorb oxygen, and are converted into sulphates.

4. When they are dropt into nitric acid, red vapours
are disengaged in abundance, and the salts are convert-
ed into sulphates. Oxymuriatic acid produces the same

cffect, but partially.

The sulphites at present known amount to eight.

Sp- 1. Sulphite of Potash.

Tuis salt was formed by Stahl, but was first accus

* A, de Chim. §5. 54. # Ibids xxiv. 229



SULPHITES,

rately described by Berthollet, Fourcroy, and Vauque-
lin. It was formerly known by the name of sulpbure-

8

Chap. IIL

ous salt of Stabl. Tt may be formed by passing sulphu-

rous acid into a saturated solution of carbonate of potash
till all effervescence ceases. The solution becomes hot,
and crystallizes by cooling *.

Its crystals are white and transparent; their figure,
that of rhomboidal plates. Its crystallization often pre-
sents small needles diverging from a common centre 1.
Its specific gravity is 1°586 1. Its taste is penetrating
and sulphureous. At the common temperature of the
atmosphere it is soluble in its own weight of water, but
much more soluble in boiling water. - When exposed
to the air, it scarcely changes its appearance, loses a-
bout 2 per cent. of its weight, and then is gradually, but
very slowly, converted into sulphate of potash.  When
exposed to a2 sudden heat, it deerepitates, loses its water
and 2 portion of its acid ; then a quantity of sulphur is
disengaged from the remaining acid, and the residuum
is sulphate of potash, with a slight excess of alkali."Ni-
tric acid converts it into sulphate of potash by imparting
oxygen.  So'does oxymuriatic acid, but imperfectly,
as it drives off a portion of its acid unchanged.

It decomposes the oxides of gold, silver, mefcury,
the red oxide of lead, the black oxide of manganese,
and the brown oxide of iron.” When the green oxide
of iron, or the white oxide of arsenic, is boiled with it
in water, and an acid added, a precipitate takes place,
consisting of these oxides united to some sulphur, and

* Fourcroy and Vauquelin, Nicholson’s Jouraal, i. 317.
$ Ibid., t Hawmenfratz, Ann, de Chim, xxviii. 12
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le\«:;};ﬂl{ﬂ the salt 1s converted, mto a su}phate ;. at the same mng
«——— sulphureted hydrogen gas is emitted.
Composi- From a course of cxp_er;mcms wh}(_:h_ I have made ou
i, this salt, it follows, - that its:component paris;are in the
following. proportions : o' sl LR
43°5 acid i
545 potash "

2:0 water disod i R IR

R

. &1 s1p3 23 TEOOFD il
Sp 2. Sul}bzte ofSoda.

Thts salt was first accurately descnbed by FE ourcroy
and Vapq,_uelm. At is white and perfectly trausparent.
Tts crystals are four-sided prisms, with two, very broad
sides and two very natrow ones, terminated by dihedral
summits. ,. Its specxﬁc gravxty is 2°9566-%.. Its taste is
cool and sulphureous. It is soluble in four . times its
weight of cold water, and in less than.its weight of boil-
ing water. By exposure to the air it effloresces, and is
slowly converted into a sulphate.. When exposed to
heat it nndergoes the watery fusion, and; afterwards ex,
hibits precisely the same phenomena as the sulphlte of
potash. ., Metallic oxides and salts affect it pteusely as
they do sulphite of potash. ‘

It is composed of 31 acid

18 soda
51 water

100

#Hassenfratz, dan. de Chim. xxviii. 12.
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Sp. 3. Sulpbite of Ammonia.

Thrs salt was ficst described by Fourcroy and Vau-
quelin*. It crystallizes in six-sided prisms, termina-
ted by sxx sided pyramids; or in four-sided rhomboi-
dal prisms, termmated by three-sided summits. Its
taste is cool and penetratmg, like that of the other am-
moniacal salts, but it leaves a sulphureous impression
in the mouth. It is soluble in its own weight of cold
water, and much cold is produced. | Tts solubility is in-
creased by heat; so that a saturated boiling solution
crystallizes on cooling. When exposed to the air it
attracts moisture, and is soon converted into a sulphate.
No other sulphite undergoes this change so rapidly.
When heated it decrepitates, a little ammonia is disen-
gaged, and the salt then sublimes in the state of super-
sulphite of ammonia. Its habitudes with metallic ox-
ides and salts ave pearly the same with those of the
above described "sulphit‘es, only it is capable of form-
ing with several of them triple salts t.

It is composed of 60 acid

20 ammonia
11 water

s

100

Sp. 4. Sulphite of Magnesia.
This salt has only been examined by Fourcroy and
Vauquelin. 1t is prepared, like the others, by satura.
ting carbonate of magnesia with sulphurous acid; a vio-

*# Nicholson’s Jour. i. 317. # Ibid.

Chap. 111
Ceomy—/
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Jent effervescence takes place, and the liquid becomes
warm. The sulphite as it forms remains at the bot-
tom in the form of a white powder: But if an excess
of acid be added, it dissolves, and may be obtained in
crystals by subsequent exposure to the air. Its crystals
are white and transparent, and in the form of depressed
tetrahedrons. Its specific gravity is 1°3802 *. Its taste
is mild and earthy at first, and afterwards sulphureous.
It becomes opaque when exposed to the air ; but is very
slowly converted into a sulphate, At the temperature
of 607 it is soluble in 20 parts of water. Boiling wa«
ter dissolves a greater proportion of it; but the solution
crystallizes on cooling. When its solution in water is
exposed to the air, this salt is very soon converted into
a sulphate. By exposure to heat, it softens, swells up,
and becomes ductile like gum, and loses 0°45 parts of .
its weight. In astrong heat the acid is disengaged,
and the earth remains pure,
It is composed of,.... 39 acid
16 magnesia
45 water

100

Sp5.  Sulphbite of Ammonia-and- Magnesia.

This salt has only been mentioned by Fourcroy, It
may be formed by mixing together the solution of sul-
phite of ammonia and sulphite of magnesia, or by pour-
ing ammonia into the sulphite of magnesia.  Its crys-
tals are transparent, but the figure has not been deter-
mined. Itis less soluble in water than either of its

* Hassenfratz, dnn. de Chim, Xxviiic 13.
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component parts. When exposed to the air, it is gra-

dually converted into sulphate.
Its other properties have not been examined. =

Sp. 6. Sulphite of Lime.

ThHis salt was first mentioned by Berthollet, and de-
scribed by Fourcroy and Vaugquelin.

When obtained by the above described process, it has
the form of a white powder ; but if an exceéss of sul-
phurous acid be added, it dissolves, and crystallizes on
cooling in six-sided prisms, terminated by long six-sided
pyramids. It has scarcely any taste ; however, when
kept long in the mouth, it communicates to the tongue
a taste which is manifestly sulphureous. It requires
about 800 parts of water to dissolve it. When expo-
sed to the air it effloresces very slowly, and its surface
is changed into sulphate of lime. When heated, it loses
its water of crystallization, and falls to powder. A vio-
lent heat disengages some sulphur, and converts it into
sulphate of lime.

It is composed of 48 acid

47 lime
5 water

100

Sp. . Sulphite of Barytes.

THis salt was mentioned by Berthollet ; but it was
first described by Fourcroy and Vauquelin. Wten
prepared by the above described process, it is in the
state of 2 white powder; but it may be obtained cry-

ki

Chap. IIL.
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1t is composed of 32 acid - Cliap. 1L
44 alumina .
24 water
100

SucH are the properties of the sulphites, asfar as they
have been hitherto investigated. The following Table
exhibits the solubility of each in water, and the propor-
tion of base and water combined with 100 acid.

Solubility Constituents,
Sulphites of | in 100
Water. || Acid. ‘ Base. | Water.,

Magnesia 5 '100| 41 115

Ammonia {100 100' 48°3| 18°3

Soda ‘1 25 100| 58 164
Lime ' 012/ 100| 97°9} 10°5
Potash 100 100 | 125 46

Alumina 0 100§ 137°5| 75

Barytes 0 1001 151 5°1

1T, Uses
OF THE
SyLPHITES,

HrtrERrTO the sulphites have not been applied to any
dse, if we except the sulphite of barytes, which Four-
¢roy has proposed as a test of the purity of sulphurous
dcid, or of its being free from sulphuric acid. If the
shlt occasion a precipitate in the sulphurous acid; we
shay conclude that sulphuric acid is present.
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GeENvs IX. NITRATES.

THE most important of the nitrates have been lang
known ; and in consequence of the singular properties
which they possess, no class of bodies has excited great-
er attention, or been examined with more unwearied
mdustry. They may be distinguished by the follow-
ing properties:

1. Soluble in water, and capable of crystallizing by
cooling.

2. When heated to redness along with combustible
bodies, a violent combustion and detonation is produ-
ced.

3. Sulphuric acid disengages from them fumes, which
have the odour of nitric acid.

4. When heated along with muriatic acid, oxymu-
riatic acid is exhaled.

5. Decomposed by heat, and yield at first oxygen
gas.

The nitrates at present known are twelve in number.
Few of them combine with an excess of acid or of
base, so that there are hardly any supernitrates or sube
nitrates.

- e - -

Sp. 1. Nitrate of Potash.

As this salt, known also by the name of saltpetre, is
produced naturally in considerable quantities, particu-
larly in Egypt, it is highly probable that the ancients
were acquainted with it : but scarcely any thing certain
can be collected from their writings. If Pliny mentions
it at all, he confounds it with soda, which was known
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by the names of nstron and mitrum. It is certain, how- Chap. IIL
ever, that it has been known in the East from time im- ST
memorial. Roger Bacon mentions this salt in the 13th
century under the name of nitre,

No phenomenon has excited the attention of che- Origin.
mical philosophers more than the continual reproduction
of nitre in certain places after it had been extracted from
them. Prodigious quantities of this salt are necessary
for the purposes of war ; and as Nature has not laid
up great magazines of it, as she has of some other salts,
this annual reproduction is the only source from'which
it can be procured. It became, therefore, of the ut-
most consequence, if possible, to discover the means
which nature employed in forming it, in order to en-
able us to imitate her processes by art, or at least to
accelerate and facilitate them at pleasure. Numerous
attempts accordingly have been made to explain and to
imitate these processes.

Stahl, setting out on the principle that there is only
one acid in nature, supposed that nitric acid is merely
sulphuric acid combined with phlogiston, and that this
combination is produced by putrefaction ; he affirmed,
accordingly, that nitre is composed by uniting toge-
ther potash, sulphuric acid, and phlogiston. But this
opinion, which was merely supported by very far-
fetched analogies, could not stand the test of 2 rigorous
examination.

Lemery the Younger accordingly advanced another,
affirming, that all the nitre obtained exists previously
in animals and vegetables, and that it is formed in these
substances by the processes of vegetation and animaliza-
tion. But it was soon discovered that nitre exists, and
is actually formed, in many places where no animal nor
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vegetable substance had been decomposed : and conse~
quently this theory was as untenable asthe former. So
far indeed is it from being true that nitre is formed by
these processes alone, that the quantity of nitre in plants
has been found to depend entircly on the soil in which
they grow *.

At last, by the numerous experiments of several
French philosophers, particularly by those of Thouve-
nel, it was discovered that nothing elce is necessary for
the production of nitre but a basis of lime, heat, and
an open, but not too free communication with dry at-
mospheric air,  'When these circumstances combine, the
acid is first formed, and afterwards the alkali makes its
appearance. How the air furnishes materials for this
production is easily explained, now that the component
parts of the nitric acid are known to be oxygen and a-
zote : but how lime ‘contributes to their union it is not
so easy to see. The appearance of the potash is equally
extraordinary. If any thing could give countenance to
the hypothesis that petash is composed oflime and azote,
it was this singular faét.

Nitre is found abundantly on the surface of the earth
in India, South America, South Africa, and even in
some parts of Spain. InGermany and France it is ob-
tained by means of artificial nizre beds. These consist
of the refuse of animal and vegetable bodies undergoing
putrefaction, mixed with calcareous and other earths.
1t has been ascertained, that if oxygen gas be presented
to azote at the instant of its disengagement, nitric acid
isformed. This seems to explain the origin of the acid

# Bouillon.




NITRATES,

in these beds, The azote disengaged from these pu-
trefying animal substances combines with the oxygen

of the air. The potash is probably furnished, partly at

least, by the vegetables and the soil,

The nitre is extracted from these beds by lixiviating
the earthy matters with water.. This water, when suf-
ficiently impregnated, is evaporated, and a brown co-
loured salt obtained, known by the name of ¢crude nitre,
It consists of nitie, common salt, nitrate of lime, and va-
rious other salts. The foreign salts are either separa-
ted by repeated crystallizations, or by washing the salt
repeaiedly with small quantities of water ; for the fo-
reign salts bging‘-more soluble are taken up first,

.Nit;e, when slowly evaporated, is obtained. in six-
sided prisms, terminated by six-sided pyrar_niﬂs; but for
most pu;po§e§iit is preferred in an _irregular mass, be-
cause in that state it contains less water, The primi-
tivg:‘ form of its crystals, according to Hauy, is a rec-
tangular octahedron, composed of two fonr-sided pyra-
mids applied base to base ; two of the sides are inclined
to the other pyramid at the angle of 120% ; at the other
two atthe angle of 111°. The form of its integrant
particles is the tetrahedron. - The six.sided prism is the
most common form which it assumes. Sometimes, in-

stead of six-sided pyramids, these prisms are termina-
ted by 18 facets, disposed in three ranges of six, as if
three truncated pyramids were-piled on each other;
sometimes it crystallizes in tables * ¢

The specific grayity of nitre, as ascertained by Dr
Watson, is 1°933+. Its taste is sharp, bitterish, and

* Traitéde Mineralogie, ii. 346.
{ Essays, v, 67.  Wallerius makes it 14900 (Chemisiry, p. 266) 5 Has-

13
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cooling. 1Itisvery brittle. Itissoluble in seven times
its weight of water at the temperature of 60, and in
rather less than its own weight of boiling' water*. It
dissolves in 1'04 parts of water at the temperature
144° +. Alcohol, of the specific gravity 878, dissolves
rssth of its weight of this salt, but stronger alco~
hol takes up no sensible portion of it f. It is not alter-
ed by exposure to the air.

When the solution of nitre is exposed to a boiling
heat, part of the salt is evaporated along with the water,
as Wallerius, Kirwan, and Lavoisier, observed succes-
sively. When exposed to a strong heat it melts, and
congeals by cooling into an opaque mass, which has
been called mineral crystal.  'Whenever it melts, it be-
gins to disengage oxygen ; and by keeping it in 2 red
heat, about the third of its weight of that gas may be
obtained : towards the end of the process azotic gas is
disengaged. Ifthe heat be continued long enough, the
salt is completely decomposed, and pure potash remains
behind. “ ;

1t detonates more violently with combustible bodies
than any of the other nitrates. When mixed with one
third part of its weight of charcoal, and thrown into a
ted hot crucible, or when charcoal 1s thrown into red
hot nitre, detonation takes place, and one of the most
brilliant combustions that can be exhibited. The re-
siduum is carbonate of potash. It was formerly called
nitre fixed by charcoal. The alchymists performed this

senfratz found it 39369 (Ann. de Cbim. xxviii. 12.); Fahrenheit had
stated it as long ago as 1724 at 2°150 (Pbil. Trams. xX2ili. 114.).
#® Bergman,i.X34.  + } Wenzel, p. 309.. t Kirwan,
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experiment in a tubulated earthen retort, to which an
apparatus of glass vessels was luted. ~After every por-

tion of nitre and charcoal which they threw in, they

shut up the retort. The carbonic acid and azotic gas
which were disengaged often burst their apparatus, To
the small quantity of water which they obtained in
their vessels, they gave the name of c/yssus, and aseri-
bed to it a great many virtues. | A still more violent
detonation is produced by using phosphorus instead of
charcoal. 'When a mixture of nitre and phosphorus is
struck smartly witha hot hammer, a very violent deto-
nation is produced *.

Nitre oxidizes all the metals at a red heat, even gold
and platinum 4.

The composition of nitre, according to the most ex-
act analyses hitherto made, is as follows:

8 T

Acid | 33| 44 | 46'7| 52

Base 491 51'8| 53'3| 48

‘Water | 18 4-2|

Total |100| 100 | 100 | 100

Of these analyses, those of Kirwan and Richter, which

# Brugnatelli, Ann. de Chim. xxvii. 74.

1 Tennant, Bergman, and Morveau.

1 Bergman, i 135, § Kirwan, Nicholson’s Quarte Josr. iii. 215.
I Richter, Statigue Chimigue, p. 136.

9§ Wenzel’s Perwandtechaft, p. 80

15
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differ but little, appear to approdch much mote to ace
curacy than the others. :

[

Sp. ,2!4 ANitrate of Soda.'

THrs salt was obtained at first by distilling a mix-
ture of common salt'in nitric acid in a"retort; dissol-
ving the:residue in ‘water, and evaporating. oIt was
called cubie mitre, and is occasionally mentioned by the
chemical writers of the early part-of the lasticentury’;
but it was:Margraf who. first :analysed 'it, pointed out
the method of procuring it ina state ‘of purity, and de-
scribed its properties with accuracy *. . His: experi-
ients were afterwards repeated by Dr Lewis+. '

It may be prepared by direct solution, or'by mixing
nitrate of lime and sulphate of soda together; filtering
the solution, and évaporating.-iThescrystals vare trans~
parent, and have arhomboidal form. Thissaltis of the
specific ‘gravity 2°0064 1., It has a cool sharp taste,
and is somewhat-more bitter-than—-nitre.—}t is soluble
in about three parts of water at the temperdture of 60°,
in its own weight of water at the temperature of 126° §,
and in less than its weight of boiling water. When
exposed to the air it rather attracts moisture. Its phe-
nomena in the fire are the same with those of nitre, ex-
cepting that it does-not melt so easily.

‘FThe following Table exhibits the result of the expey
riments-hitherto made to ascertain its constituents :

*® Opuscii 33t 4§ Phil. Com.p. 643
3 Hassenfratz, dan, de Chim, xxviil. 12, ;
§ Wenzel, p. 309. :
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Acid 43| 5321 57-55' 62'1‘ 625

Base 32| 40-58| 42°45 37'9' 37°5

Water | 251 6°21 ' l

Total '100l100 l100 |100 100

Sp. 8. Nitrate of Ammonia.

Tuis salt has been long known: It was formerly
distinguished by the names of mitrum semivolatile and
nitrum flummans. Berthollet examined it in the course
of his experiments on the component parts of nitric
acid: .and Mr Davy has added considerably to our
knowledge of its composition and decomposition §[. It
may be prepared by dissolving carbonate of ammonia
in diluted nitric acid, and evaporating the solution till
the salt crystallizes.

The appearance of this salt varies very much, accord-
ing to the temperature at which its solation is evapora-
ted. In a moderate heat, 70° or 100° for instance, and

14

Chap. IIL
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Properties

by slow cooling, it is obtained in six-sided prisms, ter- .

minated by long six-sided pyramids. When the solu-

" * ‘This is said in chemical books to be the result of Bergman’s ana-
Iyses ; but I do not know where he published it. The very same pro-
portions are given by him to the constituents of nitrate of lime.

t Kirwan, Nicholson’s Quarto Jour. iti. 215. 'The salt was dried in
the temperature of 400°.

1 Kirwan, 1bid. The salt was ignited.

§ Richter, Statiqgue Chimigde, i. 36.

| Wenzel, Zerwwandtschaft, p. 814 9 Davy’s Rescarctes,p. 71.

Pol. 111, B
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tion is evaporated at the temperature of 212%, the crys-
tals are channelled and have a fibrous texture, or they
are formed of long soft elastic threads. When dried in
2 heat of about 300°, it assumes the form of a white
compact mass, These differences are owing to differ-
ent proportions of water of crystallization which the
salt contains.

Nitrate of ammonia has a very acrid, bitter, disagree«
able taste.  Iis specific gravity is 1'5785*. At the
temperature of 60° this salt is soluble in two parts of
water: it dissolves in half its weight of boiling water+.
It must be observed, however, that its solubility varies
with the proportion of water of crystallization which it
contains. When exposed to the air, nitrate of ammonia
soon attracts moisture and deliquesces.

‘When this salt, in the state of fibrous or prismati¢
crystals, is heated, it becomes fluid at a temperature
below 300° ; between 360° and 400° it boils without
decamposition ; but when heated to 450°, or somewhat
higher, it is gradually decomposed, without losing its

“water of crystallization. Compact nitrate, on the other

hand, undergoes little or no change till it is exposed to
a temperature higher than 260°. Between 275° and
300° it sublimes slowly without decomposition, and
without becoming fluid. At 320° it melts, and at the
same time is partly decomposed, partly sublimed 1.
‘When this salt is decomposed in a temperature not
exceeding 500°, it is wholly converted into nitrous
oxide and water. From the experiments of Mr Davy,

% Hassenfratz, Ann. de Chims xxViii. 12.
4 Fourcroy, iiis 195, Engl. Trane. $ Davy, p. 85.
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it appears that these products are nearly in the propor- Chap. IIl.
N \zei -
tion of four parts of gas to three parts of water®. When
it is exposed to a heat above 600°, this salt explodes,
and is totally decomposed, being converted into nitrous
acid, nitrous gas, water, and azotic gas.* This pheno-
menon, obsérved long ago, induced the older chemists
to give the salt the name of nitrum flammens. The
nature of the décomposition was first ascertained by
Berthollet, and more lately it has been examined by
Mr Davy. |
The following Table exhibits the constituents of this
salt according to the experiments hitherto made upon
it by chemists:

N e & Tl botiels

Acid | 46| 51| 645 69'5.1' 725 | 745

Base | 40| 23| 321 | 184 | 103 | 108

Water | 14 20‘ 3-4 | 121 | 82 | 57

Total |100|100 160 |100 |100 1100

Sp. 4. Nitrate of Magnesia.

- THE composition of this salt was first ascertained by
Dr Black. Bergman is the only chemist who has given
a detailed description of it. It is us\ally prepared by
saturating nitric acid with maghesia, “and evaporatmg

* Davy, p. 105. } Fourcroy, iii. 196, Engl. Trans.

{4 Kirwan, Nicholson’s Jour. iii. 215. § Wenzel, p. 83.

{| Davy’s Researcbes, p. 71. 1In the first of these analyses the salt was
prismatic, in the sccond fibrous, and in the third compact.

Bz
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Sp. 5. Nitrate of Lime.

Tus salt has been long known to chemists. Native
nitre is almost always contaminated with it. It may be
prepared by dissolving carbonate of lime in nitricacid ;
evaporating the solution to the consistence of a syrup,
and then allowing it to cool slowly. The salt is pre-
cipitated in the state of crystals.

Its crystals are six-sided prisms, terminated by long
pyramids ; but it is oftener obtained in the form of
long slender brilliant needles. Its taste is very acrid
and bitter. Its specific gravity is 1°6207*.  Scarcely
any salt is more soluble in water. At the temperatyre
of 60°, one part of water dissolves four parts of nitrate
of lime, and boiling water dissolves gny quantity of it
whatever. Boiling alcohol dissolves its own weight of
it+. Considerable difficulty attends its crystallization,
as is the case with all very soluble salts.  When expo-
sed to the air, it very soon attracts moisture, and melts
altogether. This strong affinity for moisture renders it
sometimes useful for drying the gases. They are made
to pass through tubes containing dried nitrate of lime
and this salt, during their passage through it, abstracts
great part of the water which they hold in solution.

This nitrate, when heated, readily undergoes the wa-
tery fusion. 'When the water of crystallization is eva-
porated, the salt becomes dry, and often acquires the
property of shining in the dark. In that state it was
formerly known by the name of Balduin’s phosphorus ;
because this property of nitrate of lime was first point-

* Hassenfratz, Ana. de Chim, xxviii. 72. - + Bergman, i, 136.
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Its crystals are regular octahedrons, and often they ad-
here to each other in the form of stars.  Sometimes it
is obtained in small brilliant plates. Its specific gra-
vity is 2'0149*. It is very easily reduced to powder.

Its taste is hot, acrid, and austere. It is soluble in
12 parts of water at the temperature of 60°, and in a-
bout three or four parts of boiling water. As thesolu-
tion cools, the salt may be obtained in crystals. Itis but
little altered by exposure to the air. 'When thrown on
burning coals it decrepitates, undergoes 2 kind of fu-
sion, and then becomes dry. When strongly heated in
a crucible, the whole of the acid is gradually driven
off, and the barytes remains pure. It detonates less vio-
lently with combustibles than most of the other ni-
trates.

The constituents of this salt have been determined by
ohemists as in the following Table,

FT1 135, X

Acid | 32| 38] 39

Base | 57] 50| 61

Water| 11| 12

Total |100}100100

Sp. 1. Nitrate of Strontian,
Thuis salt was first formed by Dr Hope; it was after.

* Hassenfratz, 4nn. de Cbim. xxviii. 12.
t Kirwan, Nichelson's Journal, iil. 215.
3 Fourcroy and Vaquelin, Aan. de Chim.
§ Richter, Statigue Chimigue, i. 236.
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’

Acid 31°07{48°4{51°4

Base 36'21|47°6/438°6

Water | 32+72 41

{otal 100 100 ‘-100

- 8p.8. Nitrate of dmmonia-and-Magmufa.

Tiuss salt was first described by Fourcroy in 1790. It
may be prepared by mixing together. the solutions of
nitrate of ammonia and nitrate of magnesia, or by de-
composing either of these salts in part by the base of
the other. Wlhen the two salts are mixed together, the
nitrate of ammonia-and-magnesia gradually precipitates
in crystals. ‘

These crystals are in the form of fine prisms. They
have a bitter acrid ammoniacal taste. They are solu-
ble at 60° in about 11 parts of water ; but boiling wa-
ter dissolves a greater proportion of them. When ex-
posed to the air, they gradually attract moisture ; but
much more slowly than either of their component parts.
The phenomena which this compound exhibits when
heated are similar to those which its component parts
exhibit in like circumstances. According to Fourcroy
it is composed of ......78 nitrate of magnesia

’ 22 nitrate of ammonia

100§

.

# Kirwan, Nicholson’s Jour. iii. 215.
t Vauquelin, Four. de Min. An. vi. 20.
{ Richter, Statique Chimigue, 1.136. § Ann. de Chim.iv. 215.
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Sp. 9. Nitrate of Alumina.

TroucH this salt has been known to chemists for
many years past, it has not hitherto been examined with
precision. It is prepared by dissolving alumina in ni-
tric acid, and evaporating the solution till the salt crys-
tallizes.  This salt always contains an excess of acid,
and is thereforeione of the few supernitrates with which
we are acquainted, 8

1t crystallizes with great difficulty in thin soft plates,
which have but little brilliancy. This salt has an acid
and astringent taste. Its specific gravity is 1645 *. It
is exceedingly soluble in water, and when evaporated is
converted into a glutinous mass of the consistence of
honey. It often dssumes on cooling the form of a jel-
ly. When exposed to the air, it very soon attracts
moisture and deliquesces.  When heated, the acid is
disengaged with great facility, and the earth remam-s
behind in a state of pumy.

Sp 10. Nitrate of Tttrm.

Tris salt was first formed by Mr Eckeberg : it has
been more lately examined by Vauquelin. It may be
prepared by dissolving ytiria in nitric acid. The solu-
tion has a sweet astringent taste, and in most of i its pro-
perties agrees with nitrate of glucina. Like it, this salt
can scarcely be obtained in the state of crystals. If, du-
ring the evaporation, a heat somewhat too strong be
applied, the salt becomes soft, and assumes the appear-
ance of honey, and on cooling becomes hard and brittle

#* Hassenfratz, dan, de Chim. xxviii, 12,
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like 2 stone. When exposed to the air, it very soon at-
tracts moisture, and deliquesces. © When sulphuric acid

is poured into this solution, erystals of sulphate of ytma ;

are instantly precipitated *.

Sp. 10. Nitrate of Glucina.

Tris salt was first described by Vauquelin. It is
prepared by saturating nitric acid with glucina. "When
this solution is evaporated by means of 2 low heat,
the salt gradually assumes the form of a powder, but
cannot be obtained in the state of crystals.

Its taste is sweet and astringent. It is exceedingly
soluble in water; so much so indeed that itis very dif-
ficult to obtain itin a dry state. When evaporated, it
becomes thick and glutinous like honey. When expo-
sed to the air, it attracts moisture very rapidly. When
heated, . it readily melts ; and if the heat be increased,
the acid escapes, and leaves the earth in a state of pu-
rity.  When tingture of nut-galls is dropt into a sclu-

tion of this salt, a yellowish brown precipitate imme- -

diately appears. Nitrate of glucina may be readily di-
stinguished from nitrate of aluﬁ’una by this property.
The proportions of the component parts of this salt
have not hitherto been ascertained.

Sp. 11. Nitrate of Zirconia.

ThHis salt was first formed by Klaproth. Vauquelin
has given us a detailed description of it. It may be ea-
sily formed by pouring nitric acid on newly precxplta-
ted zirconia.

* Ann, de Chim, xx391. 156.
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Tt always contains an excess of acid. By evaporating,
a yellowish transparent matter is obtained, exceedingly
teracious and viscid, and which dries with difficulty.
It has an astringent taste, and leaves on the tongue a
viscid matter, owing to its being decomposed by the
saliva. It is only very sparingly soluble in water; the
greatest part remains under the form of gelatinous and
transparent flakes. Like all the other salts into which
zirconia enters, it is decomposed by heat. It is decom-
posed also by sulphuric acid, which occasions a white
precipitate soluble in excess of acid ; by carbonate of
ammonia, which produces a precipitéte soluble byadd-
ing more carbonate ; and by an infusion of nut-galls in
alcohol, which produces a white precipitate soluble in
an excess of the infusion, unless the zirconia contains
iron ; in which case the precipitate is a greyish blue,
and part of it remains insoluble, giving the liquor a blue
colour. Thisliquor, mixed with carbonate of ammonia,
produces a matter which appears purple by transmitted
light, but violet by reflected light.  Gallic acid alse
precipitates nitrate of zirconia of a greyish blue, but the
colour is not so fine. ;;]Most of the other vegetable acids
decompose this salt, and form combinations insoluble in
water *, '

e et IR e

ALL the alkaline and earthy nitrates have the proper«
ty of dissolving in water. Of course the second divi-
sion of this genus does not exist. '

* Vauquelin, Ann. de Chim. xxii. 199.
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SucH are the properties of the nitrates. The follow-
ing Table exhibits their solubility in water, and the
proportion of their constituents which seems most cor-
rect, the acid being always supposed 100.

Solubility Constituents.

Nitrates of { in 100
Water. | Acid.| Base. Water,

Ammoniz] 50 100} 40°'38| 35°1

Magnesia| 100 | 100} 47°64

!
Lime 400 | 100} 55'70| 18°7

Soda 33 {100 7343

Strontian | 10070100 116°86(105°3

[Potash | 14°3{100 1177 8°1

b

Barytes | 83 (100 178:12| 343

The solubility of these nitrates in alcohol has not
been examined with precision. In all probability pure
alcohol will not be found capable of taking up a sen-
sible quantity of any of them, except those which are
very soluble in water, as nitrates of lime and magnesia.

R -

By far the most important of all the nitrates is com-
mon saltpetre, ot nitre.  Indeed few of the rest have
been applied to any, usefal purpose except in chemicat
analyses. :
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It furnishes all the nitric acid in 2ll its states employ-
ed either by chemists or artists. ~When burnt with
tartar it yields a pure carbonate of potash. In the as-
saying of various ores it is indispensable, and is equally
necessary in the analysis of many vegetable and animal

‘substances. But one of the most important componnds

formed by means of nitre is gunpowder, which has com--
pletely changed the modern art of war. The discoverer
of this fcompound, and the person who first thought of
applying it to the purposes of war, are unknown. Itis
certain, however, that it was used m_the 14th century.
From certain archives qioted by Wiegleb, it appears
that cannons were employed in Germany before the
year 1372. No traces of it can be found in any Euro-
pean author prevmus to the 13th century ; but it seems
to have been known to the Chinese long before that
period. There is reason to believe that cannons were
used in the battle of Cressy, which was foughtin 1346.
They seem even to have been used three years earlier at
the siege of Algesiras ; but. before this time they must
have been known in Germany, as there is a piece of
ordnance at Amberg, on which is inscribed the year
1303. Roger Bacon; who died in 1202, knew the
properties of gunpowder ; but 1t does not follow that he
was 4cquainted with its application te fire-arms *
Gunpowder isfcomposed of nitre, sulphur, and char-
coal reduced to powder, and mixed intimately with
each other.  The proportion of the ingredients varies

* Sec Watson’s Chemital Essays, vol. i. p. 327, for a full detail of the

facts respecung this subject.  From Borbon’s life of Robert Bruce, it ap-

pears that guns were used by the English for the first time about the year
1310.
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very considerably ; but good gunpowder may he com-
posed of the following proportions *.
76 parts nitre
15 charcoal
9 sulphur

100

These ingredients are first reduced to a fine powder se-
parately, then mixed intimately, and formed into a thick
paste with water. After this has dried a little, it is
placed upon a kind of sieve full of small holes, through
which it is forced. By that process it is divided into
grains, the size of which depends upon the size of the
holes through which they have been squeezed. The
powder, when dry, is put into barrels, which are made
to turn round on their axes. By this motion the grains
of gunpowder rub against each other, their asperities
are worn off, and their surfaces are made smooth. The
powder is then said to be glazed.

Gunpowder, as is well known, explodes violently
-when a red heat is applied to it.  This combustion
takes place even in 2 vacuum ; a vast quantity of gas
is emited, the sudden production of which is the cause
of all the violent effects which this substance produces.
Their combustion is evidently owing to the decomposi-
tion of the nitre by the charcoal and sulphur. The
products are carbonic acid gas, azotic gas, sulphurous
acid gas, and probably sulphureted hydrogen. Mr
Cruickshanks has ascertained thatno perceptible quanti-

* For a full detail of every thing respecting the proportions and ma-
nufacture of gunpowder, the reader is referred to a very intcresting dis-
sertation by Dr Watson, Essays, ii. Yo and to Baumé’s Clemistry, i 455-
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ty of water is formed. What remains after the com=
bustio + is potash combined with asmall portion of cars
bonic acid, sulphate of potash, a very small proportion
of sulphuret of potash, and unconsumed charcoal *.
This mixture soon attracts moisture, and the sulphuret
which it contains enables it to act strongly on metallic

‘bodies.

When three parts of nitre, two parts of potash, and
one part of sulphur, all previously well dried, are mixed
togeiher in 2 warm mortar, the resulting compound is
known by the name of fulminating powder. 1f alittle
of this powder be put into an iron spoon, and placed
upon burning coals, or held above the flame of a candle,
it gradually blackens, and at last melts. At that in-
stant it explodes with a very violent report, and'a strong
impression is made upon the bottom of the spoon, as if
it had been pressed down 'very violently. This sudden
and violent combustion is occasioned by the rapid action
of the sulphur on the nitre. 'By the application of the
heat, the sulphur and potash form a sulphuret, which
is combustible at a lower heat probably than even sul=
phur. Sulphureted hydrogen gas, azotic gas, and pers
haps also sulphurous acid gas, are disengaged almost
instantaneously. It is to the sudden action of these on
the surrounding air that the report is to be ascribed.
Its londness evidently depends upon the combustion of
the whole powder at the same instant, which is secured
by the previous fusion that it undergoes ; whereas th’c
grains of gunpowder burn in succession.

A mixture of equal parts of tartar and nitre, deflagra-

# Cruichshanks, Nicholson’s Joursal, iv. 258.
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ted in a crucible, is known by the name of white flux.
It is merely 2 mixture of carbonate of potash with some
pure potash. When two parts of tartarand one of nitre
are deflagrated in this manner, the residuum is called
dlack flux from its colour. Tt is merely a mixture of
charcoal and carbonate of potash.

GeNus X. NITRITES.

THE existence of these salts was first pointed out by’

Bergman and Scheele ; the two philosophers to whom
we are indebted for the first precise notions concerning
the difference between nitric'and nitrous acids. They
cannot be formed by combining directly nitrous acid
with the different earthy and alkaline bases ; nor have
any experiments niade to combine nitrous gas with the
nitrates been attended with success.

The only method of obtaining these salts at present
known is that which was long ago pointed out by Berg-
man and Scheele *. It consists in exposing a nitrate to
a pretty strong heat till 2 quantity of oxygen gas be
disengaged from it. =~ What remains in the retort after
this process is a zitrite ; but the length of time ne-
cessary for producing this change has not yet been as-
certained with any degree of precision. If the heat be
applied too long, the nitrate will be totally decomposed,
and nothing but the base will remain, as happened to
some of the French chemists on attempting to repeat
the process of Bergman and Scheele.

Nitrite of potash is the only salt formed by this pro-

* Bergman, iii. 308.—~Scheele, i. 59.

Vol. I11. Cc
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cess, of which aan acconnt has been given. Scheele’s
process for obtaining it is as follows: Fill 2 small re«
tort with nitre, and keep it red hot for half an hour.
When it is allowed to cool, it is found in the state of a
nitrites. It deliquesces when exposed to the air, and
red vapours of nitrous acid are exhaled when any other
acid is poured upon it.

As the nitrites have never been examined by che-
mists, and as it has not even been determined whether
any considerable number of the nitrates can be convert-
ed into these salts, it would be in vain, in the present
state of our knowledge, to attempt a particular descrip-
tion of them. It may, however, be considered as ex-
ceedingly probable that no such salts as the nitrites of
ammonia, glucina, yttria, alumina, and zirconia, exist
or can be formed, at least by the process of Scheele and
Bergman ; for the nitrates with these bases are decom-
posed completely by the action of a heattoo moderate
to hope for the previous emission of oxygen gas.

From the few observations that have been made, it
may be concluded that the nitrites are in general deli-
quescent, very soluble in water, decomposable by heat
as well asnitrates : that their taste is cooling like that
of the nitrates, but more acrid and nitrous : that by ex-
posure to the air they are gradually coriverted into ni-
trates by absorbing oxygen ; but this change takes place
exceedingly slowly *.

Mr Tennant has shown that the nitrite of potash has
the property of precipitating gold from its solutions in
the metallic state, the nitrous acid absorbing the ox-
ygen of the oxide.

# Fourcroy, iti. 155.
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This curiotis fact explains why gold or platinum,
dissolved by fusion with nitre, is thrown down in the
metallic state if thie mass be dissolved in water, as Mr
Tennant has shown to happen *.

Gevus XI. OXYMURIATES.

When the oxymutiatic acid is'mixed with the alka-
line or earthy bases, dissolved or suspended in water,
it is decomposed, and resolved into muriatic and hyper-
oxymuriatic acid, each of which dombines with a por-
tion of the base. By this process we obtain muriates
and hypetoxymuriates, but no combination of oxymu-
riatic acid and a base. The case seems to be different
when oxymuriatic acid gas is passed over the dry bases.
It does not seem to undergo any decompasition, but to
unite unaltered with the base.  This is the only method
at present Known of obtaining the oxymuriates.

Asno set of experiments has been hitherto published
upon this subject, we are but imperfectly acquainted
with the properties of the oxymuriates. The only one
which I have had an opportunity of seeing is the oxy-
muriate of lime, prepared by Messrs Tennant and Knox
of Glasgow for the bleachers.

Tt is a white powder of a hot disagreeable taste, and
a smell somewhat resembling that of sea-ware. "When
heated; it gives out oxygen gas ; butif it be mixed with
sulphuric acid, oxymuriatic acid gas is disengaged by

the heat of a lamp. It dissolves readily in water ; but’

the solution gradually emits bubbles of oxygen gas, and

.

* Nicholson’s Quarte Four. ii. 3e.
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the salt is changed into muriate of lime. The disen-
gagement of this gas becomes much more rapid when
heat is applied to the solution. It is no doubt this fa.
cility with which this salt allows oxygen to separate
from it, that makes it so useful in bleaching. Indeed
the oxygen gas leaves solutions of this salt in water
much more readily than it does liquid oxymuriatic acid.

Oxymuriate of lime, then, is decomposed by water
and converted into common muriate. Probably all the
other oxymuriates would undergo similar decomposi-
tions.

Genus XII. HYPEROXYMURIATES.

THis genus of salts was discovered by Berthollet in
1786 ; but, if we except the first species, they remain-
ed almost totally unknown till examined by Mr Che-
nevix in 1802. The most important of them may be
prepared by the following process: Dissolve the base
which is to be combined with the acid, or its carbonate,
in water, or mix it with water if it happens to be inso-
luble, and putting it into one of Woulfe’s bottles, cause
oxymuriatic acid in the state of gas, distilled in the
usual manner, to pass through it. The acid' combines
tith the base, and at the same time (if a carbonate be
used) an effervescence takes place, owing to the disen-
gagement of the carbonic acid gas. As the base be-
comes saturated with acid, the hyperoxymuriate, in
some cases, precipitates in the state of crystals.

" At the same time with the hyperoxymuriate a great
quantity of common muriate is formed. The formation

_ of the two salts was thus explained by Berthollet. He

supposed that one part of the oxymuriatic acid is de~
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composed ; that its oxygen combines with the other
portion of acid, and forms what he termed byperoxyge-
nated muriatic acid ; of course the salts obtained are
hyperoxygenated muriate and common muriate ¥.
Though this theory was probable, it remained support-
ed merely by probable evidence, till the analytical skill
of Mr Chenevix demonstrated its truth.

The hyperoxymuriates may be distinguished by the
following properties :

1. When raised to a low red heat, they give out a
great quantity of oxygen gas, and are converted into
common muriates.

2. When mixed with combustibles, they detonate
with much greater violence than the nitrates. This de-
tonation is occasioned not only by heat, but by friction
and percussion, and often takes place spontaneously.

3. Soluble in water, and some of them in alcohol.

4. The acid is expelled from them in yellow or green
fumes by sulphuric, nitric, and muriatic acids without
heat ; a little below a boiling heat by phosphoric, oxa-
lic, tartaric, citric, and arsenic acids; but they are not
acted on by benzoic, acetic, boracic, prussic, and carbo-
nic acids. Those vegetable acids which are powerful
enough to decompose them give ont towards the end a
gas of a peculiar nature, which has not so much smell
as oxymuriatic acid, but which affects the eyes in a pe-
euliar manner, and promotes an uncommon and rather
painful secretion of tears. - This gas has not been exa-
mined, because its separatipn is attended with an explo-
sion and rupture of the vessels+.

# Jour. d: Phys. xxxiii. 217, + Chenevix, Phil. Trans. 180%.
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Sp. 1. Hyperoxymuriate of potash.

Tais extraordinary salt, first formed by Berthollet %,
has been since examined by a great number of chemists.
Lavoisier, Dolfuzt, Van Mons, Fourcroy and Vau-
quelin §, Hoyle §, Chenevix, &c. have investigatéd its
properties, and discovered many of the singular eﬂ'ects
which it produces. It is prepaxed by dlssolvmg one
part of carbonate of potash in six parts of water, put-
ting the mixture into 2 Woulfe’s bottle, and saturating
the potash with oxymuriatic acid gzs||. When the sa-
turation is nearly completed the oxymuriate falls'dow'n
in crystals. It may be purified by solution in bo‘hng
water. As the water cools, the pure hyperoxymurxate
crystallizes. The crystals are to be dried between folds
of blottmg-paper. b zis 2

Accordmg to Hauy, the prumtwe form of the crys-
tals of hyperoxymauriate of potash is an obtuse rhom-
bmdal prism ; but it is usually obtained in small thin
platcs of asilvery whltencss. It is only by allowmg
an unsatutated solution of i it in boiling water to cool
slowly, or by exposing a solution in cold water to spon-
taneous evaporation, that it is cbtamed n larvc retruhr
rhomboidal crystals. *

Its taste is cooling, austere, and dxs'wreeable, some-

")

® It was in fact first discovered by Dr Higgens, who described the me-
thod of forming it and some of its ‘properties some time before Berthal-
let, under the name of saltpetre. * See Higgins on Acetous Acid, p. 180

+ Ann. de Chim. i. 2e35. i -} Ann.de Chim. xXi. 235«

§ Manchester Memoirs,v. 221. i

|| ‘The bottle containing the alkalimust be covered up from the light,
otherwise no crystals of hypcroxymunatc can be obtained, as I'have more
than once ‘experienced:



HYPEROXYMURIATES.

what analogous to that of nitre. Its specific gravity is
1:089 *.  When rubbed smartly, it phosphoresces, o
rather emits a number of sparksof fire +. It is soluble
in about 16 parts of water at the temperature of 60°,
and in 2% parts of boiling water{.” It is not sensibly al-
tered by exposure to the air.  When heated, it readily
undergoes the watery fusion. If the heat be raised to
redness, it rapidly gives out more than the third of its
weight of oxygen gas. Itis from this sait that oxygen
gas can be obtained in the state of the greatest purity.
After the effervescence is over, there remains commion
muriate of potash.

From the experiments of Chenevix, its constituents
AMCaisavvmancoioiane 583 acid

39+2 potash -
25 water

100°0

The most astonishing of its properties are those which
is exhibits when mixed with combustibles.  All com-
bustible substances whatever are capable of decompo-
sing it, and in general the decomposition is attended with
violent detonations.

When three parts of this salt and one part of sulphur
are triturated in a mortar, the mixture detonates vio-
lently : the same effect is produced when the mixture
is placed upon an anvil, and struck smartly with a
hammer. Nay, it even sometimes detonates sponta-
neously without any perceptible friction, and ought not
therefore to be kept ready mixed. Charcoal produces

* Hassonfratz, Aaa. de Chim, xxviii, 12, ' § Fourcroy, iii. 223.
3 Hoyle, Nicholsen’s Jour. ii. 292. i
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thie same effects, though not so violent. This property
induced Berthollet to propose it as a substitute for nitre
in the preparation of gunpowder. ~ The attempt was
made at Essone in 1788 ; but no sooner had the work-
men begun to triturate the mixture of charcoal, sul-
phur, and oxymuriate, than it exploded with violence,
and proved fatal to Mr Letors and Mademoiselle Ghev-
raud. The force of this gunpowder when it is prepa-
red is much greater than that of the common sort of
powder ; but the danger of preparing it, and even of
using it after it is prepared, is so great, that it can hard-
ly ever be substituted with advantage for common gun-
powder. : ¢
Phosphorus also detonates with this salt .either by
trituration or percussion. The quantities of each used
ought not to exceed half a grain, or at most a grain, o-
therwise the, experiment may be attended with some
danger. It detonates also when treated in the same
way with almost all the metals, and likewise with cio-
nabar, pyrites, sugar, gums, oils, alcohol, &c. = When
thrown upon platinum heated to whiteness, it does not
detonate, but sublithes. The surface of the platinum,
however, 'is oxidized ; for acetic acid dissolves a part
of it; and when prussiate of lime is poured into the so-
lution, the liquid becomes of a greenish white colour *.
When this saltis triturated in a mortar with a little
cotton cloth, small repeated explosions are heard similar
to the crack of a whip, and if the cotton be. dry and
warm it sometimes takes fire. . It always does so when,
after the trituration has been continued for some time,

A

* Morveau, Ann.de Chim. %xv.18.
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sulphuric acid is poured upon the cotton. - When nitric
acid is poured upon a mixture of oxymuriate of potash
and phosphorus, flakes of fire are emltted at mtervals
for a considerable time *. :

The theory of these explosions was first pointed out
by Berthollet. The oxygen of the acid combines with
the combustible, and at the same time lets go a quantity
of caloric ; and trituration or percussion acts merely by
bringing the particles which combine within the sphere
of each other’s attraction. :

The action of the acids on this salt has been treated
of already in a former part of this Work +.

This salt was employed in bleaching after the disco-
very of the whitening property of oxymuriatic acid ;
but other compounds have been lately substituted in its
place. oh SOLED

S_]J. 2.. Hyperoxymuriate of Soda.

Mgz Chenevix must be considered as the first chemist
who published a description of ‘this salt; for the short
notice of Dolfuz and Gadolin § scarcely conveys’any
precise information. It may be prepared by the same
process as hyperoxymauriate of posash ; but it is difficult
to obtain it pure,. as it is nearly as soluble in water as
muriate of soda. Mr Chenevix procured a little of it
pure by dissolving the mixtures of muriate and hyper-
oxymuriate of soda in alcohol, and crystallizing re-
peatedly.

It crystallizes in cubes, or in rhomboids differing lit-
tle from that form. It produces a sensation of cold in

* Collier, Manchester Mem. v. 229. 4 Vol. IL p. 261.
1 Ann. de Chim 3. 22% , N
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the mouth, and its taste is readily distingunished from
that of muriate of soda. Itis soluble in three parts of
cold water, and still more soluble in warm water.
When exposed to the air it is slightly deliquescent. It
is soluble in alcohol, and has the property of rendering
mauriate of soda more soluble than usual in that liquid.
It is composed of....66°2 acid

296 soda

4°2 water

100°0*

Sp. 3. Hyperoxymuriate of Ammonia.

TH1s salt may be formed by pouring carbonate of-
ammonia into a solution of an earthy hyperoxymu-
riate. The carbonate of the earth precipitates, and hy-
peroxymuriate of ammonia remains in solution. ~This
salt has been described by Mr Chenevix only. It is
very soluble in water and in alcohol. It is decompo-
sed at a very low temperature, and givcs out gas, to-
getber with the smell of hyperoxymuriatic acid. =The
proportion of the constituents of this salt are Stlll un-
known.

Spe 4. Hyperoxymuriate of Magnesia.

Tais salt may be prepared in the same way . as hy-
peroxymunate of lime, which it resembles in most of
xts propernes.

% Chenevix On Hyperowygenized Muriatic Acid.  Phil. Trans. 18014




HYPEROXYMURIATES.

Its constxtuents are 60°0 acid
’ 25'7 magnesia
14°3 water

e———

100°0 %

Sp. 5. Hyperoxymuriate of Lime.

Tais salt may be procured and purified in the same
way as the succeeding species. Itis very deliquescent,
and undergoes the watery fusion when slightly heated.
Alcohal dissolves it copiously. Its taste is sharp and
bltter ; and when it dissolves in the mouth, it produces
a strong sensation of cold. Its constituents are :

552 acid
28°3 lime
16°5 water

100-0t
Sp. 6.  Hyperoxymuriate of Baryes.

It is much more difficult to procure the earthy hy-
peroxymuriates than the alkaline ; the affinity between
their constituents seems to be much weaker. The best
method of obtaining the hyperoxymuriate of barytes is
to pour warm water on a quantity of the earth procu-
red by Vauquelin’s method, and to pass a current of
gas through this mixture kept warm. By this method
the usual mixture of muriate and hyperoxymurlate is
obtained. Now these two salts, when barytes is thelr

.

* Chenevix O Hyﬁcron]g:mzd Mouriatic Acid.  Phil, Trans. 1802.
4 Chenevix, i. Ibid.
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44 SALTS.

D?‘Zf{k Yi-" base, possess the same degree of solubility, and re-
1V1sion . . .

—~— semble each other in the form of their crystals, so that
Formation
of earthy - j
hyperoxy-  lizations. Mr Chenevix succeeded by the following

mwriates. ’ . e iR
b ingenious method : Phosphate of silver, when boiled in
solutions of the earthy muriates, has the property of

they cannot be obtained separate by repeated crystal-

decomposing them ; the phosphoric acid combines with
the earth, and the muriatic acid with the oxide of silver.
But this salt produces no such change on the earthy hy-
peroxymuriates. Now both the phosphate of barytes
and the muriate of silver are insoluble in water. Of
course, when phosphate of silver is boiled in a solution
of muriate and hyperoxymuriate of barytes, the whole
muriate is decomposed into muriate of silver and phos-
phate of barytes, which are insoluble, and the only sub-
stance which remains in solution is hyperoxymuriate
of barytes.
Propesties.  ‘This salt is soluble in four parts of cold water, and
"7 in a smaller portion of warm water. It is decomposed
by all the acids placed in the tables of affinity above
the benzoic ; and the decomposition by the stronger
acids is more frequently accompanied by a flash of light
than the decomposition of the alkaline hyperoxymu- .
riates. Its component parts are
SXX’J"’P“L - 470 acid
) ‘ 422 barytes
10°6 water

g

100°0 *

#°Chenevix On Hyperoxygenized Muriatic Acid.  Pbil. Trans. 1802.

.



HYPEROXYMURIATES.

Sp. 7. H yperoxymuriate of Strontian.

Tirs salt was prepared and purified by Mr Chene-
vix by the same processes as the last species, witlt
which indeed it agrees in most of its properties. It is
deliquescent, ‘and more soluble in alcohol than muriate
of strontian. It crystallizes in needles, which melt in
the mouth, and produce the sensation of cold. Its con
SHLWENtS Ar€ v e oo oe oo .46 acid

26 strontian
28 water

100*
e —

‘The hyperoxymuriates are all soluble in water. Of
course the second division of them does not exist.

The following Table exhibits the solubility of these
salts in water, and the proportion of their constituents
(supposing the acid 100), according to the experiments
of Chenevix :

* Chencvix 0n Hyperoxygenized Muriatic Avid. Phil. Trans., 5802-
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Sulphates of b(i::lll)gloty S

Water. { Acid.| Base. | Water.
Magnesia 100{ 42°80|23°83
Soda 33 100 44°78| 6°35
Lime 100 | 51:25(29°89
Strontian 100| 56°52{60°87
Potash 6°2 |100]| 671°24{ 4°30
Barytes | 250 |100]| 89-18|22-08

NoxE of the hyperoxymuriates have been hitherto
applied to any useful purpose except that one which
has potash for its base. This salt is much employed
in chemical exhibitions; It furnishes pure oxygen gas,
and a peculiar species of oxymuriatic acid. It was tried
also as a substitute for nitre in gunpowder, and was
found to answer ; but the case with which it detonates
with combustibles makes it foo hazardous for common
use.

Gexvs XIII. ARSENIATES.

4 a

THE existence of this genus of salts was first disco-
vered by Macquer j but their nature and composition
was first pointed out by Scheele in his Dissertation
on Arsenic, published in 1775: Since the tesearches
of these two illustrious chemists, scarcely any addition
has been made to our knowledge of the arseniates, if



ARSENIATES.

we except a few observations on some of these salts by
Pelletier.

They may be distinguished by the following proper-
ty:

When heated along with charcoal powder, they are
decomposed, and arsenic sublimes.

-
- —————

Sp. 1. Arsemate of Potash,

‘WHEN arsenic acid is saturated with potash, it forms
an incrystallizable salt, which ‘deliquesces in the air,
renders syrup of violets green, but does not alter the in.
fusion of turnscle. When heated in a clay crucible, it
is partly converted into a white glass, and partly chan-
ged intoa super-arseniate of potash. When mixed with
one-eighth of its weight of charcoal powder, and distil~
led in a retort, it swells and bubbles up violently, evi-
dently in consequence of the disengagement of carbonic
acid gas, and at the same time a quantity of arsenic is

sublimed: the residunm is merely carbonate of potash
 and charcoal.

Sp. 2. Super-arseniate of Potash.

Thaus salt was first formed by Macquer ; and for that
reason was long distinguished by the name of arsenical
aeutral salt of Macquer. He obtained it by distilling
in a retort a2 mixture, consisting of equal parts of white
oxide of arsenic and nitre. After the distillation, the
white saline mass, which remained in the retort, was
dissolved in hot water and filtered. When properly
evaporated, beautiful transparent crystals of super-arse-
niate of arsenic are obtained *.

¥

@ Mem, Par. 1746 and 1742,

Chep. UL
e

Character.

1 Sorosry
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ATES,
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Scheele first ascertained the composition of this salt,
by discovering that it was obtained by adding arsenic
acid to the arseniate of potash till the solution ceases to
alter the colour of syrup of violets: It then reddens
the infusion of turnsole, and yields by evaporation fine
crystals of Macquer’s nevtral salt.

This salt crystallizes in four-sided prisms, terminated
by four-sided pyramids, the edges of which correspond
with those of the prism. It is soluble in water, and
gives a red colour to vegetable blues. ~This salt is not
decomposed by salts with base of lime or magnesia, as
is the case with arseniate of potash *.

Sp. 3 Arseniate of Soda: 3

WHEN arsenic acid is saturated with soda, it yields
by, evaporation crystals of arseniate of soda, which, ac-
cording to Scheele, are similar to those of the super-ar-
seniate of potash : but, according to Pelletier, are re-
gular six-sided prisms, not terminated by any pyramids.
Its properties when heated, as far as they have been
examined, coincide with those of arseriate of potash.
When an excess of acid fs added, this salt does not crys-
tallize ; and when evaporated to dryness, attracts mois-
ture again from the air .

Sp. 4. Arseniate of Ammonia.

WHEN arsenic acid 1s saturated with ammonia, the
solution yields by evaporation crystals of arseniate of

-ammonia in rhomboidal prisms, which give a green co-

lour to syrup of violets. With an excess of acid, it

# Macquer and Scheele. + Scheele, i. 144~



ARSENIATES, n Tew

yields needle-form_ crystals of super-arseniate of am- Chap. IITv
L

monia, which deliquesce when exposed to the air.
When arseniate of ammonia is gently heated, it loses
its transparency and part of its alkali. Ina strongheat
a portion of the ammonia is decomposed, water is form-
ed, arsenic sublimed, and azotic gas disengaged.  This
was one of the experiments which first led Scheele to
the discovery of the component parts of ammonia *.

"8pe 5. Arseniate of Magnesia.

MAGNESIA dissolves in arsenic acid; but when thé

acid is nearly saturated, the solution becomes thick and
coagulates. The coagulum redissolves in an excess of
acid, and yields when evaporated an incrystallizable
gummy mass. This salt may be obtained also by mix-
ing the alkaline arseniates with nitrate, muriate, and
acetate of magnesia. When heated, it exhibits the sam¢
phenomena as the first species +.
Sp. 6. Arseniate of Lime.

WHEN arsenic acid is dropt into lime water, arses
niate of lime is precipitated ; but if an excess of acid be
added, the salt is redissolved, and yields when evapo-
rated small crystals of arseniate of lime, which are solu-
ble in water, and decomposed by sulphuric acid. This
salt may be formed also by dissolving chalk in arsenic
acid, or by mixing the alkaline arseniates with the ni-
trate, muriate, or acetate of lime. Arseniate of lime,
when heated, exhibits the same phenomena as the first
species 1.

# Schecle, i. 145. t Ibid. p. 159, 3 1bid. p. 157»
Vol IT1. D
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Sp. 1. Arseniate of Barytes.

This salt was formed by Scheele by dissolving ba-
rytes in arsenic acid.  When the saturation was nearly
completed, the salt ﬁrecipitated in the state of an inso-
luble powder. It may be formed also by mixing ar-
seniate of potash with nitrate or muriate of barytes.
This salt 1s insoluble in water, except there be an ex-
cess of acid. When exposed to a violent heat, it shows
a tendency to melt, but is not decomposed *.

8p. 8. . Arseniate of Alumina.

Arsenic acip readily dissolves néwly precipitated
alumina. When the solutton is evaporated, it gives a
thick mass insoluble in water. This salt may be form-
ed by mixing the alkaline arseniates with sulphate, ni-
trate, muriate, or acetate of alumina f.

Sp- 9. Arseniate of Yitria.

WHEN yttria is dissolved in arsenic acid, and the so-
Tution boiled, arseniate of yttria precipitates in the state
of a white powder . Arseniate of potash precipitates
yttria from acids §.

— T E————

SvcH is an imperfect aceount of the arseniates ; a ge=

nus of salts which have not hitherto been applied to any

useful purpose, and which have been very superficially
examined,

* Scheele, 1. 163+ t Ibid. p. 160.
t Eckeberg, Crell’s Annals, 1799, it. 70,
§ Klaproth's Beitrage, iii. 26,



ARSENITES:
Genus XIV. ARSENITES:

Foukeroy has given this name to the combinations
formed between white oxide of arsenic, or arsenious a-
cid as he calls it, and the alkalies and earths. They
were formcr]y terined Jivers of arsenic, from some fan-
cied resemblance which was traced between arsenic and
sulphur. The alkaline arsenites may be prepared by
dissolving the white oxide in alkaline sclatiohs. They
form @ thick viscid yellow.colotired liquid, with a very
nauseoﬁs.odour. They do not crystallize ; heat decomi~
poses them by subliming the oxide, and almost all the
acids precipitate the atsenic in the form of a white
powder *. .

The earthy arsenites, as fat a¢ they have been exa-
mined, are insoluble powders. Hence the reason thas
white oxide of afseni¢ occasions a precipitate  when
dropt into lime, barytes; or stfontian watér:

# " These salts have been but very superficially exami-
ned, and are by 1o means sufficiently kdown to admit
of a detailed descriptiot.

Givos XV, Mortspatis.

‘This genus of salts was first tnade kriown by Scheele.
They have been but very imperfectly examined by
chemists, owing partly to the scarcity of molybdic acid,
and partly to the difficulty of obtaining it pure:

The greater number of the molybdates are coloura
less and soluble in water. They have a metallic taste,

# Macquer’s Dictionary~ergman, ii. 296+
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&k

él'xap.‘ 1
-



34
pe

, Book 1I.

Div?sion 1L
W

BALTS,

usually weak. The prussiate of potash throws dowii
from several -of ‘them a light-brown coloured precipi-
tate, "

If, into the solution of a molybdate, a cylinder of tin
be put, and the liquid be mixed with a little muriatic
acid, it gradually assumes a deep blue colour.

‘ 8p.'1.  Molybdate of Potdsh.

.. Ymis salt may be formed either by uniting directly
its acid and base; or By heating two parts of nitre and
one of molybdic acid in a crucible, and lixiviating the
imass obtained. The solution crystallizes by evapora-
.tion in small rhomboidal plates inserted into cach other
They are bright; and have a metallic taste. When ex<
posed to:the blow-pipe npon charcoal; they melt withe
,out swelling, and are corverted into small globules,
,which are quickly absorbed by the charcoal. When
melted with a mixture of phosphate of soda and of ams
monia (or"mlgrocosmlc salt); they communicate a green
tinge. Hot water dissolves them completely, and prus-
siate of potash occasions in this solution a reddish
brown precipitate®. All the strong acids precipitate
the molybdic acid from solutions of this salt.

Sp. 2. Molybdate of Soda. ...

. Tars salt’ is very soluble in water. ‘The solution,
by evaporation; yields transparent crystals not altered
by exposure to the airt. Neither the molybdate of
*potash. nor soda can be volatilized by heat.

& Klaproth, Ana, dz Chim. viil. 106,
+ Heyer, Gten’s Handbuck, iil. 709s

- s



% MOLYBDATES,

Sp. 3.  Molybdate of Ammonia.

This salt dissolves readily in water. The solution
does not crystallize, but forms by evaporanon a semis
transparent mass. When heated the ammonia is partly
driven off, partly decomposed and the acid .is reduced:
to the state of an oxide * st

Sp. 4, Mo{y&date éf Magnesia,

This salt, according to. Heyer, is soluble in water,
has a bitter taste, and does not crystalhze +.

§p. 5. Mq{ybdato; of Lamg..: 113 30 S

This salt is obtained in the-state of a powder by
dropping molybdlc acid into the solution of lime in ni-
tric or muriatic acids. It does not appear to be soluble
water §.

The remaining molybdates seem scarcely te haye
been examined by chemxsts.

i
. GENUS XVI. ‘TUNGSTATES.

THoucH Schegle firstannounced the existence of these
salts, “we’owe "the first observitions cdnc’e'rnir{g their
properties 1o 'the De Luyarts ; and' ‘the ‘indefatigable!
Vauquel'm assisted by Mr Hecht, has lately given a
detailed dcscnpuon of them from his own experiments§,
These salts are'‘combinations of the ‘yellow oxide of
tungsten with the alkalies and ‘earths, "’

-

* Bucholz, Gehlen’s Jour. iv. 616, 1 Gren’s Handbuck, iii. 711,
3 Qren, 1hid. § Jour, de Min, No. 19. p. 20,

5
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Sp. 1. Tungstate of Potash.

Turs salt may be formed by dissolving oxide of
tungsten in the solution of potash or carbonate of potash,
The solution always retains an excess of potash, refu-
sing to dissolve the oxide before the alkali be complete-
ly neatralized. By evaporation the tungstate of potash
precipitates in the state of a white powder.

This salt has a metallic and caustic taste ; it is s0e
luble in water, and very soon deliquescéé« when expo-
sed ‘to the air. [ Its'solution in water is decomposed by
all the acids: they occasion 'a precipitate composed of
the oxide, potash, and the acid employed. This preci-
thate or trxple salt 1s the molybdic acid of Scheele *,

Sp. 2. T ungstate of Soda.”

Tris salt may be formed by the same process 3s the.
last. When the solution is evaporated the tungstate of
soda crystalhzes in elongated hexahedral plates.

It has an agrid and paustlc taste ; it is so]uble in four
parts of cold water, and in two parts of boxlmg water.’
Bulphuric, nitric, muriatic, acetic, and pxalic acids,
occasion a precipitate in its solution, which is a triple
salt, varying according fo the acid employed. = Phos-
phoric acid occasions na precipitate, nor -is gny precie
pitate produced when sulphuric acid is dropt in, after.
pbospho'rig: acid. .No pr_egipifatp [1s ogcasioned by the
snlphates of potash and of magnesia; but a white preci-
pitate is occasioned by the following salts: .

1. Muriates of lime and barytes; alum,
2. Almost all metallic salts . o

¥ Vaoquelin 30d Heeht, Jowr, 4 Min. No. 19.p. 26, 1 1hid,
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>

Sp. 3. Tung:ttite of Ammonia.

Tais salt may be formed by the same process as the
others. By evaporating the solution, the tungstate -of
ammonia crystallizes, sometimes in small scales resem-
bling boracic acid, and sometimes in four-sided prisma-
tic needles.  Its taste is metallic; it is soluble in wa-
ter, does not deliquesce in the air, and is decomposed
completély by heat. Itis composed of

78 oxide
22 ammonia and water

100 ¥

Sp. 4. Tungstate of Magnesia.

WHEN the yellow oxide of tungsten is boiled with
carbonate of magnesia, the li'quid yields, when evapora-
ted, tungstate of magnesia in:small brilliant scales. It
is soluble in water, not altered by exposure to the air,
and has a taste similar to that of the other species of
tungstates. . 'When an acid is deopt in, 2 white powder
or triple salt precxpxtates.

Sp 54 ng;tate qf Izme. :

‘THis salt is found native,.and is known to mineralo-
gists byithe name of tungsten. It was first :deseribed,
and gave its name to the metallic oxide and to the-whole
genus. It is nsually crystallized ; and from the obser-
vations of Bournon, it appears.that its primitive form

is an octahedron composed of two four-sided pyramids,

# Yauquelin and Hecht, Jour. de Min, No. 19. p. 20,

55
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applied base to base ; the faces are isosceles triangles ;-
and the angle at the apex 44° 16': each of the others
671° 52.. The solid angle at the apex, taken on the fa.
ces, is 48° ; taken on 'the edges of the crystal, 64°
22
It is of a yellowish grey colour, and sometimes cry-

stallized, and always somewhat transparent, The pri-
mitive form of its crystals, according to Hauy, is the
octahedron, Its specific gravity is about six, andits
hardness is generally considerable. - It is insoluble in
water, and is not sensibly altered by exposure to heat,
According to the analysis of Scheele, it is composed of

70 oxide of tungsten '

30 lime

100
 Sp. 6. Tungstate of Barytes,
AN insoluble powder,not examined 1.
Sp. 1. Tu;zg:z;atg of Alumina,

ThHrs salt isan insoluble powder. .
/ .
- " 8p. 8. Nitrated Tungstate of Potash.

'THESE tungstates are capable of combining with a
aumber of acids, and forming' with them a particular
kind of nentral salts which have not been particularly:
examined, if we exceptmitrated tungstate of potush, which
is-the salt originally described by Scheele under the
name of acid of tungsten.

* Bournon, Jour, de Min. An, xi. No, 75.p. 63, + Bcheele, ii- go.
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51

This salt is obtained in the form of a white powder; Chap. IIL

‘it has an acid and bitter taste, reddens the infusion of -

tarnsole, and is soluble in 20 parts of boiling water.
The De Luyarts first showed it to be 2 compound "of
nitric acid, oxide of tungsten, dénd potash, i

. GENus XVII. CHROMATES:

T1s genus of salts was first formed by Vauquelin.
They have been lately examined in detail by M. E
don *.

Sp..1.  Chromate of Potash.

Thuis salt is easily obtained by treating chromate of
lead with llqmd carbonate of potash The solution for-
med is of an orange colour, and by evaporatlon yields
chromate of potash in rhomboidal pfisms.

Sp. 2. Cbromate of Soda.

Thuis salt is'also of a yellow colour and suscephblc
of crysta]hzmg

Sp 3. Chromate of Lime.

Tars salt is soluble in'water, and may be obtamed m
regular crystals. . :

Sp. 4. Chromate of Barytes.

This salt is probably iosoluble in water. = It givesa
yellowish green colour to porcelain. ¢

* Ann. de Chim. liii. 224,






ACETATES.

ORDER II.

COMBUSTIBLE SALTS,

Gexus I. - ACETATES.

Ts genus of salts has been known almost since the
commencement of chemistry. They may be distinguish.
ed by the following properties: :

1. Decomposed by the action of heat; the acid bemg
partly driven off, partly destroyed.

2. All very soluble in water.

3. When mixed with sulphuric acid and distilled'ini 2
moderate heat,acetic acid is disengaged, easily distin-
guishable by its smell, '

4, When they are dissolved in water, and exposed to
she open air, their acid is gradually decomposed.

sp.. 1. dcetate of Potash.

Priny is supposed, but probably without any reasori;
to have been acquainted with this salt, because he re-
commends a mixture of vinegar and vine-ashes as a cure
for a particular species of tumor *.' It was first clearly
described by Raymond Lully. It has received a great
number of names; as, for instance, arcamum tartar:,
secret foliated earth of tartar, essential salt of wine, rege=
nerated_tartar, diuretic salt, digestive salt of Sylvius.

® Plinii, lib, xxiii. proamivm,

Chap. ITL
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Itis usually formed by dissolving carbonate of potash in
distilled vinegar, and evaporating the solution to dry.
ness in a moderate heat. By this process it is obtained
in fine white plates. » By ‘a well managed evaporation
it may he procured in regular prismatic crystals. This
salt has a sharp warm. taste. ~ At the temperature of
60%, 100 parts of it are soluble in 102 parts of water ¥,
It is soluble also in alcobol. When exposed to the air, it
becomes maist; but the crystals obtained hy spontaneous
evaporation scarcely undergo any subsequent alteration
in the air, When heated, it readily melts, and inh a
high temperature its acid. is decomposed. * A liquid
passes over into the receiver, which sométimes contains
a considerable partion of ammonia and prussic acid,
‘What remains in the .retort consists of chardoal mixed
with the carbonates and prussiates of patasht.  The
presence of ammonia and pryssic acid in the products of
distillation of this salt; leéd Proust to consider azote as
one of the constituents of acetic acid. But Tromms.
dorf and Proust himself have since shown, that pure
acetate of potash yields neither amrpoma nor prussic
acidf. When distilled 3long with white oxide of arses
nicy7it yields, according 't Cadet, a white stacke, whtch

3 has an odour xntoIerab}y offensive, and takes ﬁre when’

aale according to'the expenments hltherto made,

;t comes into contaét with the air,

The following Table exhlblts the coastitaents of thxs
ol
ey b ; ? ad

”

# Spielmann, 1 4 Proust, Ann, de Chiw. xlils 2310
¥ dza, de Chim, Ixi, 211, ] ;
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™4 t 3

Acid 385 | 47°98| 49'85

Base 61'5 | 52-02 50°15

Total 1000 1100 100

E,

Sp. 2. Acetate of Soda.

Thurs salt, which seems to have been first examined
by Baron, was formerly known by the absurd name of
erystallized foliated earth. It is usvally prepared by
saturating acetic acid with carbonate of soda,and evapo=
rating the solution till a thin pellicle appears on its sura
faces  When the solution is allowed to tool, the acetate
of soda crystallizes in striated prisms, not unlike. those
of sulpbate of sodas It has a sharp taste, approaching
to bitter: It is saluble in 2186 parts of water at the
temperature of 60° §i  Its specific gravity is'2-1{|. « It
is not affected by exposute to the air.  When heated, it
first loses its water of crystallization ; in a strong heat
it melts, and in a still stronger its acid is destroyed:
This salt can bnly be obtained in crystals when there is
an excess of alkali in the solutions

The constituents of this salt, according to the expe-
riments of Wenzel and Richter; are as follows :

e

* Higgins On Acetour-Acid, p. 8. 4 Richter, Statique Chimijue,i. 1385
t Wenzel, Verwandtschaft, p. t47. § Bergman, v. 73+
| Hassenfracz, Ann. de Chim, xxviii. 12,

5
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1 §

Acid | 60:30] 63-28

, [Base '} 39:61| 36-72

Total t100 Vi00

Sp. 3. dcetate of Ammonia.

Tais salt was formerly called spirit of Mindererus.
It may be prepared by the same process as the other a-
cetates. It is too volatile to be easily crystallized : It
may; however, by‘ gentle evaporation, be made to de-
posite needle-shaped crystals.  Mr de Lassone crystal-
lized it by sublimation *. When the -sublimation is
slow, it forms long, slender, flatted crystals, terminating
in sharp points, of a pearl-white colour, and about an
inch and eight-tenths in Jength+. - Itimpresses the
tongue ‘at first with a sense of coldness, and then of
sweetness, which is followed by a taste resembling that

" of a mixture of sugar and nitre, in which the sweet does

not predominate over the mawkish taste of the nitre ||.
It is very deliquescent. = It meltsat 170°, and sublimes
at about 250 §[. When a watery solution of this salt is
distilled, there comes over first a qnantity of ammonia,
next a quantity of acetic acid, and at last of the neutral
salt itself. No such decomposition takes place when
the crystals are distilled by 2 moderate heat **,

$ Wenzel, p.147. § Richter, Statique Chimigque,i. 136,
® Mem. Par. i. 775, + Riggins On dAsetous Acid, p. 188.
|t Higgins, Ibid. p. 192. 9 1bid. #*¢ Ibid
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It constituents, as 'determined by Wenzel and Rich- Chap. 1L

ter, are as follows :

el 07

Acid | 62-45| 6877

Base 37°551731-23

Toral 1100 100

Sps 4e Acetate of Magnesia.

Thars salt may be formed by dissolving magnesia or
its carbonate in dcetic acid. - It'is not ‘crystallizable ;
but forms by evaporation a viseid mass}:  Ithasa
sweetish taste; leavmg, however,a sense of bitterness §-

. Its specific gravity is 1°378 ||, Ttis very soluble both
in water and alcohol §f. ' When exposed to the air, it
deliquesces. Heat decomposes it.

The constitucnts of this salt, According to Wenzel.
and Richter, are as follows :

Acid | 65°96|,70:65

Base 34:04! 2935

Total [100 100

* Wenzel, p. 149. 1 Richter, Statigue Chimigue, i. 136.
3 Bergman, i. 383. § Morveau, Encyel. Metbod. i. 9.
I| Hassenfratz, Ann. de Chim. xxviii. 12. § Bergman. i. 388.

’i'wmzel,p. 350, 4t Richter, Statigue Chimigue, i. 136.
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Spy 5. HAeetate of Lime.

Tais salt was first described accurately by Crollias,
The ancients, however, used a mixture of lime and via
negar in surgery *. . It is easily formed by dissolving
chalk in acetic acid. When the solution is evaporated
till a pellicle forms on its surface, it yields, on cooling,
the acetate of lime in fine prismatic needles of a glossy
appearance like satin,  Its specific gravity is 1°005 +.

Tts taste is bitter and sour, because it-has an excess of
acid. It'is soluble in water. It is not altered by ex-
posure to the air ;" atleast Morveau kept some of it for
a .whole year merely covered withi paper, and even
quite uncovered for a month, without its undergoing any
glteration f.- Heat decomposesit by disengaging and at
the same time partly decomposing its acid. A

The constituents of this salt, according to the cxPcnu
sents hitherto made, are asg follows : .10 (2

i oy § " '1]' *x

Acid | 50 | 64'3 | 65°11] 65:75

Base 50 | 857 | 84°80| 34°25

Total {100°J100° "1100" {100

* Plinii, lib. xxzvi. . 24.

+ Hassenfratz, dnn. de Chim. xxviii. 12.

t Morvean, Encycl. Method. i. 9. § Maret, Ibid. i. g

|} Higgins On Acetous Acid, pi 47.

§ Richter, Statique Chimigue, i.p. 136, *% Wenzel, p, 150
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Sp. 6. Acerate of Barytes.

Tris salt may be formed by dissolving barytes or
its carbonate in acetic acid, or by decomposing the sul-
phuret of barytesby thatacid. By spontaneous evapo-
ration the acetate crystallizes in fine transparent pris-
matic needles. Its specific gravity is 1°828 *. Tt has
an acid and somewhat bitter taste; it is soluble in wa-
ter, and does not deliquesce when exposed to the air,
but rather effforesces. It is decomposed by the fixed
alkalies +, by the alkaline carbonates, and by almost 21l
the sulphates. Hence it is often employed to detect
the presence of sulphuric acid in solutions. * From the
experiments of Bucholz, it appears, that 100 of water
at the temperature of 60¢ dissolve ebout 88 of this salt,
and 96 parts when boiling hot.  Pure alcohol dissolves
+55th part of its weight while cold, and heat scarcely
increases the solvent power of this liquid 1.

According to the experiments of Bucholz and Rich-
ter, this'salt is composed of the following proportions
of its constituents : ¢

Acid | 35| 89°98

Base | 58 | 60°02

Water 7

Total {100 {100

* Hassenfratz, Ann. de Clim. xxviii. 13.

t D’Arcet, Ann.de Chim, Ixi. 247. :

1 Beitrage,iii. 102. § Bucholz, Beitrage, iii. 102
. I Richter, Statique Chimigue, 1.136. -

Vol. I1E, b
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Sp. 1. Acetate of Strontian.

Tuis salt, which was first examined by Dr Hope,
and afterwards by Vaugquelin, is easily formed by dis-
solving strontian or its carbonate in acetic acid. By e-
vaporation it is obtained in small crystals, which are not
affected by exposure to the atmosphere. Forty-nine parts
of it are soluble in 120 parts of boiling water: it seems
to be nearly as soluble in cold water. It rendersvege-
table colours green®. - Its taste is not unpleasant.
When heated, its acid is decomposed, as happens to all
the other acetates. According to Richter, its constitu-
€NtS Al€rereerssesssess Acid 52°69

Base 47-31

Total 100°00

Sp. 8. Acetate of Alumina.

- Tars salt can only be formedby digesting acetic acid
onaluminarecently precipitated. By evaporation needle-
shaped crystals are dbtained, which are very deliques-
cent.  This salt has an astringent taste. Its specific
gravity is 1°245 1.

1ts constituents, according.to Wenzel and Richter, are
as follows :

* Hope, Trans. Edin. iv, 14. +-Statigue Chimique, jo 1,36
$ Hassenfratz, 4nn. de Chir. xxviil, 12,
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Acid 73:81| 92:°06

Base 26°19] 794

Total 3100 100

Sp. 9. Acetate of Ytria.

YrrRIA dissolves réadily in acetic acid, and the so-
lution yields by evaporauon crystals of acetate of yttria.
These crystals have most commonly the form of thick
six-sided plates obliquely truncated. Their colour is a-
Ip'ethyst red. "I:he:y are not altered by exposure to the
air 1. : :

S'p. 10. Acetate q‘/" Glucina.

ACETIC acid readily dissolves glucina ; but thé soluQ

txon, as Vaugquelin informs us, does not crystallize, but
is converted by evaporauon into a gumx‘ny mass, whlch

« becomes slowly dry and brittle. Its taste is sweet and
astrmgent.

Sp 11. Acetate of Zirconia.
Tais salt may be formed by pourmg acetic acid on
newly prempxtaxed zxrcoma. It has an astringent taste.

It does not crystalhze but when evaporated to dryness,
it forms a powder,’ which does not attract moisture from

¥ Richter, Stathw C'bwngue, i. 136. + Wenzel, pr 157.

t Eckeberg, Crcll’s dnnals, 1799 ii. 69; and Klaproth's Britrage, iii.

$03: 5,2
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ACETATES.
Solubility Constituents.
Mg of ::ateox? Acid.] Base. [ Water.
Alumina 100| 35°48
Magnesia 100 41:55
Ammonia| 100 | 45°40
|Lime | 100| 53°58
Soda 35 100| 5804
Strontian | 40 . {{100| 89:80}
Potash 99 100 {10845

Barytes - | 80 100 J165°12{ 20
e N PRy .

Excepr in medicine and in chemical preparations,
few of the acetates have been applied to any useful pur-
pose. The acetate of potash is often employed in the
preparation of strong ‘acetic acid.. When mixed with
nitrate of mercury- it gives, by double decomposition,
acetate of mercury : a salt often employed in medicine,
especially in this country. The' acetate of ammonia
is used occasionally as a medicine. Acetate of ‘barytes
sometimes makesan excellent reagent for detecting sul«
phuric acid. : :

Gexus II. BENZOATES.

THoucH these salts have been long krown, theirf-¢
perties hitherto have been but superficially examizi:¢

60
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BENZOATES.

Sp. 6. Benzoate of Barytes.

Tis salt crystallizes, is soluble in water, not altered
by -exposure to the air, but decomposed by heat and by
the stronger acids.

Sp. 1. Benzoate of Alumina.

‘Tnis salt forms dendritical crystals. It has a sharp
bitter taste, is solublein water, and deliquesces when
exposed to the air.

The other benzoates are entirely unknown. They
have not hitherto been applied to any use.

Genvs III.  SUCCINATES.

Tais genus of salts is as imperfectly known as the
preceding.  For the few experiments that have been
made, we are indebted to Stockar, Wenzel ¥, Leonhar-
dit, and Bergman f. But Mr Gehlen has announced
his 'intention; of publishing a very full description of
these salts from his own experiments .

~8p. 1. Succinate of Potash.

Twis salt, according to Leonhardi ‘and Stockar, ery-

* Wenzel’s Verwandtschaft der Korper, 1777,

4 D¢ Salibus Succinatis, 1775.

t On Elective Attractions, Opusc. iii. 291,

§ The alkaline succinates have been introduced by thrs chemist with
great advantage to precipitate iron from its solution inacid, which it
does more completely and in greater purity than any other known sub-
stance. See Klaproth’s Beitroge, iii. 63.

T1
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crystals, which are difiicultly soluble even in boiling wa-
ter.. It is not altered by exposure to the air. ‘It is de-
composed by muriate of ammonia, and by the fixed
alkaline carbonates.

Sp. 6. Succitate of Barytes.

Thais salt, according to Bergman is difficultly soluble
m water. '

s

Sp. 1. Succinate of Alumina.

Thais salt, according to Wenzel, crystallizes in prisms,
and is easily decomposed by heat *.

Sp. 8. - Succinate qf Glucina.

ted from its soluuon in acnds by the succinates. The
;uccinate of glucina is of course insoluble, or nearly so +.

Sp: 0. Scceinate of Tttria.

YTTRIA 1s, not precxpltated from its solution in acids
by the succinates, accordmg to Eckenerg f.. This how-
ever must be understood with some hmuanon ; for as
the‘succmate\ of y'ttna 1s but sparingly soluble i in water,
it precipitates in crystals, if a concentrated solution of
an alkaline succinate be mixed with a saturated solution
of yttria inan acid. Thus, when the succinate of soda
is dropt into concentrated muriate or acetate of yttria,
small cubic crystals fall, which are succinate of yttria§.

=

* Verwandt, p. 243. ¥ Ann. de Chim.xlisi. 277.
1 Thid, ) § Klaproth’s, Britrage, iii. 76
s ¥ £

3
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e SUcn is an imperfect account of the properties of the
succinates. The following Table exhibits the propor-
tion of their constituents, according to the experiments
of Richter *.

Succinate of Acid. Basge.
Alumina........100....43°42
Magnesiaaeasess100....50'87
Ammoniz.cee .o 100..,.55°58
Lime..cveuetesa100....65°50
Sodaciit. e ok 2100k 0% 80345
Strontian........100...109°93
Potash.eeveaeees100...13275
Baryteseeaovans ++100...18378

Gexus IV, MoOROXYLATES,

Tuis genus of salts, made known by Klaproth, has
been too imperfectly examined to enable us to asger-
tain its peculiar characters, or indeed to place the pecu.
liar nature of the acid beyond the reach of doubt. But
the celebrity, skill, and candour of its dlsc0verer, entitles
it to at least a provisional place among chemical sub-
stances.
~ Two salts only belonging to this genus have been hi-
thefto formed ; namely, moroxylate of lime, and mo-
roxylate of ammonia.

Sp. 1. Moroxylate of Lime.

This salt was found on the bark of a mulberry-tree

% Statique Chimique, i. 136,



CAMPHORATES.

in Naples. It is crystallized in short needles, not alter-
ed by exposure to the air. At the temperature ‘of the
dtmosphere, 100 parts of water dissolve 14 partsof this
salt, and 3} ata boiling heat. " It hasa taste resembling
succinic acid.  'When' heated, it swells and emits a va-
pour which irritates the organs of smell. Its solution
prec1pnates acetate of lead nitrate of silver, and mtratc
of mercury.

Sp. 2. Moroxylate of Ammonia.

This salt may be formed by pouring carbonate of
ammonia into the solution of the moroxyhte of lime.
The solution, when cvaporated yields crystals of mo-
roxylate of ammonia in long slender prisms*.

GENus V. CAMPHORATES.

THESE salts have been examined by Bouillon La-
grange with much care.  They possess the following
properties: W ‘
' 1. A taste whichis usnally bitterish.

2. Decomposed by heat: the acid subllmes, and the
‘base remains in a state of purity.

3. Before the blow-pipe they burn with a blue flame.

Sp. 1. Camphorate of Potash.

To prepare this salt, carbonate of potash is to be dis.
solved 1n water, and the solutlon saturated with cam-
phoric acid. When the effervescence is over, the liquor
is to be evaporated by a gentle heat to the proper con-

#* Klaproth, Nicholson’s Jour. vii. 130.

Charactere.
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sistence, and crystals of camphorate of potash will be
deposited when the liquor cools. Camphorate of potash
is white and transparent; its crystals are regular hexa-
gons.  Its taste is bitterish and slightly aromatic.

Water at the temperature of 60° dissolves +%5th part
of its weight of this salt; boiling water dissolves ;th
part of its weight. It is soluble in alcohol, and the
solation burns with a deep blue flame. When expo-
sed to a moist air, it loses a little of its transparency ;
but in dry air it suffers no change. When exposed to
heat it melts, swells, and the acid is volatilized in a
thick smoke, which has an aromatic odour. Before
the blow-pipe it burns with a blue flame, and the pot-
ash remains behind in a state of purity *

Sp. 2. Camphorate of Soda.

ThHis salt may be formed precisely in the same man-
ver as the camphorate of potash. _ It is white and tran-
sparent; its taste is somewhat bitter ;'its crystals are irs
regular, Water at the temperature of 60° dissolves
less than 15 part of its weight of this salt; boiling
water dissolves ;th of its weight, It is also soluble in
alcohol. When exposed to'the air it loses its transpas
rency, and effloresces slightly, buti is hever completely
reduced to powder. Heat produces the same effect upon
it as on camphorate of potash : the-acid burns with a
blue flame, which becomes reddish towards the end+.

Sp. 3. Campharate of Ammonia.

Tuis salt may be prepared by dissolving. carbonate of

* Douillon Lagrange, Ann. de Chim. xxvii. 24.
4 Ann, de Chimyxxvii, 26. :
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ammonia in hot water, and adding camphoric acid slow~ Chap. HL

ly till the alkali is saturated. It must then be evapo-
rated with a very moderate heat, to prevent the disen-
gagement of the ammonia. It is very difficult to obtain
this salt in regular crystals. When evaporated to dry.’
ness, there is left a solid opaque mass of a sharp and
bitterish taste. 'Water at the temperature of about
60° dissolves nearly ;igth part of its weight of this
salt ; boiling water dissolves Jd of its weight: But all
the alkaline camphorates are much more soluble when
there is excess of base. It is completely soluble in
alcohol. !

When exposed to the air it attracts moisture, but not
in sufficient quantity to enable it to assume a liquid
form. When exposed to heat it swells; melts, and is
converted into vapour: Before the blow=pipe it burns
with a blue and red flame, and is entirely volatilized.
Most of the calcareous salts form triple salts with cam-
phorate of ammonia. It decomposes in part all the alu=
minous salts except the sulphate of alumina *.

Sp. 4. Camphorate bf Magnesia:

Tars salt may be prepared by mixing water with
carbonate of magnesia, and adding crystallized campho=
ric acid : heat is then ‘applied; the solution is filtrated,
and evaporated to dryness. The salt obtained is dissol-
ved in hot water; éassed through a filter, and evapora=
ted by means of 2 moderate heat till a pellicle forms o
the surface of the solution. * On cooling the salt is de-
posited in thin plates. ' The second solution is intended

* Ann: de Chim, xxvii, p. 31>
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to remdve any excess of magnesia that may liappen to
be present.

This salt does not crystalhze. It is white, opaque;'
and has a bitter taste. It is scarcely more soluble ,_in
water than camphorate of lime. Alcohol has o action
on it while cold; but when hot it dissolvés theacid and
leaves the magnesiay and the acid priecipitates again as'
the alcohol cools. When éxposed to the air it dries,
and becomes covered with alittle powder; but this ef.
fect' is produced slowly, and only in a warm place’
‘When this salt is placed on’ burning coals, the acid is
volatilized, and the magnesia remains pure. Before thé
blow-pipe it burns, like the other camphorates, with a
blue flame. The nitrates,muriates, and sulphiates‘, do not’
completely decompose this salt, if we except the nitrate
of lime and muriate of alumina *.

Sp. 5. Camphorate of Lime.

THrs salt may be prepared by dropping  into lime=
water crystallized camphoric acid. The mixture is then
to be made boiling hot, passed through afilter, and eva-
porated to about jths of its volume.  On cooling cam-
phorate of lime is deposited. . It has no regular shape;
but if the evaporation has been properly conducted, it is’
in plates lying one above another. It isof a white co- .
lour, and has a taste slightly bitter. . o B

Water at the temperature of 60° dissolves very little
of this salt ; boiling water is capable of dissolving about
Sioth part of its weight of it. It is insoluble in alco-
hel. When exposed to the air; it dries and falls intor

* dnw, de Chim. X3X¥il. P, 210
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powder. When exposed to a moderate heat, 1t melgs
and swells up ; when placed on burning coals, or when
heated in close vessels, the acid is decomposed and vo-
latilized, and the lime remains pure. When sulpharic
acid'is poured into a solution of this salt, it producesan
insoluble precipitate. Nitric and muriatic acids preci-
pitate the camphoric acid.
It is composed of 50 acid
43 lime:
T water

———

100

Sp. 6. Camphorate of Barytes.

Ix order to prepare this salt, barytes is to be dissol-
ved in water, and camphoric acid added to the solution ;
the mixture is then to be boiled, and afterwards filtered
and evaporated to dryness. Camphorate of barytes
does not erystallize ; when the evaporation is conduct-
ed slowly, the salt is deposited in thin plates one above
another, which appear transparent while immersed in
the liquor, but become opaque whenever they come in-
to contact with the air. It has very little taste, though
it leaves at last upon the tongue a slight impression of
acidity mixed with bitterness. Water dissolves only 2
very small quantity of this salt, boiling water being
capable of taking up only ;isth part of it. It is not
 altered by exposure to the air. " When exposed to heat,
it melts easily, and the acid is volatilized. When the
heat is considerable, the acid burns with a lively blue
flame, which becomes red and at last white *,

* Aan. de Chim. x3%ii. 284

9

Chap. 1IL.
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Sp. 1. Camphorate of Alumina.

To prepate this salt, alumina, precipitated by means
of ammonia and well washed, is to be mixed with wa-
ter, and crystals of camphoric acid added. 'The mix- -
ture is then to be heated, filtered, and concentrated by
evaporation. This salt is a white powder, ‘of an acid
bitterish taste, leaving on the tongue, like most of the
aluminous salts, a sensation of astringency. Water at
the temperature of 60° dissolves about ;X th part of its
weight of this salt. Boiling water dissolves it in con-
siderable quantities ; but it precipitates again as the so-
lution cools. Alcohol, ‘while cold, dissolves it very
sparingly ; but" when hot it dissolves a considerable
quantity of it, which precipitates also as the solution
cools. This salt undergoes very little alteration in the
air; but it rather parts with' than attracts moisture.
Heat volatilizes the acid ; -and when the salt'is thrown
on burning coals, it burns with a blue flame *.

GEexus VI, OxaLATEs. >

Turs genus of salts was first made known by Berg-
man, who described the greater number of them in his
dissertation on oxalic acid, publishedin 1776+. These
salts may be distinguished by the following properties:

. When exposed to a red heat, their acid is decom-
posed and driven off, and the base only remains behind,
usuzlly in the state of a carbonate.

2. Lime-water precipitates a white pow der from

* Ann. de Ckim. x2vil 34, + Opuse. i. 360.
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their solutions, provided no excess of acid be present.
This powder is soluble in acetic atid, after being expo-
sed to a red heat.

3. The earthy oxilates are in general nearly insolu
ble in water : the alkaline oxalates are capable of com-
bining with an excess of acid, and forming superozalates
much less soluble than the oxalates: .

4. The insoluble oxalates are rendered easily soluble
by an excess of the more powerful 3cids.

Sp. 1. Oxalate of Potash.

Tais salt is easily formed by dissolving potdsh in ox-
alic acid 5 but the solation does not readily crystallize
unless their be a slight excess either of  the acid on the
base. A solution; compgsed of two parts of carbonate
of potash, dissolved in one part of acid, yields six-sided
prisms, not unlike the crystals of oxalic acid. These
crystals fall to powder when heated.  They givea green
tinge to litmus paper; but they redden tincture of lit«
mus and syrup of violets *:

When neutral, this salt crystallizes in flat thomboids,
commonly termindted by dihedral summits; the lateral
edges of the prism are usually levelled. Its taste i3
cooling and bitter: At the temperature of 60°, it diss
solves it thrice its weight of water. When dried on
the sand bath, and afterwards exposed in a damp place,
it absorbs a little moisture from the atmosphere. Ac-
cording fo my experiments it is compased of

#% Bergman, i: 200 ‘
Poli 111. F
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44+87 acid
55°13 base and water

100°00

Sp. g uperoxalate of Potash.

ThHis salt exists ready formed in oxalis acetosella or
wood-sorzel, and in the rumex acetosa ; from which it
1s extracted in some, parts of Europe in great quantities.
Hence it is known by the name of salt of wood-sorrel,
and in this country is sold under the name of essential
salt qf?emom. Itis menticned by Duclos in the Me-
moirs of the French academy for 1668. Margraf first
proved that it contained potash ; and Scheele discover-
ed its acid to be the oxalic. A great many interésting
cxperiments had been previeusly made on it by Wen-
zel and Wiegleb.

It may be formed, as Scheele has shown, by drop-
ping potash very gradually into 2 saturated solution of
oxalic aeid in water : as soon as the proper quantity of
alkali is added, the superozalate is precipitated. But
care must be taken not to add too much alkali; other-
wise no preeipitation will take placeat all *. = Its crys-
tals are small opaque parallelopipeds +. - It has an acid,
pungent, bitterish taste. It is soluble in about ten times
its weight of boiling water, but much less soluble in
cold water. Itis netaltered by exposure.to the air.
Heat decomposes it. - The salt is capable of combinizg
with most of the alkalies and earths, and of forming
with them triple salts, whicli have not been accurately

& Crell’s Annals, i. 107. Eng. Transl J 4 Romé de ‘Lisle.

. 11N
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éxamined. Dr Wollaston has shown that i contains Chap. 1t

exactly double the proportion of dcid which oxalate of
potash contains:

Sp. 3. Quadroxalate bf Potash.

Tuis curious salt has béen lately discovered by Dt
Wollaston. When nitric or muriatic acids are made to
act upon superoxalate of potash,! they deprive. it of one
half of its alkali. There remains behind an oxalate
containing exactly four fimes the proportion of acid
that exists in oxalate of potash. . Hence the name gi-
ven it by Dr Wollaston: This salt may be purified by
asecond crystallization. After this, if three patts of it
be decomposed by a red breat, and the alkali thus evol-
ved be added to 1 part of the quadroxalate, it will just
convert it into a neutral oxalate *.

Sp. 4. Osulate of Soda.,

WHEN two parts of crystallized carbonate of soda are
dissolved in one part of oxalic écfd the oxalafe of
soda part]y precxpltates, because it is but sparingly so-
luble in watér. The remammg soliition yields by
evaporation crystalline grains, wiiich give a greén tinge
to syrup of violets, and are perfectly soluble in hot was
ter+. The taste of this salt is nearly the same as that
of oxalate of potash. When heated it falls to powder;
and loses the whole of its water of ¢rystallization. It
is then composed of 6363 acid

’ 36°37 base

10000

# Wollaston, on Superacid and Subacid salts, Phil. Trans. 1868,
+ Bergman, i. 261. -

F 2
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This salt is also capable of combining with an excess'of
acid, and forming a superoxalate sparingly soluble in
water ; but the properties- of this triple salt have not
been much examined.

Sp. 5. Oxalate of Ammonia.

WHEN oxalic acid’is saturated with ammonia, the so--
Tution yields by evaporation oxalate of ammonia erys-
tallized in four-sided’ prisms, terminated by dihedral
summits. The lateral edges are often truncated, so as-
to make the prism six-or eight-sided. Its taste is bit-
fer and unpleasant; somewhat liKe that of sal'ammoniac.
At the temperature of 60° 100 parts of water dissolve
only 45 parts of this salt. The specific gravity of the
solution is 1°0186. This salt is insoluble- in alcohol.
When distilled, carbonaté of ammonia is disengaged, a
little of the acid is sublimed, and a residuum of char-
coal remains behind. This salt is much used as a re-
active to detect the presence of lime®. Tt is capable
of combining with an excess of acid, and forming.a su~
peroxalate.  Oxalate of ammonia is composed of

T4°45 acid’
25°55 base

Lt

100°00"
Sp. 6. Oxalate of Alumina.

OxavIc AcID readily dissolves alumina, and forms =
salt which is uncrystallizable, but furnishes on evapo-
ration 2 yellowish pellucid mass.- It is sparingly se-

# Bergman, i. 261,
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Tuble in alcohol. It has a sweet astringent taste, Itis
«composed of veeiieeesess44 alumina
- .56 acid and water

o

400

When exposed to the air it deliquesces; -and i it has
‘been previously well.dried, its weight is.increased by
3ds. It reddens turnsole *. '

s

8p. 1. Ozalate of Magnesia.

This salt may be obtained by saturating oxalic acid
‘with magnesia, and evaporatif;g-the solution. - It i; in:
she form of a white powder. Jtis tasteless, and not
'sensibly soluble in waters yet when oxalate of ammonia
is mixed with sulphate of magnesia, no precipitate falls.
But if the solution be -heaed, :and concentrated suffi-
cieatly, or if it be eveporated to dryness, and redissol-
~ed in water, in both cases:the:axalate of magnesia se-
parates in the state of an insolible powder. The con-
stituents of this salt are as follows :

“

L

Acid | 65] 713°68

Magnesia| 35| 26°32

Total - |100.100

* Tbid. i 387. 4.Bergman, Opuss, i 262 and 587,
% By my analysia =¥

,'s?i'
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8p. 8. Oa_mh;e of Lims.

OxaLic acid does not readily dissolve Jime, on ac-
count of the insolpbility of the oxalate of that base ;
but the salt may be easily formed by dropping ox-
alic acid into any of the acid solutiens of lime,. The
oxalate of lime immediately precipitates in the state of
a white insipid powder, insoluble in water, and cammuy-
nicating a green colour to the syrup of violets. This
salt is in the form of a white powder, tasteless, and per-
fectly insoluble in water, But it dissolves in almost
all acids with considerable facility ; of conrse, it is not
prempltated from hqmds if they contain an excess. of
acid. The composmon of this salt is as follows

*, f}

L Acid | 444 | 48] 625

1Base | 556 | 46| 3715

L Water 6!

Total |100°0 | 100 100

The nymbers in the preceding Table, given both by
Vauquelm and Bergman, 1 cons:der as very erroneous,
Vauquelm s was the result not of experiment but cal-
culation ; and Bergman did not obtain the whole of the
salt, but only a parts

‘\To acid decomposes this salt completely except by
destroymg the oxalic acid, nor any alkaline or earthy

* Yaaquelin, Ann. de Chim lix. 164, § Bergman, i. 2f2.%
3 By my analysis. %
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body ; but the acid may be easily decomposed and dri-
ven off by the action of heat. Oxalate of lime is not
rendered soluble by adding an excess of acid. Hence
it is probable that no superoxalate of lime exists.

Sp. 9. Oxalate of Barytes.

WhueN oxalic acid is dropt into barytes water, a
white powder precipitates, which is oxalate of barytes.
Itis insipid and insoluble in water. If an excess of
acid be added, the powder is again dissolved, and small
needleform crystals are deposited on the sides of the
vessel. These are superoxalate of barytes. The same
crystals make their appearance when oxalic acid is dropt

into concentrated muriate or nitrate of barytes; but if

these solutions are largely diluted with water, no pre-
cipitate appears. When the superoxalate of barytes is
boiled in water, the excess of acid is removed, and the
salt falls down in the state of a white powder *,
""The constituents of this salt are as follows :
41716 acid
. 58:84 base

10000

Sp. 10. " Oxalate of Strontian.

Thrs salt, first examined by Dr Hope and afterwards
by Vauquelin, may be readily formed by mixing toge-
ther a solution of oxalate of potash and nitrate of stron~
tian. The oxalate of strontian immediately precipitates,

® Bergman, i. 263. Sce also Fourcroy and Vauquelin, Mem. d: J'Ir-
stit, i, 60. and Darracq, Aas. de Chim. x1. 69g.
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Book I Tt is a white insipid powder ; soluble in 1020 parts of
Divisiontll. :

wwey==r boiling water., Heat decomposes it by destroying the
: acid ¥, In my experiments on the composition of this
salt I obtained two oxalates, the first containing just
double the proportion of strontian that the other did.
The first was compased of
‘ 39-77 acid
60°23 base

100°00

The second of 56'9 acid
43°1 base

1000
Sp. 11. Owalate of Yttria.

WHEN oxalic acid, or the oxalate of ammonia, is
dropt into a solution of yttria in acids, a white inso- .
luble powder precipitates, which is the oxalate of
yttria . :

SucH is an imperfect sketch of the properties of the
pxalates. The following Table exhibits their compo-
sition according to }ny trials ; !

Oxalates of Agid. .

Ammonia.i.ieisec100.ce0aeseenes 34°12
Magnesiaiiesseses 1000 i0ceaenacee 3571
Sodaiieesncenssess 100u0usinecens 57°14

¢ ;’{"P” Edin, Trans.iv. 14. t Klaproth's Beitrage, iii, 75.
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Oxalates of Acid. :
Lime.seescsensssass100csnesesessss GO°GO
Potash seeseesecsse 100cccacecesas122°66
Strontian seeseeses 100sasscecseceel51°51
Barytesiaceeeseses1000sescsanesnn142°86

’

None of the oxalates have been hitherto applied to
any use, except the oxalate of ammonia, which is often
employed by chemists to detect the presence ofhme,
and to throw it down from liquids. 9

Genus VII. MELLATEs.

Tuis genus of salts, in consequence of the scarcity
of mellitic acid, is but imperfectly known. Hitherto
they have been examined only by Klaproth and Vau-
quelin, and even by them too slightly to admit.a de-
scription of their properties. The following are all the
facts hitherto ascertained.

. When mellitic acid is neutralized by potash, the
solution crystallizes in long prisms *. The acid ap-
pears capable of combining with this salt, and forming
a supermellate of potash : For when the mellite (or na-
tive mellate of alumina) is decomposed by carbonate of
potash, and the alkaline solutions mixed with nitric
acid, crystals are obtained, consisting of mellitic acid
combined with a small portion of potash t.

#® Klaproth’s Beitrage, iil. 131.
+ Vauquelin, Ann. do Chim. xxxvi. 205,
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2% \thn mellitic acid is nentralized by soda, the so.
lution crystalhzes in cubes or three- snded tables ; some-
times insulated, sometimes in groups *

3. When mellitic acid' i is saturated by ammonia, the
solution yields fine transparent six-sided crystals, which
become opaque when' exposed to the air, and assume
the white colour of silver f{. T Wl

4. ‘When mellitic acid is dropt into barytes water,
strontxan water, or lime water,a whlte powder imme-
diately precipitates, which. is redlssolvcd by addmg 2
little more of the acid i

5. When the acid is mixed with a solution of sul-
phate of lime, very small grjtty! crystals precipitate,
which do not destroy the transparency of the water:
but the addition of a little ammonia rgnders the preci-
pitate flaky §. The precipitate prodUCed by this acid
in lime water is redlssolved by the addition of nitric
acid H & e et :
6. When this acid is dropt into'acetate of barytes, a
flaky precipitate appears, which isdissolved by addmg.
more acid. With muriate of barytes it produces no
preclp;tate; but 1n a short time a group of transparent
needleform erystals is deposned consmmg most llkely
of supermellate of barytes,

7. When this acid is dropt into sul))hate of a]umma
it throws down ‘an abundant prempuate in the form of
a white flaky powder Y. - %

& Klaproth's Beitrage, ifi. 131, + Klaproth, Ibid. $ Ibid.
§ Vauquelin, 4rn. de Clim. xxxvi. 210.

{ Klaproth's Beitrage, iii. 131 i

9§ Vauquelin, Lnn: de Chim. X3%vi. 310457 t




TARTRATES.

Several of the properties just mentioned point outa
resemblance between the mellates and oxalates; but in
others these two genera of salts differ materially. Ox-
ali¢ acid, for instance, does:not precipitate alumina from
sulphuric acid, nor does it precipitate lime from the sol-
phate of that earth in the state of crystals.

Gexvus VIII. TARTRATES.

THoUGH tartaric acid was first obtained by Scheeld
in a separate state, several of the tartrates had been pre-
viously examined, having been formed partly by de-
composing tartar, and partly by combining it with o
ther bases. . Since the discovery of pure tartaric acidy

they have been examined by Retziusy by Von Packén,
andmore lately by Thenard. They may be dlatmguxsh-i'

ed by the following properties :

1. When exposed to a red heat, the acid is'decom-
posed, and the base remains generally in the state of a
carbonate, and mixed with charcoal.:

2. The earthy tartrates are nearly insoluble in wax
ter ; the alkaline are soluble ; but they combine with
an excess of acid, and are converted into supertattrates,
which are much less soluble than the tartrates.

3. When boiled with sulphuric acid, the tartaric acid
is separated, and may be detected by dropping in a so-
lution of potash.. Tartar precipitates in small gritty
crystals like sand,

4. All the tartrates are capable of combining: with
another base, and forming triple salts.

Sp. 1, Tartrate of Potash,

©Or this saltthere are two varieties.  The first, which
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contaix;s an excess of acid, is usually called tartar; the
second, which is neutral, was formerly distinguished by
the name of soludle tartar, because it is much more so-
luble in water than the first wariety.

- Variety 1. Supertartrate of Potash. This salt isob-
tained, in a state of impurity, incrusted on the bottomy
aad sides of casks in which wine has been kept. It is
afterwards purified. by _dissolving it in-boiling water,
and filtering it while hot. On cooling, it deposits the
pure salt in very irregular crystals. In this state it is
sold under the name of erystals or cream of tartar.
This salt attracted the peculiar attention of chemists;
probably in consequence of the extravagant encomiums
and invectives bestowed on it by Paracelsus. . Itis cal-
led tartar, says he, because it produces the oil, water,
tincture, and salt, which burn the patient as be// does;
According to him, it is the principle of every disease
and every remedy, and all things coutain the germ of
it.  This ridiculous theory was combated by Van Hels
mont, who gives a pretty accurate account of the for-
mation of tartar in wine casks*. Itwasknownto Van
Helmont, and even to his predecessofs, that potash
could be obtaired from tartar ; but it was long a dispu-
ted point among chemists, whether. that alkali existed
in it ready fermed. - Duhamel, Margraf, and Rouelle,
at last established that point beyond a doubt ; but the
other component part ‘of tartar was unknown, or very
imperfectly known, till Scheele pointed out the method
of extracting it. :

@ Tartari Vini Hittoria, Van Helmont, p. 224.

o -
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The crystals of tartar are very smali and irregular.
According to Monnet, they are prisms, somewhat flat,
and mostly with six sides. Tartar has an acid, and
rather unpleasant taste. It is very brittle, and easily
reduced to powder. Its specific gravity is 1-053+. It
is soluble in about 6O parts of cold water. When boiled
in water, the liquid takes up nearly J;th part of the
salti. Itisnotaltered by exposureto the air ; but when
its solution in water is allowed to remain for some
time, the salt is gradually decomposed, 2 mucous mat-
ter is deposited, and there remains in solution carbo-
nate of potash coloured with a little oil. This decom-
position was first accurately described by Berthollet in
1782%.

When tartar is heated, it melts, swells, blackens, and
the acid is entirely decomposed. The same changes
take place when the salt is distilled in close vessels.
The phenomena of this distillation have been described
with great care, “and its products very attentivel}r exa-
mined by chemists ; because, before the discovery of the
tartaric aeid by Scheele, distillation was the oaly me-
thod thought of for obtaining any knowledge of the
acid part of tartar. These products are an enormous
quantity of gas, consisting of carbonic aeid and carbu-
reted hydrogen, an oil, and an acid ; and, according to
some chemists, carbonate of ammonia, The acid ob-
tained was long considered as a peculiar body, and was
denominated pyro-tartaroxs acid by the French che
mists in 1787:  But Fourcroy .and Vauquelin have

4 Hassenfratz, Ann. de Chim, xaviii: 33,
t Wenzel, Verwandtschaft, p. 331.
» Mem. Par.

.
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Dﬁ?gl;y:l'il lately demonstrated, that it is no other than acetic acid
‘o=~ contaminated with a little empyreumatic oil *.
The tartar of commerce is never quite pure. ~ All the
‘bpecimens which I had an opportunity of examining
containedrather more than 5 per cent. of tartrate of lime.
A number of specimens were examined by Vauquelin
and Boullay; they found the tartrate of lime to vary
from 5 to .6 per cent. t. , 3
The composition of pure tartar, according to the most
accurate experiments hitherto made, is exhibited in the
following Table.

Composi- 1 § ”

tion.

Acid 57| 734 | .71

Potash | 33| 266 | 23

Water %

Total | 97 {100 100

Variety 2. Tartrate of Potash.—This salt is usuals
ly prepared by adding at intervals tartar in powder to 2
hot solution of carbonate of potash till all effervescence
ceases. The solution is then boiled for some time, and
afterwards evaporated till a pellicle forms on its surface.
On cooling, the tartrate of potash crystallizes in flat four-
sided rectangular prisms, terminated by ditiedral sum-
mifs.” This salt hasan unpleasant bitter taste. Its spe-

® Ann. de Chim. xxxv. 161. 4 Ann. de Chim. kxii. 41,
$ Thenard, Ann. de Chim. xxx¥iil, 39. § By my analysie,
k Bergman, Opusc. iii. 368.
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cific gravity is 1°5567 %, According to Wenzel; it 1s  Chap. Tk

soluble in its own weight of water at the temperature of
509, and still more soluble in hot water+. When
heated it melts, swells up, blackens, and is decom-
posed. It contains just half the proportion of acid which
existsin tartar. Hence, abstracting the water of crystal-
lization, of which it contains a good deal, it is composed:
of about

58 acid

42 base

——

100

Sp. 2. Tartrite of Soda.

Tnrs salt may be formed by dissolving soda iu tarta-
ric acid. It crystailizes in fine needles. Its specific
gravity is 1:7437 L. It is soluble in its own weight of
cold water §. - It is capable of combining with an ex-
cess of acid, and forming a supertartrate of soda, which
is nearly as insoluble in water as tartar |[,

Sp. 3. Tartrate of Ammonia.

THE crystals of this salt are polygonous prisms, not
unlike those of the last described salt. - It has a cooling
bitter taste like that of nitre. It is very soluble in wa-
ter. Heat decomposes it. - This salt also, as Retzius
affirms, combines with an excess of acid, and forms a
supertartrate almost as insoluble in water as tartar.

% Hassenfratz, Aan. de Chim. xxviii. 12, { Verwwandtschaft, p. 308.
{ Hassentratz, dnn. dz Clim. xaviii. 132, § Wenzel, p. 308..
i Thenard, 1bid.
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Sp. 4. Tartrate of Potash-and-Sodai.

ThHrs salt is usually prepared by putting one part of
tartar in five parts of boiling water, and adding gradu-
ally carbanate of sodain powder as long as it conti-
nues to produce an effervescence. The tartar gradual«
ly dissolves. When the saturation is complete, the so-
lution is filtered and evaporated to the consistence of a
syrup.  On cooling, the tartrate of potash-and-soda
crystallizes.

This salt has been distingaished by the name of sa’#
of Seignette, because it was first formed and introduced

into medicine by Mr Seignette, an apothecary at Ro-

chelle. This gentleman tfecommended it in a tract pub<

lished in 1672. It wassoon after introduced into prac-

tice in Paris by Lemery; and, becoming a fashionable

thedicine, made the fortune of the discoverer. Fot some

time its composition was kept secret; but Boulduc and

Geoffroy discovered its component parts in 1131.
This salt crystallizes in prisms of eight or ten une-

qual sides, having their ends truncated at right angles.

* They are generally divided into two in the direction of

their axes ; and the base on which they stand is mark~
ed with two diagonal lines, so as to divide it into fout
triangles. It has a bitter taste. It is almost as soluble

as tartrate of potash. It effloresces when exposedto the:

air, Heat decomposes it. Itsspecific gravity is 1-757%.

# Watson's Chemical Essays, v, 63.

R—— -
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According to the analysis of Vauquelin, it is comipo. Chap.TMT.
sed of A
- 54 tartrate of potash
46 tartrate of soda
100*
According to the expefiments and calculations of
Schulze, it is composed of
413 acid
143 potash
. 133 soda
'3‘1'1 water

1000 f
5p. 51 Tartrate of Péta;bLanJ-Aﬂinfonz;zz.

Tuts triple sait‘rhéy be formed by pouring ammonia

nl

into supertartrate of pota.,h. Its crystals, accordmg to
I‘\Tacquer, are pnsms with four, five, or six sides: ac-
cordmg to the beon academxcwms,paralleIopxpeds, with
two altetnate slopmg sides.

It has a coohng tasfe. It is soluble enough in was
fer. It efiloresces in the air. Heat decomposes it.

Sp. 6. Tartrate of Mugnesia.

Thrs salt is insoluble in water except there be an ex-
cess of acid present. 'ft then affords by evaporation
¢mall crystals in the form of hexangular truncated
prisms §. Ithas a more saline taste, and is more fusible

* Fourcroy, vii. 246, 4 Gehlen’s Jour. iv. 3100 '
$ Bergman, i. 388. 3
Vol. 111, G



$8 SALTS.

Book IL.  than tartrate of lime ¥.- Heat first melts and afterwards
DivisionIIl. - p % 3

‘s decOmposes it.
Sp. 1. Tartrate of Pétash-and-Magnesia.

Tais triple salt, first examined by the Dijon acade~
micians, may be formed by dissolving magnesia or its
carbonate in tartar.. .The solution, according to them,
yields by evaporation needle-form crystals: but, ac-
cording to Thenard, this triple salt does not crystallize;
and when evaporated, it deliquesces .

Sp. 8. Tartrate of Lime.

Thnrs salt may be formed by dissolving lime in tar~
taric acid, or more economically by dissolving tartar in
boiling water, and adding to the solution carbonate of
lime in powder till it ceases to produce any effervescence,
and to redden vegetable blues. Tartrate of lime pre-
cipitates in the state of a white powder, tasteless, near.
ly insoluble in cold water, but soluble in 600 parts of
'b'oili.ng water. It is rendered soluble in water by an
excess of acid, or by being mixed with some of the so-
luble tartrates, as jartac and Rochelle sait. When in
the state of a dry powder, it contains a very consi-
derable proportion of water, from which it can only be
freed by a long exposure to heat.  According to my
analysis, it is composed of

4 69 acid
31 lime

e

100

® Von Plcken de Sale Essent. Acid, Tartar,
t Anr. ac Cbim.jxxviii. 32
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Vauquelin and Boullay found the proportion of lime to  Chap. TII. .

amount to 35 per cent *.

Sp. 0. Tartrate of Potashzand-Lime.

Tuis salt was first pointed out by Thenards . It may
be formed by pouring lime-water into the solution of
tartrate of potash till a precipitate begins to appear, and
then allowing the liquid to evaporate spontanecusly.
The triple salt gradually attaches itself to the sides of
the vesselin erystalst:

Sp. 10. Tartrate of Bar]tws

TARTARIC acid forms with barytes a soluble salt, the
properties of which have not been examined. - It is de=
tomposed by oxalic acid 1:

a2
»

8p. 11." Tartrate of Strontian. - L

Tuis salt, first examined by Dr Hope; and aftera,
wards by Vauquelin; may be formed by.dis§olving shfpria ;

tian in tartaric acid; or by mixing together solutions
of nitrate of strontian and tartrate of potash: Its crys-
tals are small regular triangular tables, havmg the edges
and angles sharp and well defined. It is insipid. It

dissolves in 320 parts of boiling water. . It is compo=

sed of .
4712 dcid and water
52°88 strontian
100:00§
* Annide Chim, lxu 41, 4 1bid, xxxviii. 33.

1 Fourcroy and Vauquelm. Mem. de I Instis. ii. 6t.
¢ Vauquelin, Jour. de Min. An.vi. p. 15,

G2
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D?:;‘;Sm- Sp. 12. and 13. . Tartrate of Potash-and. Barytes, and
[ Tartrate of Potash-and:Strontian:

THESE two -triple salts may_be formed in the same
way. They have been pointed out by Thenard ; but,
like the preceding salt, then' properties are still unde-
sctibed *, v¢

Sp. 14. Tartrate of Alumina.

PR L —

Tnis salt does not crystallize, but forms by evapora-
tion a clear transparent gummy mass.. Its taste i as:
tringent. Tt is soluble in water, It does not deli-
quesce in the airf. '

5k 2 Sp. 15, .Tartmte of Potash-and- Alumina.

e

Tais triple salt is formed by saturating tartar with’
alumina. It bears a very striking resemblance to the
last described salt. Thenard has observed, that no pre-
cipitate is produccd in this salt, elther by the addition of
atkalies or thexr carbcmates§

<

Sp 16. Tartrate of Yitria.

Yr1TRIA S precxpxtatcd from its solution in acids by :
tartrate of potash ; but an addition of water dissolves the
p'rccipitate f. Hence it follows that tartrate of yttria is
soluble in water. S |

e T T —— e

SucH is an imperfect account of the tartrates. The

.

% dwn. de Cbim, xxxviii. 3x. 4 Von Packen. _
§ Ann. de Chim. xxxviil, 33. . $ Klaprozh’s Beitrage, iii. 75~
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'-foﬂowing Table gives. the proportion of the constitu-  Chap. 1L
g o
“ents of these salts, accordmg to the expenments of"Rxch- O
ter Tisroic giranzs d ovad mads
"Te,ruatet-of \A Acid. v Ba’s.c.
Alumina. ..o e sa1000 0004 o of 3W906220
. Magnesia. . ..o 023100000 000 67 869300 0
Ammonia.. ... 100 se0ee. 30°67 1
Bimeinoog manualroognionaiigbse
Soday Meds Al a0 YLy FLesed
Strontiane.iod. Vo 10000000 e'sls “78°60
Rotasto A 30 2+ Q00 el 9499
Barytes.o vt /100000000 0133741

T

e ———— 1L Uszs
- © or THE
THE only tartrates hitherto applied to use a-re’tartar Tar-
TRATRS,
tartrate of potash, and Rochelle salt. 173

Tartar is useful in ey of the arts,as dyeing; felting,
&ec. Tartaric acid is always procured from it. It
likewise furnishes pure potash.” In' medicine it is ex.
tremely useful, especially in dropsical cascs. .- The other
two salts are employed chleﬁy as coolmg purgatives..

Rlchtcr has pointed out a method of obtaining man-
g'mese in a state of purity by means of tartrate of pot-
ash. ,If that salt be mixed wnh an ac1d solutlon ;coliy
taining manganese, crystals of tartrate of ma.pganese-
and-potash gradually separate,

Gevnus IX. CizraTes.

As the citric acid was first obtained in a state of pu~

® Sistigue Chisyigué,i. % 36.






i

CITRATES.

This salt, rather its solution in water, is often em-
ployed in this country as a medicine to allay sickness,
and put a stop to vomiting.

| -

Sp. 2. Citrate of Soda.

ThHis salt may be formed by the same process as the
last species. By proper evaporation, itis abtained cry-
stallized in six-sided prisms, not terminated by pyra-
mids. Its taste is salt and cooling, but mild. It is so-
ble in 1} parts of water.. When exposed to the air,
it eflloresces slightly. When heated, it melts, swells,

‘ bubbles up, blackens, and is decomposed. According
. 1o Vauqueln, it is composed of *
! oild 607 acid

89:3 sodg

100°0*
bsoqgq 18p.3. Citrate of Ammonia.

This salt, formed by dissolving carbonate of ammonia
in citric acid, does not crystalhze till its solution be eva-
porated to the consistency of a thick syrup. Its cry-
stals are elongated prisms. It is very soluble in water.
Its taste is cooling and moderately saline+. The ame
monia is separated by the application of heat 1.

According to Vauquelin, it is composed of .

b 62.acid
3 2sd 38 ammonia
100§
% Fourcroy, vii. 207. 1 Dobson.

$ Scheele. = . * . *'§ Fourcrdy, vil, 208,

103
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S$p. 4. Citrateof Maguesia.. Gl

Turs salt may be formed by dissolving carbonate of
magnesia in citric acid. Thn’solutxon though evapo-
rated to a thick syrup, dogs not crystallize ; but it gra-
dua]]y assumes the form of a white opaque soft mass,
which rises in the vessel like 4 mushroom. Acgo;dmg
to Vauquelm, it is composed of i [

66°66 acid
33°34 magnesia

y

100’00 *

Sp- 5. ‘.\Cz'f,ra,t; of Limc,.

THis salt is formed by dissolving carbonate of lime
in citric acid. It isusually in the state of a white pow-
der scarcely soluble in water ; but it is soluble in an
excess of acid, and may be obtained from that solution
in crystals. According to':Vauquelin,it is composed

of . fTAg pUEViOe o i AL
ac:d 3 e
1 e 21 ﬂ.aﬁol sob biba st
i 42734 lme" y ails ot baisvog
o 7 ghbg i 1 Dol s
s I Z 03 e steRf el

% §p-.6. C‘z:.rate quqr_ym. ooz 3 gt

WhEN barytes‘xs’ adde@ ta'a solution’of citric acid, a
flaky precipitate aPpears, “which is at first dissolved
again by agitation 5" ‘but ‘rémains permanent when the
saturation is complete. Thc citrate of barytes, thus
formed, is precipitated in the state of a white powder ;

l;f Fourcroy, vils 208, + Ibid. 207,

..

ad. ol
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but it gradually assumes the appearanceof silky flakes, Chap. L.
or forms'a kind of vegetation very brilliant and beauti-
ful. Itrequires a great quantity of water to dissolve it,
This salt, according to Vauquelin, is composed of
50 acid crystallized
50 barytes

100 *

Sp. 1. Citrate of Strontian. 11

Thrs salt was obtained by Vauquelin by mixing &
solution of citrate of ammonia with nitrate of strontian,
No precipitate appears; but when the liquid is slowly
evaporated, small crystals of citrate of strontian are gra-
dually formed. This salt is soluble in water, and ex-
hibits nearly the same properties as the oxalate or tar-
trate of strontian .

The remaining citrates have not hitherto been exd.
mined. -

The following Table exhibits the proportions in
which the constituents of these salts unite, according to
the experiments of Richter f, which differ' very mate..
rially from those given above by Vauquelm.

Cmatcs of Acid. Pase.
0 IR e seeersess 100 b vsesesie 8110 ¢
Magnesia.oesseseees100g0uusseenses 3654
AmMmoniaeceseeess« 1000ccccescenss 39°93
TAme i ivveerenneees 100 erenrens 477413
SedAFRATOS B HATCOIRR WG 5130 oY

# Fourcroy, vil 207. 4 Jour. de Min. An. vi. p. 36.
3 Slg;igu: C'bimfgug, i 136, :
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Citratesof - S0 L Add. Base.
Strontian..cessseesss 100sceacssansse 7897

T Potash 126000 ss %1000 S e esenes 19536

Barytesiioeeesseesi1000ioeasess132°03

3

Scarcely any of these salts have been applied to use.

Grenus X. KINATES.

HiTHERTO only one species of this genus of salts has
been examined, the kinate of lime, which existsin a
species of Peruvian bark. It was first extracted  and
described by Mr Deschamps junior, an apothecary at

_Lyons *, but was afterwards examined more in.detail by

Vauquelin, who ascertained its properties. and its com-

_position .

The following are the only characters of .this genus
of salts which have yet been determined : . .,
1. They are all soluble in water, and have the, pro-

perty. of crystallizing.: - o ad

2. They occasion no precipitate when dropt into

.the solutions of pitrates of silver, mercury, lead.

3. When exposed to sufficient heat they  are decom-
posed, the acid is dissipated, and the base remains
in the state of a carbonate,_and_mix_ed‘w‘i‘th charcoal.

Sp 1. Kmate of.lzme.

Trs salt may be. obtamed by macerating yellow pe«
ruvian bark in water, concentrating the hqmd, and sete
ting it aside for spontaneous evaporation.

* Ann, de Chim. xlvii. 65. 1bid. Iz 162
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It is white, erystallizes in square or rhomooxda’l plates, Chap. 11L,
has no taste, and is flexible under the teeth. b—v-—'
1t dissolves in about five times its welght of water

of the temperature of 55°. ‘It is insolable in alcohel.

On burning coals, it'swells, giving” out'the "smell of
tartar, and lcavmg a mixture of carbonate oflxme ‘and
charcoal,

The fixed alkalies and their ‘carbonates precipitate
lime from the solution of this salt, but ammonia produ-
ces no effect. Sulphuric and oxalic acids. precipitate
lime likewise ; but neither acetate of lead nor nitrate of
silver produce any effect, : ’

100 parts of this salt dissolved in water require 2¢
-parts of oxalic acid to precipitate all the lime.' . The
oxalate of lime obtained amounted to 27 parts, Now
the lime in 27 parts of oxalate amounts nearly to 1%
parts.  Hence the salt is composed of

10 ni 17 lime
83 acid and water

£ ——

(3 10Q

GEenvs XI. Saccorarres,

THESE salts, hitherto examined only by Scheele, are
almost entirely unknown, The following are “all the
facts mentionéd by that illustrious discoverer.

1. Saccolate of potash. -~ Small crystals, soluble in
eight times their weight of boiling water *.

B
¥ Schecle on Sugar of Milk,



08
1 Book :H.

i \'.‘..
Dwmoul times it weight of boxlmg water ¥ ;

3, 4. Saccoglate of:barytes.‘_
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2.- Baccolate of soda... The same; soluble in five

»

4-1:3« ‘Saccolate.of ammonia. = A salt Whlch has a sour-
ishi taste, ; Heat separates the ammonia . 115

These are . salts inso-
luble in water f. 5

5. Saccolate of lime.
6. Saccolate of magnesia.

4

- 7. 'Saccolate of alumina.

Genvs XII. SEBATES. -

As the sebacic acid was, strictly’ speaking, unknown
till the late experiments of Thenard, the description of
the sebates published by former chemists cannot be ad-
mitted as exact till they be verified by a new examina-
tion. These salts of course are unknown, if we except
the few facts pointed out by Thenard.: “This! chemist,
however, has announced his intention of publishing a
detailed account.of them §.

1. When sebacic acid is dropt into barytes water,
lime water, or stroutian water, it does not render these
liquids turbid. Hence we learn, that the sebates of the
alkaline earths are soluble in watey,

2. The alkaline sebates are likewise soluble. Sebate
*of potash has littlé taste, does not attract'moisture from
the ‘air ; and when sulphuric, nitrie, or muriatic acid is
poured upon it, sebacic acid!is 'déposited.  When' the
conéentrated solution -of this salt'is mixed with any of

i3

o

e
0

® Schecle on Sugar of Milk. # Thid. "} Ihid.
§ The salts described by Crell as Sefates, appear to have been Mys
eiadess
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these acids, it becomes solid from the crystallization of Chap. IiL
\omepm i

the sebacic acid *.» -

-GENvus XIII. UrATEs.

SoME of the properties of the nrates were investiga-
ted by Scheele, the discoverer of uric acid. A few facts
were pointed out by Fourcroy. - But for the most com-~
plete account of them which has yet appeared we are
indebted to Dr Henry., They may be obtained by boil-
ing the base with an excess of acid in 'a proper quantis
ty of water, filtrating the solution, and evaporating it to.
dryness. The following are the properties of these
salts, as ascertained by Dr Henry.

The urates of potash, soda, ammonia, barytes, stron-
tian, lime, magnesia, and alumina, obtained by the pre+
ceding process, are neutral, have no taste, and can
scareely be distinguished in appearance from pure uric
acid. They are not altered by exposure to the air.
They dissolve with great difficulty in water, urate of
ammonia being the most soluble, and urate of barytes
the most insoluble. = Next to urate of ammonia are the
fixed alkalme urates ; then urates of lime, strontian,
magncsxa and alumma. From a watery solution of any
of the urates, the uric acid is precipitated in the state of
a white powder by all the acids, except the prussic and
carbonic. A yvllitq powder_ precipitates when the ni-
trates, acetates, or muriates of barytes, strontian, lime,
magnési:{, alumina, are mixed withthe alkaline urates.
A precipitate appears also when any metalline salt (e.x-:

* Thenard, Nicholson’s 8vo Jour. i..24.

s
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cept the salts of gold) is dropt into a solution of a urate,
These precipitates are of difficult solubility. ‘They
have all a white colour except urate of iron, which is
slightly red, and urate of copper, which has a shade of
yellowish green.

The urates. of »the .alkalies and -alkaline:earths ‘dis=
solve in the solutions of their respective bases; forming
suburates much ‘more soluble than ‘the neutral  salts:
These solutions are precipitated by all the acids (even
by the ¢arbonic and prussic). When a small quantity
of acid is dropt'in, the precipitate is'a neutral urate;
an excess of acid is necessary to procure the uric acui
in aseparate state.

e GEeNus XIV. MALATES.

Tiirs ‘genus of salts is almost unknown, owing chiefs
ly to the difficulty of procuring pure malic acid. The
followirlg are the only facts hitherto aseertained.

1. Malate of potash. These salts were formed by
‘2. Malate of soda. 1 Scheele. Theyaredeliques=

3. Malate of ammonia. ] cent and very ‘soluble.

4. Malate of barytes.” 'When malic acid is dropt into
bary/te‘s wafter, a white powder precipitates, which'is
malate of ‘barytes. According to “Scheéele; the proper-
ties of this salt resemble those of malate of lime.

-5 Malate ‘of strontian. Malic acid occasions no
precipitate in strontian water. 'Hence it follows, that
malate of strontian is more soluble than malafe of bas

rytes *.

® Pelleticr, Ann. de Chim. xxi. £41.

g
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6. When malic acid is neutralized with lime, it
forms a salt scarcely soluble in water, which may be
obtained in crystals, by allowing the supermalate of
lime to evaporate spontaneously. Crystals of neutral
malate are formed in the solution *. But this acxd has
a strong tendency to combine in excess w1th lime,, and
to form a supermalate of lime. This salt is formed
when carbonate of lime is thrown into malic acid,-or
into any ,Iiéuid containing it, This supersalt exists in
various vegetables, especially the sempervivum, tecto-
rum, and some of the sedums. ‘

Supermalate of lime has an acid taste. It yields 2
precipitate with alkalies, sulphuric acid, and oxalic
ecid. Lime water saturates the excess of acid, .and
throws down a precipitate of malate of lime. When
the supermalate of lime is evaporated to dryness, it as-
sumes exactly the appearance of gum arabic; and if it
has been spread thin upon the nail or wood, it forms a
varnish. It is not so soluble in water as gum arabic,
and the taste readily distinguishes the two. Superma-
late of lime is insoluble in alcohol .

7. Malate of magnesia,  This salt is very solublein
water, and when exposed to the air deliquesces 1.

8. Malate of alumina; = This salt is almost insoluble
in water §. - Of course it precipitates when malic acid
is dropt into @ solution containing alumina.  Mr Che-
nevix hasiproposed this acid to separate alumina from
magnesia 3 which earths, as is well known, have z
strong aflinity for each, other §., . i

3 — L. = - ¥
% Scheele, Crell’s Annals, ii. 5. Eng, Trane,
4 Ibid. Vawquelin, dan. de Chim, xx2v. 154,
3 Schetle, Ibid.p. ro. § Ann. de Chim. xaviii. 92x.
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GENus XV. . FoRMIATES.

THE salts belonging to this genus have been too im=
perfectly examined to admit of a detailed ‘description.
The striking dralogy which they have to the acetates;
has been observed by all those who have subjected
them to 4n experimental investigation:

Formic acid saturdted with potash yields a salt whicli
¢rystallizes in prisms, but deliquesces again when ex-
posed to the aif. When distilled, it yields an acidulpué
water, and a quantity of ammonia; The residue in the
tetort isa mixture of charcoal and carbonate of potash*.

When saturated with ammonia, it yi¢lds a sdlt which,
by distillation, gives a little ammoniacal liquor, and then
is totally sublimed witliout decomposition .

* With lime it forms a salt, whith yields crystals not
altered by éxposure to the air 1.

© The following Table exhibits the constituents of the
formiates according to ‘the statemerit of Richter §.

Formiates of Acid. Base:

Alumina.ieeicssvesadsssil000eveed 54°37
Magnesiaiceeeraiveeaside1000ireee 62°25
Ammonia.e.icesicessees 100eseess 68°02
Liimneusus i divv il ¥00u10010.-80° 26
B0dacisdives obesss i ivesi 2000 e s e 8OO
Strontiamisiiesteeddsndecs 100000, 13451
Potashi.iveissieeddenivons 1000i0eea 162°45
Baryteseeceeioesnncuncsads 100.000.:224°90

»

# Margraf, Opusc. i, 303. ~4Ibid. p. 305. tfbid. p- 310
§ Stetigue Chimigue,i. 836




supsfaTEs.
CENUS XVI. SuBERATES.
THESE salts have been descrxbed with a,good deal of

detail by Bomllon Lagrange. They have:in general
a bitter taste; and are decomposed by Lieat;

Sp. 15 Suberate of Potash.

Tais salt ought to be formed by means of crystali-
zed caxbonate of potash. It cryatalhzes in prisms, ha-
ving four unequal mdes. It has a bitter saltish taste,
and it reddens vcgetable blues. It is very solublc in
water; Heat melts ity and at last volatilizes the acid *:

,S"p. 2. S’ulgerate tg/'r}S'oa’rz'.

Turs salt does not crystallize. It reddens the tinc-
ture of turnsole. Its taste is 'élightly bitter. It isvery
soluble in water and in.- alcohol., It attracts moistire
from. the air: Caloric. produces the same effect on it
that it does on suberate of potash t:

© 8p. 3. Suberate of Ammonia.

Thuis salt crystalhzcs in parallebplpeds. Its taste g
saltish, and it léa¥es an impression’ of bitterness. It
reddens vegetable blues.. It is very soluble in'water. It
attracts moisture from the air,. When placed uponi
burning coals it loses its. water of ¢rystatlization, and
swells up ; and before the blow-pipe it evaporates ens
ticely 1. :

Sp: 4. Suberdte of Magnesia:

Tuis salt is in the form of a powder : it reddens the’

# Ann:de Chim. xxiii, 5% $Ibid. $ 1bid; sxxiii. ge.
Vol. 111. H
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tincture of turnsole: it has a bitter taste : it is soluble
in water, and attracts some moisture when exposed tb
the air. When heated it swells up arid melts:" before
the blow-pipe the acid is debomposed and the magnesia
temains in a stdte of purity *.

Sp. 5:  Suberate of Lime.

T'His salt does not crystallize. ' It is perfectly white :
it has a saltish taste: it does not redden the tincture of
turnsole. It is vefy sparingly soluble in water except
when hot ; and as the soltition ‘cools most of the salt
precipitates again. When placed upon burniry coals it
swells up; the acid is decomposed, and there remaing
only the lime in the state of powder +.

Sp. 6. Suberate of Barytes.

Thts salt does not crystallize. Heat makes it swell
up, and melts it: Ttis scarcely soluble in water except
there be an excess of acid. It i$ decomposed by most
of the neutral salts except the barytic salts and the flu-
ate of lime 1.

Sp 7. Suberate of Alumina,

THrs salt doés not crystallize:  When its solation is
evaporated By 4 moderate heat ina wide vessel, the salt
obtained is of a yellow tolour; transparent; having a
styptic tdste, and leaving an impression of bitterness on
the tongte. Wher too much heat is employed, it melts
and blackens. It reddens thie tinctufe of turnsole, and
attracts moisture “from the air. Before the blow-pipe

[

& Ann. de Chim. xxxiii. 5. § Thid. xxifi. 53, § Thid.p =%
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it swells up, the acid is volatilized and decomposed, and
nothing remains but the alumina *.

Genvus XVII. GALLATEs.

WHETHER gallic acid be capable of forming crystal-
lizable salts with the different bases, is still a problem
which chemists have not resolved.

1. When the alkalies are dropt into a solution of gal-
lic acid in water, or into a solution containing gallic
acid, it assumes a green colour. This change is consi-
dered by Proust as the most decisive test of the presence
of gallic acid. The same change of colour takes place
when gallic acid is poured into barytes water, strontian
water, or lime water, and at the same time a powdep
of a greenish brown colour precipitates. The green li~
quid which remains contains only gallic acid combined
with the earth employed in the experiment. But if we
attempt to evaporate it to dryness, the green colour dis-
appesrs, and the acid is almost completely decomposed.

2. When magnesia is boiled with the infusion of nnt-
galls, the liquid becomes almost limpid, and assumes the
same green colour as the former mixtures. From the
experiments of Davy, it appears, that in this case all the
extract of tan is separated from the infusion, togethet
with a portion of the gallic acid; and that the liquid
holds in solution nothing but a combination of that acid
and magnesia.  Butin this case also the acid is decom-
posed, and the green colour disappears, when we at-
tempt to obtain the composition in a dry state,

* Ann. de Chim. xxiii. §5.
Hz

Gallic acid
forms a
green solu«
tion with
alkalies and
alkaline
carths,

Gallate of
magnesia.
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3. 'When 2 small portion of alumina is mixed witht
the infusion of nutgalls, it separates the whole of the
tan and extract, and leaves the liquid limpid and of a
very pale yellowish green colour. .. This liquid, by
spontaneous evaporation, yields small transparent pris-
matic crystals, whieh, according to Mr Davy,: are su-
pergallate of alumina. They afford the only instance of
a gallate capable of existing in the state of crystals.
The quantity of alumina’is very small; too small to
disguise the properties of the acid. '

Fa)

Genvus XVIII. PRUSSIATES.

THE prussic acid presents so many anomalies, and
its natare is so easily altered, that it has been hitherto
impossible to ascertain with precision the properties of
the compounds which it forms with the different bases.
Indeed the salts formed by the prussic acid have scarce-
ly any permanency unless they be united with a litile
of some metallic oxide, and therefore 'in ‘the st;te of
triple salts *. Mere exposure to the air, or-to a heat

* Curawdau, who has lately published a paper on the prussic acid, af~
firms that it exists in three states. When first prepared by the calcina.
tion of blood, it js merely a carburet of azote. ‘The instant that this car-
buret comes in contact with water, it combines with its hydrogen, and
forms a gascous prussic acid, or prussire as he terms it. ‘This prussire
combines with alkalies and earths; but it has tione of the properties of
anacid. When it comes in contact with a peroxide, it is modified by
the oxygen of that body, assumes acid properties, and forms triple prus-
siates. See Ann. dr Chim. xlvi, 148.—These assertions are so contrary to
the ex;}erimcnts of Scheole and Berthollet, and to the received opinions,
that it would be necessary. before admitting them, to prove their truth
by very unexceptionable evidence.
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of 120%, is sufficient to decompose them. This want
of permanency, rendering the pure prﬁssiates'of little
importance, has prevented chemists from paying much
attention to their properties. The only person, indeed,
‘who has examined them at all is Scheele. But the tri-
ple prussiates, not being liable to spontaneous decompo-
sition, have been employed with success as chemical re-
agents, and have excited a good deal of interest in con-
sequence of the important purposes to which they may
be applied.

Sp. 1. Prussiate of Barytes.

Tars salt is but spari‘ngl}; soluble in water. The
barytes is precipitated by sulphuric acid, and even by
carbonic acid *.

Sp. 2. and 3.  Prussiates of the Fixed Alkalies.

Tuesk salts, formed by dissolving the fixed alkalies
in prussic acid, are very soluble in water, tinge vege-
table blues green, and are partly decomposed by a very
moderate heat +. They dissolve likewise in alcohol.

Sp- 4. Prussiate of Lime..

Trurs salt may be formed by dissolving lime in prus-
sic acid, filtering the solution, and separating the un-
combined lime, which it still retains, by adding as much
liquid carbonic acid as is just sufficient to precipitate all
the lime from the same bulk of lime-water. It is then
to be filtered again, and preserved in close vessels. It
is decomposed by all the other acids and by the alka-

% Schecle, i, 167. £Ibid. p. 166,
P
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lies. 'When distilled, the prussic acid is separated, and
the pure lime remains *.

L}
Sp. 5. Prussiate of Ammonia.

THis salt has the odour of pure ammonia; when
heated it evaporates completely +.

Sp. 6. Prussiate of Magnesia.

ThHis salt may be formed by putting pure magnesia
into prussic acid. In a fewdays the earth is dissolved,
and the compound formed. The magunesia is precipi-
tated by the alkalies and lime, and by exposure to the
air f.

Sp. 1. Prussiates of Iron.

As the prussiates of iron enter as ingredients into the
triple salts formed by the prussic acid, it will be neces-
sary to give some account of them before entering upon
the consideration of these triple salts.

It has been demonstrated by chemists, that there are
no fewer than four prussiates of iron : namely, )

1. White prussiate, 3. Yellow prussiate,
2. Blue prussiate, 4. Green prussiate.

The white prussiate discovered by Mr Proust is com-
posed of prussic acid and protoxide of iron. - It becomes
gradually blue when exposed to the atmosphere, because
the oxide absorbs oxygen, and is converted into per-
oxide §.

¥ Scheele, ii 168. t Ibid, p. 166. § 3bid. p. 367,
§ Nicholson's Jour. i, 453,
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Blue prussiate, or prussian blue, is composed of prus.
sic acid and the two oxides of iron. Itis a deep blie
powder, insoluble in water, and scarcely soluble in
acids. It is composed, according to the most accurate
experlmems hitherto made, of equal parts of oxides of
iron and prussic acid. It is not affected by exposure to
the air. Heat decomposes it by destroying the acid,
and the oxide of iron remains behind, The prussian
blue of commerce, besides other impurities, contains
mixed with it a great quantity of alumina.~

Yellow prussiate is composed of prussic acid com-
bined with an excess of peroxide of iron. It'is there-
fore a sub-prussiate of iron,  This prussiate is soluble
in acids. It may be obtained by digesting the alkalies
or alkaline earths with prussxan blue, Part of the acid
is carried off by these bodies, and the yellowprussiate
remains in the state of a powder,

Green prussiate, first discovered by Berthollet, is
composed of oxyprussi¢ acid and peroxide of iron. It
is therefore in fact an oxyprussiate,

Sp. 1. Prussiate of Barytes-and-Fron.

For the first accurate description of this salt we are
indebted to the ingenious Dy William Henry. It may
be formed by adding prussian blue te hot barytes water
ill it ceases to be discoloured. The solution, when fil-
tered and gently evaporated, yields crystals of prussiate
of barytes-and-iron,

These crystals have the figure of rhomboidal prisms;
they have a yellow colour, and are soluble in 1920 patté
of cold water, and in about 100 parts of boiling water.
In ared heat they are decomposed, the acid being de-
stroyed. . They are soluble in nitric and muriatic acids ;

11y
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=ulphunc acid oceasions a precx pitate of gulphatc oi ba-
rytes *

Sp. 8. Prussiate of Strontiansand-Irox.

Tr1s salt was also first examined by Dr Henry, It
may be formed by the same process as the last species;
but the solution does not crystallize nearly so readily.
When evaporated to dryness it does not deliquesce, and
isagain soluble in less than four parts of cold water }.

-~ Sp, 0. f:y;si&;eqj" Lume-and-Iron.

Th1s salt was perhaps first mentioned by Mr Ha-
gen1; but weare indebted to Morveau for the first ac-
curate account of its properties and preparation§.

Upon two parts of Prussian blue of commerge, pre-

“viously well washed with' ‘2 sufficient quamivy of boil-

ing water, to separate- all the foreign salts, about 56 parts
of lime-water are to be poured and the mlxture must
be boiled for a short time till the lime is saturated with
the prussic acid, which is known by its no longer al-
tering paper stamed with turmeric : it is then to be fil-
tered.

Thisliquid, which contains the triple prussiate of lime
in solutxon, has a greemsh yellow colour ; -its spccxﬁc
gravity is 1-005; and it "has an unp]easant bmerlsh
taste. - When evaporated to dryness, it ylelds small
crystalline grams, soluble without alteration in water.
Iti is msolublc m alcohol

T 9 1 T v = T————

® Nicholsors Journal, iii. 170, + Ibid. pr 17t
; Crell's dnnalsy 1784, 1. 391 § Encye. Mathed. Clim. i. 242.
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This triple prussiate may be used with advantage asa
test to ascertain the presence of metais held'in solution.
The only impurity which it contains is a little sulphate
of lime.

Sp. 18, Prugsiate of Poté:b-and-Iron.

Tass salt, known also by the names of prussian al-
Rali, phlogisticated alkali, prussian test, trz;ole prussiate
of potash, &c. has been chosen by chémists as the best
combination of prussic acid for detecting the presence
of metals, and more. especially for detecting the exist~
ence of iron. - To chemists and mineralogists itis an
instrument of soine importance; as when properly pre-
pared, it is capable of indicating whether most metallic
substances be present in any solution whatever, and even
of pointing out the particular metal, and of ascertaining
its gnantity. This it does by precipitating the metals
from their solution in consequence of the insoluble com-
pound which it forms with them. And the colour of
the precipitate indicates the particular metal, while its
quantity enables us to judge of the prportion of me-
tallic oxide contained in any solution.

In order to be certain of the accuracy of these re-
sults, it is necessary to have a prussian alkali perfectly
pure, and to be certain beforehand of the quantity, or
rather of the proportions, of its ingredients. -To ob-
" tain a test of this kind has been the object of chemists
ever since the discoveries of Macquer pointed out its
importance. It is to the use of impure tests that a
great part of the contradictory results of mineralogical
analyses by different chemists is to be ascribed.

121
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The great object of chemists at first was to. obfain
this prussiate entirely free from iron ; but their attempts
uniformely failed, because the oxide ofiron is one of its
necessary compenent parts, This was first properly
pointed out by Morveau,

There are two* waysin which this test may be ren-
dered impure, besides the introduction of foreign ingre-
dients, which it is needless to mention, because it is ob-
vious that it must be guarded against. 1. There may
be a superabundance of alkali present, or, which is the
same thing, there may be mixed with the prussian test
a quantity of pure alkali ; or, 2. There may be contain-
ed in it a quantity of yellow prussiate of iron, for which
prqssi.,atf; of potas;h has also 2 considerable affinity.

- If the pru,ﬁsia,n test contain a superabundance of al-
kali, two inconveniences follow. This superabundant
quantity will precipitate those earthy salts which are
liable to contain an excess of acid, and which are only
soluble by that excess: Hence alumina and barytes wilk
be precipitated. It is to the use of impure tests of this
kind that we owe the opinion, that barytes and alumina
are precipitated by the prussian alkali, and the conse-
querit theories of the metallic nature of these earths.
This mistake was first corrected byMeyer of Stettin +.

Another inconvenience arising from - the superabun.
dance of alkali in the prussian test is, that it gradually
dgcomposes_ the blue prussiate which'the test contains,
and converts it into a yellow prussiate. In what manner
it does this will be understood, after what has been said,
without any explanation.. ®

* See Kirwan's Min. i, 487-
f Crcll s Arma.’.r, 1786 42
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_+ On the other hand, when the prussian alkali contains
2 quantity of yellow prussiate of iron, as great inconve-
niences follow. This yellow prussiate has anaffinity for
prussic acid, which, though inferior to that of the pot-
ash, is still considerable ; and, on the other hand, the
potash has a stronger affinity for every other acid than
for the prussic.  When, therefore, the test is exposed
to the air, the carbonic acid, which the atmosphere al-
ways ‘contains, assisted by the affinity between the yel-
low prussiate and the prussic acid, decomposes the prus-
siate of potash in the test,and the yellow prussiate is pre-
cipitated in the form of prussian blue ; and every other
acid produces the same effect. A test of this kind would
indicate the presence of iron in every mixture which
contains an acid (for a precipitation of- prussian blue
would appear), and could- not therefore be employed
with any confidence.

To describe the various methods proposed by che-
‘mists for preparing this salt would be unnecessary, as
the greater namber do not answer the purpose intend-
ed*. The method practised by Klaproth, first made
known to chemists by Westrumb , and afterwards de-
scribed in our language by Kirwan §, is considered as
one of the best. It is as follows:

Prepare pure potash, by gradually projecting into a
large crucible heated to whiteness a mixture of equal

*¥ A historical account of the different preparations, with their pro-
‘perties and defects, may be scen in Westrumb’s, Treatise, (Crell’s Nea.
Endt. in d. Chim. Th, xii.), in Morveau’s Dissertations on the Prussic A-

cid (Breys. Method. Chim. i. 225.), and Kirwan’s Treatise on the Mcthod'

of Analysing Minerals (Kirwan® Min. i 487.)
¥ Qrell't Annals, 1785, 1,408, "''3 Minéralogy,i/49%.

»
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parts of purified nitre and crystals of tartar ; when the
whole.is injected, let it be kept at a white heat for half
an hour, to burn off the coal. {

Detach the alkali thus obtained from the crucible,
reduce it to powder, spread it on a muffle, and expose
it to a white heat for half an Lour.

Dissolve it in six times its weight of water, and fil-
ter the solution while warm.

Pour this solution into 2 glass receiver, placed in a
sand furnace heated to 170° or 1809, and then gradu-
ally add the best prussian blue in powder, injecting new
portions according as the ormer becomes grey, and sup-
plying water as fast as it evaporates ; continue until the
added portions are no longer discoloured, then increase
the heat to 2129, and continue it for half an hour.

Filter the ley thus obtained, and saturate it with sul.,

phuric acid moderately diluted ; a precipitate will ap-
pear: when this ceases, filter off the whole, and wash
the precipitate.

Evaporate the filtered liquor te’ about one quarter,
angd set it by to crystallize: ‘after a few days, yellowish
crystals of a cubic or quadranguylar. form will be found
mixed with some sulphate of potash and oxide of iron ;
pick out the yellowish crystals, lay them on. blotting
paper, and redissolve them in four times their weight
of cold water, to exclude the sulphate of potash.

Essay a few drops of this solution in barytes wa-
ter, to see whether it contains any sulphuric acid, and
add some barytes water to the remainder if necessary :
filter off the solution from the sulphate of barytes which
will have precipitated, and set it by to crystallize for a
few days ; that the barytes, if any should remain, may
be precipitated. If the crystals now gbtained be of 3
pale yellow colour, and discover no bluish streaks when

e
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sprinkled over with muriatic acid, they are fit for use ;
but if they still discover bluish or ‘grecn streaks, the
solutions and crystallizations must be repeated.

These crystals must be keptin a well-stopped bottle,
which to preserve them from the zir should be filled
with' alcohol, as they are insoluble in it.

Before they are used, the quantity of iron they con-
tain should be ascertained, by heating 100 grains to
redness for half an hour in an open crucible: the prus-
sic acid will be consumed, and the iron will remain in
the state of a reddish brown magnetic oxide, which
shonld be weighed and noted. This oxide is half the
weight of the prussian blue afforded by the prussian
alkali: its weight must therefore be subtracted from
that of metallic precipitates formed by this test. Hence
the weight of the crystals, in a given quantity of the
solution, should 'be noted, that the quantity employed
in precipitation may be known. ' Care must be taken
to continue the calcination till the oxide of iron becomes
brown ; for while it is black it weighs considerably
more than it should. A .

Another good method of preparing this salt has been
lately given by Dr Henry ; but it is rather too expen-
sive for general use. It consists in first forming a triple
prussiate of barytes, and adding it in crystals to a solu-
tion of carbonate of potash till the solution no longer
restores the colour of reddened litmus paper. After di-
gesting the mixwre for half an hour, filter the liquid,
and evaporate it gently. The triple prussiate of pot-
ash crystallizes *.

#* Nicholson’s Jeur. iv. 31.
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The triple prussiate of potash, when pure, forms fine
transparent crystals of a yellow colour ; they have the
form of cubes or parallelopipeds, and contain, when pre-
prepared according to Klaproth’s method, 0:24 parts of
black oxide of iron.  Proust has shown that they con-
tain y5th of their weight of water.  Proust found that
100 parts of this prussiate contain as much potash as
116 parts of sulphate of potash, which amounts toabout

- 60 parts. Hence we may consider this salt as compo«

sed of
6 acid

24 black oxide of iron

60 potash

10 water

100
The proportion ofacid seems excessively small. We

should conceive the proportion of potash over-rated by
Proust.

Sp. 11. Prussiate of Soda-and-Iron.

This salt has been lately examined by Dr John, who
employed the same process for forming it as that de-
scribed above for forming the triple prussiate of potash.
Its colour is yellow. - It crystallizes in four.sided prisms
terminated at both extremities by dihedral summits.
They are transparent, and -have a bitter taste; when
left in a warm place they fall down in the state of a
white powder, and lose 37} per cent. of their weight.
At the temperature of 55° they require 4% times their
weight of water to dissolve them ; but they are much
more soluble in boiling water, a portion of the salt crys-

]
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trystals is 1°458.  They are insoluble in- alcohol *.

Sp. 12. Prussiate of Ammoiia-and-Iron.

" Tars triple salt has also béen cmployed;s a test; but
it is not so easy to obtain it in a state of purity as theé
other two. It was discovered by Macquer, and first
recommended by Meyér.

It forms flat hexangular crystals, solublé in water,
and deliquesces in the air: Heat decorfiposes it like the
other prussiates .

Sp. 13. Prussiate of Magnesia-and-Iron.

This triple salt was first examined by Hagenin 1182}
but sinceé that time scarcely any attention has been paid
to it.

SECT. 1I.
OF METALLINE SALTS.

T'HE action of the acids on ihetallic Bodies, and the si=
line compbunds formed by their combination with them;
vere somte of the first objects to which the earlier che=

e

* Gehlen’s Jour. 2d Series, iii. 171,

t Woulfe, Jour. de Phys. xxxiv. 1o1.~If we believe Van Mons, thié
is not a triple salt, bt a prussiate of ammonia. According to him, ammo-
nia is incapable of forming triple salts with prussic acid and oxides, See
Four. de Clim. iii. 280. .
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<mists divected theif attention. The facility with which

several of these compounds change their state ; ‘the at:
tivity and corrosive nature of many of them, owing in
a great measure {0 that facility ; the péfmadency of
others ; and the apparent conversion, of biie; metallic
salt into: another—were so many anomalies which re-
mained long inexplicable : But they were of too inter-
esting a naturc not to excite attention ; jand to the suc-
cessive. researches .of chemists into the ‘propesties of
metallic salts must be .ascribed a great part of the pro=-
gress which chemistry has made. Many apparent ano-
malies have been happily explained by the successive la-
bours of Bergman, Scheele, Bayen, Lavoisier, Proust,
&ec. ; but there still remain 2 sufficient number of diffi-
culties in this part of the science, to exercise the sagas -
city of the most acute philosophers, and discoveries to
be made in it, which will fully compensate the most la-
borious investigation.

As there are 28 metallic bases from which these bo~
dies derive their characteristic properties, this class of
salts may be divided into 28 genera. Since there are
33 acids with which each base has to combine, it would
seem at first sight that the number of species belong-
ing to each genus ought to amount to 33, which would
make the metallic salts in all 924. * But it is not the
metals which combine with acids, it is their (;xides, of
the compounds which they form with oxygen: thé
metals themselves, as far as is known at present, are
not capable of combining with any acid. Now as most
metals form more than oune oxide, and as each of the
oxides of a metal is often capable of combining withr
acids, it is evident that the number of metallic salts
must greatly exceed this number. Thus iron being cas

|
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instead of 33, must amount to 66, provided each of these
oxides be capable of combining with all acids: the con=
trary of which has not been ptoved.

It has been shown formerly; that the difference: be-
tween the oxides of the same metal consists in the pro-
portion of oxygen which they contain. Now;in gene-
tal, all oxides which do not contain 2 maximur of oxy-
gen have a tendency to abserb that principle; whenever
it is presented to them, till they are completely satura-
ted.  This t'endéncy-displays itself with most energy
when the oxides:are combined with acids and in 4 state
of solution; consequently all'those metallic salts; whose
bases d¢ not contain 2 maximum of oxygen, are liable

-to absorb that principle; and by that means to ¢hange

into a different salt. - Thus green vitriolis a salt com-
posed of sulphuric acid and black oxide of iroh. . When
dissolved in watér and exposed to the air, it very soon
absorbs oxygen, the black oxide is changed into the red ;
and thus ‘a new salt is: formed composed, of sulphuric

o acid and red oxide of iron. .~ This is a change exactly

the reverse of what happens to those earthy and alka-
line salts which ~contain-an; acid with a minimum of
oxygen; as the sulpbites and phosphites. . They also
absorb oxygen indeed, and are econverted into other
salts 3 but the oxygen combines with the acid; whereas
in' the metallic salt it combines with the base. = These
different earthy and alkaline salts have been very hap-
pily distinguished by different terminations. Thus the
sulphzse of potash contains the acid of sulphur with a
minimum of oxygen ; the sulphate of potash contains
the acid of sulphur with a maximum of oxygen. No
attempt has hitherto heen made to distinguish the d:f"ﬂs
Vel, 111. I

Vatictiess

- pable of forming two oxides, the speci¢s of salts of iron, Chap. 1L
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rent metallic saltsof the same base with different doses
of oxygen by any similar plan; yet such a. distinction
is absolutely necessary, if we wish to speak intelligibly
about these salts. ' It is true the distinction is- notiso
easily made in this case as in the other, on ‘accoutit of
the indefinite number of oxides belonging: to some-of
the metals ;- but this very number makes some disting-~
tion still miote necessary.

Ttis only of late that chemists began to attend to the
different salts which the same metallic base corhbined
with different portions of oxygen is capable of forming
with the same acid.  Bergman, indeed, and Scheele,
had given some striking instances: but Proust has since
carried the subject much farther. < It is to the newness
of this branch of the science that we must dscribe the
want of a nomenclature for the metallicsalts.. ~The
Frerch chemists seem to have been nearly strangers to
it when they formed their, chemical nomenclature in
1787 ; and even at present:thessubject. is too imperfect-
ly known to admit of a regular treatise : but ¥ shall in
this Section'givea full view of all the facts which have
been discovered. _

T do not recollect at present any instance of mare

“ than two metallic salts with one acid and base, differing

merely in the proportion of oxygen, if we except the
prussiates. It will be sufficient, then, for thé present,
to generalize a mode of naming metallic salts which has
been adopted in one class; I mean the metallic muriates.
In these salts the compound, censisting of muriatie acid
and a metal with 2 miniinum of oxygen is called a mu-
riate ; the compound of the acid, and the same metal,
with 2 maximum of oxygen, is called an oxymuriate.
This mode of naming will apply very well to all those |




METALLIKE.

131

. g in which the metal is only capable of forming Chap. UL
gencta in whic metat 1S on y p € o ormmg

two oxides, and likewise to all those whose oxides are
valy capable of forming two salts with the same acid;
Thus we may call the compound of sulphutic acid and
black oxide of iron sulphate of iron; and the compound
of the same acid and red oxide of iron, oxysulpbate or
oxygenized sulphate of iron. In the present state of the
science, I shall satisfy myself with arranging these dif.
ferent bodies as varieties of the same species.

We have, then, 28 genera of metallic salts, 33 spes
cies belonging to each, and many of these species con-
taining several varieties. We have likewise a very con-
siderable number of triple salts, consisting of combina-
tions of earthy or alkaline bases with the metallic salts.
All these must swell the number of metallic saltsto a very
considerable amount. But we are very far from being
fully acquainted with all these bodies ; many of them
are still unknown, and many have been merely pointed
out without being described. ~ It is even exceedingly
probable that not a few of those combinations;, which
may be stated theoretically, cannot be formed at all:
For as the oxides containing a minimum of oxygen have
a strong affinity for that principle, it is clear that, in-
stead of combining with those acids which part with
their oxygen easily, they will decompose them altoge-
ther. This point can only be decided by experiment,
as we have no other method of deciding the affinities
which different bodies exert upon one another, Even

.in the present imperfect state of our knowledge, the
number of species belonging to many .of the genera is
very considerable. To prevent the econfusion which
this is apt to produce, I shall subdivide the salts of every
genus as far as possible into five heads. The first head

Iz
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will consist of the salts whose acids are supporters of
combustion, excluding the metallic acids.  Most of
these salts have the property of detonating with phos-
phorus when struck smartly upon an anvil. They may
therefore be distinguished by the epithet detonating. It
is proper to describe them first, because theyare often
employed in the formation of the others. The second
head will comprehend all the salts whose acids are pro-
ducts of combustion, or undecompounded.  They are
all incapable of combustion, ‘and may therefore be dis-
tinguished by ‘the epithet incombustible. ~ The third
head will consist of the salts whose acids are combus:
tible ¥, They may be distinguished by the term combus:
#ible’; not that they are all strictly capable of ‘combus-
tion, but because when distilled they all' yield combus=
tible products. - The fourth head will consist of salis
whose dcids are metallic. ' They are all' insoluble in
water, and ‘most of them are found native. The fifth
head will comprehend the ‘triple salts, or those metallic
salts'which contain’ not only’an acid and -metallic ox-
ide, but likewise an alkali‘or earth. "Thus the salts
of every genus are subdivided into five parts’; name-
1y, 1. Detonating. « II. Incombustible. 11I. Comibus-
tible. '1V. Metallic. V. Triple. . But this division
“will be ‘attended to'only in the genera, which have been
pretty fully investigated,

b

.* Excluding the sulphites and phosphites, which are better placed
under the f irst head,

'y
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TroucH gold was tortured with the most perseve-
ring mdustry by. the alchymists and metallurglsts, and
has been an interesting object of exammatxon to che=
mists in every period of the sclence, there is no genus
of salts with which we are at present so httle acquaint-

jed as those which have for their bases the oxides of that

metal. . This is not owing to the expence necessarxly
attending such investigations, but to the peculiar pro-
pemes of gold itself. _As that metal is not acted on by
any of the acids ex«:ept the nitric, oxymurlatlc, and
mtro-murxatxc, none of: the salts of gold can be formed
directly except the nitrate and muriate: all the rest must

‘be composed by precxpxtatmg the oxide of gold from its
solution in mtro-murxatxc acid, and afterwards dlsso]vmg

it in the other acids. . But this method was not thought

of till the nature of the oxxdes of gold was known and

since that point was’ ascertamcd no chemxst has cone
sidered these salts as worth investigating. It is true,
indeed, that they do not hold out those brilliant . disco-
veries which attract adventurers to other parts of the
science : yet it mast be admitted that an accurate exa-
mination of the metallic salts requxres as much address,
mgenuxty, and sagacity, and would conmbute as much
to the advancement of the science, as any other investi-
gation whatever. It would throw & new light on mi-
neralogy, and even on geology ; it would enable us to
develop with miore precision the nature of affinity than
‘thas hitherto been done ; and it would serve also as 2
touchstone to try the truth of several chemical theories
‘which are at present in vogue.
Vol 111, is
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There are two oxides of gold known, the purple and
the yellow ; but as far as is known at present, the first
of these does not combine with acids at all. Conse-
quently all the salts of gold are, strictly speaking, oxy-
gemzed that is, composed of gold combined with 2
maximum of o)éygen. ‘We are only déquainted at pre-
Sent with two specles of these salls, ‘idmiely the muri-
ate and the mtrate. Hence it is unnecessary to subdiz
vide the genus.

The salts of gold miay Be dscertained by the follow-
mg propemcs -

o 1 Thcy afe soluble in water, and the solution has
a yellow colour. . : 1

2. Tnple prussiate of potash occasions 4 white ¢ or
ycl]owxsh.whlte precipitate when poured into these so-
lutions. ?

3. Gallic acid dr the infusxon of nutgalls gwes these
solutions 4 green colour, and a brovn powder is preci-
pxtatcd‘ which is gold reduced.

4. A plate ‘of tin or muriate of tih dccasiond the pre-
cipitation of a purple tolouted powder. .

W Sulphate of irdn’ prec:pxtafes the gold 1h the me-
tallic stdte. Sulphurous ac1d produccs the sime eﬂ'cct.

Sp. 1. ]ﬂmzate quold. s

Thrs salt, which wis well known t5' the alchymists)
and much valued By them, thay be formed by dissol:
ving 'gold in 2 mixtute Eomposed of one part of ‘nitri¢
and four pafts of muriatic acid.  ‘The nietal is attacked
mstantly, and dissolves with a strong éfferveséence, oc-
casioned by the emission of hitrons gas. The liquid]
when saturated, which is known by its refising to dis¥
solve more gold, forms 2 solution of a deep’ yellow ¢ol
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loar. Tt tinges the skin indelibly of a deep purple
colour, and ' produces the same effect upon almost all
animal and vegetable bodies, and even upon marble.
The colour is owing to the partial reduction of the yel-
low oxide of gold, and its permanency to the strong af-
finity between metallic oxides and the epidermis.

When this solution is evaporated, muriate of gold is
obtained in small crystals of a fine yellow colour, having
the form of four-sided prisms or truncated octahedrons.
They are obtained more readily if the solution be eva-
porated to half its bulk, and a little alcohol be afterwards
added toit. This muriate is so liquifiable, so difficult
to obtain dry, that it can scarcely be taken out of the
retort without cousiderable loss. In sumimer it becomes
liquid in the morning, and crystallizes towards even-
ing, passing through this alternation during the continu-
ance of the hot weather. Its taste is acerb with a little
bitterness, but without that after-taste of metal which
renders the solutions of silver, mercury, 8ec. so disagree-
able. It dissolves readily in alcohol, and may be sepa-
rated by distillation without undergoing any change *.

When its solution is heated gradually in a retort,
there passes over oxymuriatic acid ; and a minute quan-
tity of muriate of gold is also carried along with it un-
decomposedt. The gold remains spongy, and with-
out lustre at the bottom of the retort.

This salt is soluble in ether. The solution hasa

/

#* Proust, Nicholson’s Jour. xiv. 239,
+ To the liquid obrained by distilling over the solution of go1d in ni-
ero-muriatic acid, the alchymists gave the name of Jee rubeus, © sed lion.*?
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yellow colour ; and the gold is gradually reduced tathe’
metallic state, doubtless by the action of the ether on
it. Ether seems to dissolve muriate of gold more rea-
dily than water ; for when liquid muriate of gold is
agitated with ether, the whole salt passes from the water
to the ether, 3

It is decomposed by the alkaline earths; the yel-
low oxide of gold being separated, But ammonia
redissolves this oxide, and so do the fixed alkalies if
added in sufficient quantity, forming probably triple salts
which have not been examined, '

It is decomposed also while liquid by hydrogen gas,
phosphorus, and sulphurous aeid ; and the gold is pre-
cipitated in the metallic state, being deprived of its oxy-
gen by these combustible bodies: but when dry this
decomposition does not happen. For these very inte
resting facts we are indebted to the ingenious Mrs Ful-
hame. She found, that when & piece of silk, dipt in a
solution of gold in nitro-muriatic acid, is exposed to
hydrogen gas while moist, the gold is instantly redu-
ced ; butif the silk be dried previously, the reduction
does not take place. The same reduction takes place
when the silk is dipt into phosphureted ether. 1f a bit
of silk, moistecned with phosphureted ether, be dipt
into the nitro-mauriatic solution, its surface is imme-
diately gilt with a fine coat of gold, which adheres very
strongly,

Mrs Fulhame ascertained, that this reduction of the
gold does not happen in any case unless the salt be
moistened with water: when perfectly dry, it is not al-
tered. This is not pecnliar to the action of combusti-
bles on metallic salts : it holds also, as we shall see af-
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terwatds, with respect to the metals.  But' it is by no

means easy to see what makes water so indispensibly
necessary. It is not, as is commonly.suppesed, in order
to secure the fluidity of the mixtnre: for Mrs Fulhame
has shown that ether, though a liquid, has no effect in-
reducing gold unless water be present. She accounts
very ingeniously for the phenomena, by supposing tha,
the water is decomposed.  The combustible combines
with its oxygen, while its hydrogen combines with the
oxygen of the gold, and reproduces water. This theory
accounts very well for the phenomena; but it would
require some direct proof to establish it completely.

The greater number of the metals, when plunged in-,
to the solution of muriate of gold, occasion a precipitate
either of gold in the metallic state, or of its purple ox-
ide; while at the same time a portion of the precipi-
tating metal is oxidized and dissolved by the acid. Zinc,
iron, bismuth, copper, mercury, precipitate it in the
metallic state.  Lead, silver, and tin, precipitate itin the
state of pyrple oxide. The sulphate of iron precipitates
it in'the metallic state, and is-at the same time convert-
ed into’ oxy-sulphate by the oxygen which it has ab-
sorbed ; whereas the ‘oxy-sulphate of iron produces no
effect at all. . The same thing happens with tin. . The
mauriate of that metal precipitates the gold-in the state
of purple oxide, combined with oxide of tin; a. pre-,
cipitate well known by the the name of precipitate of.
Cassius, and used to give a red colour to porcelain and
glass : But the oxymuriate of tin, which is already at 3
maximum of oxygen, produces no such effect ; because
it does not absorb oxygen from the gold.

Mr Proust has published a number of experiments

¥37
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on the purple of Cassius. He has endeawoured to prove
that it is a compound of gold in the metallic state, and
the peroxide of tin. His proofs that the gold is in the
metallic state, do not appear to me quite conyigcing,
though they certainly render the opinion plausible.
There can be no doubt that the two constituents of this
powder are chemically combined. ‘When the liquid, from
which purple of Cassiusis precipitated, contains an ex«
cess of acid, the precipitation goes on very slowly. Itis
very much facilitated by the adfiition of potash ; but care
should be taken not to add this alkali in excess, other.
wise the precipitate is contaminated with a mixture of
yncombined oxide of tin.. From : Proust’s experiments
we learn, that this powder is 2 compound of one part of
gold and three parts of peroxide of tin *. 'Aqua regia
dissolves the gold and leaves the tin; on the other hand,
muriatic acid dissolwes the tin and Jeaves the gold, Ni-
tric acid dissolvesa portion of the tin, and brightens the
colour of the powder; but is not capable of dissol~
ving the whole.

These precipitations have been long known to che-
mists ; but a satisfactory explanation of them was till
lately considered as hopeless ; and even at present, not.
withstanding the progress which the science has made,
there are several particulars attending them which are
not fully understood, Bergman first threw light upon
the subject, by showing that the precipitating metal ab-
gorbed oxygen from the other+. Berthollet has since
rendered it probable that, in mast cases, when the pre;

* Nicholson's Jour. xiv. 336.
# Sce his Dissertation, De Precipitatis Metallicis, Opuss, ii. 349, His
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cipitate is in the metallic state, it is combined with a Chap. Il
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portion of the precipitating metal, and therefore in the
state of an alloy ; and that when precipitated in the
state of an oxide, it retains a portion of the acid with
which it was combined, and is therefore in the state of
a sub-salt *. But the full discussion of this subject bex
Jongs to the succeeding Book. Even the theory of that
acute philosopher will not account for every thing,
The precipitation does not succeed equally well in all
circumstances. Every person must have observed, that
in many cases, when the liquid is very much concen-
trated, a plate of metal produces no change in several
hours ; but the moment it is diluted, the dissolved me-
tal precipitated in sbundance.

Sp. 2. Nitrate of Gold.

BrANDT first observed, that nitrous acid has the pre=
perty of dissolving gold, especially when assisted by
heat ; and this observation has been confirmed by the

subsequent experiments of several other philosophers,’

Fourcroy has ascertained, that this effect is produced
only when the actd contains a large portion of nitric
oxide, and when the gold is very much divided, as in
‘the state of gold leaf. The solution has an orange co-
lour, and always retains an excess of acid. It cannot
be evaporated to dryness without decomposition, as the
nitrate of gold which it contains is decomposed by
light and by heat. This salt is decomposed by muri.
atic acid . '

gxplanation, when translated into the modern language, is, in ¢ ffect, that
given abovc,
#* Ann. de Chim. 3X3¥ii. 337 4 Fourcroy, vi. 3974
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Genvus II.  Sarts oF PraTINUM,

As platinum agrees with gold in its power of resist~
ing all the acids except the oxy-mariatic and nitro-mu-
riatic, the same obstacles lie in the way of an examina-
tion of the salts of platinum which have prevented us
from getting acquainted with the last genus. . Indeed
the scarcity of this metal, and the great difficulty of pro-
curing it in a state of purity, render it still less easy to
examine the salts which it forms. We need not be sur«
prised, therefore, that. this genus is scarcely farther ad-
vanced than the last.

The salts of platinum may be ,dlstmgulshed by the
following properties.

1. Their solution in water hasa brown or yellowishs,
brown colour.

2. Triple prussiate of potash occasionsno precipitate
in these solutions,

3. Neither isany precipitate produced by gallxc acid
or the infysion of nutgalls,

4. Potash and ammonia occasion the precipitation of
small orange-coloured crystals.

5. Sulphureted -hydrogen precipitates the platinum
in the metallic state,

Sp. 1. Nitrate of Platinum,

NrtriC ACID, as far-as is known, .is not capable of
dissolving platinum, except when that metal is alloyed
with gold ; but the peroxide of platinum dissolves rea-
dily in this acid, and forms with it anitrate, the proper-
ties of which have not been examined. s

When this solution is evaporated to dryncss, therg
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remains a subnitrate of platinum easily decomposed by Chap. Ik
heat. From the experiments of Mr Chenevix, we learn
that this subnitrate is composed of

89 peroxide of platinum

11 nitric acid and water

100 *

Sp. 2. Muriate of Platinum.

Tais salt may be formed by dissolving platinum in  Formation,
oxy-muriatic acid ; but it is more éasily obtained by
means of nitro-muriatic acid. Sixteen parts of a mix-
ture, composed of one part of nitric’and three parts of
muriatic acids, when boiled upon platinum previously
reduced to powder, gradually dissolve it with a violent
effervescence, during which hyperoxymuriatic acid gas
1s disengaged, as Mr Chenevix has ascertained. - This
solution assumes at first a yellow colour, which gradu-
ally deepens as the platinum dissolves; and when the
solution is finished, it is of a very 'deep .red or, brown.
It is exceedingly acrid and caustic, and tinges the skin
indelibly of a dark ' brown colour. ~When it is suffi-
ciently concentrated by evaporation, very small irregu-
lar crystals of muriate of platinum are deposited of a
reddish brown colour : when properly edulcorated and
dried, they areless soluble in water ‘than sulphate of
lime 4. This salt has a disagreeably astringent metallic
taste. Heat decomposes it by driving off the acid.- The
earths, as far as they have been tried f, decompose the

* Chenevix on Palladium, p. 27. + Bergman, ii. 167,
1 Mr Chenevix found that lime precipitates only a pomon of the oz-
ide, and not the whole.
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are not altered by exposure to the air, are difficultly so-
luble in water, and not atall in alcohol. When exposed
to the action of heat, the acid is driven off, and the oxide
left behind *, - ‘ '

Sp. 5. Oxalate of Platinum.

PraTivum is not acted on by any acid except the
oxy-muriatic and nitro-muriatic ; but its oxide is solu-
ble in oxalic acid, and yields by evaporation yellow
crystals of oxalate of platinum, the properties of which
have not been examined {.

Sp. 6. Prussiate of Platinum.

ScHEELE ascertained that prussic acid has no action
either on platinum or its oxide : neithet is any precipi-
tate occasioned by pouring the prussiates intoa solu-
tion of platinumm in nitro-muriatic acid. Consequently
the prussiate of platinum is soluble in water 1.

Sp. 1. Muriate of Platinum- and-Potash.

WHEN potash is added to the solution of platinum in
nitro- muriatic acid, small heavy crystals, of a red co-
lour and octahedral form, are deposited, composed of
muriatic acid, oxide of platinum, and potash. The same
triple salt is obtained if, instead of potash, the sulphate,
nitrate, muriate, or acetate of that alkali be employed.
It is sometimes obtained also in the. form of a yellow
powder. 1t is soluble in water, and decomposed with
difficulty by soda §.

* Trommsdorf, Ann. de Chim. 2i. 31§, + Bergman, i. 266.
$ Scheele, ii. 172: § Bergman, ii. 368
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Sp. 1‘8_. Muriate of Platinum-and- Ammbritd:

For the discovery of the nature of this salt we are
likewise indebted to Bergman. When amimeonia is add-
ed to the solution of platinum in nitro-muriatic acid,
small crystalline graihs are deposited, which have an
octahedral form, a rellow colour, and are solitble

-in water. These crystals are composed of muriatic

acid, oxide of platinum, and ammonia. They are ob-
tained equally, though not in such abundance, if sul-
phate, nitrate, or muriate of ammenia, be employed in-
stead of the pure alkali orits carbonate. Soda dissolves
them ; and when the solution is evaporatéd to dryness,
the ammonia is volatilized, and the oxide of platinum
separated *. . When this or the preceding salt is expo-
sed to 2 strong heat, the platinum is reduced. Thisis
the usual method of purifying platinum, i

Sp. 0. amé 10. Té‘zlble Nitrates of Plétinum.

BERGMAN has ascertained that potash and ammonia,
or:their saline compounds, produce the same effect tpon
the solution of nitrate of platinum that they do on the
muriate; that is to say, they occasion a precipitate in

- erystals, constituting a triple salt ; composed, in the first

case, of nitric acid, oxide of platinum and potash; and
in the second, of the same acid and oxide, combined
with jam'monia it.a d Y

Sp. 11. and 12. 'Trz‘])le‘Sulplm‘te: of Platimum.

BercmaN has proved, that when potash or ammo-

4

* Bergman, ii. 174. 1 Ihid. o175
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nia, or their compounds, are dropt into the solution of
sulphate of platinuin, a triple salt is also precipitated ;
composed, in the first case, of sulphuric acid, oxide of
platinum, and potash; and in the second, of the same

bodies combined with ammonia *. Tt appears, then,"

that the oxide of platinum, with what acid soever it be
united, has the property of combining with potash and
ammonia, and of forming with them triple salts. In
this respect the oxide of platinum agrees with the yel-
low oxide of tungsten; and it is not probable that the
property is confined to these two metallic bodies.

Gexnvs III.  SALTS oF SILVER.

~ SEVERAL of the acids are capable of oxidizing silver:
but it resists the action of the greater number. The
nitric dissolves it with great facility ; hence it is the ni-
trate of silver with which we are best acquainted. Most
of the other acids form with it compounds scarcely so-
luble in water. All the salts of ‘silver, as. far as is
known, are decomposed by the alkalies and earths, €x-
cept the muriate. . Vauquelin has ascertained that the
alkalies have no effect upon this salt,: and that oxide of
silver is capable of decomposing the alkaline muriates.
The salts of silver may be easily : ascertained by the
following properties :
1. When exposed to the actlon of the blow-plpe up-
on charcoal, they are reduced, and a globule of silver
obtained. i

* Bergmap, ii; 174,

Vol, 111, . i K

145

Chap. III.
()

Characters.



140

Book Il

Division IT1.

[I—)

Propertice,

SALTS OF

2. The prussiates, when dropt into a'solution of &
salt of silver, occasion a white precipitate.

3. Hydrosulphuret of potash occasions a black pre-
¢ipitate:

4: Muriatic atid or the alkaline muriates occasion &
white ‘heavy flaky precipitate resembling curd.

5. Geallic acid and the infusion of nutgalls occasion a
yellowish brown precipitate, at least in several of thc
solutions of silver.

6. When a plate of copper is put into a solutlon of
silver, that last' ‘metal is precipitated in the metallic
state, retaining, however, a little of the copper alloyed
with it.

1. The solution of sulphate of iron prcc1p1tates the

s;lver in tli¢ metallic state.

¥ DEIONATING SALTS.

Sp. 1. Nitrate of Silver.

THERE dre two species of this salt. The first, which
has been long known, is an oxynitrate containing the
peroxide of silver; the second, recently deseribed by
Mr Proust, is a nitrate. :

1. Oxynitrate. “Nitric acid attacks silver with con-
siderable violence, “and dissolves aboiit half its weight
of it. The effervescence is occasioned by the disen-
gagement of nitrous’'gas.  The acid employed must be
pure’; if it éontains any muriatic acid, as is always the
case with the nitrous acid of commerce, a2 white insolu-
ble muriate of silver falls to the bottom of the vessel.
If the silver contain gold, that metal is also precipitated
in the form of a black or very deep purple powder.

The solution is limpid and colourless, exceedingly

e e e e e e e R il L et e N,
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fheavy, and caustic., It gives the skin, hair, and al- Chap. 11I.
qmost all animal substances, an indelible b}ack colour.
~Hence it is often used to dye hair, &c. . When evapo-
rated till a pellicle begins to, form on its surface, it de-
posxtes, on cooling, transparent crystals of oxynitrate of
silver. These crystals are brilliant and very irregular;
sometimes assuming the form of sxx-sxded ,sometimes
of four-sxded and. sometxmes of three- 51ded thm plates.
Their taste is intensely bitter and metalllc.
This salt, at the temperature of 60°, dlssolves in 1ts
own weight of water*. It does not dehquesce in_the
air ; but when exposed to, a strong light, it becomes
brown, and. the silver is partly reduced. It is soluble
.in alcoholt. \Vhen heated, it readxly melts, swells up,
and then remains hquld- - When allowed to cool, it
forms| 2 grey-_-‘(:olou‘re‘d.‘ma.gs, crystalllzed internally in
needles, - In that state, it is cast in moulds by apothe-
caries, and formed into small cylinders, often employed
by surgeons under the names of Japis infernalis and Ju- Lunar cavs-
nar. caustic, to open ulcers and destroy fuggous excres- -
cences.. . oem
When this salt 1s exposed to a red heat, as when it
_is/ put upon burning coals, it detonates, and the sxlver
remains pure, attached to the surface of the coal. The
same reduction takes place when the salt is distilled in
a retort, and nitrons gas, oxygen gas, and azotic gas are
disengaged. ) )
Mrs Fulhame has shown that when this salt is dis- Action of

solved in water, itis decomposed, and the silver reduced :ﬁ)flncl;us-

. a9z

* Wenzel. Verwandtschaft, p. 308.
+ Kunkel, Pil. Trans. 1684, vol. xv. 896.

K2
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by means of hydrogen gas and phosphorus. A bit of
silk ‘moistened ‘with this solation, “and expoSed ‘to"the
action of hydrogen gas, is almost immediately covered
with 4 thin layer of silver, ‘which adberes é'ti‘ohg‘lf;
T'he same-effett is produced by phosphorus and. by s'ul-»
phurous ac1d gas.

This salt, both in crystals and after being melted, has
the property of fulmmatmg violently- when mixed with
phosphorus, and struck smartly with a hammer. “This
was first observed by Brugnatelli. ' "To the 'same 'inge-
nious chemist we are indebted for the two followmg
facts: When tl_)tec grains’ of sulphur’ asd nine grains
of nitrate of silver, mixed together, are’striick with'a
cold hammer, the sulphurmﬂames, but no detonation
takes placey ‘whereas if ‘the hatmer be hot, the mix-
ture detonates, and the silvet'is reduced.” -If ¢haréoal

be' substitutgﬁ' for sulphur, only a faint ‘detonation is
i 3

‘heard thotigh the hammer be hot *. @318

Thesilver is precipitated from the solation ‘of this
salt int water in a metallic*state by the ‘greater namber
of the metals, especially by mercury and copper; which
at the same time combine with it. '

This salt is decomposed by'all the alkalies and ‘alka-
line earths, and by the sulphuric, sulphurous, muriatic,
phosphorie, fluoric acids, and their salts.

Mr Proust has shown, that when silver is dissolved
in nitric acid a small portion of the metal is volatilized
by the ebullition. - From his€éxperiments it does not ap-
pear that oxynitrate of silver contains any water of erys-
tallization. He found it composed of

® Ann, de Clim, xxVii, §2.
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Jiiw Lo o0 0910170 peroxide of silver
) gniini8k, .30 nitric acid
s 100 "3o0¥”

; 2.:. Nitrate. This salt may be obtained by the follow-
mg‘process "Put a quantrty of pure powder of silver
mto a soiuuon of mtnc acvd’ already saturated with' sil-
VEI, and boxi the mixture for an hour after nitrous gas
vhas ceased to be cvolved ﬁ)en draw off the clear liquor
thh a bulbed sxphon. The 'solution is of @ pale yellow
colour, and it may be concentrated much ‘more than the
solutlon of oxymtrate, as the mtrate which it affords is
much more solable.” Vthn it 'is"in the propornon of
240 to iOb ‘of water, it 1s Sl far enough from crystal-
llzmg, ‘and sometimes it remams flluid for ‘sevcral days;
but lf it be poured into'a phial, it congeals s0'sudden-
Iy that the last pomons ‘from the mouth of thie retort
become “solid like xcxc]es from'the davesof house, and
a great deal of heat is evolved ‘Tt is difficult to bring
lt to a reguiar crystalhzatloxi b6causc it hds'a much
greater {cndency to congeai t}laﬂ to' separate mto cry-
stals,’ “If it congeal, it cannot be tedissolved without
the separatxon of a yeIIow powder,“whlch is'a subni-
trate of sxlver. Hence it appears ‘that' the portion dis-
_so'{vg& takesa portxon of acxd from this yellow powder.
» Wh;xn the solution of nitrate of 'silver is ‘Keptin the
opé;i‘ g.u'f it soon absorbs OXygen‘, loses it§ colout, and
ﬂeposnes crystals of oxynitrate, ' The same change is
produced immediately by the adition of nitric acid.
Hence a few drops of that acid occasion the immediate
deposmon of large scales of oxymtratc.

# Nicholson’s Joyr, xv. 375.
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When the solution of nitrate of silver is mixed with
the infusion of 1itmds,‘h'b1{x'e'-1ake precipitates. Oxy-
nitrate produces no effect u{o‘fr“ this 'iﬁfusiou. From
the solution of cochineal the pxtrate throws down a deep
v101et lake 3, the oxynitrate produces a scarlet powd—er.
When the oxynitrate Is dropt mto sulphate of md1g0

i3 3 .CaLJ

no change is produced 3 the nxtrate mstantly depnvcs ;t:

RERVEVE ]

of colour, while the sdver lf rqduced Ammoma p;e-;

Q 3 DoekD

cipitates a black powder from thLe mtrate of silver, 'I{hxs
black powder is silver redu,ced. W.hat 1s dr.S.solved by

1130000 . N l.A lflnlag

the atnmonxa is m th.e state of oxynltre{t‘e. A pre xpot h

throws down a brown precnpltate, as 1t dOes from oxyn .
nitrate. If this oxlde be dried, it absorbs ogygen, ap
is converted into peroxide. Alcohol acts_on nitrate of

(201

silver. prectsely as water -does. A,poruon of sublr}x‘-.

trate precipitates, and a supermtrate is, dxssolved ,f

&l O3 1

the alcohohc-lsolutxon be dlsnlled, 1t leave,su behmd a

(110354

portxon of oxynitrate and of. s1lver reduced. : Vhen a
httle nitrate of silver j - ds d}'opt th bodmg water, 111“ 1s
decomposed a.portmn of the sdver 1s reduced and pre-
cipitated in, the state of a black powder and dle reft of
the jsalt is; coqyerted mto oxymtrate. AP i 1

When the mtrate of s11ver Is concentratedl in a retort,

2300 L1 QO BIRYS
it grows thxck glves out,a lxttle nitrous gas, ente s 1nto -
08 10 fN04FI05E g3 18 V08

fuslon, and aifoxds a yellow subhmate which lmes ,the

L2 8

sldes of the tetort., .sIf the melted mass be dxssolve 1 a
CI0248 11002 I1 18 n! G

yellow powdex; mlxed th‘h a lntle reduced sﬂver Ere-

* 710 g9ij20

cipitates®. 1 = 81 7d +istcibscacnt . eatbota
Sp. 2. ijeroxymurzate of Silvein! 5 591!

; i 1q noitgz )

Thrs salt was dlscovered by Mr Chenevix. It may

* Proust, Nickelson’s Jour. xv. 376.
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be formed by boiling phosphate of silver in hyperoxy-
muriate of alumina, or by passing a current of oxymu-
riatic acid through water in which the oxide of,silver
1s suspended. = It is soluble in about two parts of warm
water ; but as the solution cqols, it crystallizes in small
rhomboids, opaque and dull, like nitrate of lead or ba-
rytes. It is soluble in alcohol. Muriatic acid decom-
poses it, as does nitric, and even acetic acid. But the
hyperoxymuriatic acid is decomposed, and the muriate
of silver remains behind.

When this salt is exposed to 2 moderate heat, it melts,
oxygen is given out, and muriate of silver remains be-
hind, « When mixed with half .its, weight of sulphur,
and struck slightly, it detonates with prodigious yio;
lence. The flash is white and vivid, and accompanied
by a sharp. and quick noise, and the silver is reduced
and volatilized *.

II. INCOMBUSTIBLE SALTS.

Sp. 3. Muriate of Silver.

MurtaTIic AcID does not attack silver, even when as-
sisted by heat ; but the muriate of silver is easily form-
ed by dropping muriatic acid, or any of its combinations
with alkalies or earths, into the solution of silver in ni-
tric acid.. A white flaky precipitate immediately forms,
which is muriate of silver, or Jornsilver as it was for-
merly called. ,

This salt is one of the most insoluble known : Ac-

* Chenevix Ox the Oxygenized and Hyperoxygenized Muriatic Asids,
s ¢ 2
- 39-

!/

Properties.



152

Book 11
DivisionIIl,

SALTS OF

cording to Monnet, it requires no less than 3072 parts
of water to dissolve it. When exposed to the air, it
gradually acquires a purple colour, owing to the escape
of part of its acid, and the consequent reduction of part
of the oxide of silver. 'When exposed to'a heat of a-
bout 5009, it melts, and assumes, on cooling, the form
of a grey-coloured semitransparent mass, having some
resemblance to horn, and for that reason called Zuna cor-
nea. A strong heat sublimes it, as Margraf aséertain-
ed *.  When heated strongly in-an earthen crucible, it
passes through altogether, and is lost in the fire; but
when mixed with about four times its weight of ‘fixed
alkali, formed into a ball with a little water, and melt-
ed rapidly in a crucible well lined with alkali, the sil-
ver is reduced, and obtained in a state of purity. CGon=
siderable cantion is necessary in conducting this expe-
riment. The easiest way of obtaining the silver is, by
boiling the muriate in an iron pot with water and pieces
of iron. 2 Hd : i [ S
The muriate of silver is soluble in ammonia. The
alkaline carbonates decompose it, but not the pure alka-
lies: neither is it decomposed by any-of the acids.
Several of the metals, when fused along with it, sepa-
rate the silver in its metallic state ; bat it is always al-
loyed with' a little of the metal employed.: Copper,
iron, lead, tin, zinc, antimony, and bismath, have been
used for that purpose +. If the solution of this salt in
ammonia be mixed with running mercury, the silver

gradually separates, combines with the mercury, and

¥ Opusc. i. 265. Proust affirms that this sublimation stops after the
salt is in complete fusion.
+ Margraf, Ibid. .
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forms the crystals usually distinguished by the name of Chap. III.
s

arbor Diane. Margrdf recommends this amalgama-
tion as the best method of procuring pure silver. This
salt dissolves in muriatic acid, and by that means may
be obtained in octahedral crystals: When the ammo-
niacal solutién of this salt is heated, fulmmatmg sxl-
ver is precipitated *. LaEs

Considerable pains have been taken to ascertain the
constituents of this salt correctly, because it is by means
of it that the different muriates are analysed. - The fol-
lowing Table exhibits the result of  the most accurate
trials hitherfo made :

S N T8 o

Acid 16.54] 17} 177 | 18 18°28

Base ' |-83-46| 83| 82:3 | 821:81:72

Total {100 |100{100 {100l100

These analyse.s‘éorrespta'nd very closely with each
other. The result of Bergman’s ** experiments, as well
as those of Wenzel 11, differ ver.y' little from the pre-
ceding. We may consider 100 parts ‘of dry muriate of
silver as contammmg 156 parts by wexght ofpure sil-
ver. A AR L :

#* Proust, Nicholson’s Jour. xv. 369.

t Kirwan, Nicholson’s Quarto Jour. iii. 2t5. The salt was dried at
130% The oxygen in the basc he statcsat §:46.

t Chenevix On Hyperoxygenized Muriatic Acid, p. 12.

§ Zaboada, Jour. de-Phys. Ix. 379. i

il Proust, Jour.de Plys. xlix. 221, € Rose, Gehlen’s Jour. vi. 29,

*% Opusc, il, 391, oot 1t Verwapdtschaft, p. 1230
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Mariate of silver is.formed also when silver is expo-
sed to the acuon of oxymuriatic acid.

$p. 4. Su&bbqtﬂ of Silver.

SuLrHURIC ACID does pot act on silver while cold ;
but when: boiled upon that metal in the state of pow-
der, an effervescence is produced, occasioned by the es-
cape of sulphurousiacid, gas, and the silver is reduced
to a white mass soluble indiluted sulphuric acid.  This
solution' is limpid and ,éqlourlps_s, and yields on evapo-
ration’ crystals of sulphate of silver. These crystals’

are white and bnllxant and have the form of very fine

prxsms.
This salt, accordmg to Wenzel, requires 8‘1Ith parts
of water to dxssolve 1t ; hence the reason that it is

:generallx precxpltated in the state “of a white powder

when " sulphuric acid is dropt into a solutxon contain-
ing silver; It is soluble i m nitric acid w1thout decom-
position *, “When heated 'it ‘melts, ‘and in adry heat is
decomposed the sﬂ\rer is reduced, and sulphurous acid
and oxygen gas are dlsengaged thn exposed to the
light, it is slow]y decomposed _It is dec'omposed also
by the followmg bodies ; ‘ '

1. Alkalies and alkaline earths, and the1r carbonates.

2. Muriates, phosphates, fluates, | e~

According to Bergmant, 100 parts of silver, prem-
pitated from its solution by sulphuric acid, yield 134 of
sulphate. Now allowing, with Proust, 10° 6 parts of
the increase for oxygen, this would give us the com-
ponent parts of sulphate of sxlver as follows ;

# Klaproth. . + Opuse.iis 3914
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yasviia' G0 J.Tyn-r—.v-:-..‘ 190 §onies bu 1
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" This'would 'make the proportxorrs of sulphate. nearly
the s same as those of the muriate, | 255 10 "u e
q}:, s, i Sjb 5. Su{pbztt quzlz/er. a4

SurLrHUROUS AcID does not attack sllvcr, sbutit coms
bines readily with its oxide. The sulphite assumes the
form of small brilliant ‘white grams. ‘"It has an acrid
metallic taste. - :Water: dissolves ‘only /a- very minute
‘portion of it: accordingly |sulphurous acid occasions 2
‘white; precipitate of sulphite in selutionscof- silver.
‘Wlién exposed torthe light, it assumes/a.brown -¢olour.
“When :strongly heated. the silverissreduced, and sul-
phurousmand sulphunc acids ‘exhaled:T 15002 %0

T:cThis salt imay beobtained also by, mixing. togcthex
thé 'solutions of sulphite of ammenia; 'and; nitrate iof sil-
wet3 but if too) much- sulphite of ammonia 'be added,
‘the:salt is redissolved, and a triple salt formed, ¢ompo-
-sed.of Tsulphurous.acid;: oxide of silver, and ammonia.
'The fixed alkalies are alsq‘cap:able, Qfﬁdjssolfrmg the. sul—
‘phite ‘of silvery;and forming ‘with it-triple salts *. .-

Sp..6.. \flzqs'pbaft'é of Silver.

ProsPHORIC ACID does not-act upon silver, but it
combines readily with its oxide. r Phosphate of silver
is precipitated in the state of 2 white powder when phos-
phoric acid is poured into liquid nitrate of silver. It is

e dz o : JLSnETu

# Fourcroy, vi. 323.

3
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Dﬁ:ggh insoluble in water, but solub]e in'an excess of phospho-
= ric acid. When heated strongly' in a crucible, a little
phosphorus comes over, and phosphuret of silver re-
mains in the retort* ThlS salt is soluble in nitric
'acxd +. Mz Chenevxx has shown, thatwhen boiled with
a solution of an earthy:'muriate in! proper propomons,
muriate of silver and. phosphate of the earth, both inso-
luble, are formed, so that the hquxd 1s deprwed of the

whole of 1ts sahne part. 190D G13A bt

rfye

Sp 7. Carbozzate of Szlwr. Y3 ‘

++CARBONIC AQID’has noaction’ whatever upon snlver"
but it iy absorbed readily 'by'the  oxide of  that metal.

The carbonate may be obtained by precxpltatmgmlver
from its acid 'selutions by ‘means of wcarbonated alkali.

A whlte.msoluble powder is obtained, whlch is carbo-
nate of silver.” This salt becomes black when exposed
to the light ; xand; ‘when hcated »the acid:is driven off,
-and' the silver reduced. nffAcc'ordmg to Bbrgman, ‘when
this'salt'is'obtained by précipitating 1 po parts of silver
from its solution, by means  of ‘carbonate ! of soda, it
-Q'}éi'ghs 1 éO'I. dﬁéﬁbi‘dihf to this ei(pl:‘ti'méx;i if wehal-
low, with Proust, 10°6 parts of- the increase ‘of weight
to be oxygen, caf’boﬁate of silver: 1s oemposed of about

(142 ac1d e
858 oxide of sxlver
e aad s A Ataolideoatt
'floo;e-x Ui
vy ofid v t2 o1l : 5 I
PRI pn o et o biok o +
* Fourcroy, vi. 340. 1 Darracg, Ann. de Chim. x1. x78.

{ Bergman, ii. 391.
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Sp. 8. Fluate of Silver.

»

Fruoric acip does not attack silver ; but its oxide
is partly dissolved by that acid, and partly forms with
it an'insoluble’salt*. . This acid precipitates the fluate
of silver from theliquid nitrate in the form of a white
hedvy powder, which is supposed by some to resemble
the muriate of'silver. This salt is decomposed by the
sulphuric acid.

Sp. 9. Borate éf Silver.

. Boracic acib has no action onsilvér thatevcr; but
the borate may be formed by pouring a solution of bo-
rax‘into liquid nitrate of 'silver. = The salt falls to the
bottom in the form of an insoluble white powder,
which hasnot been examined.

1II. "CoMBUSTIBLE SALTS.

Sp. 10, Acetate qf Szlwr.

Acmrc ACID has tio-action Whatever on sllver, but
it readily dissolves its oxide, and forms with it acetate
of silver. " The properties of :this salt are but imper-
fectly known. It may be formed éasily by putting
acetate of potash into a solution of nitrate of silver, or
by saturating hot acetic acid with the oxide of silver.
On cooling, the solution yields, according to Margraf,
small prismatic crystals of ‘an‘acrid ‘metallic taste, and
easily dissolved in watert. When heated, it swells up,

# Scheele, 332,
4 Upusc.i. 3c6.  This has been denied by Monncr, but found atcurate
by Kirwan, The satyrated solution, filtered ~while hot, yielded him

15%

Chap. II1.
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the acnd is dlsstpated and the oxlde of silver remains
behmd :

Afinae . 4 B it 1%l

3'].‘: 11. Benzoate quzlwr. ™

D winng
erzorc AcIp does not attack silver, but it. dlSSOlNcs
its oxide, and forms with it a salt easily soluble in wa-
ter, but'in a very small proportion in alqoh‘ol,.,.r;l-;:dmj’
not deliquesce in the air; but when exposed to the rays
of the sun, it becomes brown. Heat volatilizesithc_a‘cid’

and revives the silver *.
! - ) 2 = 4w\\
o+ Sp. 12.  Suicinate of Silver.

:

JASEN

THE sucdinic acid does not.act on silqer,- but 1t dis~
solves its oxide, and forms with ita salt which crystal-
lizes in thin oblong radiated prlsms ke

Sp. 13. Oxalateoszlver.

Oxavric AciD doesnot attack silver, but it dlSSOlVCS
a small portion of its oxide. The oxalate of silver,
which was first examined by Bergman, may be formed

‘by pouring oxalic-acid-into a solution of nitrate of sil-
‘ver. It is a white . powder scarcely soluble in watet,
-and not at allin alcohol ; but soluble in nitric acid,. /It

becomes black by being exposed to the air, owing to
the reductionof the oxide . - - ; : Boxiiiha

Sp 14. Tartmte of Sz/wr.
TarTaRIC ACID does not attack silver ; but tattar

¥

very specdily acicular crystals, He supposes that Monnet failed by eva-
porating the solution.—Kirwan on Mineral Waters, p, 81.

# Trommsdorf, Ann.de Chim. xi. 313. 1 T3

+ Wenzel's Perwand, p. 245. 1 Bergman, i. 386.
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dissolves.its ‘oxide; 'and forms with it a saline'mass, Chap.HL
Mot et

which becomes black by exposure to the: air*.: Tar-
taric acid does not occasion a precipitate in liquid nitrate
of silver. 3 1.0

Sp. 15.  Mellate of Silver..

MELLITIC'ACID occasions no precipitate in nitrate of
silver . ¢

Sp. 16... Citrate of Silver. 4

SILVER is not attacked by the citricacid ; but its ox-
ide cémbines with it, and forms with. it 3 salt insoluble
in ‘water, of 2 harsh metallic taste; which blackens when
exposed to the light; and yields, when distilled, acetic
acid, while the 'silver is revived. . This salt 1§ decom-
posed bynitricacids = According to Vauquelin, to whom
we:are indebted for these faets, it is composed of

3 3 36 acid
1 aword 64 oxide of silver

3
e

100§

S Sp. 171,  Saccolate of Silver.

SACLACTIC ACID occasionsa white precipitate when
dropt into nitrate of silver §!

Sp. 18.  Malate of Silver.
SCHEELE ascertained, that malic acid occasions a pre-

EY

* Wenzel’s Verwand. p. 218, + Klaproth’s Beitrage, ii. 131.
1 Fourcroy, vii. 209, § Scheele, it, &o.
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cipitate in nitrate of silver. Butthe nature of that pre-
<ipitate has not been examined *,

1V. METALLIC SALTS. {
Sp. 10. Arseniate of Silver.

FoR the only account of this salt hitherto  given we
are indebted to Scheele, the discoverer of arsenic acid.
This acid does not attack silver at the common tempe-
rature ; but when the two bodies are heated together
pretty strongly, arsenic is sublimed, the silver oxidized,
and ‘the mixture melts into a transparent glass. - Water
carries off from this glass arsenic acid, holding silver in
solution, and leaves'a brown insoluble pawder, which
i arseniate of silver. 'When this salt is .exposed to a
heat'suflicient to ‘melt the silver, that metal is reduced.

The arseniate of silver may be obtained also by drop-
ping arsenic acid into a solution of silver in nitric acid.
The salt precipitates in the state of a brown powder.
It may be obtained equally by using, instead of arsenic
acid, the alkaline arseniates . ,

Scheele has observed, that a mixture of arsenic and
muriatic acids oxidizes the silver in a digesting heat, and
cohverts it into muriate, though neither of these acids
has any effect on it separately. During the process
the arsenic acid loses its oxygen, and is converted into
arsenic f.

#* Crell’s Anrals, ii. x3. Engl. Transl. 4 Scheele, 1. 367,
$ Thid. p. 169. o
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Sp 20. Chromate ty" Silver:

WuEN chromate of potash is dropt into Hq«ﬁd nitrate
of silver, a powder precipitates of a beautiful crimson,
which becomes purple. when exposed to the action:iof
light. This powder is chromate of silver. Wihen heat-
ed, it melts and becomes blackish. . . Before the blow-
pipe; when exposed to-the action of the blue, flame of
the candle, it acquites ,a.green colour, and the silver 18
reduced *. 1% :

B
1 T

Sp. 81, Molybdats of Sitber 17702 °1

VVHEN molybdic acid is added to a mtrate of silver; a,
white flaky precxpxtate falls-l-

i

V. TRriPLE SALTS OF SILVERL ©

Sp. 22. T artrate of; ‘Pbt‘a;b—uizd-Sz",lwr;

TueNARD has shown, that when tartat is poured in-
to liquid nitrate of silver; a triple salt is formed; compos
sed of tartaric acid, potash; and oxide of silver. This
salt js decomposed by the alkalies and their ¢arbonates,
and by ‘the sulpbates and muriates 1.

] [ 1 Vi i 3

Gmws V. SALTS OF, becbxi'.,n o2

[ 4
Al RIQo R o @rtt deta

IS
ai

THERE i8'no geous of Gneiniio salts which: hias beeri

subjected tb’alonger of more varied éxamination than

. 5 g
OB MO0 QLLIBT

5.rqfl 7 XA PR R e Qe
* Vauquelin. A ¥5cheelesi. 146!
t dnn. de Chim. Yxviii. 36,
el IIL. I

i61

Chap. I,
;-&Y__a{
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this. Mercury was the metal from which the alchymist$
concelved the grcateSt hopcs, and which they exposed
to ¢ every possible  tortare ’durmg their reseatches after
the phl!osopher s'stone. * The introduction of meréurial
dalt§' into’ thedlélne occasioned a scrutiny no less varied
and obstinate, aftet the pa‘roxysm ‘of the alchymtstswas
over:' The m‘xljortant cures pcrformed by their means,
espemaily»lh 'cases of the 'véneredl disedse, were early,
seeii’ by’ physicians: but the' energy with which they
acted, and the ravages which they sometimes madé oft
the conStltutlons of those who. used them, were equally
visible: These deleterious effects were ascribed to 2
cerfaiil dcrid sémething’ which was sitpposed  to consti-
tute a component part of mercury. The object of
chemical physicians was long directed towards disco-
vering a method of removing; neutralizing; or destroy=
mg this acrld somethmg, without 1mpa1rmg the good
effects of thie tédicine. Hence the ntmérons prepara=
tionsiof merciiry: which! wereljone after. another intfo-
ducgdiatp,pract:isé 3/ sothe of which have in 4 great
measure answered thepurposes for which they were in-
tended ;d while the. greater number; after-continuing fa-

shionable for a timé, have: gone one: -after andther out:

of use. :
Mercurial salts have late]y engaged the attention of

philosophicat chemibdts;ibecause; frofd the speculiar na=
ture of the metal; the changes which take place during
their'formhation varelmoréeasilyo traced. oo them e
are indebtedifor:the discovery of the coniposition-of sul=
phuric acid, of metallic oxides, and for the first decisive
proofs of the non-existence of phlogiston ; to them we
owe the discovery of ,oxygen gas, and_perhaps also of
nitrous gas.
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. Mercurial salts are distinguishéd by the followxng Chap. 1L

propertles

1. When strongly heated, they are volatilized and Char acters.

dissipated ; and traces of mercury may be sometimes
observed.

2. Triple prussiateof potash or lxme occasions a whi-
tish precipitate, which becomes yellow when exposed to
the air. 1 :

3. Hydrosulphuret of potash occasions a black precx-
pltate.

4. Muriatic amd when poured into their solution in
water, often occasions a white precipitate.,

5. Gallic acid, or the mfusxon of nutgalls, occasxons ;

an orange-yellow precipitate. .
. A plate of copper plunged into a liquid mercurial
salt gradually precipitates running mercury. .

There are two well authenticated oxides of mercury,
and every acid seems capable of combining with both.
Of course every species is divisible into two varieties,
dlstmguxshed by the simple name, and by prefixing to
1t the epithet oxygenized. Many of these varieties are
capable of existing in the state of sub and super salts.
This gives rise to another set of varieties still more nu-
merous. ‘

The oxides of mercury are thrown down from their
solution in acids by most of the alkalies and alkaline
earths, but in different states. When lime is used,
Proust has shown that a portion of the acid is retained,
and that the precipitate combines with about ;3th part
of its weight of lime. * When ‘ammonid is used, Bayen
has ascertained thatthe precipitate retains a considerable
portion of that alkali. But from Berthollet’s experi-

- il 2
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ments we learn thatthe fixed alkalies throw down a sub-
salt of mercury not contaminated with any of the pre-
cipitating body. i

L

I. DETONATIRG SALTS.
Sp. 1. Nitrated Mercury.

THE action of nitric acid on mercury has been long
known to chemists, and indeed is described minutely
even by the alchymists : but it was Bergman who first
pointed out the differunt contpounds which that acid
forms with the mercurial oxides *. These are two in
number ; namely, the mitrate and oxymtrate ; the last of
which contains mercury oxidized to 2 maximum. Both
of them seem capable of existing with an excess of base
and an excess of acid.. So that we have no fewer than
six varieties of nitrated mercury.

1. Nitrate of Mercury. When nitric acid is poured
upon mercury, an effervescence takes place, and nitrous
gas is disengaged ; the metal is gradually oxidized, and
dissolved in that portion of the acid which remains un-
deco]nposed. Nitric acid, without the assistance of
heat, is capable of dissolving almost its own weight of
mercury, and the solutien is colourless, very heavy,
and exceedingly caustic. It tinges the skin indelibly
black, and gives the same colour to almost -all animak
substances. By spontaneous evaporation it yieldstrans-
parent crystals, composed of two four-sided pyramids

* Opuse. b 102
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applied base to base, having their apexes and the four
solid angles at their bases truncated. This solution
does not yield a precipitate when water is poured into
it, and the crystals of nitrate of mercury are soluble
without decomposition. But if nitric acid be boiled
upon mercury till it refuses to dissolve any more, the
first portion is oxidized at the expence of the acid, ni-
trous gas is disengaged, and oxynitrate formed ; the se-
cond portion is oxidized at the expence of the oxide, no
gas is disengaged, and almost the whole is in the state
of nitrate ; but the acid holds a much greater proportion
of oxide in solution than in the former case. If water
be poured into this solution, the salt immediately di-
vides itself iato two portions: The first, containing an
excess of base, falls down in the state of a white insolu-
ble powder ; it is a swdnitrate of mercury : The second,
containing an excess of acid, remzins in solution j itis
a supernitrate of mercury *.

Mr Zaboada has shewn, that if mercury be dissolved
in dilute nitric acid without the assistance of heat, the
crystals that form spontaneously in the solution (sup-
posing some running mercury preseat, which the acid
was incapable of dissolving) consist of pure nitrate of
mercury +.

When a current of sulphureted hydrogen gas is pas-
sed through a solution of nitrate of mercury, the oxide
is gradually reduced, and the metal separates in combi-
nation with sulphur. Muriate of'tin, when mixed with

* See Berthollet, Mem, dec I Instit. iii. 333.
} Jour. de Phys. Ix. 386.

183

Chap. IIL
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% the solution of this salt, throws down the base in the
Division I,

state of running mercury *.

When the nitrate of mercury is placed upon burning
coals, it detonates feebly, emitting a lively white flame.
When mixed with a little phosphorus, and struck with
2 hot hammer, it detonates violently, and the mercury
is reduced t.

2. Oxymitrate of Mercury. When nitric acid is made
to dissolve mercury with the assistance of heat, it acts
with much more energy, a much greater quantity of
nitrous gas is emitted, and the metal combines with a
greater proportion of oxygen; and if the heat be con-
tinued, it passes at last into a2 yellow coloured crystal-
line mass.  In this solution the acid is combined with
mercury "oxidized nearly to a maximum. It is more
acrid than the first solution; and when diluted with wa-
ter, a precipitate appears,. consisting of the salt com-.
bined with a great excess of base. This precipitate is
white if the solution be diluted with cold water, bu
yellow or greenish-yellow if hot water be used. This
salt is capable, like the nitrate, of existing both in the.
state of a superoxynitrate and suboxynitrate. The yel-
low precipitate obtained by hot water is in.fact a sub-
oxynitrate. The crystalsalways turn blue colours red,
and of course contain an excess of acid.

The yellow coloured precipitate obtained from this
salt by hot water has been called nitrous turpeth. Acs

% Zaboada, Ibid. $ Brugnatelli, Ann. de Chip. xxvil. 74.
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cording to the analysis of Messrs Braamcamp.and Sia’

fueira-Oliva, it is composed of
12 acid
§8 peroxide

o100 %
When a current of sulphureted hydrogen gas is pas.

sed through a sclution of oxynitrate of mercury,, the
salt is gradually converted into nitrate, and precipitates

in the state of a white powder, ‘which.is a combination,

of nitrate of mercury and sulphur, Muriate of tin like-
wise. reduces the base to the state of ‘protoxide, The
protoxide ‘thus formed combines with the acid of.the
muriate of tin. Hence muriate of mcrcury may be ob-
tained by subhmmg the mixturets o g

Sp. 2, Hyparoxymurzatc of Mercur_y,

THa1s ,smgular_ salt was discovered by Mr Chenevix,
‘When oxymuriatic. acid is _x'nade‘tp,pa;s through water
in which- there is mixed red oxide of mercury, the ox-
ide acquires a dark brown colour, and part of it is dis-
solved.. By evaporating to dryness, a salt was obtain-
ed ;. which, as usual, was a mixturc of the oxide com-
bined with -muriatic and hyperoxymuriatic acid. By
carefully separating the last formed crystals, Mr.Che-
nevix obtained some hyperoxymuriate, ‘.wh_igb he puri-
fied by a second crystallization, = This saltis soluble in
about four parts of water, . When sulphuric, or even
weaker acids, are poured on it, hypcroi‘;ymuri,a.tic acid

*® Ann, de Chipm, liv. 125. } Zaboada, Four. dc Phys. Ix. 58c.

187
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is disengaged in the usual way. The other properues
of this salt have npt been exammed*

11. INCOMBUSTIBLE SALTS,
Sp. 3. Muriated Mercur.}/.

THE compounds formed by the combination of mu-
riatic-acid with the oxidesof mercury have, on account
of their very great importance, attracted the peculiar
attention of chemical philosophers. There is scarcely
a siﬁglc writer on the scietice who has not either at-
tempted to vary the’ processes for making them, or to
ascertsin their properties, ‘or t0 explain their nature and
composition, Tn 1769 Bergusan published 4 treatise on
the mercurial muriates, i which he collected the more
important labours of his predecessors, and gave us also
hisown experiments ; but that illustrious philosopher
failed 'in his attempts t6 explain the causé of the differ-
ent properties exhibitéd by these salts. It was only
after the discovery of the oxymutidtic acid, and of the
natare of the different oxides of mercury, that this dif-
ficult problem could receive 4 satisfactory seolution : and
fot ‘the first complete soliition we are indebted to Ber
thollet. - His conclusions have been decisively confirm-
¢d by the experiments of Chenevix.

There are two mercurial muriates ; one of them is
camposed of muriatic acid and mercury combined with
2 maximum of oxygen ; ; 'it is of course air oxymurinte s
the other, containing mercury oxidized to‘a less degree,
is only a muriate.

¥ Chenevix on Oxigenized and Hyperoxygenized Muriatic Aiids, PLif,

Trans. 1802, + Opusc. iv. 279,
e ! ;
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Muriatic acid has no action whatever upon mercury ;
but it combines very readily with its oxides, and its affi-
nity for these bodies is so strong that it separates them
from the sulphuric and nitric acids, It will be proper
fitst to describe the oxymuriate of mercury, because it
1s usually employed in the manufacture of the muriate.

1. Oxymuriate of mercury. This salt is usually de-
nominated corrostve sublimate, or corrosive muriate of
}nercary, The original discoverer of it is unknown.
It is menticned by Avicenna, who died before the mid-
dle of the eleventh century ; and was even known to
Rhases, who lived in the century before him. The
Chinese have been acquainted with it also for a long
time ¥. © The alchymists appéar all to have been ac-
guainted with it, and to have reckoned it among their
secrets ; and some of them, Albertus Magnus for in-
stance, describe it with a good deal of precision. = Berg-
man has enumerated no less than 14 different processes
recommended by chemists for preparing this salt; and
since that time several new methods have been propo-
sed. L

The process most commouly followed is to mix toge-
gether equal parts of dry oxynitrate of mercury, decrepi-
tated common salt, and calcined sulphate of iron. One-
third of a matrass is filled with this mixture ; the vessel
is placed in a sand-bath, and gradually heated to red-
ness.  When the apparatus is cold, oxymuriate of mer-
cury is found sublimed in the upper part of the matrass.
The théoty of this process is obvious. = The heat ex-
Pels the sulphuric acid from the sulphate, which in its

* Bergman, iv. 281,

169
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turn decomposes.the common, salt, and leaves the mus=
riatic acid at liberty to.act. upon the mercurial oxynia
trate, from whigh.it separates the oxide, and sublimes
with it in the state of oxymuriate. . Another process,
first propesed by Kunkel, is to expose, in a similar ves=
sel, a mixture of equal parts of oxysulphate of mer-
cury and dry common salt to a strong heat : oxymuriate
of mercury.is equally sublimed, It may be formed
likewise by passing oxymuriatic acid inte a solution of
nitrate of mercury, and evapcrating the solution till the
salt crystallizes *,  But it would be tiresome and use-
less to enumerate all the different processes, By far
the most simple, aod certainly the best for; chemical
purposes, is to dissolve the red oxide of mercury in mu-
viatic agid. . The solgtibn takes place readily, and
without the disgngagement ?f any gas; and the salt crys-
tallizes spontancously t,

Oxymuriate of mercury, when obtained by sublima-
tion, is in the form of a beautiful white semi-transpa-
rent mass, composed of very small prismatic needles.
By evaporation, it yields cubes or rhomboidal prisms,
or more commonly guadrangular prisms with their sides
alternately narrower, and terminated by dihedfal sum-
mits 1. Its specific gravity is 5:1398 §s. . Its_taste is
excessively acrid and caustic, and it leaves for a long
time a very disagreeable styptic metallic impression on
the tongue. When swallowed, it is one of the most

virulent poisons known, producing violent. pain, nansea,

and yomiting, and corroding in a very short time the

t : .

# Fourcroy, v. 337, + Berthollet, Mesm. de I’ Instit. iii. 136.
{ Bergman, iv. 295. - ¢ § Hassenfratz, Ann. de Chim. xxYiii. 12.
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stomach and intestines *. Itis soluble in about 20 parts® Chap. 1L
‘-——V—J

of cold water.  Boiling water, according to Macquer,
dissolves half its weight of it.  According to Wenzel,
water when boiled over this salt dissolves very nearly
dof its weight of it+. Alcohol, according to Macquer,

at the temperature of 709, dissolves jths of its weight, .

and 100 parts of boiling alcohol dissolve 88 partsof it.
1t is not altered by exposure to the air. When heated,
it sublimes very readily ; and while in the state of va.
pour, it is exceedingly dangerous to those who are
obliged to breathe it,

It is soluble in sulphuric, nitric, and muriatic acids ;
and may be obtained again by evaporation unaltered.-
It is decomposed by the fixed alkalies, and its oxide
precipitated of a. yellow colour, which soon becomes
brick-red. This decomposition renders oxymuriate of
mercury a useful test for ascertaining the presence of
alkalies in solution. If liquid oxymuriate of mercury
be dropt into a solution containing the smallest -portion
of alkali, the brick-red precipitate appears. The alka-
line earths also decompose this salt, and ammonia forms
with it a triple compound. Several of the metals, or their
sulphurets, decompose it also by the assistance of heat.
This is the case in particular with arsenic, bismuth, an-
timony, and tin. These metals are oxidized and com-
bined with muriatic acid, while the mercury is reduced,
and combined with sulphur if it be present.

The constituents of this salt were first clearly ascer-
tained by Mr Chegevix. Since that time the subject

# Hence it was called by the alchymists the dragon.
+ Perwandisehaft, p. 310,
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Dit::‘;n”m has been examined by Zaboada. The following Table

‘e—— exhibits the result of the different analyses hitherto

made :
i &®
o o Sl
Acid 18 | 185} 188 | 19°5
” Peroxide | 82 | 81'5 4 81'2 | 805
1 "
Total 100 { 100 100 | 100

According to Chenevix, the oxide contains about
176 of oxygen ; but Zaboada has rendered it proba-
ble that the' proportion of oxygen does not exceed 10
per cent. This last chemist has shown that 100 grains
of oxymuriate of mercury, when reduced by means of
muriate of tin, yield '71 grains of mercury. According
to Chenevix, 69°6 grains of mercury- yield very nearly
100 grains of corrosive sublimate ; a result which dif-
fers but little from the preceding. According to Rose,
100 parts of corrosive sublimate contain 74 of mercury.

History. 2. Muriate of mercury. The discoverer of this im-
portant salt, commonly known in this country by the
names of calomel and mercurius duleis, is altogether un-
known. It seems to have been prepared by the alchy-
mists; yet Crollius, so late asthe beginuing of the
17th century, speaks of it as a grand secret and mys-
tery : But Beguin made the process public in 1608 in

# Chenevix. + Rose, Gchlcn's Jour. vi, 28,
$ Braamcamp aud Siqueira-Oliva, Ann. de Cbim, liv. 124+
§ Zaboada, Jour. de Pbys.Ix. 383,

.
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his Tirocinium Chemicum, in which he describes the salt
under the name of draco mitigatus *.

113

Chap. I'J.
h__w_;

The processes for preparing it, which are numerous, P“Pua‘
tio

have been described by Bergman. The most ustal is
to triturate four parts of oxymuriate of mercury with
three parts of running mercury in a glass mortar, till
the mercury is &#//ed, as the apothecaries term 1t ; that
is to say, till no globules of the metal can be perceived ;
and the whole is converted into a homogeneous mass.
This mixture is put into a ‘matrass, and exposed to &
sufficient heat in a sand bath. The muriateis sublimed ;
inixed, however, usually with a little oxymuriate, which
is either removed by repeated sublimations and tritura-
tions, or by washing the salt well with water.

It may be prepared also in the humid way, by a pro-
cess first suggested by Scheele, but lately corrected by
Mr Chenevix.

“‘Scheele’s ‘method is to form 2 nitrate of mercury by
dissolving as much mercury as possible in‘a given quan.
tity of boiling nitric acid. A quantity of common salt,
equal to half the'weight of the mercury used, is then
dissolved in boiling water, and the boiling nitrate is cau.
tiously poured into'it.. A white precipitate falls, which
is to be edulcorated with water till the liquid ecomes off
without any tasté, and then dried upona filter .

We have seen formerly, that the nitrate of mercury,
formed as Scheele prescribes, contains an unusual pro-
portion of oxide. When water is added to its solution,

* ]t has beetf known also by a variety of other names ; such as, subliv
matum dulce, aguila albe, aguila mitigata, manna metallerum, panclymaogegur:
winerale, panchymogogus quercetanus

t Scheele, i. 321w
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it immediately separates into two portions ; supernis
trate, which remains in solution ; andisubnitrate, which
precipitates in the state of a white insoluble powder.
When the solution of common salt is added to the solu-
tion, 2 portion only of the oxide will have time to com=
bine with the muriatic acid ; another portion. must be
precipitated by the water in the state of subnitrate.
Scheele’s precipitate then isnot muriate of mercury,
but a mixture of muriate and subnitrate. . To obtain
pure muriate, the nitrate must be prepared without heat;
in which case no excess of base is present: or if it be
prepared by means of heat, the solution of muriate of
soda must be mixed with some muriatic acid. - In the
first case, no.subnitrate is precipitated ; in the-second,
it is decomposed, by. the muriatic acid present ¥,

The theory of the formation of  this salt is obvious.
By the first process, the mercury, combined with the
oxymuriate, which amounts to Jths of its weight, de-
prives the oxide of part of its oxygen, and of course the
salt is converted into a muriate, which combines at the
same time with an additional dose of oxide. In Scheele’s
process, the mercury is not oxidized to a maximum, or
only a small portion of it is so; and the oxymuriate
formed is mostly dissolved by the solution of common
salt, which is added in excess on. purpose, and after-
wards completely removed by the water with which
the muriate is washed.

Muriate of mercury is usually in thc state of a dull
white mass ; but when slowly sublimed, it crystallizes

# Chenevix On the Oxygenized and Hyperoxygenized Muriatic Aiids,
P 39.

e




MERGURY:

i four-sided prisms, terminated by pyramids. 1t has
very little taste, is not poisonous, but only slightly put-
gative. Its speéific'gravity is 7:1758*. It is scarce-
1y soluble, reqmrmg, accordmg to Rouelle, 1152 parts
of boiling watér to dissolve it.

When exposed to the air; it gradxiaﬂy becomes deep=
er coloured. When rubbed in the dark, it phosphoa
resces, as Scheele discovered. A stronger heat is re=
quxred to sublime it than is necessary for the sublima-
tion of oxymiuriate. Oxymuriatic atid converts ‘it into
ozymurlate of metcury ; and the same change is pro:
diiced by subliming it with one part of common salt
and two parts of sitlphate of iron. Nitric acid dissolves
it readily, and much hitrous gas is evolved, as Berthol:
Tet has shown, and thé salt is converted into okymuriate:

“"Mr Chenevix employed the following method to as-
certain the compps:tldn of this salt. ~He dissolved 100
parts of it ifi nittic acid, and precipitated the'acid by
nitrate of silver.! The precipitate indicated 115 mu-
riatic acid. The oxide obtained was 88 5. < Zaboadz
followed neatly the same plan. The precipitate, by
tnedns of nitrate of sxlver, indicated 10°6 of muriatic
acid.. ‘Muriate of tin ‘threw dowh 85 grains of pure
mercury. Hence he concluded that the_ okide contain=
ed 5 per cent. of oxygen. Whereas Chenevix’s expe-
timents indicated 107 per cent. of oxygen. The fol-
lowing is the result of the analyses of these two che:
fhists :

* H'\sschfratz, Arn dz Chirm. xxviii. 2.

135

Chigp. it
L —



116

Book 1I.
DivisionI1L.
R

Varicties.

Sulphate.

¢ SALTS OF

ey

Acid ' 10°6 | 11°5

Protoxide ‘ 80°4 | 88°5

Total lloo ]100

Sp. 4. Sulpbated Mercury.
Tue action of sulphuric acid on mercury had beett

observed by chemists in the very infancy of the science ;
but the phenomena of that action were first explained
by Lavoisier in 1777 1, and the different compounds
obtained were first examined with precision by Four«
croy in 1791 §. ~ Sulphuric, like other acids, combines
with two oxides of mercury, and forms a sujphate and
oxysulpbate ; and each of these is capable.of combining
with an excess of acid 2nd of base. We have therefore
no less than six varieties at least of sulphated mercﬁx;y;
These are, r

1. Sulphate 4. Oxysulphate

28T

2. Supersulphate 5. Superoxysulphate .
3. Subsuiphate 6. Svuboxysulphate. |

1. Sulphate of Mercury. Sulphuric acid has no acs
tion on mercury while cold ; but when heat is applied,
an effervescence ensues, and sulphurous acid gas is emit-
ted. This indeed is the method unsually followed for
obtaining that gas in a state of purity. At the same
time the mercary is gradually oxidized and converted

# Zaboada. ‘4 Chenevix.
t Mem. Pata 1777, § dAnn. de Chimaxi 293¢




MERCURY:

into 2 white mass ; the nature of which differs accord-
ing to the propottion of the ingredients and the degree
of heat employed ; biit it is tisually a mixture of super-
sulphate dnd superoxysulphate. Sulphate of mercury
may be formed by boiling over mercury a quantity of
Sulphunc acid dilated with its own weight of water:
Very little sulphurous acid gas is dlsenaaged* By
proper evaporation this salt is obtained in small pris-
matic crystals: Tt is soluble Without decoinposition ir
500 parts of cold water; and in 287 parts boiling wa-
ter. It is not altéred by exposure to the air j but heat
decomposes it.  According to Fourcroy; it is compo-
sed Ofi.iiiiiaiiiiinn. 12 dcid
83 oxide of merciry
5 water
B
i00

The alkalies and lime:water precipitate the mertaty in
the state of black oxide, or rather subsulpbate, as it re-
tains a small portion of acid. = Sulphuric acid combines
with it; and converts it int6 shpersulphate of mercury +.

This last variety may be obtained at once. If sul-
phuric 4cid be boiled on merciry, and the process be
Stopped before the whole of the sulphutic acid is eva-
porated to dryness, the white mass obfained; after being
washed with 2 little water, is sipersulphate of rheréury.
This salt has an acrid taste; it reddens vegetable blues;
and does not become yellow when exposed to the air.
As it contains different proportions of acid, according
to the process, its solubility of cotirse is differents

* Berthollet, Mem. de I Instit. iii. 430.
: { Foureroy, dun. de Ghim: x:299: '
Vel. 111. M

i1?

Chap. 11,
[ N JTANAL )
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When the excess of acid amounts to about the twelfth
of its weight, 1t is soluble in 157 parts of, cold water,
and in about 33 parts of boiling water *.

2. Oxysulphate of Mercury. When three parts of
sulphuric acid are boiled upon two parts of mercury,
the whole is gradually converted into supersulphate. If
the heat be continued, the excess of acid is slowly de~
composed, sulphurous acid gas is disengaged, the ﬁxert
cury combines with an additional dose of oxygen, and
there remains oxysulphate of mercury. Thissalt crys-
tallizes in small prisms. Its colour is a dirty white
when perfectly neutral ; but when obtained at once in
a dry mass, it is of a fine white colour, and always con~
tains an excess of acid. It undergoes no alteration by
being exposed to the air, unless it has been allowed to
retain an excess of acid ; but in that case it deliquesces.

It is composed, according to the;experiments of Messrs

Braameamp and Siqueira-Oliva, of
318 acid
638 peroxide
4-4 water

1000+

When water is poured upon this salt, it is i'mmedigtf_ly
separated into two portions ; namely, superoxysulphate
and m5ox_7sul}bate : The superoxysulphate, with a great
excess of acid, is dissolved by the water ; and the sub-
oxysulphate remains in the state of a beautiful yellow
powder, known formerly by the name of turpeth mine-
ral. That it is oxysulphate with an excess of base was

# Fourcroy, Ann. d: Chim. x. 298. 4 dnn. de Clim. Jiv. 123.

e

T

A*
&
=3
g
iy |
iy
.
<
-



MERCURY.

first proved by Rouelle. Tts specific gravity is 6-444 *.
It is Soluble in 2000 parts of cold water, and in 600
parts of boiling water.  The solution is colourless +. .

179

Chap. HL

- The name turpeth mineral seems to have been given Tuwpeth

to this salt by Crollius, who boasted of its medicinal
virtues; but kept the preparation a secret. He attempt-

mineral,

ed to mioderate the violent action of this substance by a

long digestion, but without success. - The process for
preparing it was afterwards made public. Kunkel pub-
lished a set of experiments on it i 1'700, in his Labo-
ratorium Chymicum. The name turpeth was no doubt
given from some resemblance which it was supposed to
have either in its colour or effects to the root of the
convolvolus turpethum, a plant formerly used in medi-
ciné. :
According. to the expetimentsof the Portuguesc che-
mists above quoted, turpeth mineral is composed of

150 acid

84°7 peroxide

0°3 water

100°0%

‘8p. 5. Phosphated Mercury.

PuospHoRrIC AciD does not act on mercury : but it
combines with its oxide, and forms phosphate of mer-
cury. This salt is formed most conveniently by mix-
ing together the solutions of nitrate of mercury and
phosphate of soda. The salt immediately precipitates

* Watson’s Chemical Eu:ay:, v. 68
+ Fourcroy, Aun.de Chim. x.298. Y Ann. de Chim, liv, 123.
M2
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nf&?fiﬂ} ) in the state of a white powder. = This salt. has been

‘e~ lately introduced into medicine, and seems to answer

equally well with the other mercuria] preparations. It

" phosphoresces when rubbed in the dark ; and when dis«

tilled, it yields phesphorus, like the other metallic phos.

phates,  Its specific gravity is 4:0835*.  This salt is

in fact an oxyphosphate of mercury. Its constituents
ATCosvasrassssssssnsesanase 28°5 acid

71*5 peroxide

100°0

1

Phosphited Mercary. Messrs Braamecamp and Si«
queira have shown, that phosphurous acid decomposes
all the oxides and salts of mercury, separating the base
in the metallic state. Hence it is not probable thar.
Dphasphite of mercury can exist 1. ;

Sp. 6. Carbonate of Mercury.

CarspoNIC acID does not attack mercury, but it may
be combined with its oxide by pouring an alkaline car-
bonate into nitrate of mercury. The precipitate in that
case is a white powder, composed, according to Berg-
man, of.eeeeeceseriresss 00°9 mercury

' 91 oxygen and acid

. 110070}
Sp. 1. ) Piiddte of Mercury. T

Fruoric aeip has no action on mercury ; but it

* Hassenfratz, Ann. de Chim. xxviii. 12.
+ Braamcamp and Siqueira, dnn. de Chim, Hiv. 125,
1 Ann. de Chim. Ibid. § Bergman, ii, 397
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Sombines with its oxide, and forms a white insoluble Chip. 1ri.

fluate of mercury *. The same salt is precipitated when
the alkaline fluates are mixed with the nitrate of mer-
cury.

Sp. 8. Borate querpury.

BoracIc AciD has no action on mercury ; but borate
of soda, poured into a solution of that metal in nitric
acid, occasions a precipitate of borate of mereury in the
state of a2 yellow powder, first ‘described by Moennet.
Its specific gravity is 2:266'+. / .

HI. ComsBusTIBLE SALTS.

Sp. 9. Acetated Mei‘cﬁr].

ACETIC acID does not act sensibly on mercury; but
it dissolves its oxides, especially’ when hot. i The first
accurate set of experiments on these solutions was made
by Margraf, who procured from: thein 2 saltin crystals .
With the protoxide of mercury - acetic ac¢id’ forms an
acetate, and with the red oxide an oxacetate ; salts
which were first properly distinguished from each other

by Mt Proust §.

¥. Aeetate of Mereary. This saht may be formed by
dissolving in acetic acid the precipitate obtained from
nitrate of mercury by means of alkalies. As the solu:
tion cools, thin brilliant plates of acetate of mercury
are deposited, resembling boracic acid. It may be pre-
pared also by mixing tegetheér solutions of nitrate of

#* Schecle, i. 32, : + Hassenfratz, Ami. dv Chim, XXVill, 12+
$ Opuec.i. x19. § Jour.d: Phys Wi, 205,
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BookIL. . mercury and acetate of potash. Large flat crystals of
DivisionIIl, - <
‘———~— acetate of mercury, of a silvery whiteness, soon make
Crystals.

their appearance. = This salt has an acrid taste, is inso~
luble in alcohol, and scarcely soluble in water. In al-
kalies it blackens. The proportion of the constituents
of this salt has not been ascertained. It is employed in
medicine. :

2. Oxacetate of Mercury. ' This salt is obtained by
dissolving the red oxide of mercury in acetic acid. It
does. not crystallize ; but when evaporated td dryness,
forms a yellow mass, which soon deliquesces. It dis~
solves readily in alcohol ; but water divides it into two
Varicties.  salts, a superoxacetatey which remains dissolved in the
water, in consequence of its great excess of acid ; and 2
suboxacetate, in the same state of 2 yellow powder, in-
soluble in water. When the solution of red oxide of
mercnr&’ in acetic acid is heated, some crystals of ace~
tate are obtained ; because a part of the oxygen of the
oxide is separated at the expence of the acld a portion
of which is decomposed *. & ~, 1

Sp. 10. .Su;‘cmate of Mercury.

WHEN succinic acid is digested with the oxide of
mercury, it forms Wwith it a shapeless mass containing
s;omg crystals, and soluble in water ; from which the
oxide is precipitated by alkalies and hydrosulphurets .

Sp. 11.  Benzoate of Mercury..

BENZoIc AcID dissolves the oxide of mercury, and

/)
¥
>

* Proust, Jour. de Phys. lvi. 205, .
} Wenzel’s Perwandischaft, p. 245+

Y



MERCURY.

forms with it a white powder, not altered by cxf)osﬁre

to the air. It is insoluble in water, and very sparingly-

soluble in alcohol. = A moderate heat sublimes this
salt, and a strong heat decomposes it. It is decompo-
sed by lime, by sulphuric acid and muriatic acids; and by
sulphur *. ’
Sp. 12.  Oxalate of Mercury, i

Oxavic acip does not act on mercury ; but it dis-
solves its oxide, and forms with it an oxalate in the state
of a white powder, scarcely “soluble in water. When
exposed to the light, it very soon becomes black. The
same salt is precipitated when oxalic acid is poured in-
to the sulphate or nitrate of mercury +. 'Klaproth first
discovered that this salt has the property of detonating
when heated 1 : the same observation was afterwards
made by Von Packen §. Howard’s fulminating powder
consists partly of this salt, . :

t 2

.

s Mgt Sp-13. | Mellate of Mercury,
g . . . . - .
“MELLITIO ACID occasions a white precipitate in ni-

trate of mercury, which is redissolved on the addition
of nitric acid [|." """

Sp. 14. - Tartrate g‘ Mercury,

TARTARIC ACID doés not attack mercury; but it
dissolves its protoxide, and forms with it an insoluble
white salt, which soon becomes yellow when exposed

* Trommsdorf, Ann. de Chim.xi. 316. % Bergman, i. 266.
1 Westrumb’s KU, Pb. Chim, Abj, i. 228. 5
§ De Sale Acid Tartari, 1779, i Klaproth’s Beityageyiii. 331,

183
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to the light.  This salt precipitates also when tartasig
acld is poured into nitrate of: MErcury. . e adi o

S§p. 15. Cztrate quercury RHEE

ThHis salt has been exammed by Vauquqh_g,‘_ Citric. .
acid does not attack mercury ; but when poured upon, .
its red oxide, an effervescence takes place, and the ox-
ide becomes white and unites into one mass. The ci-
trate thus formed has a mercurial. taste, byt is scarechy
soluble in water. Nitric' acid decomposes. it. . When,
distilled, there. comes over avetic and garbonic acidsy,
and the metcury is reduced *, . { ards o1 begoges

3

8p. 16. arzfl, 314 Saccolate and Malate of Zi{érmr]

2833 OF
WnEN saclactic acid or malw acigkisidroptiinge nitratq
of y;ercury 3 white; pxecqmat@ appeaty ts 1 hotpad madw
t f 1 8 QUL

Sj) 1. Prumate qf Mer cury.

CI2I200
Turs salt, which was first formed by Scheele, 15 comy

posed of the prussic: acid combined with- the red oxide
of mereury. It may be formed by boiling the red ox-
ide of mercury. with prussian blue. It crystallizes in
tetrahedral prisms, terminated by quadrangular pyra-
mids, the sides of which correspond with the angles of
the prism. Its specific gravity is 2:7612°

This salt is capable of cqmbmmg with sylphuric %nd
mumatxc acxds and formmg tpple salts, whlch have 0ot

ant il

* Fourcroy, vii. 209.

+ Scheclc’ ii. 8o, and Crell’s Annels, i, 11, Eng. Trans:
$ Hassenfratz, Ann. de Chim.xxviil, 135,

§'?f§'d}0ﬂ'¢ti Thid. & 33,

apel . A
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IV, Merarric SALTs, y

Sp. 19, Arseniate of Mercury.

WHEN arsenic acid and mercury are heated in 2 re-
tort, white oxide of arsenic, mercury, and oxide of mer.
cury of a yellow colour, are driven over, and there re-
mains a yellow-coloured inseluble mass, consisting of
arseniate of mercury. The same salt is precipitated in
the form of a yellow powder when arsenic acid is pour-
ed into the liquid nitrate or sulphate of mercury ..

Sp« 20, Molybdate of Mercury.

MoLYBDIC ACID precipitates mercury from nitric
acid in the form .of a white flaky powderf ; but it
occasions o precipitate in the selution of oxymusiate
of mereury §. . :

Sp. 21.  Tungstate of Mevcury.
~ Tunestic et forms with the oxide: of mercury. ‘an
insoluble powder; which has not been: examiperd‘g.

Sp: 22.  Chromate of Mereury.

This salt rx_;ay be formed by miéi.ng together ;qu §o-
lutions of an alkaline chromate and a mercuriak nitrate.
It is an insoluble powder of 2 fine purple colour ||

+ Bergman, ii, 391. t Hatchett.
§ Schegle, i,247. {| Vauquelin,
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V. TRIPLE SALTS,",

Sp. 23. Nitroxymuriate of Mercur_y,a'nd-Soda.

Tuts triple, or rather quadruple salt, was first noticed
by Mr;Berthollet.. When a solution of muriate of soda .
is poured intg oxynitrate of mercury ¢ dlluted with water,
scareely any precipitate appears ; _but by proper evapo-‘
ration rhomboxdal erystals are obtgmed, whose faces .
are c,hannelled . These, accordmg to Betthol}et, are,
composed of nitrate of seda and oxymuriate of mercury. |
When heated in a crucible, oxymuriate of mercury su-
blimes, and nitrate of soda with a little muriatic acid
remains behind ¥,

Sp. 24, Oxymurzate of Soda-and-Mrcur_y. i

WaEn- four parts of oxymuriate of metcury and one”
part of muriate of soda are mixed, they form ‘a tnplc
salt more soluble than corrosive sublimate },

8p. 25.;5.Suboxymuriate of dmmaniasand-Mercurys

WHEN drfimonia is poured into a Solation of dxymu- -
riate of mercury, 2 white precipitate falls, ponsisting of
the oxymunate of mercury-and-ammoma with excess
of base, ' It has a taste at first earthy, ‘aftérwards me-
tallic. Itis scarcely soluble in water. ’ Accordmg ta
Fourcroy, it is composed of - o0 Mul "

16 acid
81 oxide

3 ammonia

100

% Mem, de & Instit. iii. 235. t Berthollet, Ibid. p. 236.
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Sulphuric and nitric acids decompose it, and conver Chap. HI._
it into oxymuriate of mercury and sulphate of ammo- st e
nia-and-mercury, or nitrate of ammonia-and-mercury,
according to the acid. The addition of muriatic acid
renders it soluble in water ¥, In this last state it has
been long known by the names of sal alembroth and salt
of wisdom. It was formed by dissolving oxymuriate
of mercury in a solution of sal ammoniac in water, or
by su_b]izfxing the two salts tdgéther. - When potash is
poured into this solution, a preeipitate falls, which sus
blimes in the state of cal‘omel"l-:. ¥

Sp. 26. - Tartrate qf: Potaslr-and-Mercurj,

ThHrs salt, first described by Monnet, may be formed
by boiling in water six parts of tartar and one part of
.oxide of mercury. Theliquid, when evaporated, yields
small crystals of tartrate of potash-and mercury.” The-
nard has ascertained, that the same triple salt may be
formed by mixing together the solutions of tartar and
mercurial nitrate. This salt is decomposed by the al-
kalies, thealkaline carbonates, the hydrosulpharets, the
sulphates, and the muriates f,

GEeENus V. SaLts oF PaLrLaDIUM.

» Parrapium has been so recently discovered, and is
so scarce and difficult to procure in a state of purity,
that an exact knowledge of the salts which it forms
cannot be expected. - To Dr Wollaston and Mr Che-
nevix we are indebted for all the facts respecting them

#® dnn, de Chim. xiv. 47. + Berthollet, Statique Chimique, ii. 419.
t Apri. de Chim. xxXViii. 36, ' f
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hitherto published. They may be dlstmgulshcd by the
following properties :

1. They are almost all insoluble in water, and the
colour of the solutien is a fine red.

2. Prussiate of potash occasions an olive, or rather a
dirty yellowish brown precipitate. ,

3. Hydrosulphuret of potash occasions a blackish=
brown precipitate. .

: 4. The alkalies occasion an orange-colourcd preci«
pitate.

5. Mercury and sulphate of iron throw down the pal-
ladium in the metallic state.

6. Muriate of tin renders the solution opaque by
throwing down a brown precipitate ; but if the solution
be sufficiently diluted, it assumes a fine emerald green
colour. iz k

Neither nitrate of potash nor sal ammoniac oceasions
any precipitate. :

Sp. 1. Nitrate of Palladium.

Waer pallsdium is put into a strong colourless nitric
acid, the liquid gradually acquires zred colour; but
the action of the acid is extremely slow, no nitrous gas )
whatever being extricated. This fact, hithexto unique
in the history of the action of metals on nitric acid, ex-
plains in some measure the slowness of the action of
the acid; and that circulation of the fluid which takes
place during the solution of other metals is wanting,
When the acid: contains nitrous. gas the actien is more
sapid *. The nitrate of palladium, thas formed, is of 3

% Wollaston on the Discosery of Palladiumy Pbil. Frans. 180§




PALLADIUM.

38b

dark red colour ; by evaporation it yields a red matter, Chap.IIL

which is probably in the state of a subnitrate.

Sp. 2. Muriate of Palladium.

MuRrrATIc aciD acts slowly upon palladium when
assisted by heat, and assumes 2 fine red colour ; but the
true solvent of this metal is nitro-muriatic acid, which
attacks it with great violence, and forms a beautiful red
solution *.  The properties of the salt thus formed have
npt been examined. ‘

Sp. 3. Sulphate of Palladium.

Surrnuric acid boiled upon palladium acquires a
beautiful red colour, and dissolves a portion of the sub-
stance ; but the action of this acid is not very power-
fult. The properties of the sulphate thus formed have
not been examined.

Sp. 4. Muriate of Palladium.and-Soda.

WiEN a solution of common salt or of soda is pour-
ed into muriate of palladium, no precipitate is separa~
ted, and by evaporation a triple salt is obtained, which
is soda-muriate of palladium. This salt deliquesces
when exposed to the air, a property which sufficiently

distinguishes it from soda-muriate of platinum ; for this:

last salt forms permanent crystals .

Sp. 5. Muriate of Palladium-and-Potash.
yuly f
‘WHEN nitrate of potash is dissolved in muriatic acid,

#* Chenevix on Palladium, Pbil. Trans. 1803. + Chenevix, Ibid.
1 Wollasten on' a New Mtal found in Crude Platina. Pbil. Trasn
1804~
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a liquid is formed, which acts readily upon’ palladitm,
bat not upon platinum ; because the muriate of platis
num-and-potash is scarcely soluble in water, whereas
the muriate -6f palladium-and potash is remarkable for
its solubility. The proportion which. Dr-‘Wollaston,
to whom we are: indebted for the discovery found to
answer best, was five parts of acid diluted with its bulk
of water and one part of nitre. The solution of palla-
dium thus formed, which is of a deep red, by €évapora-
tion yields crystals of muriate of palladium-and-potash«
They are very soluble in water, but insoluble in alco-
hol. They are in the form of four-sided prisms, and
present a curiois contrast. of colour.  When: viewed

transversely they are of a bright green ; but when view

ed in the direction of their axes, their ¢olouris the same
as that of the solution: on account of its extreme in-
tensity, however, this colour is with' difficulty distind
guished in fragments that exceed 3th of an inch in
thickness.  “When the crystal is viewed obliquely it is
of a dull brown, arising from a mixture of the red and
green *

Sp 6 Muriate zf P-alladz';tm-and;dmmprzz'a."

Thrs triple salf, like the last species, is very sofdbié’
in water, which distinguishes it sufficiently from the
muriate of platinum-and-ammonia. Hence palladiam
is not thrown down from its solutions by sal-ammoniac.
This saIt, accordmg to Dr Wollaston, resembles the
last species in évety respect. :

* Wollaston on a New Metal from Crude Platina.
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Sp. 1. Prussiate of ' Palladium.

WHEN prussiate of mercury is poured into any neus
tral solution containing palladium, 2 flocculent precipi-
tate of a pale yellow colour is gradually thrown down,
This precipitate is prussiate of palladium. It is inso-
luble in water, and differs somewhat in its properties in
different circumstances. - In, general;. it. is affected by
heat, like other prussiates ; but when the palladium has
been dissolved in nitric acid, and precipitated from such
a neutral solution by prussiate of mercury, the preci-
pitate thus formed has the property of detonating when
heated. . The noise is similar to that occasioned by fi-
sing an equal quantity of gunpowder, and accordingly
the explosion is attended with no marks of violence un-
less occasioned by close confinement.. The heat requi-
site for the purpose is barely suflicient to melt bismuth.
The light produced is feeble, and can be seen only in
the absence of all other light *.

Genus VI. SarTs ofF RHODIUM.:

THE properties of the salts bé]onging to this genus
are too imperfectly known to admit of a detailed de-
scription. Dr Wollaston alone has examined them, and
only so far as to show that their base is the oxide of a
peculiar metal.  They may be distinguished by-the
following properties :

1. The solution of them in water is red.

2. Prussiate of potash occasions no precipitate.

® Wollaston on the Discovery of Palladium.

19}
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3. Neither is any precipitate produced by hydrosiils
phuret of potash.

4. Neither sal ammoniac nor the alkaline carbonates
occasion any precipitate ; but the pure alkalies throw
down a yellow powder soluble in an excess of alkali.

FSp. 1. Nitrate of Rbodium.

THE oxide of rhodium dissolved in nitric acid forms
a red solution which does not crystallize.

: Sp. 2.. Muriate of Rbodium.

THE oxide of rhodium forms a rose-coloured solution

~in muriatic atid. It does not crystallize, but the resi+

duum is soluble in alcohol. Sal amthoniac, nitre, and
common salt, cause no precipitation, but form triplé
salts which are insoluble in alcohol. '

Sp. 3. . Soda~Muriate of Rbodium.

ThHis triple salt, which has the taste of sulphate of
soda, forms rhemboidal crystals, of which the acute an-
gle is about 75°. ' They have a very dark red colour;
are not altered by exposure to the air. They dissolve
geadily in 14 part of water, but not in alcohol. '

Gexus VII. Sarts oF IRIiDIUM.

T'ars genus of salts is still less known than the fofs
mer. We are indebted to the French ¢hemists, and to
Mr Tennant; for all the facts hitherto detailed.

1. The salts of iridium appear to be soluble in was
ter, and to have a colour at first_green, but which
changes to red by concentrating the solution in an open
vessel. ; '
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2. Neither ptussiate of potash nor theé infusion of
'nutg@lls oecasions any precipitate ; but both render the
solution eolourless:

2. They appear to be partially preeipitated by sal-
ammoniac ; since Descotils has shown that the red co-
lour which the muriate of platinuin-and-ammon.a somes
times assumes, is to be ascribed to the presence of iri-
dinm. :

The only salt of iridium hitherto examined is the
muriate. The solution of iridium in muriatic acid by
slow evaporation yielded an imperfectly crystallized
mass, which being dried on bloating paper and redis-
solved, formed by evaporation octahedral erystals of a
red colour. These crystals dissolved in water, and
formed a deep red solution inclining to orange.

Gevnvus VIII. Savts of OsmIum.

Tr1s genus of salts is entirely unknown. It has not
been even proved that the oxide of osmium has the pro«
perty of combining with acids. It seems more inclined
to unite with alkdline and earthy bases, and from its
solubility in water, and other properties; obviously ap«
proaches in its nature to dn acid:

No acid hitherto tried; not even thé nitro-muriatic,
has any effect upon osmium in the metallic state,

Genvs IX. Sarts of CoPPER.

THESE salts, in consequence of the facility with
which copper absorbs oxygen, are in general more
easily formed, and of course may be more readily ex+
amined than the preceding genera. Hence no doubs

Vel, 111, N
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the reason that some of them have been so long kunowi
and so generally employed. . The alchymists and the
earlier chemists distinguished them by the name of salts
of Venus, because Venus was the term which they gave
to copper.  They are the class of metallic salts with
the composition of which we are at present best ac-
quainted, in consequence of the: accurate .analysis to
which they have been subjected by the celebrated
Proust *, and the important additions lately made to

that analysis by Mr Chenevix+. -~/ .« m
The cupreoits salts may be: dlstmgmshcd by the fol-
lowing ptroperties ¢ il ad sl senm

1. They are almost all solublc in water; or at least
become so by the addition of an acid.  This solution
has either a blue or a green colour, or it acquires that
colour after being for some time exposed to the air.

2. When ammonia is pouted into this solution, it as-
sumes a deep blue colour,"

3: Triple. prussiate of potash occasions a greenish-
yellow' precipitate when poured into a- cupreous solus

{ion.  © ¢ T g
* 4. Hydrosulphuret of potash occasions a black prem-

plratecseivio | v gl ;
5. Gallic acid occasions a brown precipitate.. -

6. A plate of-iron, when plunged into a liquid Salt
of copper, precipitates the copper in the metallic state.
Almost all the acids, as far as is known, combine on-
ly with copper oxidized to'a maximum ; so vhat, strict-
Iy speaking, all the salts of copper are oxygenized. To
this general rule, however, there is one excepnon 3 the

® Ann. de Chim xxxii. 06, + Plil: Transi1802, p 193

.
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muriatic acid combines with both oxides of this metal, Chap. L
so that there is both a muriate and an oxymuriate of
copper. It can scarcely , be doubted, that similar salts
will be discovered composed of the other acids and prot~
oxide of copper.

I. DETONATING SALTS.

{, _Sp; 1. ' Nz'trate of Copper.

NiTRIC ACID attacks copper with considerable vio-
lence ;_nitrous gas is emitted in great purity, while the
metal is oxidized and dissolved, The solution is. of a
fine blue. colour ; and when . slowly. evaporated yields
_regular crystals of nitrate of copper. o

These erystals are long parallelopipeds. . /Their spe- Properties.
cific gravity is 2:174*.; . They have a fine blue colour ;
their taste is acrid and metallic; and they are exceed-
ingly caustic, corroding the skin with great energy.
They are very soluble in water; and when exposed to
the air, gradually attract moisture, and deliquesce. At
a heat riot exceeding 100° they undergo the ‘watery fu-
sion ; and if the heat be increased; they lose ‘their wa-
«ter'and part of their acid. . On’ burning coals they de-

. -tonate feebly. = Thesé erystals'detonate also when mix-
ted with phosphorus and struck with a hammer, as
Brugnatelli first observed.  When a quantity of them,
moistened with water, is wrapt up in a sheet of tinfoil,
they act with amazing energy upon that metal, nitrous
gas is emitted, 2 strong heat’is produced, the tinfoil is
burst open in ‘every direction, and very often it takes

® Hassenfratz, Ann. de Chim, xxviii., 12,

N2
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fire. This curious experiment was first made by Dr
Higgins *. ‘
When potash is poured into a solutlon of nitrate of
copper, a blue precipitate appears, which soon becomes
green by agitation, provided the quantity of potash be
insufficient to decompose the whole of the nitrate. Mz
Proust has proved, that this green precipitate is a sz~
nitrate of copper. It may be obtained also by distilling
nitrate of copper in a retort. At a particular period of
this process the salt becomes thick, and encrusts the re-
tort in the state of a green lamellar concretion. Itis
then converted into subnitrate. ~ This salt is completely
insoluble in water. Sulphuric acid separates its acid ;
and the same separation may be effected also by distil-
lation. According to Proust, it is composcd of :
16 acid .
67 oxide
17 water’
| e J (oA
100 + .
Nitric 2cid does not seem to combine with protoxxde
of copper. When concentrated, it oxidizes the metal
to a maximum, and then dissolvesit: when diluted,
one part of the metal attracts oxygen from :the other :
Blue nitrate is formed, and a red powder precapltates,
which is copper reduced 1.

Sp. 2. Hyperoxymuriate q}' Copper-.

WHEN a current of oxymuriatic acid gasis passed
through the oxide of copper suspended in water, the ox-

* Ppil. Trans. Ixiii. 137, 4 Aan. &e Chim. xxxii. 26.
$ Jour, de Phbys. li. 183,
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Jde is speedily dissolved: But Mr Chenevix, to whom Chap. IIL

e ate indebted for this experiment, has not examined
the properties of the hyperoxymuriate which is formed
during the process.

II. IxcoMBUSTIBLE SALTS.
Sp. 3. Muriated Copper.

MurraTic Acip, while cold, does not act on copper
in close vessels, though in an open vessel it gradually
corrodes and dissolves it. When heated it readily oxi-
dizes and dissolves the metal, while at the same time
hydrogen gas is evolved, and part of the acid volatili-
zed. By this process the copper is okidized to a maxi-
mum. But muriatic acid is also capable of combining
with the first oxide of copper, and of forming another
salt, first discovered by Mr Proust, and afterwards more
precisely examined by Mr Chenevix. Let us distin-
guish these salts, by calling the first oxymuriate. of cop-
per, because the metal contained in it is oxidized to a
maximum, and giving the name of muriate 10 the salt
discovered by Mr Proust.

1. Oxymuriate of copper. Thissalt may be obtained
either by dissolving copper in muriatic acid by the as-
sistance of heat, or by throwing the oxide of copper in-
to that acid cold. The solution, which is of a fine
green colour, yields, when sufficiently concentrated, and
allowed to cool slowly, crystals of oxymuriate of cop-
per, in the form of rectangular parallelopipeds of a fine
grass-green colour. :
~ This salt is exceedingly acrid and caustic.  Its spe-
gific gravity is 1°6775%, It is very soluble in water ;

# Hassenfratz, dan, de Chim. xxviii. §3.
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and when exposed to the air, very soon attracts moise
ture, and is converted into a liquid of the consistence
of oil. At a moderate heat it melts, and assumes a so-
lid form when cold. According to Proust, it is com-
posed Ofys o0 p i oo diagrd
40 peroxide
36 water
100 ¥

This salt may be distilled to dryness without altera-
tion ; but if the heat be increased, oxymuriatic acid
passes over, the copper loses part of its oxygen, and
there remains behind muriate of copper. When potash
is poured into the solution of oxymuriate of copper, a
green powder is precipitated, which is a suboxymuriate,
containing 72 parts in the hundred of brown oxide of
copper. When copper is dissolved in nitromuriatic a-
cid, a similar green powder separates, _composed ac-
cording to Proust, of......12°5 acid

79°0 oxide
85 water

1000t - s g

Muriate of copper is not decomposed by s_ulp_hqri.(.: or
nitric acid ; but the alkalies and alkaline earths pre-
cipitate the oxide in thestate of a subsalt, if the muriate
of copper predominate ; and in the state of a hydrate if
the alkalies predominate 1. ,
2. Muriate of copper. 'This salt, which contains cop-

per combined with a minimum of oxygen, was disco-

* Ann.de Chim. xx1ii. 47, + Thid. 1 Ibid,
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vered by Mr Proust while engaged in his experiments
on tin.  He observed, that when the salts of copper
‘were mixed with the muriate of tin, that last salt depri-
ved the copper of part of its oxygen, and formed a salt
of a white colour, not acted on by sulphuric acid, bt
soluble in muriatic acid.  This solution yielded him a
«colourless salt, which on examination proved to be a
muriate of copper ¥,

Mr Chenevix has discovered a very simple process
for obtaining this salt. He mixed together, in a mortar,
6'71°5 parts of the black oxide of copper, and 50 parts of
copper in the state of a fine powder, obtained by pre-
cipitating that metal from its solution in muriatic acid
by means of a plate of iron, The mixture was put a-
long with muriatic acid into a well-stopped phial, A
-violent disengagement of caloric took place, the liquor
became of a red crange colour, and the whole was dis-
solved except 7*5 of metallic copper, The solntion con-
sisted entirely of muriate of copper .

It may be obtained also, as Proust has shown, by dis-
tilling oxymuriate of copper, After the greatest part
of the water has passed over, the acid attracts oxygen
from the metal, and passes over partly in the state of
oxymuriatic acid ; a grey mass remains in the retort,
which is muriate of copper, The salt may be obtained
also by keeping a plate of copper plunged in a bottle
filled with muriatic acid,  Crystals of muriate gradux
ally form upon the plate ; and when the colourless acid
is diluted with water, muriate of copper precipitates in
the state of a white powder 1.

* Ann.de Chim. xxviil. 218. t Pbil, Trans. 1801,p.237-
$ Jour. d Phys. 1i. 181,
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"This salt erystallizes in tetrahedrons. When itscon.
centrated solution is diluted with water, the salt preci=
pitates in the state of a white powder, being no doubt
deprived of the excess of acid which held it iﬁ':f;iolution.
When repeatedly washed with water, its acid is carried
off, and the orange oxide of copper only remains *.
From the experiments of Proust, compared with these
of Chencvix, this salt seems to be composed of aboyt

. ; 2475 acid
7025 protoxide
5'00 water

10000

When this salt is exposed to the air, it very speedily
attracts oxygen, and is converted into oxymuriate of -
copper. The sulphate of iron, when dropt into a solu-
tion containing it, precipitates the copper in the metal-
lic state, while it passes itself to the state of oxysul-
phate t. };
~ It dissolves in ammonia, and forms a colourless solu-
tion, which gradually attracts oxygen when exposed ta
the air, and at the same time acquires a fine blue ¢o-
jour 1.

Sp. 4. Sulphate of Copper.

SurLeHURIC AcID does not attack copper while cold ;
but at a boiling heat part of the acid is decomposed, the

" eopper is oxidized, and combines with the remainder of

the acid.  But recourse is seldom had to this process,

ek v

% Chenevix, Pbil. Trans. 1801, p. 2 30,
+ Proust, Aun. de Chrm. xxviii. 220,
$1d. Jour. de Phys. li, 132.
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as the sulphate of copper is found native abundantly,
dissolved in mineral waters connected with copper mines.
From these waters it is often obtained by evaporation ;
or itis formed by burning native sulphuret of copper,
or by moistening that substance and exposing it to the
air. By either.of these methods the sulphur is acidi.
fied, and the sulphate of copper formed. This salt ape
pears to have been known to the ancients. In com-
merce it is distinguished by the name of dlue vitriol, and
sometimes by that of dlue copperas. Itis in fact an oxy-
sulphate. There are three varieties of this salt known,
namely, supersulphate, sulphate, and subsulphate.

1. Supersulpbate. This is the variety which occurs
in commerce, and which is formed by the usual proces-
ses. It renders vegetable blues red, and therefore con-
tains an excess of acid. It hasa deep blue colour. The
primitive form of its crystals, according to Hauy, is an
oblique parallelopiped, whose sides are inclined to each
other at angles of 124° 1'and 55° 59'; and whose
base makes, with one of the sides, an angle of 109° 21/,
and with the opposite side an angle of 70° 39. It
sometimes passes into the octahedron and decahedron,
and the edgesat the bases are often truncated.

It has a strong styptic metallic taste, and indeed is
employed as a caustic. Its specific gravity 15 2:1943 *,
It is soluble in about four parts of water at the tempe-
rature of 60°, and in 16 parts of water at the tempera-
ture of 144° +. When exposed to the air, it undergoes a
very slight efflorescence, and its surface is covered with

# Hassenfratz, Ann. de Chim. xxviii. 12. Acéording to Dr Watson,
$'230 (Chemical Essays, V. 69.)
{ Wenzel's Verwandtschaft, p. 3c9-
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a greenish white powder. When heated, it loses its
avater, and is converted into a bluish white powder: if

- the heat be increased, the acid is driven. off, and the

black oxide of copper remains behind.

* ' This salt, according to the analysis of Mr Proust,
gomposed Of edosasercsiss33 acig ‘ :
* 32 oxide

: 35 water

L

100*

. But part of this water isiotimately combined with the
oxide in the state of hydrate of copper, as Mr Chenevix
has ebserved. We may therefore consider the salt as
4omposcd of ......,..,.....33 acid ‘
8 42 hydrate of copper
ja0l 25 water
oo :

«  This salt is decomposed by the alkalies and earths,
the alkaline carbonates, borates, and phosphates, and by
those metallic salts whose base forms with sulphuric
acid a salt nearly insoluble, as the salts of lead,

It seems to have the property of forming a qﬁadruple
salt with muriate of ammenia. When equal parts of
the two salts dissolved in water are mixed ‘togethcr, the

¥ Amt. de Chim. xxxii. 33.—According to erwan, it is composed of
31 acid
40 oride
29 water

100

‘This agrees almost exactly with the expcrxments of Proust, if we sup-
pose Mr Kirwan’s oxlde was in the state of 2 hydratc X
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solution has a yellow colour while warm, but becomes
green on cooling.  This solution forms a sympathetic
ink. Lines drawn with it on paper are.invisible while
cold; but when the paper is ‘heated they assume a
yellow colour, which disappears again when the paper
cools *, g
2. Sulphate. This salt possesses nearly the proper-
‘ties of the first variety, but it crystallizes in four-sided
pyramids separated by quadrangular ptisms+. It may
be obtained by saturating the excess of acid in the su-
persulphate with the oxide of copper. ;
3. Subsulpbate. When a small quantity of pure pot-
ash is poured into a solution of sulphate of copper, a
« green-coloured powder appears, which swims in the so-
lution. It may be separated by filtration ; and when
sufficiently edulcorated is insoluble in water, This
powder was first examined by Mr Proust. He has as-
certained it to be 2 subsulphate of copper, and to be
composed of...,ere0e00.18 acid
68 oxide
14 water

1001

The experiments of Proust render it probable that
sulphuric acid does not combine with the protoxide
of copper; for when that acid is poured upon this
oxide, one part of the metal attracts oxygen from the
other. The consequence is, the formation of blue sul-

#* Gillet Laumont, Pail, Mayg. xiv. 76,
t Leblane, Jour. de Pbys, Iv. gor.
t Ann. de Chim. xx3iie 34.
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phate of copper, and the precipitation of a red powder,
which is copper reduced *.

Sp. 5. Sulphite of Coppey.

SuLeHUROUs ACID does not attack copper; but it
dissolves its oxide with facility, and forms with it a sul-
phite of copper. This salt has been hitherto examined
by Fourcroy and Vauquelin only. It may be formed
by mixing together the solutions of sulphite of soda and
sulphate of copper. An orange-coloured precipitate
immediately falls, and afterwards small whitish-green
crystals are deposited ; the colour of which becomes
deeper by exposure to the air.  The first of these, in
the form of an orange-coloured powder, is a subsulpbite ;
the second, in the form of crystals, is a sulphite of
copper.

When these salts are heated, they melt, and acquire
a leaden grey colour. The subsulphite is insoluble in
water ; but that liquid dissolves the sulphite, though
sparingly. Nitric acid converts them into sulphate of
copper ; sulphuric acid separates the acid from the syl-
phite, and part of the oxide is reduced to the metallic
state +.

Sp. 6. Phosphate of Copper.

‘ProspHOKIC ACID does not attack copper immedja.
ately ; but when allowed to remain Jong upon that
metal, oxidation at length takes place, and the- phqs-
phate of copper is formed. This salt may be obtained
with great facility by pouring phosphate of soda into a

® Jour. de Pbys. li, 1832, 4 Fourcroy, vi 375




COPPER.

solution of nitrate of copper. A bluish-green powder
immediately precipitates, which is phosphate of copper.
This salt is insoluble in water. Its specific gravity, ac~
cording to Hassenfratz, is 1°4158 *.  When exposed to
a red heat, it loses its water, and acquires a brown co-
lour. 'When violently heated, phosphureted copper
comes over. According to the analysis of Mr Chene-
vix, it is composed of
Brown oxide 49°5
Water .... 12
L e S S O L B &
L R I S R - AL

} hydrate of copper 615,

1000+
Sp. 1. Carbonate of Copper.

“CarBONIC AciD does not attick copper ; but it com-
bines readily with its oxide, or with the hydraté of cop-
per, when that ' compound is mixed with water, and a
current of carbonic acid gas made to pass throughit. Or
the carbonate may be formed by precipitating a solue
tion of nitrate of copper with a fixed alkaline carbo-
natef. To give the carbonate 2l its lustre, the solu-
‘tion should be mixed with boiling water, and the pre-
cipitate should be washed with' great care, and exposed
to the light of the sun. It has then a fine apple-green
colour, and it is fouud often native in its greatest beauty.
The native carbonate is known amdng mineralogists by

* Ann. de Chim. xxviii. 12. . 1 Pkil. Trans. 1801, p. 206.

$ Mr Chenevix has shown that the alkaline carbonates have the pro-
perty of dmolvmg a portion of the omde of copper, and of forming widy
it a triplesale.
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Pook IL  the namg of malachite. It is insoluble in water, and is
Division 1L
2__\,__' entirely decomposed and reduced to-the state of black
oxide by the action of heat, AccordmtT to the analys:s
of Proust, it is composed of 25-0 acid
.69°5 peromde

1 | 1 “F R

ey 5°5 water
7 . . § 1RO 11940 ™

&
¥

SOBR 10070

A hundred parts of copper, dlssolved m su]phux;lc or
nitric acid, and precipitated by the carbonate of potash
or soda, give 180 parts of carbonate of copper, . which,

being deprlved of its acid and water by dlstlllatron,
leaves 125 parts of oxide of copper *.

Sp. 8. Fluate of Copper.

Fruoric acrp dissolves a small .portion of copper
when a551sted by hea.t 5. and it dxssolves 1js 0x1de wyxth
facrhty _The solutlon 1$ gel.annous, 1angl ylelds, when
evaporated blue crys_tals of fluate of copper, in the fqrm

of cubes or cxblon‘gs-]~ si98 gtned iRy 1o nlmed

-ulot'a g Sp 9.¢ BoratequoAber. ke el
o “~TIEBS S

WHEN borax is. poured into a solutlon of sulphate of
cogper, borate of copper is precxpltated ln thq fprm of
a pale hght-green ]elly, Wthh when glrxed s WIth great
dxfﬁcul:y soluble in water. It easﬂy melts 1nto a darkl-
red v1treous substance :t Accordmg to Palm, by long
mturauon of filings of copper and boracic acid in wa-
ter, and then digesting the mlxture, it dxssolves, and
crystals may “be obtained from it.

i R 3 -

.

* Proust, Arm. de Chim. xxxii. 2.8. 1, Sflxecle, 15385 Fou
{ Bergman. : -
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Sp. 10 deetate'of Copper.

ACETIC AcID attacks copper very slowly in open ves:
sels, converts it into an oxide, and dissolves it: butin
close vessels no action takes place: This acid readily
combines with the oxide of copper, and forms with it an
acetate, - This salt was known to the ancients, and yva-
rious ways of preparing it are described by Pliny *. - It
is'usnally obtained by exposing plates of copper to the
action of vinegar till theyare converted to a bluish-green
powder called werdegris, and then dissolving this powder
in aceticacid, and crystallizing its o

Acetate of copper crystallizes in four.sided truncated Propertic,
pyramids. It has a beautiful blnish=green colour. Its
specific gravity is 1°779 +. Its taste is disagreeably me-
tallic, and, like all the compounds into which coppef
«enters, it is ‘poisonous. It is sparingly soluble in cold
water, | 'When that liquid is. boiled wpon the salt; it
takes up;y aceording to Wernzel, Jth of its weight of it }.
AlcohelliKewise dissolves it. ' When exposed to the
air, it efflorescess By distillation it givésout acetic acid.
Proust first ‘remarked that. acetous acid and acetic acid
form the satmesalt with copper ; ‘and hence concluded
that thetre is ‘no difference between the two acids4:
When sulphureted hydrogen gas is made to pass through
a solution of this salt in water, the copper is deoxidized,

+ and precipitates in the state of a blue sulphuret, and

# Lib. xxxiv. c. 11, + Hassenfratz, dnn. de Chim . xx¥iii. 12
t Verwandtschaft, p. 310. § Jourwde, Phys, lvi, 211,
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only when assisted by a long digestion: The solution Chap. 1L
0 ¥ g aig on

is green, and yielded Wenzel small green crystals, the
properties of which have not been examined. From
the experiments of the same chemist we learn, that
there are two varieties of this salt, a supersuccinate and
a subsuccinate. He digested 10 grains of carbonate of
copper in succinic acid : An effervescence took place;
one portion was dissolved, but another remained at the
bottom of the vessel. This portion weighed 17 grains.
It had lost its carbonic acid, and evidently contained
succinic acid, The solutions contained a portion of
copper, which was not separated by an alkali, but by a
hydrosulphuret, and zinc threw it down *.

Sp. 12. Benzoate of Gopper.

BENzo1c aciD does not act upon copper, but it com-
bines readily with the oxide of that' metal. The salt
formed is in small crystals of 2 deep green colour, spa-
ringly soluble in water, and insoluble in alcohol. When
heated, the acid evaporates and leaves the oxide. The
alkalies and the carbonates of lime and barytes decom-
pose it t.

Sp. 13. _Oxalate of Copper.

OxALIC ACID is capable of attacking copper, and
forming with it needle-shaped crystals of a green co-
lour, not altered by exposure to the airf. It combines
with great facility with its oxide. The oxalate formed

»
i

* Wenzel's Lebre won der Verwandisclaft der Korper. Grindel's edit.
P- 242.
4 Trommsdorf, Ann. de Chim, 1. 315.
$ Wenzel, Ibid, p. 229.
Vel. I11. 0
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is in the state of a bluish-green powder, scarcely solu-
ble in water unless with excess of acid. = According to
Bergman, to whom we are indebted for all thatis yet
known of this salt, 21 parts of copper require 29 parts
of acid to dissolve them. Oxalic acid precipitates this
salt from liquid sulphate, nitrate, muriate, and acetate
of copper *. ‘

Sp. 14. Mellate of Copper.

MEzLLrTic AcIp, when dropt into acetate of copper,
throws down a precipitate of a Spanish green colour,
but produces no change on muriate of copper t.

Sp. 15.  Tartrate of Copper.

TARTARIC AcID has little action on copper; but it
dissolves the metal at last by the assistance of the air,
which converts it into an oxide, and the solution shoots
into dark bluish green crystalst. When this acid is
poured into the sulphate or muriate of copper, it preci-
pitates a tartrate of that metal in the form of blue erys-
tals §.

Sp. 16. Citrate of copper.

CITRIC ACID scarcely acts on copper ; butst dissolves
its oxide when assisted by a boiling heat, and the so-
lution yields light green crystals [].

~

# Bergman, i. 267. + Klaproth’s Britrage, iii. 132.
1 Grindel, Wenzel's Perwandtschaft der Korper, p. 214.
§ Bergman, iii. 456. i Wenzel, Ibid. p. 185,
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Sp. 11. Saccolate of Copper.

SuLPHATE of copper is not precipitated by saclactic
acid *.

S;b. 18. Lactate of Ca‘bpef.

WHEN lactic acid is digested on copper, it assumes
first a blue colour, and then a green, which passes into
a dark brown ; but the solution does not crystallize }.

Sp. 19. Suberate of Copper.

SUBERIC ACID gives a green colour to nitrate of cop-
per, but occasions no precipitate 1:

Sp. 2C.  Prussiate quapp;r;

THE triple prussiates precipitate copper from its so~
lutions of various shades of brown, some of which are
remarkably beautiful. Mr Hatchett has lately recom-
mended this prussiate as an excellent pigment; and
when tried by artists; both in oil and water, it was
found to excel, in beauty and durability, every brown
paint known. The method of preparing this paint re-
commended by Mr Hatehett is the following : Dissolve
oxymuriate of copper in ten parts of water; and preci-
pitate with triple prussiate of lime till the whole is
thrown down. Wash the precipitate; and dry it with-
out heat §.

* Scheele, ii. 80. 4 Ibid. p. 66.
t Bouillon Lagrange, Ann. de Chim. xiii. 48.
§ Journal of the Royal Institution; i. 306.
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Sp. 21. -Arseniated Copper.

WHEN arsenic acid is digested on copper, the metal
is oxidized and dissolved, and a bluish white powder is
formed, which consists of the arseniate of copper. This
salt may be formed also by pouring arsenic acid’ into
acetate of copper, or by precipitating nitrate of copper
by means of an alkaline arseniate *.

Arseniate of copper has been lately found native in
considerable quantities in the mine of Huel Gorland in
the parish of Gwennap in Cornwall; and a very inte<
resting description and analysis of it have been pub-
lished by the Count de Bournon and Mr Chenevix in
the Philosophical Transactions for 1801. From the ex-
periments and observations of these celebrated philoso-
phers, it appears that there are no less than five varie-
ties of arseniated copper, differing from each other in
the proportion of oxide, acid, and water, which they
contain. In general they are insoluble in water, if we
except one variety, which seems to be a superarseniate,
and which hitherto has not been found native. Their
colour varies from a deep blue to green, and even to
brown, yellow, and black. This variation seems to
depend upon the proportion of water which they con~
tain, the blue and the green containing most, and the
brown least water.

Variety 1. Obtuse octabedral Arseniate. This variety
is crystallized in obtuse octabedrons, composed of twe

* Schecle, i. 175,




COPPER.

four-sided pyramids applied base to base, the faces 'of Chap.IIL
our-sided py app

which are isosceles trlangles ; and two of them which
are opposite are more inclined than the others. These
meet at the apex at an angle of 130°, and at the base
at an angle of 50°. The pyramids often terminate in
ridges. These crystals are commonly a deep sky-blue,
and sometimes a fine grass green. Their specific gra-
vity is 2881 *, They are composed, according to the
analysis of Chenevix, of 14+3 acid

500 brown oxide

357 water

100°0

Variety 2. Hexabedral Arsentate. This variety is
commonly found in very fine six-sided laminz, and is

divisible into thin scales like mica. Itis of a deep -

emerald green colour; and its specific gravity is 2548 4,
It 1s composed of.ieeeiea.43 acid

39 oxide

18 water

o —

190

This variety precipitates in the form of very small
blue erystals when arseniate of ammoma is poured into
nitrate of copper §.

Variety 3. Acute octabedral Arseniate. This variety
is composed of two four-sided pyramids applied base to
base ; two of the faces, which are more inclined, meect
at the apex at an ‘angle of 84°, and at the base at one

* Bournon. +1d.
{ Vauquelin, Jour. de Afin. x. 562.
§ Chenevix.
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The solution, which retained its blue colour, was par-
tially evaporated, and then alcohol was poured into it.
Another precipitation took place, and increased consi-
derably on allowing the solution to stand. This preci-
pitate consisted of rhomboidal crystals of a blue co-
lour *. They were composed of 40°1 acid

855 oxide

244 water

1000

Perhaps a more precise idea may be formed of the com-
position of these varieties from ‘the following Table,
which exhibits the proportion of oxide and water com-
bined in each with 1:00 of acid, according to the ana-
lysis of Chenevix :

Acid. Oxide. Water.
Variety 1st, 1:00 3:70 2:50
2d, 1°00 216 100
3d, 1:00 1378 070
\ 4th, 100 180 0°53
5th, 1:00 0'88 . 0'60%

The white oxide of arsenic is capable also of combi-
ning with copper. It forms with the oxide of that
metal an arsenite, usually distinguished by the name of
Scheele’s green, because Mr Scheele first examined it,
and proposed it as a paint. It may be formed by dis-
solving two parts of sulphate of copper in 44 parts of
water, and likewise two parts of potash of commerce

* Phil. Trans. 1801, p. 207.
$+ Sce Hauy's remarks on this analysis, Jour. de Min, xiii. 425.
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and nearly one part of the white oxide of arsenic pul-
verised in 44 parts of water by the assistance of heat.
The solution of copper is gradually added while hot to
the arsenite of potash, and the whole is often stirred du-
ring the mixture. The mixture, on standing, gradual-
ly deposites the arsenite. of copper in the form of a fine
green powder. It is to be washed well with water and
then dried *.

Sp. 22. Molybdate of Capper.

MoLYBDIC ACID throws down a green precipitats
from nitrate of copper +.

Sp. 23. and 24. Tungstate and Chromate of Copper..

TunGsTIC AcID and its compounds occasion a white
precipitate when poured into the salts of copper: and
when chromic acid is dropt into nitrate of copper, a red
precipitate falls 1. ¢

- V. TRrIPLE SALTs..

Sp. 25. Tartrate of Potash and Copper.

Tais salt may be formed by boiling together oxide
of copper and tartar in water. The solution yields by
evaporation blue crystals, which have a sweetish taste,
and contain a great proportion of metal§. When tar-
tar and copper, or its oxides, are boiled together, they
dissolve ; and by evaporating to dryness, a bluish-green
powder is obtained, which, according to Leonhardi,

#* Scheele, i. 2671. + Hatchett.
t Scheele and Vauquelin.
§ Thenard, dan. de Chim. xxxviii. 36«

-
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constitutes the better kind of the pigment called Bruns-
wick green *.

The oxides of copper are capable of entering into se-
veral other triple compounds, both with the metalline,
and earthy and alkaline salts ; but the properties of
these compounds have not been examined with preci~
sion, if we except the solutions obtained by pouring
ammonia on most of the salts of copper.

Gexvus X. Savrts or Irovw,

THE compounds which the acids form with the ox-
ides of iron were formerly distinguished in chemistry
by the epithet zartial, because Mars was the title given
by the alchymists toiron. The most important of these
salts have been long known. No metal attracts oxy-
gen and combines with acids with more facility than
iron ; many of its salts therefore are found ready form-
ed, or at least are often formed during the multiplicity
of operations to which this very useful metal is expo-
sed, Some of these salts have been long of great im-
portance in manufactures. They form the basis of wri-

“ ting ink and of the black dye, and are employed also
to communicate several other colours to cloth.

Iron is capable of combining with m'o doses of oxy-
gen, and several of the acids unite with each of its ox-
ides. There are therefore two sets of salts which have
iron for their bases ; one set containing the black oxide,
the other the red. The last of these sets was scarcely
attended to by chemists till Mr Proust published his

* Gren’s Handbuch dor Chemie, iii. 331,
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Researches on Prussian Bluein 1797 ; in which he de-
scribed the properties of the salt composed of the red
oxide of iron and sulphuric acid ; which, according to
the rule formerly laid down, I shall call oxpsulphate of
zron. Since thattime Mr Davy has ascertained the ex-
istence of several more of these salts.

The salts of iron may be distinguished by the fol~
lowing properties :

1. The greater number are soluble in water ; and in
general the solution has 2 greenish or yellowish red co~
lour, and an astringent taste.

2. The triple prussiates occasion in these solutions a
precipitate of a deep blue, or at least which acquires
that colour on exposure to the aimosphere.

3. Hydrosulphuret of potash occasions a black pre-
cipitate. :

4. Sulphureted hydrogen renders the solution nearly
colourless, but occasions no precipitate *.

5. Gallic acid, or the infusion of nutgalls, occasions
2 black or purple precipitate, at least if the solution has
been for some time exposed to the air.

I. DETONATING SALTS.

Sp. 1. Nitrated Iron.

Nr1TRIC ACID, when as strongly concentrated as pos-
sible, does not act rapidly on iron ; but when the acid
is of 2 moderate strength, the action is wery violent, 2

* From this rule the oxygenized salts of iron must be excepted. . In
them sulphureted hydrogen occasions a precipitate.  This precipitate is
sulphur, thrown down by the decomposition of the sulphureted hydras
gen 5 at the same time the salt loses a portion of its axygen.

T L
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prodigious torrent of gasis extricated, which Dr Priest-
ley found to be a mixture of nitrous oxide and nitric
oxide. During this action the iron is oxidized to a
maximum, and a red powder precipitates, consisting
probably of oxynitrate with excess of base. These phe-
nomena have been long known ; but it was not till af-
ter Mr Proust’s Researches on the Prussiates of Iron that
the existence of two salts consisting of this acid, com-
bined with each of the oxides of iron, was well under~
stood by chemists. It is the oxynitrate of iron which
is obtained by the wsnal process. Mr Proust merely
announced the existence of the simple nitrate, but it has
since been examined by Mr Davy. ’

1. Nitrate of Iron. When nitric acid of the specific
gravity 1°16 is poured upon iron, it acts upon the me-
tal but slowly, no gas being given out for some time.
The solution becomes of a dark olive brown in conse-
quence of the nitrous gas which it holds in solution ;
but when exposed to the air, it becomes pale, because
that gas combines with oxygen and is converted into
nitric acid.  When alkalies are poured into it, 2 pale
green precipitate falls, consisting of iron oxidized to a
minimum. This solution absorbs nitrous gas. It can-
not be concentrated, nor even heated, without being
converted into oxynitrate ¥.

2. Oxpnitrate of Iron. This is the salt obtained when
iron is treated with strong nitric acid, or when the ni-
trate is heated or left exposed to the air.  The solution

is of a brown colour, and does not yield crystals. ‘When

evaporated, it lets fall a red powder, not afterwards so-

¥ Davy's Researches, p. 187,
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luble in nitric acid ; and sometimes when concentrated.
assumes the form of a jelly. When strongly heated,
the acid is disengaged, and the oxide remains in the
form of afine red powder. Hence solution in nitric
acid, evaporating to dryness, and digesting the residuum
in water, is the method recommended by Bergman, and
formerly practised by chemists, to separate iron from
earths., The iron and carths are first dissolved toge-
ther in nitric acid ; by the evaporation to dryness, and
a strong heat, the nitrate of iron is decomposed, while
the earthy nitrates remain unaltered. They. are of
course dissolved by the water, but the red oxide of iron-
is left untouched.

Vauquelin bas lately discovered a method of obtain-
ing the oxynitrate of iron in crystals. When concentra-
ted nitric acid is kept for some months in contact with
the black oxide of iron, solution slowly takes place,
and crystals nearly colourless are formed, which have the
figure of rectangular four-sided prisms, terminated by
dihedral ridges. These crystals have an acrid and inky
faste, and are very deliquescent. Their solution in wa-
ter has 2 red colour, and the alkalies precipitate from
it red oxide of iron ¥, 3 ‘

Sp. 2. Hyperaxynzyrg’gte of .{rozg.

WHEN a current of oxymuriatic acid is made to pass
through water having red oxide of iron diffused through
it, the oxide is dissolved, though with considerable dif-
ficnlty. But Mr Chenevix, to whom we are indebted
for this experiment, has not examined the properties of

¥ Fourcroy, vi. 205,
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the hyperoxymuriate which mnst be formed during the
process.

II. INCOMBUSTIBLE.

Sp. 3. Muriated Iron.

MuRIATIC AcID attacks iron with great rapidity ;
hydrogen gas is emitted in consequence of the decom.
position of water, and the iron is oxidized and dissolved.
This acid dissolves likewise the oxides of iron much
more readily than any other, and for that reason it is
usually employed to take out iron-marks from linen,
and to remove particles of rust, which often adhere
with great obstinacy to glass vessels.  Muriatic acid
combines both with the black andred oxides of iron,
and forms with each of them a peculiar salt, the pro-
perties of which have been lately described by Mr Da=
vy. Their existence had been previously pointed out
* by Proust. The common muriate of iron, usually ob-
tained by dissolving iron or its oxides in muriatic acid,
1s a mixture of these two salts.

1. Muriate of Iron. When iron-filings are dissolved
in mariatic acid, the solution, provided it be excluded
from the air, is of a pale green colour, and yields, when
evaporated, crystals of muriate of iron of a pale green,
which are extremely soluble in ‘water, and soluble also,
according to Davy, in alcohol.  The solution. attracts
oxygen from the air and from nitric acid. - It absorbs
nitrous gas'even in greater quantity than sulphate of
1ron, and acquires, when saturated, a dark brown co-
lour, and a much more astringent taste than muriate of
iron in its usual state. When heated, the greatest part
of the gas is driven off, some red oxide of iron is preci-
pitated, and some ammonia formed, precisely as hap-
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pens to a solution of sulphate of iron impregnated with
nitrous gas *. This salt may be formed very readily
by dissolving sulphuret of iron in muriatic acid ; the
sulphureted hydrogen gas evolved pteventing the ab-
sorption of oxygen from the atmosphere +.

2. Oxymuriate of Iron. This salt may be formed by
dissolving the red oxide of iron in muria‘ic acid, by
treating the muriate of iron with nitric acid, or simply
by exposing it in solution to the air. The solution of
this salt is of a deep brown ; its odour is peculiar, and
its taste, even when much diluted with water, is exceed-
ingly as.tringent. When evaporated to dryness, it yields
an uncrystallizable orange-coloured mass, which deli-
quesces in the air, and is soluble in alcohol. This salt
gives a yellow tinge to animal and vegetable substances,
as is the case with oxymuriatic acid. When sulphuric
acid is poured upon it, the odour of oxymuriatic acid is
perceptible.  This salt does not absorb nitrous gas.
When sulphureted hydrogen gas is made to pass through
it, part of the oxygen is abstracted, and the salt is con=
verted into muriate of iron . j

When this salt is distilled, oxymuriatic acid passes
over, and the iron is reduced to the state of black ox-
ide. This acid is also formed and exhaled during the

isolution of red oxide of iron in murietic acid, at least if

the solution be promoted by the application of heat.

If the heat be increased after the oxymuriate of iron
is evaporated to dryness, the whole salt sublimes, not
however in the state of oxymuriate, but of simple mus
riate, which is capable of crystallizing. The whole of

# Davy, p. 180. 4 Davy, Journal of the Royal Institution, i. 308.
3$1bid. p. 181, : ;
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these changes are easily explained. Oxymuriate of iron
contains more acid than muriate. This excess flies
off, and carries with it the second dose of oxygen of the
oxide. The iron thus reduced to the state of black ox-
ide, sublimes in combination with the rest of the mu-
riatic acid *.

Sp. 4. Sulpbated Iron.

CoNCENTRATED sulphuric acid acts but very slowly
upon iron, unless it be assisted by heat. In that case
the metal is oxidized, and sulphurous acid gas exhaled.
Baut diluted sulphuric acid dissolves iron with great ra-
pidity, and abundance of hydrogen gas is emitted. In
this case the water is decomposed ; its oxygen com-
bines with theiron, while its hydrogen is emitted. The
solution has a green colour, and when evaporated im-
mediatcl&, yields crystals of sulphate of iron ; but ifal-
lowed to remain exposed to the atmosphere, it gradu=
ally attracts more oxygen, and is converted into oxy=-
sulphate, unless it contains an excess of acid ; which
retards, and, when sufficiently abundant, prevents the
change.

1., Sulphate of Iron. This salt was known to the an-
cients, and is mentioned by Pliny under the names of
misy, sory, and calchantum+. In commerce it is usual-
ly denominated green vitriol or copperas. It isnot pre-
pared by dissolving iron in sulphuric acid, but by moist-
ening the pyrites which are found native in abundance,
and exposing them to the open air.  They are slowly
covered with a crust of sulphate of iron, which is dis-

* See on thissubject the experiments of the Duc ’Ayen,
+ Lib. xxxiv. ¢. 13,

Historys
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solved in water, and afterwards obtained in crystals by
evaporation. Sometimes the saltis found ready formed,
either in a state of solution in water or mixed with de-
cayed pyrites. In some cases it is found necessary to
roast the pyrites before they can be made to undergo
spontaneous decomposition. This is most probably
owing to the compact state of the pyrites in these cases,
and the absence of all uncombined iron. Pyrites is in
fact a supersulphurate of iron. The roasting reduces it
to the state of sulphuret, which decomposes very readi-
ly. The solution always contains an excess of acid.
Hence it is necessary, in order to obtain the salt in crys-
tals, to throw into it a quantity of old iron.

Sulphate of iron has a fine green colour. TIts crys-
tals are transparent rhomboidal prisms, the faces of
which are rhombs with angles of 79° 50’ and 100° 10},
inclined to each other at angles of 98° 37'and 81° 23'*.
It has a irery strong styptic taste, and always reddens
vegetable blues. Its specific gravity is 1-8399+. It
is soluble in about two parts of cold water, and in 3ths
of its weight of boiling water. It is insoluble in alco-
hol. When exposed to the air, its surface gradually
becomes opaque, and is covered with a yellow powder ;
because it absorbs oxygen, and is partially converted
into oxysulphate. This change takes place much more
rapidly and completely if the salt be moistened with
water. The cause of these phenomena was first explain-
ed by Scheele.

* Hauy, Jour. de Min. An, v. 542.

+ Hassenfratz, Ann. de Chim. 33viii. 12. According to Wallerius, the
specific gravity is 1 880 (Chemie, (p. 266.) ; according to Dr Watson,
x-812 ( Essays, v. 67.) 5 when calcined to whiteness, its specific gravity
becomes 2°636 (Watson, Ibid.)
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When heated it melts, gradually loses its water of
crystallization, and by a strong heat sulphuric acid is
driven off, and there remains behind a red powder, for-
merly known by the name of colcothar of witrial, which
is either a mixture of red oxide of iron and oxysulphate,
or pure oxide, according to the heatapplied. When this
salt is distilled, there comes over first water slightly
acidulated with sulphuric acid, and afterwards a 'very
strong faming acid, formerly known by the name of
‘glacial oil of vitriel, and which is now known to be a
-compound of sulphuric and sulphurous acids. The re-
‘siduum is the same mixture of oxide and oxysulphate
which is obtained by calcination in the open air. - This
decomposition, which sulphate of iron undergoes when
heated, enables it in many cases, ina high temperature,
to act nearly the same part as sulphuric acid.  Hence
‘it is often employed by manufacturers to dxsengage the
weaker acids from their bases.

This salt, according to the best analyses hitherto made,
is composed of the following proportions ¢

*'vi;’r

Acid 26‘ 267 | 39

Base 28| 283 | 23

Water |.46 | 45°0 | 38

Total {100 [100 |100

* Kirwan on Mineral Haters, Table IV,
3 By my analysis. y
i ¥Beryman, Opuie, i, 37.

Vel, 111, L
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It cannot be doubted, I think, that the black oxide of
iron is capable of combining intimately with water, and
of forming a hydrate, as well as the oxide of coppes.
The colour of this hydrate is green ; hence the reason
that the black oxide of iron, when precipitated from a-
cids by means of alkalies, has a green colour. Itisin
the state of hydrate. When the water is driven off by
heat, the oxide assumes its natural black colour. The

"oxide, which constitutes a part of the sulphate of irom,

is also eembined with water, and in the state of a hy-
drate. * Mr Kirwan, therefore, has, with great propri=
ety, distinguished between the water of erystallization
and that part which is a necessary constituent of the
salt. g
‘When the erystals of sulphate of iron are moderately
heated, they assume at first a white colour ; the same
change of colour is observed when the salt, in the state
of powder, is infused in alcohol. Hence we see the se~
paration of the water changes the colour from green to
white ; and if water be now poured on the white pow-
der, it becomes again green.

The sulphate of iron is decomposed by the alkaline
phosphates and borates, ‘and by the greater number of
those salts whose base forms an insoluble' compound

- with the sulphuric acid, as nitrate of silver, of lead, of

barytes, &c.

Thenard has lately published a number of experiments
on this salt. ‘The crystals of copperas are sometimes
of a dark green colour, sorhetimes of a light emerald

- green. Dyers prefer the first variety, and dislike the -

light green crystals, alledging that they do not answer
so well for their processes. According to Thenard,
the datk coloured crystals consist of sulphate of iron,
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the light coloured ortes of supersulphate of iron. Thé Chap. IIL
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excess of acid in the latter prevents them from parting
so easily with the oxide; and therefore renders them less
useful as a dye stuff *. This explanation appears plau-
sible ; but upon analysing specimens of both varieties,
I found the difference of acid hardly to exceed 1 per
cént.  The excess was in the light coloured crystals,
but it appears a great deal too small to account for the
different appearances which the salt assumies.

According to Thenatd, besides the sulphate and su-
persulphate, there are other two salts of iron, containing
the metal in a higher degree of oxidizement. The first
is neutral, has a brown colour, does not crystallize, and
is not easily changed by exposure to the air. Iron con-
vertsit into sulphate. This salt he considers as a com-
bination of sulphuric acid and green oxide of iron ; but
the existence of this oxide has not been established in a
satisfacfory manner. The other salt crystallizes; the
crystals have an emerald green colour, and are not al-
tered by exposure to the air. This is a supersalt, and,
according " to Thenard, is composed of the same green
oxide and sulphuric acid.

2. Oxysulpbate. ‘This salt exists ready formed in
what is called the mother water of vitriol, or the brown
liquid which remains after all the sulphate of iron has
been extracted by crystallization from those waters
which contain it. The properties of this salt were first
accurately described by Mr Proust. 1t may be formed
by exposing the solation of sulphate of iron to the open

e

* fun, de Clim. Wi, 59.
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air for some time, or by pouring into it nitric acid, and .

applying heat *.

This salt has a yellowish red colour. It does not af- :

ford crystals ; and when evaporated to dryness, soon at-
tracts moisture; and becomes again liquid. = Itis ex-
cecdingly soluble .in water, and also in, alechol. By
this Jast liquid it may be separated from the sulphate
of iron, with which it is always mixed in the wstriol of
commerce. When exposed to the air, it gradually de-
posites red oxide, or rather oxysulphate with excess of
base. :

A great number of substances have the propeity. of
depriving this salt of its excess of oxygen, and of con-
verting it into: sulphate of iron. = This is the case with
iron.  When the solution of oxysulphate is mixed with
iron filings, and kept for some time in a well-covered
vessel, part of the iron is dissolved by abstracting the
second dose of oxygen from the oxide, and the whole is
converted into sulphate. The, same change is produced
by tin, and probably also by all the salts of. tin which

contain that metal combined with 2 minimum of ‘oxy-

gen. Sulphureted hydrogen produces that change in-
stantaneously when made to pass through a solution of
oxysulphate+. That gas has the property of reducing
the oxides of iron to 2 minimum of oxygen ; but.it does
not bring them to the metallic state. -Hence the reason

that it does not precipitate iron from its solution in a-
cids.

® During this change a quantity of ammonia is alse formed. Hence

not only the nitric acid but some water also is decomposed. See Davy’s
Researches, p. 157.

+ Proust, Ann. de Chim. xxiii. 23.
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- On the other hand, all those bodies which part with
oxygen very readily, convert the sulphate of iron into
oxysulphate. Hence this change is produced by the ni-
tric and oxymuriatic acids, by the oxymuriates, the nfu-
riate of gold, &c.

The solution of sulphate of iron has the property of

absorbing a great quantity.of nitrous gas, and at the
same time it acquires a yellowish colour. =~ 'When this
solution is heated without being exposed to the air, the
greatest part of the nitrous gas is'driven off unchanged ;
but a small portion of it is decomposed, a little red ox-
ide of iron is precipitated, and some ammonia formed,
owing to the decomposition of 2 little of the water of
the solution, and the combination of its hydrogen with
the azote of the nitrous gas.. From the experiments of
Mr Davy, it appears that 910 parts of a solution of
sulphate of iron, of the specific gravity 1-4, absorb 5°72
parts of nitrous gas; '4°28 of these are emitted unalter-
ed on the application of heat, and 144 are decomposed.
This ingenious gentleman calculates that one part of
water was also decomposed ; that the oxygen furnished
by these two bodies amounted to 1°65, and that it com-
bined with 4°1 parts of black oxide, and occasioned the
precipitation of 5:75 parts of brown oxide, which was
doubtless in the state of oxysulphate with: éxcess of
base. Hence the ammonia formed must have amounted
to about 0°8 *.  The oxysulphate of iron has not the
property of absorbing nitrous gas+.

«“The sulphate of iron has the property of uniting with
many other metalline sulphates, and forming a variety

\\l* Davy’s Rescarsbes, p.170. + Ibid.
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Dﬁﬁ:ﬂ%l. of triple salts not easily decomposed, The most remark..
s able are the following :
. Sulphate of iron-and-copper
. Sulphate of iron.and-zine
3. Sulphate of iron-and-nickel.
Yn some cases it combines with two sulphates at once,
and forms a kind of quadruple salt. Linke has noticed
the following :
1. Sulphate of iron-zinc-and-nickel
2. Sulphate of iron-copper-and-nickel,
It combines also with alkaline bases, and forms ano-
ther kind of triple salts. The following has been no-
ticed :
1. Sulphate of iron-and-potash,

S]). 5. Sulphbite of Iron.

SuLPHUROUS ACID attacks iron with rapidity, much
heat is produced, and the solution assumes at first 2
brown colour, which gradually passes into a green.
During this solution no hydrogen gas is emitted except
2 few bubbles at first.  The iron is oxidized at the ex-
pence of the acid, part of which is decomposed ; its 0%~
ygen combines with the iron, and converts it into black
oxide, while its sulphur combines with the sulphite of
iron as it forms. The salt, therefore, whichis obtained
by this process, is not pure sulphite of iron, but that
salt combined with sulphur, These phenomena were
first described by Berthollet*. When salphuric acid
or muriatic acid is poured into thissolution, the sulphu-
rous acid is disengaged with effervescence ; and if these

¥ fnn, de Clim. 1i. 38,
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@cids be added in sufficient quantity, a portion of sul phur
1s precipitated.
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When the solution is exposed to the air, crystals of Varictics.

sulphite of iron are formed, and at the same time a red
powder is deposited, probably consisting of oxysulphite
«of iron with excess of base, and combined with sulphur.
The crystals dissolved in water and exposed to the air
are gradually converted into sulphate of iron*.

Thus there are two varieties of sulphited iron, simple
sulphite and sulphureted sulpbite.  The first of these is
insoluble in alcohol ; but that liquid dissolves the se-
cond : the first, when exposed to the air, is.converted
into sulphate, but the second remains unaltered 1.

Sp. 6. Pbosphated Iron.

ProspaorIc Acip has but little action upon iron.
However, if that metal remain exposed to the contact
of phosphoric acid, or even to the solutions of salts
which contain that acid, it is graduslly oxidized, and
converted into phosphate of iron. The properties of
phosphated iron have not been examined with attention.
Scheele has shown that the acid combines with both
oxides, and forms of ‘course both a phosphate and oxy-
phosphate af iron. Fourcroy and Vanguelin have lately
ascertained that there are two varieties of this last salt ;
.one which had been already described by Bergman,
Meyer, Klaproth, and Scheele, and another with excess
«of base, and consequently a suboxyplogphate, which these
philosophers first observed.

1. Phospbate of Iron. When sulphate of iron dis-

* Fourcroy, ¥i. 200. -+ Ihid.

Varieties,
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solved in' water is mixed with a solution of phosphate
of potash, a blue powder precipitates, which is phos-
phate of iron. This powder is insoluble in water, and
does not lose its colour when exposed to the air ¥, This
salt is found native, and constitutes the colouring mat-
ter of a blue minéral called native prussian blue; found
in bogs, and first analysed by Klaproth. Native prus-
sian blue, as it is called, when dry out of the earth; is at
first often colourless ; ‘but when exposed to the air, it
becomes blue. - 'The cause of this change has not been
ascertained.

‘This"salt has been lately found native in small pris-
matic crystals.  Specimens of it have .been brought
from Brazil and the Isle of France. Its colourisa
light blue ; it is partly transparent and partly opaque.
Before the blow-pipe it runs’ into a metalline globule.
When heated, it assumes the red colour of peroxide of
iron. It 'dissolves teadily in nitric acid: - Its specific
gravity is 2+6. By the analysis of Laugier; as confirm-
ed by Foprcroy and Vauquelin, it is composed of

21 acid
45 protoxide
34 water

———

= 100

2. Oxyphosphate of Iron. 'This salt may be readily
procured by mixing together the solutions of oxymuriaie
of iron and phosphate of potash or soda. A white pow-
der immediately falls, which s oxyphosphate of iron.

* Scheele, Crell’s Annals, i, 115. Eng. Trans.
4 Ann..de Chim. L. 214.

T
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This salt, ‘like almost all the ‘phosphates, is ‘soluble
in acids, but precipitated undecomposed 'by ammonia,
It is almost insoluble in water, as it requires more than
1500 parts of that liquid to dissolve one part of oxy~
phosphate. When heated violently, it melts into an ash-
coloured globule *;  When mixed with charceal, and

eated to redness, itis converted into phosphuret of iron.

3. Suboxyphosphate of Iron. When the oxyphosphate
‘of iron is treated with the pure fixed alkalies, a red; or
rather brownish:red, powder is separated, while' the
alkali combines with phosphoric-acid. This powder
was examined by Fourcroy and Vauquelin, and found
by them still to contain a portion of acid. It is there-
fore merely oxyphosphate with excess of base. This
salt is scarcely soluble in acids or in water; but it dis-
solves readily in the white of an egg, or in the serum
of blood, and communicates to these liquids a brown or
red colour. Its solubility is increased, and its colour

heightened, by the presence of a portion of fixed alka-
lit, This is the salt which is supposed to give a red
colour to the blood,

Sp 7. - Qarbonated Iron.

LI(LUID carbonic acid, when kept in contact with iron,
attacks it slowly, and dissolves a sufficient quantity of
it to acquire a sensibly chalybeate taste. When expo-
sed to the air, the iron is gradually precipitated- in the
state of oxide 1 ; and by boiling it is deposited in the
form of a yellow ochre, still retaining 2 portion of acid.
‘Fhis carbondte often exists native in mineral waters.

® Bergman, iil 138,  § Fourcroy, ix.152.  } Bergman, i. 33.
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It may be obtained also by precipitating the sulphate of
1ron by means of an alkaline carbonate. In thatcase it
is always in the form of a green mass, or hydrate, which
gradually - becomes black if the contact of air be ex-
cluded. “

The carbonate of iron has been found native crystal-
lized in rhombs at Eulenloh in Bareuth, a mineral late-
ly described and analysed by Bucholz. It is somewhat
transparent, has a greenish-yellow colour, is brittle,
easily pounded, and of the specific gravity 3-333. I¢
dissolves slowly in acids. Its constituents, as ascer-
tained by Bucholz, are 36-0 acid
595 protoxide

20 water

9715
This mineral has the curious property of becoming 2
permanent magnet when it is heated red hot *.

RusT may be considered as a carbanate of iron ; for
it consists of the oxide of that metal combined with
carbonic acid. Hence it dissolves in acids with effer-
vescence, and when heated gives out carbonic acid gas:
the residuum in that case is black oxide of iron +. Its
brown colour seems to be owing to the presence of wa-
ter. There is likewise 2 subcarbonate of iron which,
from the experiments of Bergman, seems to be compo-~
sed of aboutseesiesereee 24 acid '

76 oxide

100}
The liquid known by the name of Stahl’s tincture of
Mars, because it was discovered by that illustrious che-

# Bucholz, Gehlen'’s Jour. 1. 231.
+ Fourcroy, vi. 215. t Bergman, ii. 392.
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mist, has not been examined by modern chemists ; but
it appears to be a triple, or rather quadruple saline
compound. - It is formed by pouring a solution of oxy~
nitrate of iron into liquid carbonate of potash: a red
powder first precipitates, which is redissolved by agi-
tating the mixture. The liquid of course is an oxyni-
trocarbonate of potash and iron. But the combination
is not permanent ; for the liquid soon deposites a red
powder. *

Sp. 8. Fluate of Iron.

Fruoric acip attacks iron with violence ; hydrogen
gas is emitted, and the metal oxidized and dissolved.
The solution has an inky taste ; and when evaporated
does not crystallize, but assumes the form of a jelly.
In this state it is undoubtedly an oxyffuate of iron.
Heat decomposes it by expelling the acid. The same
effect is produced by sulphuric acid. Fluoric acid also
dissolves the red oxide of iron, and forms the same
salt *.

Sp. 9. Borate of Iron.

" BorACIC AcCID acts very feebly upon iron: but bo-
rate of iron may be obtained very readily by pouring
liquid borate of soda into a solution of sulphate of iron.
A pale yellow powder immediately precipitates, which
is the salt required.  This salt is insoluble in water.
Before the blow-pipe it melts readily into a globule of
glass t. .

III. CoMBUSTIBLE SALTS.
Sp. 10.  Acetated Iron.

THE acetic acid dissolves iron with rapidity, produ-

#* Scheele, i. 34, 4 Id. Crell’s 4nnals, i. 114. Eng. Transl.
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cing an effervescence, and, like the other acids, it forms
a salt with each of the: oxides of that metal; but the
properties of these salts have not been examined with
attention.

1. Acetate of Fron. This salt, as Mr Davy affirms,
may be easily procured by dissolving sulphuret of iron
in acetic acid *. ' It yields by evaporation crystals of a
green colour, in ‘the form of small prisms. It hasa
sweetish styptic taste, and its specific gravity is 1368 +.
By exposure to the air, or by-the application of heat, it
is conyerted into oxacetate.

2. Oxacetate of Iron is a reddish-brown solution, in-
capable of yielding crystals, and assumes the form of 2
Jelly when evaporated. It is deliquescent. This salt
is much employed by calicoe printers, because it is
more easily decomposed than any other of the OXyges
nized salts of irgn, They prepare it either by mixing
together sulphate ofiron and acetate oflead, and leavmg
the solution cxposed to the air, or by dxssolvmg iron in
an impure acetic acid, obtained by distilling wood,

The acetates of iron are decomposed by heat, and the
iron left in-the state of red or black oxide, according to
the temperature. ‘

Sp. 11.  Succinate of Iron.

SuccINIc AcID dissolves the oxide of iron, and yields
by evaporation small brown transparent radiated crys-
talst. This salt is insoluble in water. Succinic acid
accordingly separates iron from all ather solutions,
‘When succinate of soda is dropt into solutions contain.

.- ® Journal df the Royal Institution, i. 308.
4 Hassenfratz, dnn. de Chim. xxviii, 12.
1 Wenzel's Perwandtschaft, p. 240. Grindel's Edit.

| R w—



IRON.

23

q

ing iron, a brownish red ,precipitatc falls in light flakes, Chap. Tl

which is succinate of iron. This saltis composed of
61°5 acid and water
385 oxide

3 100°0 *

Gehlen has shown, that by means of succinate of soda
iron may be very completely separated from manganese.
To succeed, the solution must be neutral, and the iron
oxidized to 2 maximum .

Sp. 12. Benzoate of Iron.
Thris salt forms yellow crystals. It has a sweet taste.
It is soluble in water and alcohol. It effloresces in the
air. Heat disengages the acid 1.

Sp 13. Oxalated Iron.

OxALIC ACID attacks iron rapldly, and dissolves it
with effervescence, and forms a peculiar salt with each
of its oxides. .

1. Oxalate is obtained by dlssolvmg iron or its black
oxide in that acxc}, and evaporating the solution. Pris-
matic crystals, of a green colour and sweet astringent
taste, are formed, very soluble in water with an excess
of acid, which fdll to powder:when heated.
composed of «.vseeeess55 acid

3 45 oxide,

100
2. Oxygenized Oxalate may be obtained by dissolving
red oxide of iron in oxalic acid, or by exposﬂ’f'g the first
salt to the air inadigesting heat. It has the form of

e

. They:are

PR AYS

* Gehlen, Klaproth's Beitrage, iii. 63.
+ Bucholz, Gehlen's Jour- ii. 515.
{ Trommsderf, An».de Chim. xi. 374.
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a yellow powder scarcely soluble in water, and incaps~
ble of crystallizing *

Oxalic acid readily dissolves the oxides of iron even
when combined with gallic acid. Hence it is often used
to take spots of ink out of linen ; and superoxalate of
potash is usually sold in this country for that purpose,
under the name of essential salt of lemons.

Sp. 14.  Mellate of Iron.

MELLITIC ACID precipitates iron. from nitric acid in
the state of an Isabella yellow powder, which is redis«
solved by the addition of muriatic acid .

Sp. 15. Tartrated Iron.

TARTARIC AcID dissolves iron with effervescence,
and combines with each of its oxides.

1. Tartrate of Ironmay be formsd, according to Ret-
zius, by pouring tartaric acid into sulphate of iron, and
applying heat to' the solution.  Lamellar crystals are
formed, sparingly soluble in water, ‘which possess the
propertiés of tartrate of iron.

2. Oxytartrate is usually formed when iron is dissol~
ved in tartaric acid, and heat applied to the solution.
It has a red colour, does not crystallize, but assumes
the form of a jelly when evaporated.

Sp. 16. Citrate of Iron.

This salt has only been examined by Vauquelin.
Citric acid .dissolves iron slowly ; the solution hasa
brown colour, and deposites small crystals of citrate of

* Bergman, i. 268, § Klaproth’s Beitrage;iii. 135«
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iron. When evaporated, it becomes black like ink, Chap.IIL
V-——~r-—l

ductile while hot, but brittle while cold. This mass is
evidently oxycitrate of iron. It is astringent, and very
soluble in water,

Sp. 11.  Saccolate of Iron.

Sacractic acib does not precipitate iron from sul-
phuric acid *.

‘Sp. 18. Malate of Iron.

Maric acip forms with iron a brown solution, which
does not yield crystals +.

Sp. 19.  Lactate of Iron.

Lactic acip dissolves iron, and forms with it a
brown liquid not capable of crystallizing 1,

Sp. 20. Suberate of Iron.

SuBERIC ACID gives adeep yellow colour to sulphate
of iron, bat occasions no’precipitate §.

Sp. 21. Gallate of Iron. .

Mr ProusT first observed, that the gallic acid dees
not occasion any precipitate when poured into salts of
iron containing that metal in the state of black oxide.
Hence it follows that the gallate of iton, if it be formed
in these cases, is very soluble in water and without co-
lour ; but when gallic acidis poured into the oxygenized
salts of iron, the. solution becomes black, and a black
precipitate, composed of gallic acid and red oxide of

Al

* Scheele, ii. 8o. 4 Scheele, Crell’s Annals, ii, 10. Eng. Trang.

t Scheele, ii. 63. § Bouillon Lagtange, dan, de Chir. xxiil. 48.
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iron, immediately begins to fall : But it is so very fine

-and light, that.the greater part of it remains long sus-

pended’s and if ‘a quantity of mucilage or syrup be
mixed with the solution, the precipitate remains' sus-
pended altogether. It is this solution which constitutes
writing 4.  But ink is usually made by mixing the
sulphate of iron of commerce with a saturated solution
of nutgalls. Now the sulphate of commerce is a mix-
ture of sulphate and oxysulphate of iron. That part of
the iron which is'in the state of sulphate forms at first
a colourless, solution’;. but by attracting .oxygen from
the atmosphere, it gradually becomes black. Hence
the reasen that ink is often pale at first, but becomes
black when the writing dries, in consequence of the ab-
sorption of oxygen. - *

Gallate of iron is soluble in acids without decompo-
sition, but it loses its colour in very strong acids. Hence
the reason that these acids destroy the colour of writing.

<

Sp. 22. .Prussiated Trom :

THE com‘bin.ation- formed between the prussic acid
and iron has been the object of a great many researches,
and has given occasion to several curious and import-
ant discoveries. 'We are indebted to Mr Proust for the
fact, that the ‘prussiciacid, like all other acids hitherto
tried, is capable of forminga peculiar salt with each of
the oxides of ivon.” oitoc o {

1.1 Prusiiate of Iron.o. - This salt may be formed by
pouring triple prussiate of potash into a solution of sul-
phate of iron.~ The salt precipitatesin the form of a

“white'powder.” Tt i not altered by sulphuric and mu-

riatic acids. ‘kaeﬂceiposed to the air it absorbs oxy-

e .
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geu with great rapidity, and passes to the state of oky-
prussiate. Oxymuriatic and nitric acids produce the
same change.

2. Oxyprussiate of Iron. 'This salt is formed when
triple prussiate of potash is poured into oxysulphate of
iron, or into the solution of any oxygenized saltof iron.
A beautiful blue precipitate appears, which is the salt.
It is not alteréd by the acids.  Sulphureted hydrogen
gas converts it into prussiate by absorbing’ oxygen.
When it is mixed with iron-filings, and kept in water
in a close vessel, it is also converted into prussiate, the
iron absorbing the second dose of oxygen from the red
oxide *.

Iv. METAme SALTS.

3’}).’ 23. . Arseniated Iron.

ARsENIC AciD dissolves iron when assisted by a di-
gesting heat ; and if the experiment be made in an open
vessel, the solution at last assumes the form of a jelly ;
but in a close vessel this does not happen. When one
part of iron-filings and four parts of arsenic acid are
distilled together to dryness, inflammation takes place,
and at the same time both arsenic and white oxide of
arsenic are sublimed +.  Afsenic acid, as we see from
these facts, i{s cap,able, like other acids, of combining
with both the oxides of iron, and of forming arseniate
of iron and oxarséniate of iron.  Both of these salts have
béen found native in Cornwall, and have been lately
described and analysed with great accuracy by Bournon
and Chenevix.

* Proust, Ann. dc Cbim. xxii, 88, 4+ Scheele,i 177
Vol. I11. o
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Y. Arsemate of Iron.  This salt may be formed by
pouring arseniate of ammoniaintosulphate of iron. The
salt precipitates in the state of a powder, insoluble in
water. It exists native erystallized in cubes, which in
some instances have their alternate angles truncated.
Their colour is usually dark green, and their specific
gravity 3*.  When heated, the iron attracts oxygen
from the acid, and passes to the state of red oxide,
while white oxide of arsenic sublimes. This native
salt is usually contaminated with a little copper. The
artificial arseniate, according to the analysis of Chene.
vix, is composed of......38 acid

43 oxide
19 water

S———

100
The native (abstracting the impurities) was found by
the same accurate chemist to be composed of 2bout
36 acid
52 oxide
12 water

Cm——

100t

2. Oxarseniate of Iron. This salt may be formed by
precipitating oxysualphate of iron with arseniate of am-
monia, or by boiling the arseniate of iron in nitric acid.
The native arseniate is sometimes found converted into
this salt, in consequence of the absorption of oxygen
from the air. It hasthen a brownish-red colour. Ac-
cording to the analysis of Chenevix, the artificial oxar-
seniate is composed of

# Bournon, Pbil. Tram. 1801,p. 190, $ Ibid. p. 230.
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4244 acid
372 oxide
20°4 water

100°0 *

Sp. 24. Tungitate of Iron.

Thits salt exists native, and is known to mineraloa
gists by the name of Wolfram. It may be formed by
precipitating sulphate of iron by means of the tungstates.
It is an insoluble powder, possessing properties similar
to native tungstate of iron.  As this native salt contains
also manganese; and is not therefore a pure tungstate of
iron, it will be proper to defer the description of it to
the SEcoND Parr of this Work.

o

Sp. 25. Molybdate of Iron.

THE alkaline molybdates precipitate iron brown ftom
its solution In acids 1.

Sp. 26. Columbate of Iron:

Twmis compound occurs native in North America,
though only a sirgle specimen is at present known ;
the specimen from which Mr Hatchett extracted co-
lumbic acid. This specimen had a dark brownish-grey
colour, a lamellated structure; a vitreous lustre, and a
specific gravity of 5:918 ; was moderately hard and very
brittle. It was decomposcd by repeated fusions with
potash, which abstracted its acid ; and dlgestlons in mu.-

® PLil. Trans, 180%, p. 428.° 4 Scheele, i. 248.
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Book Il rigtic acid, which dissolved its iron. Its component
Division I1I, 4 "
‘——y— parts, according to Mr Hatchett’s analysis, are

21°0 oxide of iron

77'5 columbic acid

98:5%
V. TRIPLE SALTs.

Sp.21. Tartrate of Potash-and-Iron.

Thais triple salt was formerly called tartarised tine
tare of Mars, chalybeated tartar, and tartarised iron.
¥t may be formed by boiling two parts of tartar and
one of iron-filings, previously made into 'a paste, in
@ proper quantity of water.  The liquor by evapora<
tion deposites crystals which form the salt wanted. :

Sp. 28.  Sulphate of Potash-and-Iron.

THis salt may be formed by boiling together super-
sulphate of potash and iron-filings, and crystallizing
the solution. It has been described by Link. The
crystals resemble those of green vitsiol. They effloresce
in the airt, !

Sp. 20. Muriate of Ammonia-and-Iron.

ThHis salt, which has been long known, is obtained
by dissolving in water 16 parts of sal ammoniac, and
one part of oxymuriate of iron, evaporating the solu
tion to dryness,and subliming. The yellowish masssu-
blimed is the triple salt.. Its properties-have not been:
examined with care.

* Hatchett, on a Mineral Substance from North Amiri;a. Bhif
Trans. 1802. t Crell's Annals, £796, i. 30.
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Sp. 30. " Phosphate of Ammonia-and-Iren.” .*  Chap. ML _
W

ThHrs triple salt has been lately mentioned by Four.
croy. It was obtained by cii‘ssolving the phosphate of
iron in nitric acid, and precipitating by ammonia. ‘An
excess of that alkali redissolves the precipitate, but it
appears again when the liquid is boiled for a sufficient

length of time. It is a compound of phosphate of iron
. and ammonia ¥, ' ‘
| 1
' Gevus XTI, Savrsor Tin.
. : 35
THoucH several of the salts of tin are of great im.
. portance in the art of dyeing, and have been known to
manufacturers ever since the discovery of the scarlet
dye, of which the oxide of tin constitutes a necessary
ingredient, it is only of late that the nature and consti=
' tution of these salts have been examined with any kind
~ of precision, and that a satisfactory explanation ‘has
- been given of the curious properties which some of them
- :possess,and the great changes to which they are liablet
~ For the progress which this branch of the science has
made, we are chiefly indebted to Adet, Pelletier, and
Proust.

Tin, like iron, combines with two doses of oxygen,
and forms two distinct oxides, with each of which seve-
ral of the acids are capable of combining ; and those
salts which contain the metal oxidized to 2 minimum
are extremely ready to absorb oxygen, and to pass into
the state of oxygenized salts. The salts of tin may be
distinguished by the following properties : :

* Awnide Chim. 1. 200.
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¥. Most of them are more or less soluble in water,
and the solution has ysually a yellowish or brownish
tinge, but is sometimes colourless.

2. Triple prussiate of potash occasions a white preci-
pitate when dropt intp these solutions.

‘3. Hydrosnlphuret of potash occasions a brown-black
precipitate in the salts containjng the protoxide of tin ;
a golden yellow precipitate in those that contain the
peroxide,

4. Neither gallic acid nor the infusion of nutgalls oc-
gasions any precipitate.

5. Corrosive sublimate throws down a black preci-
pitate from the salts of tin containing the protoxide, 2
white precipitate from those that contain the peroxide.

6. When a plate of lead is put into some solutions of
tin, that last metal is separated. either in the state of
metal, or of white oxide: but this does not happen in
evéry solution of tin. y ;

7. When muriate of gold is poured into solutions cony
taining tin combined with a minimum 'of ‘oxygen, 2
purple-coloured precipitate falls.

The salts of tin were formerly distinguished by the
epithet Jovial, becanse Jupiter was the name by which
the alchymists distinguished that metal,’

I. DEToNATING SALTS,

Sp. 1. Nitrated Tin.

NrTRIC ACID acts with amazing energy upon tinm,
and converts it into an oxide with the evolution of 2
great deal of heat ; but there seems to be but a very
feeble affinity between that acid and the oxides of tin,
Hence the union which they form is but of transient
duration, the oxides separating when any attempt is

Al o o i e o L i
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made to concentrate the solution. This has been long
known to chemists, and has occasioned 2 variety of at=
tempts to make the solution of tin in nitric acid more
permanent ; but these attempts, as might have been ex-
pected, have not been attended with success.

When nitric aeid of the specific gravity 1-114 ispour-
<d upon tin, the metal is dissolved rapidly with effer-
'~ vescence and a great elevation of temperature, which
E. ought to be moderated by plunging the vessel contain-
| ing the mixture in cold water. In this case the oxygen
. is chiefly furnished by the water, and the tin is only
<ombined with a minimum of oxygen. The solution,
. therefore, which is of a yellow colour, is a real nitrate
- oftin. It becomes gradually opaque, and deposites a
' white powder, which is an oxide of tin with 2 minimum
- of oxygen, as Proust has demonstrated. This oxide
! separates in greater abundance if the solution be heat-
~ ed. During the solution of the tin 2 quantity of am-
monia is formed. When potash is dropt into the li-
quid, this ammonia becomes sensible by its odour.
Hence we see that, during the solution, both water and
nitric acid have been decomposed ; their oxygen com«
bined with the tin, and the hydrogen of the one, uniting
with the azote of the other, formed ammonia. If a lit-
tle nitric acid be poured in and heat applied, the tin
precipitates in the state of 2 peroxide *.

When nitric acid, of the specific gravity 1-25, is
jpoured upon tin, & very violent action takes place, the
metal is oxidized to 2 maximum, and the whole of it
geparates from the liquid. Hence we see that there is

% Prouet, Jour, de Pbys, 1i. 873
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g i oxymtrate of tin ; the peroxide of that metal, noj

«——— being susceptible of entering into combination with ni.
Doy gric acid. - When the liquid is evaporated, nitrate of
ammonia is obtained. - Morveau found, that one part
of strong nitric acid and 13 part of tin, when. treated iu
a retort, gave out no gass, notwithstanding the violence
of their'action. Upon examining the liquid, he found
that the ammonia formed amounted to 2sth of the wéight
of the whole*, Hence we see that during the oxyda-
tion, both the acid and the water are decomposed ; and
that they are decomposed in such proportions, that their
hydrogen and azote combine, and form ammonia, while

the whole of their oxygen unites with the tin.

II. INCOMBUSTIBLE,

Sp. 2. Muriated Tin. .

MuriaTic AcID dissolves tin in considérable quan-
tity when its actlon is assisted by heat. The water of
the acid is decomposed its oxygen combines with the
tin, while the hydrogen is emitted in the form of gas.
This gas has usually a fetid $mell, owing, ‘according to
Mr Proust, to a quantity of arsenic which it holds i in
solution, and which is partly deposited on the sides of
the jars in which the gas is kept. During the solution
of the tin, the arsenic which it usually contains is pre-
cipitated in the metallic state in the form of 2 black
powder ; so that the quantity of arsenic contained in tin
may be ascertained by dissolving it in mutiatic acid,
provided that portion which is carried off by the hy-
drogen gas be also taken into account +. Muriatic acid

% Encyc. Method. Chim. i. 632.
't Proust, Jour. de Pbys. 1. 175,
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combines with both the oxides of tin, and forms with
them permanent salts.

1. Muriate of Tin. This is the salt obtamed by dis-
solving tin in about four times its weight of muriatic
acid. The solution hasa brownish-yellow celour, and
E_yields when evaporated small needle-shaped crystals,
soluble; in water, and.somewhat deliquescent, Their
specific grayity is 2:2032%. Water, when poured on
i in'small quamity,‘ readily decompbscs it; a submu-
riate precx pxtates, whlle a supermunate remams 1n 507
lutmn. ' .

T his salt, has a strong affinity for oxygen, and absorbs
At.with avidity from the alr, from. oxymuriatic acid,
and from nitric acid, and is converted into oxymunate
of tin, as Pelletier first observed: It absorbs oxygen
also from arsenic acid, and the white oxide of a._réenic,
When these bedies are treated with muriate of tin, they
are precipitated, completely deprived of oxygen, in the
state of a black powder. Molybdic acid and yellow
oxide of tungsten, or their combinations, when dropt

,mto a solution of muriate of tm, 1mmed1ately assume
a blue colour, being changed into oxides with 2 mini-
mum of oxygen. The red oxide of mercury, the black
oxtde of manganese, the white oxxde of antimony, the
oxides of zinc and of silver, are likewise deprived of
their oxygen by this salt, and. reduced to the metallic
state, The oxygenized salts of iron and copper are al-
so reduced to salts with 2 minimum of oxygen, and the
muriate of gold occasions a purple precipitate, consist-
ing of gold reduced to the state of purple oxide. For

* Hassenfratz, Ann. de Chim. xaviii. 12.
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Dﬁ(}&‘; nI:ir. these interesting results we are indebted to Pelletier
and Proust. They afford a sufficient key to explain “all
the singular changes produced upon the greater num-
ber of metallic salts by this muriate*. = ©

2. Oxymuriate of Tin. This salt may be formed ve-
ry conveniently by the process first proposed by Pelle-
tier, which consists in causing oxymuriatic dcid gas to
pass into a solution of muriate of tin till it be saturated,
and then expelling the excess of acid by heat.  But it
was known long before this process was thought of, and

Smoking li- Was usually distinguished by the name of 5moi€igg liquor

E’:{u‘:‘f % of Libavius ; because Libavius, a chemist of the 16th
century, was the discoverer of it. When equal parts
of amalgam of tin { and oxymuriate of mercury are tri-
turated ‘together, and then distilled in a retort with a
very moderate heat, there passes first a colourless li-
quid, consisting chiefly of water, and aftcrwards a white
vapour rushes all of a sudden into the receiver. This
vapour condenses into a transparent liquid, which ex-
hales 2 heavy dense smoke when exposed to the air,
but does not smoke when confined in close vessels.  Thif
is the fuming liquer of Libavius, or exymuriate of tin.
The proportions which answer best, according to the
experiments of Sulze (assisted by a little calculation,
however), are six parts of tin, one part of mercury, and
33 parts of corrosive sublimate §.

The theory of the process is obvious: The tin ab.
stracts oxygen from the mercury, and at the same time
combines with the muriatic acid. Muriates of mercury

# Pelleticr, Ann. de Chim, xii. 225.—Proust, Jour. de Pbys. li. £33
+ Composed of two parts of tin and one of mercury.
& Gehlen’s Journal, iv. 438.
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and of tin are also formed, and line the neck of the re- Chap, HII.
‘—-vd

tort, mixed with a quantity of pure mercury ; and there
remains behind an amalgam of tin, covered with a crust
of muriate of tin*. It had been long known that this
liquid contained muriatic acid and tin. Adet endea.
voured to show that the acid was in the state of hyper.
oxymuriatict. His experiments were afterwards con.
firmed by Pelletier 1; but Proust demonstrated the
falsehood of his theory §.

The white smoke constantly exhaled by this salt, pre-
pared according to the process of Libavius, has also
been accounted for by Adet. This salt is nearly désti-
tute of water, and in this state it is exceedingly volatile.
The vapour as it rises combines with the vapour of the
atmosphere, and the smoke appears ‘at the moment of
the combination. When the salt is confined in a glass
jar, either in moistened air or standing over water, it
condenses gradually on the sides of the jar in the form
of small crystals, having imbibed the water necessary
for its crystallization from the air. 'When thrown into
water, this substance produces heat, and at the same
time dissolves if the quantity of water be sufficient. A-
det ascertained, that when seven parts of water are
mixed with 22 parts of fuming muriate, the mixture
condenses into a solid mass. This mass melts like ice
when exposed to heat, and condenses again when cooled
and agitated.

Oxymuriate of tin is capable of dissolving an addi-
tional dose of tin without effervescence or the exhala-
tion of gas, and by that means is converted into muriate

# Rouelle. } Ann, de Chim. i. §»
$ Ibid. xii. 225. § Jour. de Plys. lvi. 217,
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of tin.. The new portion of tin in this case deprives the
tin of: the, oxymuriate of its second dose of ‘oXygen,
Adet, however, found that this solution did not succeed
except in the oxymuriate, rendered solid by mixture
with. water,’and then liquefied by heat *,

Liquid oxymuriate of tin yields, b’y evaporation smal}
crystals; and when heated sublimes in the. same man-
ner as fuming muriate. < The crystals deliquesce: when
exposed to the open air, and dissolye readily in water,
They have usyally an excess of -acid... The solution
forms a 'white precipitate when dropt. into the nitrates
of mercury,, lead, or silver ;. and into the sulphate of
zific, but does not.alter salts of copper or arsenic.

‘Oxymuriate of tin is employed by dyers in.great
quantities, as it forms the basis of the scarlet dye. . They
usually prepare. it by dissolving tin in. pitro-muriatie
acid 5. the CODSCq;IC!IC_ﬁ of which is, that the nature of
the solution varies. agcording to the proportion of the
acids and the mbnner of dissolving the tin. In some
cases it is merely 2 muriate ; in others, an pxymuriate
and, generally, it consists of 2 mixture of the two.
Hence the difficulty of which dyers complain, of form,
ing with this solution the sa,rhg shade of cglgg: in dif,
ferent circumstances, This would be in a great mea-.
sure removed by preparing the salt gcgo‘;cjipg'\ to the
process recommended by Pelletier . e

* Ann. de Chim. i. 16.

} Bucholz has noticed a curious. phenomenon. If more tin be put
into muriatic acid than the acid is capable of dissolving, and if after the
action of the acid has been assisted by heat, the solution be- diluted
with water and sct aside, a great part of the dissolved tin separates in
the metallic state (Gehlen’s Jour.iii. 423.) On repeating the experi-
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Sp. 3. Sulphate of 1in.

WrEN a cylinder of tin is plunged into sulphuric
acid, scarcely any action can be pcrcelvcd for some time;
but the metal is gradually converted into white ﬂakes
on the surface, which fall to the bottom, and remain in
the state of a white powder ; at the same time bubbles
of sulphurous acid make their escape. The properties
of the compounds which this acid forms with tin have
not been examined with accuracy. Kunkel, Wallerius,
and Monnet, the chemists who have paid the greatest
attention to the action of sulphuric acid on tin, attempt-
ed the solution by means of heat. In that case the acid
is decomposed, sulphureus acid exhaled, and even sul-
phur developed, if the heat be long enough continued.
The metal is oxidized to a maximum, and the oxysui-
phate obtained is not crystallizable ; but when evapo-
rated assumes the form of a jelly ; and when water is

-pourcd into the ‘solutian, the salt prcc:pxtates in the

state of a white powder.

But if the action of the acid is not assisted by heat,
ot if tin combined with 2 maximum of oxygen be dis-
solved in sulphuric acid, in either of these cases a sul=

. phate of tin is formed, which yields, when evaporated,

erystals in the form of fine needles, as was observed
long ago by Monnet. The simplest method of obtaining
this salt is that which was pointed out by Berthollet

ment it succeeded. The portion which continued id solution was in'the
state of oxymariate. Hence we sce thatone part of the tin had given
1ip the whole of its oxygen to another, as happens in some of the solu~
tions of copper. "It follows from this, that the best way of forming mu-
ziare of tin is to add the metal gradual'y tothe acid as it dissolves.

th
o
(34

Chap. 111,

{
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junior. Pour sulphuric acid into muriate of tin; a whité
powder falls, which is the sulphate.* It dissolves irt
water, and forms by evaporation small prismatic crys-
tals.  Alkalies decompose it imperfectly; throwing
down a subsulphate of tin *,

8p. 4. Sulpbite of Tin.

THE actiofi of sulphurous acid upon tin has been ex-
amined lately by Fourcroy and Vauquelin; during their
experiments on the combinations which that acid is ca-
pable of forming. When a plate of tin is plunged into
liquid sulphurons acid; it assumes 2 yellow colour, and
afterwards becomes black. A black powder is preci-
pitated, which is sulphuret of tin. A portion of the
acid is decomposed ; the tin is partly oxidized, and
combined with the remainder- of the acid; and partly
precipitated in the state of sulphuret combined with the
sulphur of the decomposed acid. There remains in so=
lution sulphite of tin combined with a portion of suls
phur; for sulphur precipitates when sulphuric acid is
added to the solutiont.

Sp. 5. Phosphate of Tin.

PHos?HORIC AcID has scarcely any action on tin un<
Iess when it is exposed dry and mixed with that metal
to the action of a strong heat. In that case, part of the
acid is decomposed, its phosphorus combines with one
portion of the tin.and forms a phosphuret; while the
oxide of tin unites with the undecomposed acid and
formsa phosphate §. This salt precipitates also when

® Statigue Chimigque, iis 464. 4 Fourcroy, vis 30,
3 Pelleticr, Ann. de Chim. xiii. %6.
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‘the alkaline phosphates are mixed with a solution of Chap. IIL

muriate of tin ; and it may be formed by digesting ox-
ide of tin in phosphoric acid. It is insoluble in water.
Tin does not precipitate copper from muriatic acid.
Phosphate of tin melts into a glass when heated *.

Sp. 6. Carbonate of Tin.

As far as is known at present, the oxides of tin do
not combine with carbonic acid. Bergman failed in his
endeavours to form this combination ; and when the
oxides of tin are precipitated from their solution in a~
cids by alkaline carbonates, he found that their weight
receives scarcely a perceptible increaset. Nor have
the attempts of Proust to combine these bodies with
carbonic acid been attended with more success 1.

Sp. 1. Fluate of Tin.

Fruorie acib does not attack tin ; but it dissolves
its oxide, and forms with it a gelatinous solution, which
has a strong disagreeable taste §. This fluate may be
formed also by mixing together an alkaline fluate and
the muriate of tin.

Sp. 8. Borate of Tin.

Boracic acip does not attack tin ; but borax produ-

"ces a precipitate in the muriate of tin. The white pow-

der which falls is insoluble in water : in a strong heat
it melts into ar opaque slag ||.

* Wenzel's Verwandtschaft, p. 175. : 4 Opusc. ii. 329.
t Four. de Pbys. li. 167. § Scheele, i. 34.
} Wenzel’s #erawandischaft, p. 253.
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Sp. 9. dcetate of Tin.

ACETIC ACID attacks tin very slowly; even when asé
sisted by heat, and oxidizes and dissolves only a small
portion of it. The spontaneous action of this acid on
tin vessels, when in the state of vinegar; has been lately
examined by Vduquelin: - The subject was of import-
ance, because vinegar Is usually medsuréd out in tin
vessels. Now; as these vessels confain always a little
lead; and as the salts of lead are all poisonous, it was of
¢onsequence to determine whether the vinégar acted on
the vessel, and if it did, whether its action was confined
to the.tin or extendéd also to the lead; becanse in this
Tast case the vinegar would be conveited into a poison.
The result of this investigation was, that a small por-
tion of tin was dissolved ; and that when the lead éx-
ceeded the sixth part of the tin, a smill portion of it
was dlso dissolved at that part of thé vessel only which
was in contact both with the vinégar and the air *

When acetic acid is boiled npon tin, the metal is
gradually dissolved, combining with oxygen at the ex-
penee of the water. The solution has a whitish colour,
and yields by evaporation small crystals.  This fact,
first mentioned by Lemery, had been denied by Mon-
net, Westendorf, and Wenzel, who could only obtain’
from' it a gummy mass. . But Morveau established the’
truth of Lemery’s observation, by crystallizing acetate
of tin by spontaneous evaporation f. It is easy to ac
count for the different results obtained by these chemists.’

*® Ann. de Chim. xxxil. 243, + Encycl. Method, Chim. i. 23.
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The crystals were no doubt acetate of tin, the gummy
mass oxacetate of tin. The simplest method of obtain-
ing the acetate of tin is to mix together the solutions of
muriate of tin and acetate of lead.

Sp. 10.  Succinate of Tin.

Succinic acip dissolves. the oxide of tin when as-
sisted by heat. The solution by evaporation yields
thin, broad, tranéparen't crystéls *. Neither lead, iron,
nor zine, occasion any change in the. solution of this
salt 4. :

Sp. 1. Benzoate of Tin.

NEITHER tin nor its oxide is soluble in benzoic acid ;
but when benzoate of potash is poured into a solution

of tin in nitro-muriatic acid, benzoate of tin precipi-

tates. It is soluble in water by the assistance of heat,
but insoluble in alcohol, and decomposed by the action
of heat 1. 2

Spi 12, . Oxalate of Tin.

OxaLic Acip attacks tin when assisted by heat. The
metal is first blackened, and is then covered with a white
crust of oxide. The solution, which has an: austere
taste, by slow evaporation yields prismatic crystals;
but when evaporated rapidly by means of a strong heat,
it leaves a mass resembling horn §.

T 3

* Wenzel's Perwand. p. 241,
+ Wenzel's Verwandtschaft, p. 252.
1 Trommsdorf, dnn. de Cbim. 3i. 315,
: § Bergman, i. 269. . .
Vol. 111, R
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eared by the action of nitric acid on tin.  Nitrate of
ammonia is formed during the process *.

Gexus XII.  SaLTs oF LEAD.

ThoucH lead be one of the most abundant and use-
ful metals, though it has been known from the earliest
ages, and though itis without difficulty dissolved by the
greater number of acids, its salts have not hitherto been
much examined by chemists. This is to be regretted ;
because the various degrees of oxidizement of which it
is susceptible, afford an excellent opportunity of ascer~
taining how many different salts it is capable of forma
ing with each peculiar acid’; and this once known,
would probably lead to some general conclusions cona
cerning the different classes of metallic salts. The salts
of lead were formerly distinguished by the name of sa-
turn, the title by which lead was known among the
alchymists. They may be distinguished by the follow=
ing properties :

1. A considerable number of them are scaréely solu«
ble in water without an excess of acid. These before
the blow-pipe yield very readily a button of lead.

2. The solution of the soluble salts of lead in water
is generally colourless and transparent.

3. They have almost all less or more of a sweet taste,
accompanied with a certain degree of astringency.

4. Triple prussiate of potash occasions a white pre.
cipitate when poured into solutions containing salts of
lead.

% Thenard, Ana. de Chim. xlii; 218.
Rz

25%
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5. Hydrosulphuret of potash occasions a black pteci-
pitate. The same precipitate is prodaced by sulphure-
ted hydrogen. '

6. Gallic acid and the mfusxon of nutgalls occasion &
wh]te precipitate.

7. A plate of zinc kept in a solution of lead occasions
either a white precipitate, or the leadappears in its me-
tallic state.

Though lead is susceptible of combining with several
doses of oxygen, it does not appear that each of its
oxides is capable of ecombining with acids. = As far as
is known at present, it is only the first two oxides which

.possess this property, if we except the hyperoxymuriate,

which contains the peroxide of lead. None of the at-
tempts to combine the red oxide of lead with acids have
been attended with success. The yellow oxide com-

‘bines with all acids hitherto tried ; the salts formed by

means of that oxide alone have been hitherto examined:
the combinations of the first oxide have been completely
overlooked, except by Mr Proust.

I. DETONATING SALTS.

Sp. 1. Nitrated Lead.

NiTRIC ACID acts apon lead with considerable ener-
gy, provided it be not too much concentrated ; first
converting it into a white powder, which is a suboxyni-

“trate, and then dissolving it, especially when assisted by

heat. ‘The yellow oxide of lead is dissolved by nitric
acid completely, and without effervescence ; but the
red oxide is rendered white ; Sths of its weight are dis-
solved, and %th is converted into brown oxide, and re-

.
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mains undissolved ¥.  Hence we see that it is the yel-
low oxide of lead only which combines with nitric acid,
Six-sevenths of the red oxide are decomposed ; the ex-
cess of oxygen combines with the remaining seventh,
and converts it into brown oxide, while the base or yel-
low oxide combines with the acid. Thus we see that
nitric acid does not combine with the red or brown ox-
ide of lead, but it combines with the protoxide and yel-
low oxide, and forms with them two salts,” which ‘we
shall distinguish, as usual, by the names of nitrate and
oxym'traté of lead, The last has been long known ; but
the first has been pointed out within these few years by
Mr Proust.

1. Oxymtrate of Lead. This salt is always formed
when lead is dissolved in nitric acid, unless there be pre-
sent an excess of lead, and a strong heat be applied.
1t is formed also by dissolving the deutoxide or white
lead in nitric acid.  The solution is transparent and cos
lourless, and when sufficiently concentrated by evapora.
tion, crystallizes on cooling. The crystals are usually
tetrahedrans, having their apex truncated, and some-
times six-sided pyramids, according to Rouelle. They
are opaque and white, and havea silvery lustre. Their
taste is.sweetish and harsh. ' They are not altered by
exposure to the -air, They are soluble in 7°6 parts of
boiling watert. . Their specific gravity is 4:0681,
When heated, they decrepitate, and then undergoa kind
of detonation, emitting very brilliant sparks §. When
they are triturated with sulpbur in 2 hot mortar, a fee-

¥ Proust. ; + Wenzel's Verwandiscbaft, p. 330
§ Hassenfratz, dnn. de Chips xxviiiy 12, {§ Bergman, ii. 470

’
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ble detonation is produced, and the lead is reduced to
the metallic state *,
My experiments give the constituents of this salt as
follows : ’
66 oxide
34 acid and water

100

The oxide of lead is thrown down by alkalies in the
state of a yellow powder. Sulphurie, sulphurous, ‘and
muriatic acids combine with the oxide, and precipitate it
in the state of a white powder.  Iron occasions no pre=
cipitate though kept in the solution of oxynitrate ‘of
lead +. : ,

2. Nitrate of Lead. This salt may be formed by boil-
ing together a quantity of metallic lead and oxynitrate;
a portion of the lead is dissolved at the ‘expence of the
deutoxide in the oxynitrate ; and the whole is convert.
ed into’ the' protoxide, which according to a very ge-
neral law in chemistry, requires less acid to saturate it
than the deutoxide. It may be formed also by boiling
nitric acid on a greater quantity of lead than it isca-
pable of dissoiving. In that case the salt usually crys-
tallizes in cooling, and the solution is yellow 4. This
salt crystallizes in brilliant scales of ‘a yellow colour,
and soluble in water §; or in small prisms. They have

* Van Mons, Ann. de Chim. xxvii, 81.

1 Wenzel's Verwandtschaft, p- 90.

1 This experiment was made by Wenzel long ago ; but it was impos.
sible to draw the proper inference till the naturc of the oxide was bet-
ter understood.  See his Verawand. p. go. b

§ Proust, Jouy. de Phys. lvi. 206.
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the same sweet astringent taste with nitrate of lead. By  Chap.IIL
my analysis they are composed of

81°5 oxide

18°5 acid

100°0-
Sp. 2. Hyperoxymluriate of Iead:

WHEN the red oxide of lead is put into 2 Woulfe’s
bottle with water, and oxymuriatic acid gas is made to
pass through it, the gas is absorbed, while the oxide ac-
quires a brown colour, and is gradually dissolved. For
this curious experiment we are indebted to Mr Proust.
In this case the lead absorbs oxygen from the acid; and
when the whole is oxidized to a maximum, a portion
is dissolved, and hyperoxygenized muriate of lead form-
ed. This salt is much more soluble than muriate of
lead. 1t is very readily decomposed *.

II. INcoMBUSTIBLE. -

Sp. 3. Muriate of Lead.

MURIATIC ACID attacks lead when assisted by heat,
and oxidizes and dissolves a portion of it ; but its ac-
tion is feeble and limited. It combines readily with the
yellow oxide of lead. When poured upon the red ox-
ide, it is converted partly into oxymuriatic acid by the
assistance of heat, while the lead, reduced to the state
of yellow oxide, combines with the remainder of the

* Chenevix on Hyperoxygenized Muriatic Acid, . Pbil. Trans. 1802.
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acid*.  Thus we see that muriatic acid combines usue
ally with yellow oxide of lead, and that it is incapable
of combining with the red oxide of that metal ; but in all
probability it combines with the protoxide, though the
experiment has not been tried.  The compound of mu-*
riatic acid and lead at present known is in fact an oxy-
muriate. There are two varieties; the first neutral,
long known ; the second a submuriate.

1. Muriate of Lead. This salt may be formed rea~
dily by pouring muriatic acid or an alkaline muriate
into a salution of nitrate of lead, The muriate precipi-
tates in the state of a white powder. It has a sweet-
ish taste. Its specific gravity is 1°8226+. Itis so-
luble in 22 parts of cold water, and this solubility is
increased considerably by the presence of an acidf. It
is soluble in acetic acid ; a property by which it may
be readily distinguished from sulphate of lead.  When
its solution in boiling water is allowed to cool, the salt
crystallizes in very small six-sided prisms of a white
colour, and a brilliant appearance like satin.  These
crystals are not altered by exposure ta the air. When
heated they melt readily, and when cold assume the
appearance of a semitransparent, greyish-whiie mass,
formerly distinguished by the name of plumbum cor-
neum. When exposed to a strong heat, they partly
evaporate in a visible white smoke, and there remams
behind a submuriate of lead ; a substance which seems

* Fabroni. + Hassenfratz, dnn. de Chim. xxviii. 12.

{ Chenevix, Nicholson's Jour. iv. 223.—According to Wenzel, wa-
ter, though boiled on muriate of lead, takes up only 1-30th of that salt,
| Perwandsschaft, p. 311,
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to have been first examined by Bergman ¥, The con- Chap. 1.
stituents of this’salt are, according to \

Kirwan, i
Klaproth. Crystals Dried 5::‘1’0"‘
13°5.0neessssvissverse] 8923 nartonnsasisaness} Tiacid
86 5uesessssnssasessecBL T Terrsrsnsssesensss 83 oOxide

100°0 % 100:00 100

Accdyding to Kirwan’s estimate, we may consider
100 parts of érystallized salt as containing 76 parts
of lead in the metallic state.  This salt Slissolves in ni=-
tric acid. ' :

2. Submuriate of Lead. This salt may be procured
cither by treating muriate of lead with a pure alkali, or
by decomposing common salt by means of four times
its weight of litharge. In either case a white powder
;emains, which is the submuriate of lead, Vauquelin
first pointed it ont to the peculiar attention of che-
mists§. It had Begn previously mentioned by Berg-
man, It is insoluble in water. When heated, it as-
sumes 2 fine yellow colour.  Nitric acid dissolves the
excess of oxide, and leaves muriate of lead in crystals.
The fixed alkalies dissolve it without decomposition.
This salt is employed as a yellow paint.

Sp. a. Sulphate quebd.

SurLpHURIC ACID does not attack lead: while cold ;
but at a boiling heat it communicates a portion of its
oxygen, sulphurous acid gas is emitted, and the whole
is.converted intoa thick white mass, which is sulphate

* Bergman, ii.. 470. and iii. 325. + Beitrage, ii. 275.
t On Mineral Waters, Table 1V, § Ann. de Chim. xxxi. 3.
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of lead. - It may be obtained readily by pouring sulphu-
ric acid into acetate of lead, or by mixing this last salt
with any of the alkaline sulphates. The sulphate of
lead precipitates in the state-of a white powder. This
salt is tasteless. Its specific gravity is 1°8742*.
It is insoluble in alcohol and in .nitric acid.' Ac-
cording to Kirwan, it requires 1200 parts of water
to dissolve it+ ; but when it contains an excess of acid,
it'is more soluble, and yields by evaporation small white
crystals, which,' according to Sage, have-the form of
tetrahedral prisms. It dissolves in strong muriatic acid
when the action of the solvent is promoted by heat; the
solution, on cooling, deposites many crystals of muriate
of leadt. It is found native crystallized,’accord-
ing to Kirwan, in four-sided oblique angled prisms§’;
according to Hauy, in regular octahedrons |}.: ' The na-
tive sulphate of lead found in Paris mountain; Anglesey,
is crystallized in four-sided pyramids ; the' specimens
found at Leadhills in Scotland arein-transparent tables.
According to .the most accurate analyses'hitherto
made, the constituents of this salt are as follows:

Acid 23°317 24°72] 26°5 .

Yellow oxide 75°00] 75:28)" 713°5

Water 1°63f

Total 100 100|100

# Hassenfratz, Awn. de Chim. xxviil. 12 7 ¥ Mineralogy,ii. 211.

$ Descotils, Nicholson’s Jour. xii. 221.

§ Kirwan’s Min. il 211. fi Jour. de Min. An. v. p. 508.

§ Kirwan on Mincral Waters, Table IV. : g

¥ ¥ Bucholz, Gehlen’s Jour. v. 262. 1§ Klaproth’s Beitrage, iii. 166.

[ﬂ**,ﬁ g
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A hundred parts of this salt, according te Kirwan, cone
tain 71 parts of pure lead *.

In close vessels this salt endures a considerable heat
without alteration. 1T find that, after being dried in the
temperature of about 400°, it may be heated to redness
in a platinum crucible without losing any weight. - On
charcoal it melts, and the lead is quickly reduced.

When this salt is treated with alkalies, it is deprived
of the greater part of its acid; but a portion still ad-
heres. ' The white powder obtained by this process is
therefore a subsulphate of lead.

: Sp. 5. Sulpbite‘qflead.

SuLpHUROUS ACID has no action whatever, on lead.
It absorbs oxygen from the red oxide of that metal, and
is converted into sulphuric acid. ~ But it combines with
the deutoxide of lead, and forms with it a sulphite,
which isin the state-of a white powder, insoluble in
water, and tasteless. 'Before the blowpipe on charcoal
it melts,” becomes yellow, and the lead is at last redu-
ced +.  Sulphite of lead, dried in a temperature of about
300%, is composed, according to my analysis, of

745 oxide
255 acid

v

1000
VVhen exposed to a red heat, it loses 5 per cent. of
its weight ; 'sulphurous acid exhales ; and there remains
a blackish mass composed of sulphate of lead and sul-

~

% On Mineral Waters, Table IV,
+ Fourcroy and Vauquelin, Connoissances Chimigues, vi. 86,
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phuret. - When treated with nitric acid, the sulphuret
is decomposed, and crystals.of nitrate gbtained. *

Sp. 6. Phosphate of Lead,

PHOSPHORIC ACID has but little action on lead; how-
ever, when allowed to remain long in contact with it,
the metal is partly oxidized and converted into an insos
luble phosphate. . The phosphate of lead may be easily
formed by mixing the alkaline phosphates with nitrate
of lead. The sa]t immediately precxpltates in the state
of an insoluble powder *. y

The salt is found native in different parts of the
world, Its colour is then usually green or yellow, and
itis often crystallized in six-sided prisms. - Itis insolu-
ble in water unless there be a considerable excess of at
cid ; butitis soluble in pure soda, and probably forms
with ita triple salt. "It dissolves readxly in nitric a:
cid, and likewise in'concentrated muriatic acid when
the action of the liquid is assisted by heat. As the so-
lution cools, crystals of muriate of lead precipitate in
abundance. Sulphuric'acid, when assisted by heat, de-
composes this salt, combining with the oxide, ahfl-lea-
ving the acid in a state capable of dissolving in water,
When heated, it melts, and assumes on cooling a regular
polyhedral form. Ina red heat it is decomposed by
charcoal, which absorbs the oxygen from both of its
component parts.

The yellow phosphateof lead, from Leadbills in Scot.

&

* Margraf Qpuse. L. 171, Wenzel's Verwandtschaft, B 174.
4 Vauquelin, Jour, de Min. No. ix. p. 6.
. e



LEAD.

land, is composed, according to my analysis (abstracting
the impurities with which it is usnally mixed), of

18 acid ;

82 yellow oxide

100

With this analysis the constituents of the different
varieties, as found by Klaproth, coincide almost ex-
actly *.

Sp. 1. Carbonate of Lead.

CarBoNrc acip has no action whatever on lead, nei-
ther is it capable of dissolving its oxide ; but it com-
bines readily with the yellow oxide,and formsacarbonate.
This salt is most easily obtained by precipitating lead
from its solution in nitric acid by the alkaline carbonates.
By that process it is obtained in the state of a white
powder. Tt is tasteless and insoluble in water ; but so-
Iuble in pure potash, in the same manner as the oxides
of lead. : ’

The white lead of commerce (or ceruse), employed
as a paint,is merely a carbonate of lead, as Bergman
first observed +.  Itis prepared by exposing thin plates
of lead to the hot vapours of acetic acid. The metal is
gradually corroded and converted into a carbonate, pro-
bably at the expence of the acid. »

This salt occurs native in abundance. In that state

* Beitrage, 1ii. 146. -

'+ Opuse. i. 39. - Proust has lately shown the same thing, Jour. de Plys.
I¥i.207. - Scheele found that a litdle acetic acid was always separated
from it when white lead was distilled with sulphuric acid.  Crell's 4s-
nals, iii. 8. Engl. Trans.

Chap, I1I.
L‘-—V—-"
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it is usnally white, and has a good deal of lustre. - Tts
specific gravity is 7°2357*. It is ‘sometimes crystal
lized in six-sided prisms, terminated by six-sided pyra-
mids, sometimes in regular octahedronst, and some-
times in tables f. It is insoluble in water. When ex-
posed to the action of the blowpipe upon charcoal, the
lead is immediately reduced to the metallic state.

This salt has been analysed by some of the most ex-
pert chemists. The constituents, as determined by their
experiments, may be seen in the following Table :

O I

Acid 15.{ 16 | 16°15| 16°33

Yellow oxide | 85 | 84 | 83°85 8367

Total 100 {100 \ 100 100

Sp. 8. Fluate of Lead.

FrLuoric Acip has no action on lead, though it
dissolves a small proportion of the yellow oxide of that
metal when there is an excess of acid ; but the fluate of
ledd; formed by saturating the acid, is an insoluble
powder, which melts easily before. the blowpipe, and
lets go its acid. The acid is driven off also by sulphus
ric acid 1.

* Bournon, Nicholsen’s Jour. iv. 220.

{ Hauy, Jour. de Min. Au. v. 502. t As at Leadhills in Scotlard,
§ Chenevix, Nicholson's Quarto Jour iv. 221

{{ Bergman, Opuse. ii. 393. 9 Protst, Jour. de Phys.Wi. 207.
#x Klaproth, Beifrage, iii. 365, tt Scheels, i. 33.

[ w————




LEAY.

Sp. 9. Borate of Lead.

BorAcic AcID has no action on lead ; but borate of

lead is precipitated in the state of white powder when

borate of soda is mixed with nitrate of lead. Before
the blowpipe it melts into a colourless glass*. When
one part of boracic acid is melted with two parts of red
oxide of lead, the product, according to Reuss, is a green=
ish-yellow, transparent, hard, insoluble glass t.

ITI. CoMBUSTIBLE SALTS.

Sp. 10, Acetate of Lead.

ACETIC ACID, as Scheele 1 first, and - Vauquelin af-
terwards showed, does not attack lead in close vessels;
but it occasions its oxidizement when the lead is in con-
tact both with the acid and the air, and the oxide is dis-
solved as it forms. It dissolves the yellow oxide very
readily, and forms with it two salts; the first contain-
ing an excess of acid, the other neutral.

1. Superacetate of Lead has been long known. Tt is
mentioned by Isaac Hollandus -and Raymond Lully.
It received formerly a great variety of names; such as,
sugar of lead, sugar of Saturn, salt of Saturn, &ec.

This salt is employed in considerable quantities by
dyers and calice-printers. They mix it with alum or
with sulphate of iron, and by that means compose acetate
of alumina or of iron, according to the process; salts
which answer much better as mordants’ for fixing their

® Wenzel's Verwandt. p. 252. 4 Reuss de Sale Sedative,
3 Crell’s Annals,iii, 8, Engl. Trans,

<
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colours than alum or green vitriol. It is prepared i
considerable quantmts both' in this country and in
Holland and France. The manufactarers distil their
own acid in England and Holland from Sour beet, :
and in France from sour wine. * The different proces-
ses followed by manufactarers have been describe(i
by Weber * and Demachy +, and more 1al:ely by. Pon-
tiert. .

These p‘rocesSes may be reduced to two ; cither lead
in the metallic state is exposed to the action of the ace-
tic acid, or the carbonate of lead is dissolved in it. In
the first case, thin plates of lead are put into earthen
vessels along with acetic dctd. The p_omon of the lead
near the surface, as soon as it is coveted with a coat of
oxide, is removed to the bottom of the vessel, and new

plates are brought to the surface. These are incrusted
in their torn, and removed to the botfom, where the ox-
ide is dissolved. This change of place is continued
daily till the acid has dissolved a sufficient quantity of
lead. Ttis then filtered, and sufficiently concentrated
by evaporation.  As it cools; the acetate of lead preci-
pitates in small crystals.

Other manufacturers dissolve the carbonate of lead,
prepared by exposing the metal to the fumes of vinegar ;
or they make use of litharge in its stead, and the solu-
tion is evaporated in the usual way till the salt crystals
lizes. This process is considered as more expensive
than the other : But might not native carbonate of lead,.
which is found abundantly in many places, be employed
with advantage instead of these artificial oxides?

% Pbys. Chem. Magazin. i. 84. ¥ Laborant in grossen, ii. 19 1.
} Ann. de Chim, xx%vii. 268, . .



LEAD.

Superacetate of lead is usually in the form of small
needle-shaped crystals, which have a glossy appearance
like satin, and are flat four-sided prisms, terminated by
dihedral summits. Its taste is sweet and somewhat as-
tringent. . Its specific gravity is 2:345*. When wa-
ter is boiled upon this salt, it dissolves about *29, and
.retains in solution when cold about 27 of its weight of
itt. When exposed to the air, it undergoes no change.
Its constituents are easily separated. When itis dissol~
ved in water, a small quantity of white powder usually
falls, It is carbonate of lead, formed by the carbonic a~
cid, which usually exists in water. When we blow
through a solution of superacetate of lead, the same
white powder precipitates.

This salt is décomposed by- all those amds and their
compounds which form with lead a salt nearly insolu«

273
Chap. III.

Properties.

ble in water; as the sulphuric, phosphoric, muriatic, .

fluoric, oxalic, malic, &c. 'When heated, it is-decom-
posed ; and if it be distilled in a retort, very singular
products are obtained. These products were first exa-
mined by Beccher ; afterwards by Baumé, and more
particularly by Pluvinet: But it is to Proust that we
are indebted for the most precise information on the
subject. By distilling 160 parts of sugar of lead, he
obtained by a gentle heat 12 parts of water slightly. a-
cidulated with vinegar. Then by increasiry the fire,
there came over 72 parts of a yellow liquid, having the

& Hassenfratz, Aun. de Chim. 33viil. 12.

+ Bostock, Nicholson’s Jour. xi. 99.~~Wenzel affirms, that water at
the temperature of 100° dissolves its own weight of this salt, Verwandis-
chaft, p. 308. But this is a mistake,

t Proust, Jour. de Pbys. lvi, 207.

Vol. III. - S
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odour of alecohol, strong and agreeable, though mixed
with an empyreumatic smell. When lime is added to
the liquid, ammonia is disengaged, which existed in the
liquid, combined with a slight excess of acetic acid.
When the liquid was saturated with potash, and allow+
ed to remain for 24 hours, about 3d of a part of oil se-
parated and floated on its surface. - This oil being se-
parated by a syphon, was found to have a strong odout.
The liquid was then distilled by means of a low heat.
The first eight parts which came over were of the spe-
cific gravity 0°88.  This liquid mixed with water ex-
actly like alcohol.. TItstaste was strong, and its vola.
tility scarcely inferior to that of ether. It burns rai
pidly, and with a large white flame, when brought near
alighted candle. It contained manifestly a considerable
portion of water ¥, © During the distillation abundance
of carbonic acid gas is disengaged, but no sensible pors
tion of any other elastic fluid.
The constituents of superacetate of lead are

26 acid

58 yellow oxide

16 water

100
2. Acetate.  The nature of this salt was first pointed.

out by Scheele 1 ; but Thenard first investigated its pro-
perties with precision . It may be formed by boiling
together in water 100 parts of the sugar of lead, and 150
parts of dry litharge deprived of carbonic acid., Its

® Proust, Jour.de Phys. lvi. 209.
t Crell’s Annals, iii. 8. English Transl.
$ Nicholson’s Jouraal, vi. 223.
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taste is less sweet ; it is less soluble in water ; and i itery- Chap. IIL
stallizes in plates. 'Ttis composed accordmg to The=
nard, of the following proportions: . )
i Joodtacid '
7B oxide
5 watef
—

100 .

The solution of the oxide of lead in acetic acid was
strenuously recommended by Goulard, a surgeon in
Montpelier, as an excellent application in cases of inflam-
mafion. It was prepared by bodmg distilled vinegar
on lltharge till it refused to dissolve any more of the
oxide. This preparation wasdistinguished by the names Goulard't
of Goulard’s extract and vinegar of lead. Scheele first ™"
ascertained the nature of thissubstance, by showing that
solution of sugar of lead in water is gonverted into Gou-
lard’s extract, by keeping in it a plate of lead for the
space of a day ; and by ‘proving that the solution oxi-
dized and dissolved a portion of thé plate *.  But sub-
sequent writers had overlooked the observations of this
chemist, till Dr Bostock examined Goulard’s extract,
and by comparing it with sugar of lead, showed 'that it
xs in reality a solution’ of acetate of lead in water'+. It
is precipitated in much greater proportion by carbonic
acid than the superacetate ; and it is 2 much more deli-
cate test for mucilage or gum; as was known to chemists
long before Mr John Hanter employed it as a reagent,

* Crell’s Annals, iii. 10. English Transl,
4 Nicholson’s Jour. xi. 7.

)
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Sp 11. Succinate of Lead.

SuccINIC ACID scarcely attacks lead, but it dissolves:
its yellow oxide ; and the solution, according to Wen-
2el, yields long slender foliated crystals ¥, scarcely so-
luble in water, but soluble in nitric acid. Succinic a—
cid does not precipitate lead frem nitric or muriatic a--
cid ; but it occasions a precipitate in acetate of lead }.

Sp. 12.  Benzoate of Lead.

BeNzoic Acip dissolves lead with difficulty. - The
solution  yields by evaporation crystals of benzoate of
lead of a brilliant white colour, soluble in alcohol and
water ; not altered by exposure to the air, but decom-
posed by heat, which drives off their acid. The sul-
phuric and muriatic acids separate the lead 1.

Sp. 13. '“Oxalate of Lead.

Oxatzc acid blackens lead, but it is scarcely capa-
ble of dissolving it ; but it dissolves its deutoxide, and
when nearly saturated deposites small crystalline grains
of oxalate of lead, The same crystals are precipitated

- when oxalicacid is dropt into the nitrate, muriate, or a-

cetate of lead dissolved in water. They are insoluble
in alcohol, and scarcely soluble in water, unless they
contain an excess of acid. They are composed,. ac-
cording to Bergman’s analysis, of about :

* Wenzel's Yerwand. p. 241,

1 Stockar de Neuforn de Swccine, § 33.; as quoted by Gren, Hand-
buchy iit. 281.

3 Trommsdorf, Ann.de Chim, 3i. 316

[P TR o T
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41°2 acid 1E Chap. TIL
588 oxide 4
100°0 %

Sp. 14. Mellate of Lead.

MELLITIC ACID occasions 2 white precipitate when
dropt into nitrate of lead ; but the precipitate is redis-
salved by the addition of nitric acid §.

Sp, 15, Tartrate of Lead.

TARTARIC AcID has no action on lead ; but it com-
bines with its oxide, and precipitates tartrate of lead, in
the state of a white powder, from the nitrate, muriate,
and acetate of that metal. This salt is completely in-
soluble in watert. Its constituents, according to-the
respective analyses hitherto made, are as follows :

L sy

Acid . | .34} 37| 3724

Yellow oxide |. 66| 63| 62:56

‘Total . |.100} 100|100

Sp. 16.  Citrate of Lead,

Crrric Acip does not ‘attack lead ; but when dropt

¥ Bergman, i.267. - { Klaproth Beitrage, iil. 132
t Buchelz, Gehlen’s Four. v. 269.

§ Thenard, Ann. de Cbim. xxxviii. 37.

i Bucholz, Gehlen’s Jour. v. 269. 4 By my analysic,
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into acetate of lead, a citrate precipitates in the state of
a difficultly soluble powder *,

Sp. 11, Saccolate of Lead.

SACLACTIC ACID occasians 2 white preci pitate when

s

dropt into nitrate oflead +

Sp. 18. Malat: qf.zead

Maric acip does not attack lead ; but when; pourcd
into a solution of lead in nitric or aceti¢ acid, malate of
lead is immediately precipitated j;, ‘ahd’ likewise, as
Vauquelin has observed, when acetate of lead is pouted
into a solution containing malate af lime, ~ This preci=
pitate is easily distinguished by the form of fine light
flakes which it has, and by the facility with whichit
is dissolved by -the acetic and weak nitric acids §« .

$p. 19.  Lactate of Lead.

LacTic ACID, when digested upon lead for several
days, dissolves it, "The solution-hasa sweet and astrin.
gent taste, arid does not crystallize [, "

‘§p.'20.  Suberate of Lead.

SUBERI¢ AGID precipitates lead from ‘the acetic and
nitric acids Y.

“ % Wenzel's f”t'rw.and;:thy"l,_ p- 184 sy + Scheele, ii. 8o,
4 Schecle, Crell’s Annals, ii. 7. Eng. Transl.
§ Ann.de Chim. XXxv. 155, [t Scheele, ii. 166.

§ Bouiilon Lagrange, «fun. de Chim, xxiii, 43.

e A
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1V. MetaLLic SALTS.
_Sp. 21, Arsemate of Lead.

ARSENIC ACID attacks lead in 2 digesting heat, com-

municates a porhon of its oxy en, and converts 1t 1mo_

arseniate of lead in the state of an insoluble white pow-
der. When arsenic acid is poured into the solutlon of
lead in nitric, muriatic, or arsepic acxds, arsemate of
lead precipitates in powder. . When this salt i s heated

it melts; and if charcoal be thrown inta the mass whlle‘
in fusion, arsenic 1s volanl]zed and the leqd is reduced

the charcoal abstractmg the oxygen from bqth of the
component parts of the salt, -

Arseniate of lead is completely insoluble in water.
It has been found native, According to the analysis

of Chenevix and Thenard, its constituents are as fol.
lows ;

b5

Acid 33 (235

Yellow oxide{ 63 |:G4°3

Water ' 4

\ Total 100 ';o‘@A

Sp.22. - Molybdate of Lead.

TuE action of molybdic acid on lead has not been

#* Chenevix, Pbil, Trans. 1801, p. 199,
+ Thenard, Aun, de Chim, ). 123

213

Chapi HIL
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tried ; but Scheele ascertained, that when dropt into the
solution of lead in nitric or muriatic acxd molybdate of
lead was immediately prec1p1tated *. The precipitate
from nitric acid is redlssolv‘cd by adding nitric acid {.
This salt occurs native in Carmthla. Its comp051-
tion was first detected by Klaproth It has 2 yellow
colour, and is completely insoluble in water. Its spe-
cific gravity is 5706 f. Its crystals are cubic or rhom-

hoidal plates. When heated it decrepitates and melts

into a yellow1sh mass. Itis soluble in ﬁxed alkalies
and in nitric acid. Munatxc acid decomposes it by the
assistance of heat, and carries oﬁ' the lead. Accordmg
to the analysxs of Klaproth, it is composcd of about
34-Tacid
65°3 oxide

- 100°0§ 5
Sp. 23. Tungstate of Lead.

NITRATED TUNGSTATE of potash occasions a white
precipitate in mtrate of lead " ;

Sp. 24. C’bromate of Lead.

Tais salt may be formed by mixing together the so-
lutions of nitrate of lead and an alkaline chromate. The
chromate of lead, in that case, precipitates in the state
of a red powder; but it exists native, and is indeed the
compound from which chromic dcid is usually ob-
tained.

® Scheele, i. 246, - + Hatchett, Phil. Trans. 1796,
1 Thid. § Beitrage, ii. 275. - § Scheele, ii.

P T T W, & e T
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1 d witl hade of ellow 3 andlts cry=- Chap nr.
Its colour is red with a sha y ¥

stals are four-sided prisms, sometimes terminated by
four-sided pyramids. Its specific gravity is about 6.
It is insoluble in water, but soluble in the fixed alkalies
without decompos:tmn. Nitric acid also dissolves it
but munatlc and sulphurlc aCIds decompose it, PTCCIPI-
tating the lead in the state of muriate or sulphate. Ac-
cording to the ana]ysls of Vauquelm, it is'composed of
1l)out................34 9 acid
651 oxide

3009 *

V. TRIPLE SALTS.

Sp. 25. - Tartrate of Potash-and- Lead.

Tais triple salt may be formed by boiling tartar and
oxide of lead together in water. Thenard informs us
that it is insoluble, and that it is neither decomposed by
alkalies nor by sulphates+.

‘ Sp. 26. Muriate of Ammonia-and-Lead.

Turs triple salt may be formed by mixing together
the solutions of murlate of ammoma and muriate of
fead, or by boiling muriate of ammonia on oxide of lead.
The solution yields no precipitate when mixed with
sulphurlc acid; but the alkaline carbonates throw down
the lead 1.

& Jour. de Min. No. xxxiv. p. 790.
4 Thenard, Ann. de Chim. xxxvili. 36.
t Ibid. xlii. 218.
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'Sp. M Nztrate qf I\Tzcéel Chap. I

i

Nr1tRrIC AcID dissolves nickel or its oxide when as.
sisted by heat.. The solution has a green colour, and
yields: by evaporation nitrate of nickel'in the form of
thomboidal crystals, which, on exposure to the air, at
first deliquesce, but-afterwards fall to powder, and gra.
dually lose their acid; so that only the oxide of nickel
remains behind ¥, The nitrate of 'nickel contains the
protoxide of ' that 'metal. - If it be distilled cautiously,
a subnitrate may be obtained insoluble in w’atei‘, and
composed accordmg to the analysis of Proust, of

| nickel 100:%

oxygen 25
acid : 17
142+
The nitrate of nickel, according to the same chemist, is
composed of : 55 acid
25 oxide
i it 20 water
100

Sp. 2. ". Muriate of Nickel,

‘MurraTIG AcID scarcely attacks pure- nickel, espe-
cially if it has been hammered.  The best solvent, is
nitromuriatic acid ..' The solution, which has a green
colour, yields when evaporated irregular crystals of mu-

-

# Bergman, ii. 268. t dnn. de Chim. 1x. 273,
3 Richter, Gehlen's Jour. iii, 257.
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riate of nickel, which are decomposed by heat and by
long exposure to the air, though at ﬁrst they deliquesce
hke nitrate of nickel *. :
The colour of this salt is apple-green.. It stains pa-
per yellow. . When heated it loses 55 per cent. of wa-
ter, and is converted into a yellow anhydrous muriate,
which becomes green by absorbing water when exposed
to the air. When' heated sufficiently in a glass retort,
that portion only which is in contact with the glass is
decomposed ; the rest sublimes in golden yellow flow.
ers, which gradually absorb water and become green.:
Muriatic acid dissolves them with difficulty. .
This salt, according to Proust, is composed of about
34 oxide
11 acid
55 water

10014
Sp. 3. Sulphate of Nickel. st

SULPHURIC AcID scarcely attacks pure nickel, though
it dissolves it when contaminated with other. metals,
The solution is of a beautiful green colour, and yields
by evaporation long six-sided prismatic crystals of the
sulphate, terminated by 1rregular pyramids. This salt
is very soluble in water. ' The crystals efloresce in the
air, and become opaque f.  When strongly heated in'a
coated retort, it is partly reduced to the state of insolu~

* Bergman, ii. 268. + Ann, de Chim. 1%, 273..
t Proust, Jour. de Pbys. xlvii. 172.
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ble subsulphate. According to the analysis of Proust, Chap.IIL.
\—-—v-u

this salt is composed of 35 oxide
19 acid
46 water

100 %

Sp- 4. Phosphate of Nickel.

ProspHORIC AcID is capable of dissolving only a
very small portion of the oxide of nickel. The solu-
tion does not yield crystals, and has scarcely even a
green colourt.  Hence it would seem that the phos-
phate of nickel is nearly insoluble.

Sp. 5. Carbonate of Nickel.

IT does not appear from the experiments of Berg-
man, that carbonic acid is capable of combining with
" nickel directly. When 100 parts of pure nickel are
dissolved in nitric acid, and precipitated by carbonate
of potash, the precipitate weighs when dried 293 parts ;
but when heated to redness it becomes- 128. Hence

carbonate of nickel must be composed of

56°4 acid and water

436 oxide

100°0%

According to Proust the oxide amounts to 54 per cent,
in this salt §.

* Ann, de Clim 1x.274. 4 Bergman, ii. 268.
3 Richter, Gehlen’s Jour. iit, 258. § Ann., de Chims 1x. 276.
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re nickel.  The arseniate of this metal is soluble in Chap.IIL
pu vl ity

water. Hence nickel is not precipitated from its solu-
tions either by arsenic acid or the arseniates®. This
arseniate has an apple-green colour. When heated in
a glass tube it loses its colour with its water and be-
comes hyacinth coloured and transparent. When heat-
ed to redness it becomes bright yellow and remains un-
alteredt .

Sp. 12 Molybdate of Nickel.

MoLYBDIC ACID precipitates nitrate of nickel white,
provided there be no excess of nitric acid §.

Sp. 13.  Sulphate of Nickel-and- Potash.

Thars salt was first described by Proust, who availed
himself of its properties as a means to separate nickel and
cobalt ; a problem which haslong occupied the attention
of chemists §. It may be formed by dropping potash
into a solution of sulphate of nickel.” By evaporation the
triple 'salt is obtained in crystals. It is sparingly solu-
ble in water. The crystals are transparent rhomboids
of a beautiful emerald colour. By dissolving this salt

& The precipitates mentioned by Bergman andScheele, as appearing
when solutions of nickel were mixed with arseniate of potash, were
doubtless arseniate of bismuth; for that metal is usually present in solu-
tions of impure nickel.

+ Proust, Ana. de Clim. 1x. 278. 1 Batchett, Phil, Trans. 1796.

§ The most elegant method of separating these two metals scems to
be that of Thenard. The mixture of the two mectals is to be thrown
down by an alkaline carbonate, and then treated with oxymuriate of
Jime. The cobalt is converted into a peroxide insoluble in ammonia,
but the nickel is still soluble. Digest in ammonia. The nickel alone is

taken up. Drive off the ammonia 3 dissolve the oxide in nitric acid, and’

erystallize. Ann. de Clim.1. 117,
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in water, and crystallizing it repeatedly, the sulphate of
cobalt is left behind in the mother water, being much
less disposed to crystallize than the triple sult of nickel.
The taste of the sulphate of nickel-and-potash is sweet
like that of sugar of milk; but itleaves in thie mouth a
sensible acridity *. '

‘Wiien this salt is heated it loses 24 per cent. of water.
It contains only 15 per cent. of oxide of nickel f. -

Sp. 14, Sulpbate of Nickel-and- Ammonia.

WHEN ammonia is pouréd into the solution of sul-
phate of nickel, another triple salt is formed, which
yields by evaporation crystals ofa green colour, consist-
ing of four-sided flat prisms terminated by four-sided
pyramids }.

Spe 15 Sulpl;ate' of Nickel-and-Iron.

ThHhis salt may be obtained by mixing together thé
solutions of nitrate of nickel and sulphate of iron; and
evaporating the mixture ; or by dissolving at once the
oxides of nickel and iron in sulphuric acid. ' The salt
crystallizes in tables ; its colour is green : and it efflo-
resces when exposed to the atmosphere §.

Sp. 16. Nitrate of Nickel-and- dmmonia.

This triple salt, first pointed out by Thenard, is ob-
tained by adding ammonia in excess to the nitrate of
aickel, By evaporation a green coloured salt is ob-

* Proust, Jour. de Phys. xlvii. 169.
+ Proust, Ann. de Chim. Ix. 274.
$ Link, Crell's Annals, 1796,1i. 32.  § Ibid. i 31.
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[ B ¥t s
ta}pgfl in crystalq. The solution, of this, salt/in water Chap. Il
is not qeqqcr;:d turbld l3y1 a]kahes, but the mckcl B s e
(thrgwn down by hydrosulphmts 4 on 2 mi 4
Sp 17.  Sulphate of Nickel- Copper- Landitrbn 0

| Tus salt is snid by, Link to be formed when the so-
lution of nickel in nitric acid is mixed with sulphate of
copper. It crystallizes; according to-him, in blue-co-
}pp_pcd pxlea;; 1(gquatecl by faur-sl‘ded pyramlds, and
{whqxgxl( : qi to the air falls to powder ; but his expe-
. siments, would, requgre ta; be verified by, repetition f. .

al {3

Qhoitz.s bas bovlovs ei sapl oldavsbizano o
<x0 enoin 1GENES XAVl SALTS: 0F ZINC:50:5 7
3 204
ALnggS'l; all the acids act with energy. on, zmc, m con-
l,se&ucnlqctofﬁhq strong aﬂimty whlgh it bas. forroxygen.
The salts of zinc, }‘herefore, are | very. easdy formed ;
_ _ﬁnd as(.t‘betperox,lde, .only, seems to combmqwlqh a,cads,
»they, are,nop.1 liable to; change ;helr state, I‘ixke the‘§alts
sjof iran;and. gin. ; Ihey ‘maybe glstmgulshed by ithe, fol-
1°~W'“g Propesties i, ojioo ozl sah b
bm}zu'g he greater ; number of them are soluble 1n water, Characters.
.{and t)x;;sq.}u tion is colour,lc;ss and ;_ra_psparem. ueag he
xmaz.,,Twple[prussmtc of Fomsh occasions. a white -pre-
cipitate when dropt into these solutions. o o
3. Hydrosulphuret of potash and sulphureted hydro-
gen gas occgt_,sy_z_x}.g ﬁr_lj)yeﬂprqc;pltpte. 1
4. Gallic acid and the “infusion of nutgalls occasion
no precipitate- when\d#épt 'info these solutions.

kP pa. e calhioean s savlaze il 2 3a a1 v !
-8 LIIW DAas . IS8T I 29 2408l Al adi

* Ann. de Chimixlitv2x75 = “f Liok, Crell’s dnnals, 1746, 1. 31.
VO[._III, Liregy il 98 —— e
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_Book II. 5. Alkalies ‘occasion a white precipitate; which is
Division I1I, . dare: ¢ d g s sl hielage hagab g
readily dissolvéd by sulphuric or muriatic acid.
6. Zinc is not precipitated in the mefallic'form by
any of the other metals, : (a8
s 1. DiToNATING SALTS.
v Sp. 1+ Nitrate of Zinc.

" NiTrIC A€ID attacks zinc with prodigiousvioléiice,
dnd has béen said ‘even 16 infldme it ' It is hedessary
to moderate its dction by usifig ‘it in a diluted state :
even then considerable heat is evolved, and a strong
effervescence is dccasioned by 'the escape of nitrous ox-
ide gas. .

The solution is transparent and colourless, Verycaus-
txc, antl yields by evaporation” flat striated tetrahearal
pr1§m§ ferminated by four-sided pyranids. The spe-
eific gravity of these crystalsis 2-096 *. They attract”
‘moisture When ‘exposed to the air. They are soluble
Both in water and ‘alcohol.. When heated they melt.
and detonate on burning coals, emitting'a red flame.
Whien distilled, they ‘émit red vapours of nitréus acid,
and assume a 'gelatinous form. In a strong heat they
are ‘decompésed cotnpletely, glvmg out mtx‘ous“gas and
oxygen gas,

{

5 ~ II. ‘INCOMBUSTIBLE SALTS.

i

Sp. 2. Mariate of Zinc.

MuriaTic acip dissolves zinc rapidly, and with ef-

B Hassenfratz, Anz, de Chim. xxviii. ¥2.



ZINC.

.
fervescence, owing to the emission of hydrogen gas.
The solution is colourless ; and, when ¢vaporated, does
not crystallize, but assumes the form of a jelly. When
distilled, = little of its 2cid separates, and muriate of zinc
remains behind in a solid mass, easily fusible. It was
formerly known by the name of butter of xinc. When
heated, it sublinies, and is obtained in 2 mass of a fine
white colour, c’ompbsed of small needles.  Its specific
gravity is 1°5774. " Tt is very soluble in water; and
when exposed to the air gradually attracts moisture,
and assumes a gelatinous consistence.  Sulphutic ‘acid
decomposes it, and the alkalies precxpxtate the oxide of
zine from its solution .

«

Sp. 8. - Sulphate of Zine.

ConcENTRATED sulphuric acid scarcely acts upon
zinc without the assistance of heat; but if it be suffi-
ciently diluted with water, it 'dttacks the metal with
force ; hydrogen gas‘is emitted, and the zinc is very
speedily dissolved. ‘In ‘this'case the water is decompo-
sed ; “its’'oxygen tombines with the metal, while its hy-
drogeh' 'is exhaled.. When the solution is sufficiently
concentrited by evaporation, it yxelds the sulphate of
zinc in-crystals. :

This salt, according to the best accounts, was disco-
vered'at Ramelsberg, in Germany, about the 'middle
of the 16th century.  Many ascribe the invention to
Julius Duke of Brunswick. Henkel and Neumann
were the first <hemists who proved that it contained
zinc ; and Brandt first ascertained its composition com~

+ Hassenfratz, An»n. de Chim, xxviii. 13. '} Fourcroy, v. 383.

Teg

201

Chap. ITI.
e, Gy

History.



202

Book, 1J.:
Divisionlll,

SALTS OF

pletely *. < 1oy s gencrally formed . for commcrc,iﬂ'

\—~— purposes from. sulphureted. zin, . pn,bl:;pde, as.it;ig calls’

Varicties,

ed by mineralogists, ., This ore.is, .roagted, which. con-,
verts the sulphur into. an.acid;;, it is ﬁh%a.‘ll?ﬁ?i‘leﬂsm)

water, and  concentrated so.much that; ow cooling,,is,

crystallizes very rapidly,, and forms. -AImass not, unlike
loaf-sugar. . This salt is usually. called:jwhite; witriol.:
It:is.almost always. contaminated. wuh u:on, and often

with copper and lead., Hence: the yellow‘spots wh.lch\

are wvisible on ity, and hence also the reason that 1ts so;

lution. in water; lets fall a dirty b brown: sed}mqpt a gt
oumstance very much complamed of by surgeons when,
they use that solution in medlcme. It may: be .qagl‘}y_
purified by dissolving it in water, and putting into the
solution a quarrﬁt'y;‘t;f’zi-ﬁc':ﬁjir’lgs 5 ‘taking care to agis
tate it occasionally, 1 ;The; z&nc prcc&pna.tesftheforggn

memls, and takes their place.,.. The solunon isithen.to

b filtered;: and the; sulphate of  zinc; - may, be aobt‘%gg@
from it in crystals:by ptoper,e,vaporanpq., bl ;odvor
There are two.varieties. of thxs~sa]t the,.r Jobate and
mperwlplmte, = The sulphate crystallxzes 1n. rhombolds,
diﬁ’ermg very little’from cubes+t: It is co oug]qs;,and
perfectly transparent ; its fracture.is. v1trcoqs, and, zt re-
sembles flint glassin its appearance. Jr..g -properties

have scarcely: been examined, o) - iinanor 40 LidT
_,Jl’he-supcrqulphate is the: salt whlch (usually oceurs
in commerce, and whu:h has been , described. by, che-
Wit oV bos | 1 10 oxdn{d zpilnY
£ 5kts crystals are four-sxded ﬂat pnsms) .termmated hy

.mro0 frotdizogmoy ali b Jor g shwnfl bas 4RIk

* Beckman’s jfiatory of Inventions, art. Zinc.
4 Leblangy Jour. de Phys, lv. 308, .1 <5

S
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' qﬁadrangular’ yramlds. Two ‘opposite cdgeé of the!
prism are commonly replaced by small’ faces, which'
renders the prisms six-sided *.< Its specific gravity when
erystallized is 1-912; when in’the state in which it
commonly occurs in commerce; it isi1°3275+. Atthe
temperature of 60°, water dissolves 1*4 times its weight

of it. Boiling water dissolves any quanmy whatever.
When heated; ‘it'melts and- speedily 'loses its water of
crystalhzauon, and, ‘in‘a hlgh temperature, loses most

- pary of its acid. 01 . (d

-/ The constituents' of this salt are, accordmg to

1R
X...».

B E Y

Bcrgma;l, Al g K‘u’\v:n, e Tl ks
40 vrrseeserioassnarens 205 dcid
smit griol  2oWAL hel.i 2.0 0 oxide it
‘e bis Yaoameah, Uhva Al Bovsiwater gl o
Bizotng o, Jsriqosag baie! imabaug
100 ‘ 100°0§ 3
According to Mr_Smithson, the salt deprived of its
water, or the arid salt, as he’ terms it, is composed of

guogdqloe ot hHidspacid Gt
i.JJ. in 394} Y DO oxxde : 1
ol I pus ¢

13 /100 ||

- The great difference obvious in'these different analy-
ses is probably owing in part to chemists havmg hither-
to confounded together the two varieties of this salt, A
specxmen ef the pure supersulphate, analysed in myla-

: i G . «

A Y
# Bergman, ii. 327.
.+ Hassenfratz, Ann. de Clim. xxviii. 12: ' According to Dr -Watsdn
1933 (Eua_y:,v 67.) - t Bergman, ii. 328
§ Kirwan on Mineral Waters,’ 4y ablc IV
¥ Plil. Trans. 1303, p. 21.

20%
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boratory, was‘found to approach in its- composition to.
the supersulphate of Smithson,  Its constituents were
28°2 oxide
258 acid
46°0 water

100°0

In this analysis the oxide and acid were separated and
weighed ; the first by means of an alkali ; the second
by muriate of barytes. The proportion of water was
merely inferred. When the salt is heated to redness it
loses 687 per cent, of its weight,  Hence the residue
contains very little acid, . X

When a solution of this salt is digested for a long time
with filings of zinc, it is partly decomposed, and an a«
Bundant flesh coloured precipitate, consisting of protoxide
of zinc, is obtained.

Spe 4. Sulphite of Zine.

HituerTo the combinations which the sulphurous
acid forms with metallic oxides have been examined
orgly by Berthollet, and Fourcroy and Vauquclin, Ta
these chemists we are indebted for the discovery, that
the greater number of metallic sulphites are capablq of
combining with a guantity of sulphur, and of forming a
sulphureted sulphite.  This is the case in a remarkable
degree with the sulphite of zinc,

1. Sulpbureted Sulpbite.  Sulphurous acid attacks
zinc with considerable violence, heat is produced, and
sulphureted hydrogen gas is exhaled. The solution has
an acrid, astringent, sulphureous taste. When exposed
to the air, it becomes thick like honey, and deposites
long slender crystals in the form of four-sided prisms,

{ =

N Nl

s
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terminated by four-sided Pyramlds. These are crystals Chap- 111
of sulphureted :u{pbzte of =inc, as Fourcroy and Vauque-
lin have proved. They are soluble in water and in al-
cohol. When exposed to the air they become white,
and deposxte a white msoluble powder,  Before the
blowpipe the salt swells, emits a bnlhant light, and‘
forms. dendritical ramxﬁcanons. \Vhen distilled, it
yxelds water, sulphurous acid, sulphunc ac1d and, sul-
phur; and there remain behind oxide of zinc a,m_l a l;;-
tle sulphate of that metal. Sulphuric, nitric, and xﬁu-
riatic acnds, when poured into its solution in. water,
drive off the sulphurous acid, while a quantity of sul-
phur precipitates. - The theory of the formation of this
salt is obvious. During the solution of the zinc, bath
water and sulphurous acid were decorpposed ; the oXy-.
gen of both combined wnth the metal ; the hydrogep c-
scapes combined w1th a_portion ; of the sulphur of the
decomposed acid, and the rest of the sulphur combines
wxch the sulphite as it forms.

2. Sulpbzte of Zincs Sulphurous acid. dxssolves the
oxide of zinc with the evolution of heat, but wnhout
effervescence, The solution yields crystals of sulphltc
of zinc. These crystals have a less acrid, but mare styp-
tic taste than sulphureted sulphite, They. are less solu-
ble in water, and more easily crystallized. They are

insoluble in alcohol. ~ When exposed to_the air, they
are very soon changed mto sulphate . of zinc ; whereas
the sulphureted sulphite remains. long unchanged.

When a mixture of s\ﬂphur and white oxide of zinc
is treated with sulphurous acid, the product 1sa sulphu-
reted sulphite *.

-

* Fourcroy, v. 38o.
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phasledlens TSR 50 PPt 5. Pbo:pbate ofzm. d bajesicuad
tvision .

e—— ~Pi{OSPHORIC ‘ACID attacks zmc thh eﬂ‘ervescmce

and dissolves it comptete]y " The' solutiofi” does not i 4
yield crystals, but leaves, when e!\}aporated 1(1 fnass not
unlike gum arabic, which before the blow-pxpe melts
into” &’ transparem glhss. PThe! alkalies preclpltate a'
- white’ powdér flom this solutmn, whlch 1s 3 subpfhos-
phate “of zinc, meltmg in a red hedt’ to'a" semi- transﬂa
rentglﬁlss’* aix do shixo bridsd nismst ovods bos. g auifq
W hén phosphorlc acid 'and 2408 drd’ tjnelted tdgether,

the Zirc'is OXTdIZed ancf phosphorus évolv‘ed-r ki

-luz o ntlusuap s i bios 2uomw Yo awith

2idd1 10 aoitaslie 64 ) Carbortatc-qﬁch. riqioong 1uilq

d‘Li’QUID ‘ GARBONIC Acm coﬁﬁhéd in’ a Yeste it

ZIR¢) or its o’ﬁxde reduced’ to the st‘éte oi‘ a ﬁne pbﬁder,
(hssolves a CO‘HSidEi'ablé pdrhoh‘ ofit; and’ the éblu'floh")
when exﬁosed o' the air, is gradually" coveted With’an®
iridescent péihcle of oxide’of ‘zméi’ The carbonate’ of
zinc may be obtained in the'std e GF ¢ 4 white powddr, b)/
preclpltatmg zine from its soluuoxi in’ acxds by’ me%.ns ‘of
an alkalme N0 I HIGES LT G 10. abizxo
boi Bergman ﬁrst aécertamed by analysxs that this sa%t
occrs natlve under ‘the' name of calamme 3 but hisi m-
ferenccs were drsputed by mmeralocxsts, and consxdex;-
ed by most 45 erroneous. Yet they haveé been lately
fu'lIy confirmed by the precxse analysxs of Mr Smlthson,
who  hds &emonstratedl tflaf dlfferent substance’s have
been confotinded under thé name ofcalamme, and a-
mong others the catbonate ‘obi gy Ny B

M 5 iV R G #L AL |

* Wenzel's Verwandtsihaft, p. 172. 4 Gren’s Handbuch, iii. 600.
$ Bergman, i. 35. !
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“UAceording to-the anavlysm of’ Bergman nauvc carbo-; Chap. IIL

mate 6f'ginc is” composed of 28 acid v 0 ;
~Seisared i) D% ,SJ.*(. (66 ox&de o
sopsqo ua oli batrsvcod j2sh WatkR @ (W

o ———

100 *
From the analys,ls of Mr Smlthsonlr it follows that

arid carbonaté 1s’ composed of "1'4cid °
SmS o ieinhg oxide

wd abloivy 3_"., ,_.'mi:: gaviozaih »ydibaon @iva OTTNaA
o dttis Yo aia)ak ro alsiex g0

:iWhen wafcr is present, | t,he propottion of, the. other
3 . aar 152 & {
constxmxents s}(xll continues thexsame. Mr $m1thson
B 800 e 2ipl

has shown, that, the water in that case. ls combmed wnth

o] 21U00%%S v DTSR IHI

the oxide o ’ZIDC,J c?nstxtutmg a hydrate, wfuch is com-
soqu, avgo i) (¥ S

poied 0] '"'"’7‘"""""""""3 “oxide

Dolieib oo S U 8 T pend b 2f i
o water :
Jios smow hos bispil oldssmmsfim aa-"Jdwew zblory it

-2 onix Yo sbizd e29001q oilt Jop buos oy e

vued] w(Lyd 088 s :.';F']{‘“f"«,‘ilf Zinge .1 1 v
ELUoRIC ACID attacks zine with viclence, hydrogen
gas is emitted, a.nd the metal is oxldxzcd and dissolved.
The propertles “of the ﬂuate thus formed have scarcely
been exammed §1 ‘“The' salt s sald ‘noz‘t’o crystalhze.

' 'Y A >y .
43 gu ,? 2 I3 ' i

Bl Sp Sa Baratt quwc. :

BORACIC ACID. scarccly at,tack§ 2109 ; but it com-
bines with 1ts ox1de, ‘and forms with it an msoluble bo-
raté of zinc. " This salt may be precipitated ina ‘white

* 'O-f;l:c.i'ii. 326. A48 {-Pﬁ:l 'Tran: 1803, p. 23

$ Ibid. o § Scheele, i. 35
|
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powder, by pouring borate of soda inta the nitrate oy mu-
riate of zinc; or by mixing boracicacid with liquid sul-
phate of zinc. When strongly heated, this borate be«
comes yellow, andis at Jast converted into an opaque
slag *. »

HI. CoMBUSTIBLE SALTS.
Sp. 9.0 Acetate of Zinc.

AceTIC ACID readily dissolves zinc, and yields by
evaporation crystals of acetate of zinc, which were first
mentioned by Glauber. = This salt has 2 bitter metallic
taste. Its crystals are rhomboidal or hexagonal plates,
of a talky appearance. It is notaltered by exposure to
the air; itis soluble in water. When throfyn upon
live cpals, it burns with a blue flame. ~ When distilled,
it yields water, an inflammable liquid, and some oil,
and towards the end of the process oxide of zinc su-
blimes . " ;

This salt has ‘been lately recommended by Dr Henry
as an excellent application in cases of inflammation.

Sp. 10.  Succinate of Zinc.

Svcciyie acip dissolyes zinc with effervescenge ;
and the solution yields long slender foliated crystals, the
properties of which have‘not been’examined 1.

Sp 11. Benzoate of Zinc,

Zixc is readily dissolved by benzoie acid, . The so-

* Wenzel's Perwandtscbaft, p. 257, - + Monngt.
3 Wenzel's Verwandischaft, p. 240.
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lution yields needle-shaped crystals, which are soluble in
water and alcohol. When exposed to heat, their acid is
volatilized ¥,

Sp. 12. Oxalate of Zinc.

Oxavric acrp attacks zinc with a violent efferves-
cence, and a white powder soon subsides, which is oxa-
late of zinc, The same salt is precipitated when oxalic
acid is dropt into the solution of sulphate, nitrate, or
muriate of zinc, It contains 75 per cent. of metal. This
salt is scarcely soluble in water, unless there be an ex-
cess of acid 1.

. 8p. 18.  Tartrate of Zine.

TARTARIC AcID attacks zinc with effervescence, and
forms with it a salt difficultly soluble in water, the pro-
perties of which have not been examined 1.

Sp. ¥4, Citrate of Zinc.

CiTrIC ACID attacks zinc with effervescence, and
gradually deposites small brilliant crystals of citrate of
zinc. They are insoluble in water, and have a styptic
and metallic taste. They are composed of

50 gcid
50 oxide

R i

100§

#* Trommsdorf, Ann. de Chim, xi. 31%_. t Bergman, i, z}x.
3 Dijon Academicians, § Vauquclin, Fourcroy, vii. 209,

209
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I SP 15. Malate Q/'ch. '-' b posty

- MALIC ACID dxssolves zinc, and yields by evaporas
tion beautiful crystals of malate of zinc *.

1 Sp. 16. Laetate qumc. s

=%
Lactric Acip dissolves  zinc with’ eﬂ"erveécenc‘e, and

the salt formed is capable of crystallizicg +.7:1% &

"IV, METALLIC SALTs:

Sp. 17, Arseniate of Zinc. -
WHEN arsenic acid is poured upon zitc, an efferves-
gence ensues, arsemcal hydrogen gas is emltted and a
black powder prempltates, which is arsemc in. the me-
tallic state. Hence we see ;hat the zinc deprwes both
a portion of water and ’of arsenic acid of their oxygen.
When one part of zinc filings:and: two parts of dry ar-
senic acid are distilled in a retort, a violent detonat;on
takes place when the retort becomes red, occasxoned by
the sudden absorption of the oxygen of the acid by the
zinc. The arseniate of zinc inay be precxpltated by
pouring arsenic acid i into the acetate of zing, or by mix-
ing the solution of the a]kalme arseniates with the sul-
phate of zinc. It is a white powdeg, insoluble in wa.
ter 1. ;

.

Sp. 18, 19, and 20.

By the same process may the tungstate, molybdate,

# Scheele, Crell’s 4nnals, i, 10, Eng, Trans. { Schele, ii. 6.
g 1bid, 1, 181.
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and chromate of zinc be obtamed They also are inso-

luble in water: the first two are whxte, the Tast of an R iy

erange-red c_oloun: klyd tuo betiioq tesit @ise 2T

~miot og sl onix' Ve'siedylne niterlsy) gnitasyib \

oy dotdw et e Py b Bands: 218 2meirq b
win'ads of beeagxs asdy

Sp. 214 Muriate of Ammonia-and-Zinc.
WHEN mu¥iate 'of mmonia is-bbiled upon the white
omdeI of zinc, a constderable pqrhon is dxssqlved but

I"'! 14¢]

as the solut;on cojols, a portlon o the o*m?c 1s agam de-
2 RFIsivd a9 s etetin s, va.
posxted What remains of “the s&lut}on 15 pelther thrown

r d
294 OVRS,

down by alkahes nor: the;r carbonates(. Thxs tnple saIt

by ((I_, 1152t &
dods Hot crystalhzc‘*
: 29i19q

“1wolos Sjpiae <t Wartiish of Borashaand Zinod T .1

...amau‘ atidws f « ";. bajuo n‘w ool W eesf
salt may be orme: )jBOlfl ogether tartar

/' u h o vy, vaitetan i1 J" aeni - oial
and zinc ﬁimgs and water. It v very" olu 13 in wLater,
ruzrd .

and not ePsxlyec‘rxsta]th . Precxpltauon 15 proa
018200 c

~11102, 921 slgr
ceé) in its solution by alkéhes or thexr cari)onach'{-

8 11w 230011390102 ) 0" 2LLA & 10 aisd 1qio1] 8 3 (4

Sp. 23, Sulphate qumc-a/zd—Iron s obsi
~athyd batsxudqlue hoa destoq Jodondainao by

Tuis salt may be o})tamcd by m1xxng,§9gc5her the
;solutious of, sulphate of iron and of zinc, or. by, e]xs;olvmg
iron and zinc together in pd;l]l'lt:dq sulp})urgc acld Jt

4! 50 £
.erysia ‘izes 1o rhomboids whhch have nez}rly,‘ thpf ﬁgure
.of: sﬂphzte of zinc,  but.its, colout is a palc igreen, : Its
taste and solublllty are nearly the same as those of sul-

phate of zmc. It coutains a much greater proportion

ﬁ' s\ AR

of zinc than ifof." (O SN AL

Stomeid zdbatie - hetasiaeasas asdee mens 16T

* Thenard, Ann. de Chim.
4 Dijon Academicians; ar}c_i Tl}enafd, Ann. de Chim. xxaviii. 355
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Sp. 24. Sulphate of Zinc-and-Cobalt. :

ThHis salt, first pointed out by Link, may be obtained
by digesting zafre in sulphate of zinc. Large four-
sided prisms are obtairied by €vaporation, which efflo-
resce when expcsed to the air *,

Genvs X V.. Sarts oF BisMUTH.

THE salts of bismuth have not been examined with
much attention by chemists ; indeed ‘bismuth and its
combinations have been hitherto very much neglected.
These salts may be distinguished by the following pro-
perties:

1. The-sblution ‘of bismuth in-acids is usually colour-
less. When water is poured into it, 2 white precipi-
tate 1mmed1ately falls, consmtmg chiefly of the w'hltc
oxxde of bismuth.

2. Trxple prussxate of ] potash occasions in these solu-
tions a prec1p1tate of a white colour, sometimes with a
shade of yellow. . -1

39 Hydrosulphuret of potash and sulphureted hydro-

gen oteasion ‘& black” precipitate. I

1. Gallic dcid ’and 'the 'infusion of nutgalls occasioh

“an grangecoloured p\‘emplfatc.

5. When 4 plate ‘of ‘copper or tin is put into the so-
Iation of Bismuth, this Tast metal 1soften p\"ecrplta'éed in
the metaﬂxc BN S 203 Y143

Sp. 1. Nitrate of Bismuth; ,

NITRIC A€iD, when. concentrated, attacks bismuth

oy 2.

* Crell’s Annals, 1796, i. 3%




BISMUTH.

with great violence, a vast quantity of nitrous gas is e-
mitted, the metal is converted into a white oxide, much
heat is evolved, and sometimes even sparks of fire, it is
said, are darted out of the mixture. When the acid is
diluted, the action is less violent, and the vxide of bis-
muth is dissolved as it forms.  The solution is colour-
less ; and on cooling lets fall crystals'of a white colour,
and genérally attached to each other in the form of stars.
They are small four.sided prisms, often terminated by
four-sided summits.

This salt, when exposed to the air, attracts alittle
mmoisture, and its surface is covered with a crust of white
.oxide. On burning coals it detonates feebly, emitting
rred sparks, and leaves a ‘yellowish powder not easily re-
duced.  When triturated with ‘phosphorus it detonates
Toudly *, When put into water it'is immediately de-
composed ; that liquid absorbing its acid, and leaving
the white oxide of bismuth combifed with 2 small por-
tion of acid. ~Hence- the reason, that when we write
upon paper with a solution of bismuth in nitric acid, the
characters, at first invisible, become white when the pa-
iper is plunged into ‘water, ‘as Brugnatelli first ‘obser-
ved t.

When the solution’ef bismuth innitric acid is diluted
with water, the'greatest part of the'metal separates in
the state of @ subnitrate. Tn this state it was formetly
knowh by ‘the 'name of magistery of bismuth.

The paint called pedrl white, frequently used as a cos-
metic, is said to be precipitated from the nitrate of bis-
muth 'by means of common salt or tartar. Hence, in

" Brugnatclli, Ann. d: Chim. xavii. 7. 4 Tbid. iii. 296.
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all. probability, it is; submuriate or,a.tattrate of pbiss
mth,.accm:di;fg to; circximstanc-es* 2 L)f.} u odt basim
213t § has A
21 bis :SP 2.. ]fotfate qf.BlMng‘f.'J‘h‘) a1 bise
‘31MURIA‘TI_C ACID:has searcely anyi action oy Hismath
.while cold ; hut swhéfi distilled! off that mietal previlous-
y reduced to,powder; it gradually. oxidizesy dnd:hrings
At 10 thestate of & white powder:. . Muriaté of bigniuth
-idy be: readily formed by :gii'ssblsfingufhéf metal in nitid-
murtatic acid, or in oxy-muriatic acid.r < Wlieri the so-
Jution is-evaporated, it is said-to yield! small puistdatic
-erystals. - The muriate of bismuth; when'evaporatéd to
-dryness, sublimes by the 2pplication 6f a thodsrateheas,
-and, forms.a: thickconcrete mass, readily melting when
‘heated, ,formerly known'by; the: namie of - dutter dfbit-
fyutb' It qu;p(egafed alsp-by d’qtilua‘g’ a mix@xc df

579 el dsad

blsm’uth . an; ﬂmﬂélgam of..)hx_smg_th. r@mains m..abc :r.c}-
tort, whlle th,(; butter, as. it. was; called; sublimesio ois
afy’, 3 LN 1978q TOqn
e ey SP: ?,. LSuZ}batg gf.Bz;mutZ: : ,us*i"mdﬂ

SULPHURIC [ACID, hasno act{on on bismuth whilecald;
but by the assistance of heat it converts that meta} into

;2 white: oxide,” while at the same time sulphurous acid
-i?ﬁ?‘hal";d’ and even; sulphur sublimed;:if the hedt be
.considetable, .+ When. the saling, 'mass\,ithus fo;‘med,‘ms

_parated, ~carrymg alnng thh 1t, a\}(g‘ry small pomdﬁ of
_the oxide.; anq thus }xxxvmm y;flds, by evapom;m,
;small_crystals in needles, . which are, degomposed;: and

- R ——— e D ——-

. * Black’s Lectures, ii 595-5 5 ...} Pott, Mem. Par. 1713.
Dog il bi R 3 omidl)ew T SN
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BISMUTH.

their base precipitated when any attempt is made to dis-
solve them in water. ‘

;S'p. 4. A‘. Sulpﬁﬁ of Bismuth.

 SuLPHUROUS AcID -does not-attack ‘bismith ; but it
combines with its oxide, and forms with it'a salt in«
soluble in . water 'even when assistéd by an excess of
acid. It hasa sulphureous taste; ant before the blow=
pipe melts ‘into 2 reddish-ycllpw mass; which is soon
reduced upon charcoal. - When distilled, the acid is
driven off; and the whole -oxide remains in a state. of
purity *. i

Sp. 5. Phosphate of Bismuth.

Puosenoric acip does not attack bismuth ; but it
combines with its oxide recently precipitated by an als
kali. One portion of thé salt formed remains in the
state of an insoluble white powder ; another portion is
dissolved, and yields crystals, which do not deliquesce,
and are soluble in water+. The white insoluble pow-
der is most probably a subphosphate, and the crystals
a superphosphate of bismuth.

Sp. 6, 1, 8. Carbonate, Fluate, Borate.

Tixe combinations which the okide of bismuth forms
with carbonic, fluoric, and boracic acids; have riot hia
therto been examined with accuracy. They may be
formed by pouring into the solution of ‘bismuth in ni-
tric acid the alkaline carbonates, fluates, or borates. The
salts required precipitate in the state of a white powa
der.

. ® Fourcroy, v. 204. 4 Wenzel's Verwandtschaf¥, p. 179

Vol 111, 9]
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Sp. 9.  Acetate of Bismuth.

AcETIC AcID has but little action on bismuth; but
the acetate of bismuth may be obtained by mixing toge-
ther the solutions of nitrate of bismuth and’'acetate of
potash. When the mixture is heated, it redissolves the
precipitate which had at first formed,’ and at'the same
time yields a number of thin talky erystals resembling
boracic acrd. . Morvedn, to whom we are indebted fot
this experiment, has ascertained also, that the addition
of acetic acid deprives nitrate of bismuth of the property
of affording a precipitate when diluted with water *.

Sp. 10, Succinate of Bismuth.

SuccINic AciD does not attack bismuthy but it
dissolves its oxide at a boiling temperature, and the
solution yields yellow crystalline plates of succinate of
bismuth. According t0 Wenzel, the solution of this
salt in water does not yield a precipitate with alkalies.
Tt dissolves in nitric acid, and the solution is not preci-
pitated by water .

Sp. 11. Benzoate of Birmuth,

Bevzore Acrp dissolves the oxide of bismuth with
facility ; and "the solation yields white needle-shaped
erystals, which are not altered by exposure to the airy
are soluble in water, and very sparingly soluble in al-
cohol. Sulphuric and muriatic acids decempose this
salt, and heat volatilizes its acid f.

-

® Encycl. Method, Chim.i. 10,  } Wenzel's Perwandiscbaft, p. 143
% Trommsdorf, Ana, de Chim. 1o 317,

s e




BISMUTH.

Sp. 12.. Oszalate of Bisthuth. .

OxAtric acip scarcely attacks bismuth ; but it coma
bines with its oxide; and forms with it an oxalate in the
state of a white powder, scarcely soluble in water.
When oxalic acid is dropt into nitrate ofbismuth, small
transparent polygonous grains are gradually precipita=
ted, which p‘osses's the same properties as the white
powder, and do not become opaque when put into waa
e T, ‘ '

Sp. 13, Tartraie of Bismuth.

TarTARIC AcID does not attack bismuth ; bt when
dropt into the solution of that metdl in sulphuric, nitrig,
or muriatic acids, tatrtrate of bismuth precipitates in

the state of 2 white crystalline powder insoluble in wae
ter .

Sp. 14. Arseniate of Bismubh.

ARSENIC ACID oxidizes bismuth by 4 digestinig heat 3
and the metal is covered with a white powder; whichis
arseniate of bismuth. Part also of the arseniate remains
in solution, but the oxide is precipitated by the addition.
of water: The arseniate of bismuth ptecipitates when
atsenic acid is poured into the nitrate of bismuth. The
white powder thus obtained is difficultly fusible; but
when heated with charcoal; arsenic sublimes, and the
bismuth is reduced f.

Arseniate of bismuth is & white powder; often having

a shade of green ; it is tasteless; insoluble in water and

% Bergman, i 261. t Gren's Handbueh, iii. 309.
$ Schecle, i. 84: : :
Ue
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nitric acid, but soluble in muriatic acid*. Whemr
heated upon charcoal, the smell of arsenic becomes per—
ceptible. From the solution in muriatic acid, . the bis-
muth is precipitated by sulphureted hydrogen.

Sp. 15. - Molybdate of Bismuth.

- MovryBpIC AcCID precipitates muriate of bismuth
white, provided there be no excess of acid }.

-

GENus XVI. SALTS 0F ANTIMONY.

-

ANTIMONY is one of those ‘metals whose oxides seemr
to combine with difficulty, and. te form compounds of
little permanency with acids, unless there be present at.
the same time an alkali er an earth. This renders the
inyestigation of the antimonial salts peculiarly difficult,.
and accounts for the little progress which has been.
made in it. Antimonial salts may be distinguished by
the following properties :

1. Their solutions are usually of a brewnish yellow
colour, and in most cases a white precipitate falls when
they are diluted with water.

2. Tnprc prussiate of potash occasions a white preci-
pltate whien dropt into these solutions. ‘Thispregipitate
is merely the oxide of the metal precipitated by the
water of the prussiate. When applied sufficiently con-
centrated, or in crystals, no precipitation takes place.
In this property antimor;y agrees with platinum f.

. 3. Hydrosulphuret of petash eccasions an orange-co--
loured precipitate.

# Thenaid, dnn. de Clim. ], 120, -~ % Hatchetsi-
3 Klaproth Crcll‘s Annals, 1798. i. 99, 3

-ﬁv




ANTIMOXY.

J02

‘4. Gallic-acid and the infusion of nutgalls- occasion’ Chap1E.

‘e white precipitate, which is merely the, oxide of the, .

metal separated by the water of the infusion.

5. When a plate of iron or zinc is plunged into anti-
monial solutions, 2 black powder precipitates in great
abundance, -and very speedily when there.is an excess
of acid, and the solution de hottoo much-concentrated. ;

g, DETONATING SALPS,
s ' Sp. 1. Nitrdte of Aﬂtimon_;r.

NiTrIC AcID attacks antxmony slowly Both _the
“acid and water are decomposed abundance of nitrous
gas is emitted, and a considerable portion of ammonia
95 formed, and combines with the acid, while the metal
is converted into an insoluble white oxide. A portion
«of the oxide is dissolved ; but'it does not yield crystals,
wnd readily precipitates when the acid is diluted.

- ¢ 3I.. INGOMBUSTIBLE SALTS.

Spe. 2. Muriate of -Antimony.

MuriaTic AcID has no effect upon antimony 'at first,
‘but the ‘metal is gradually dissolved when it is kept
Jong in contact with that acid.  The solution is yellow,
and yields by evaporation small needle-form crystals,
-¢onsisting no doubt of muriate of antimony, or of mu-
riatic acid combined with anumony oxidized toa mi-
Aimum.

Muriatic acid dissolves the oxides of antimony with
Afacility ; but it is nitro-muriatic acid which is consi-
«Jered as by far the best solvent of that metal. These

s



Slﬁ ‘

. Book 11,
Dlvmon .

SALTS ‘OF

solutions may be eonsidered as containing an’ oxymurinte

eyt OF | annmony, or muriati¢ acid combined with antimony

Butter of
kptimony.

oxidized to a maxithum,  Thatsalt was formerly known
by thename of Butter of antimony. It was usually pre-
pared by triturating together one part of antimony and
two parts of oxymuriate of mercury, and then’distilling
them ia'a retort, 'At'a moderate temperature the oxy~
muriate of antimony passes over. It is in the state of 2
thick fatty mass, of 2 greyish- whité colour, and aften
erystdllized in four-sided prisms, It is exceedingly
caustic, becomes coloured when éxposed to the air, and
melts at 2 very moderate temperature. When diluted
with water, it is part]y decomposed and the greatey
part separates in the form of a white powder. In this
state it was formerly known by the name¢ ~ g powder of
Algoroth, l

Sp. 3. Sulpbate of Antimony.-

SuLpHURIC AcID has no action on antimony while
cold ; but at the boiling temperature it oxidizes that
metal with eﬁ'ervescengé,‘sirlphierUS acid is exhaled,
and even sulphur sublimed, and there remains in the
retort 2 soft white mass, evidently composed of the
Peroxidp and sulpburic_acid,  Water Fér{ics,gﬂathe
acid and a small portion. of the oxide, but leayes the
greater part in the state of a white powder, When
the solution is cvaporated, the rema}nder of thc oxxdq
Preclpltates, so that the salt ¢annot be. obtamed m a
crystallme form, The whlte powder may. be conmdcr-
¢d as a sybsulphate of annmony, for it still retams 2
portion of a_vcxd'f

$p. 4. Sulpbite of Antimony.

SuLPHUROUS ACID has no action on antimony while




(NTIMONY,

$1t

&618; bt wher hot it cflahgcs' it into an ‘oxide. ° ‘The Chap. 1L,

sulphite of antrmony'xs-prcclpxtated in the stase ofan —

insoluble white powder when sulphurous acid 1s pour-.
ed into the solution of antimeny ir muriatic acid. It
has an acrid and astringent taste, melts when heated,
and is volatilized and decomposed. When distilled in
close vessels, it yields sulphurous acid; and there re-
mains ‘a ‘reddish brown mass, ‘consisting probabiy of
hydro-sulphuret of antimony *. [ H ¢

(]

B, ot uney

S}. ) Pf:q;p_bate of . Ammonia.;
Puoseroric acip does not attack antimony ; but it
combines with its oxide, and eveén dissolves a small pord
tion of it when assisted by heat, The solution.does not
crystallize, but yields by evaporation a blackish green
mass, which 2 strong heat converts into a transparcnt

glasst. »

Sp 6. Carboxate of r.zfnti'morgy

Newruer antimony_ nor its oxides are_attacked by

carbomc aad neither does the prempltatc of that me-_

tal Welgh more when thrown down by an alkalme car..
bonatethan ‘when by a purealkalif. At present, then,
1o such salt as carhonate of antimony is known to ex-

L1

1st. 3 . A

Sp . and 8. Fluate and .Borate. e

Zea

Frvoric acip does not attack antnmony, but witk

its oxide it forms a fluate not hitherto examined. Nei-

# Fourcroy, v.. 231 + Wenzel's Verwandtssbaft, p. 178,
3 Bergman, i. 37.1i. 392. 1 Wi d

T
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ther 1s the metal aeted on by boraciec acid, but borax
powder *.

III. CowmBusTIBLE. f

5p. 9. Zcetate of Arxtimqn].“

ACETIG AcID has little orno action on' antimeny 3
but it dissolves a small  portion of:its oxide, as Mors’
veau has shown, and the solution, according to Wenzel,
yields small erystalst+.". This salt is soluble in water,
and was employed by .Angelys Sala and some. subse-

Uil

quent physicians as an emetic §, p
viil

Svecnic ACID does nct attack antimony;, but. it
dissolves a portion of its protoxide, and forms a sals,
which has not been examined,

Sp. 19. Succmate of Jrztzmoufy

Sp. 11.  Bensgoate 'of/fntz'mon_y.

-BENZoiCc AcID readlly dissolves the oxide [ofX an{v-
mony, and the solution yxe]ds crystals, which remain
dry when exposed to the air, and ‘are decomposed by

heat §.

oa 4
; : g tigd f on

Sp. 12. Oxalate of Antimony. A

Oxaryc AcID scarcely attacks antimony 5 but it dis.

solves a small pomon of its oxide. The soluhon yields
¥

# Gren’s Handbuck, 1ii. 630, ¥ Verwandtschaft, p. 158,
¥ Encyc. Methad, Cim. i. 6. p
§ Trommsdorf, Azn. de Chim. xi. 317,



ANTIMONY.

by evaporation small crystalline grains difficultly solu- |Chapyllls
y evap y g y -

ble in water.  The 'same salt is precipitated by add-
ing oxalic acid to the solutxon of antimony in acetic or
sulphuric acid ; but oxalic acid occasxons no precxpltate
in the oxymurlate‘ of antxmony ¢

Sp. 13. Tartrate qui{,l?;‘ﬂzany.
TARTARIC AcID “has no  action ot antimony, butit:
dissolves a small portion of its-oxides. The solution

scarcely crystallizes ;. but easily assumes the form of @
jel]y +0 & J

IV. MEeTarric Sarrs.

Sp.' 14. Arseniate of-Antimony.

WHEN arsenic acid and.antimony are digested toge-
ther, a white powder separates, consisting . of arseniate
of antimony. ~ This powder is soluble in muriatic acid,
and precipitated again by the affusion of water. The.
alkaline arseniates precipitate the same salt from the so<
lution of antimony in muriatic, tartaric, or acetic acids.
When a mixture of one part of antimony and three
parts of arsenic acid are distilled in 2 retort, it etiters.
into fusxon, and then takes fire; arsenic is sublimed
together with a red mass, and sulphurous acid is ex-
haled £.

Sp. 15. Molybdate of Antimony.

MoLyYBDIC ACID precipitates muriate of antimony
white, provided there be no excess of acid §.

® Bergman, i, 27x..7 | $Ibid. t Scheele; i 184. - § Hatchett.

813
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Sp. 16. Phosphate of Iime-and—dfifimon].

THE well known medicine called Yames’s powder has
been shown, by the analysis of Dr Pearson, to be a
compound of phosphoric acid, lime, ‘and oxide of anti-
mony: we may therefore consider it-as a triple salt.
It is usually in the form of a white powder, nearly in-
soluble in water, but partially soluble in acids. The
energy with which it acts as an emetic is well known.
From Dr Pearson’s analysis it appears to be composed
of 2bout. s eeae . «++43 phosphate of lime
57 oxide of antimony

pomm——,

100

Tt may be composed by célcining ina x;vhitc heat a'm;x.
ture of equal parts of sulphuret of antnmony and the
ashes of bones*. Mr Chenevix has given the follow..
ing easy formula for preparing this powder :

Dissolve in a minimum of muriatic acid equal parts
of white oxide of antimony and of phosphate of lime, .
and pour the sclution énto 2 sufficient quantity of dis-
tilled water, contammg pure ammonia in soluuon. The
powder precipitates }. ;

“Mr Chenevix considers this powder not as a coma
pound, but 2 mechanical mixture, of phosphate of lime
and submuriate of antimony, *

It is not improbable that James’s powder varies in its
constituents. M. Pully, an Italian chemist, has lately

ublished an analysis of it, different from the prece-

W Phil. Trans 1791, Po 317 1t 4 Phit. Mayg.xi. 31al *
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ding. *According'to him, its constituents are as follows: Chap. m. _
1 Sy et

Peroxide of antimony....iveeeses?
Phosphate of lime..ceistencecnnesd
Sulphate of potash...ceeecseeenssdd
Potash holding protoxide of an-
timory in - solution...ecedsiens 35

19

He gives the following formula for making it, which, .
according to him, succeeds perfectly. Take of

Sulphuret of antimony...c.cecee..2 parts
Calcined DoneS.eeeedsreecessossoncesls
Nitrate of potash..ieciierieieeeiees 4

Triturate these bodies well together, and heat them
strongly in'a’'covered crucxble .

- Sp» 1. Tartrate qf Pota:b-and-dntimony.

«This salt, usually ‘denominated tartar emetic, is much
more‘employed in this country asa “medicine than alf’

the ‘other antimonial preparations put together. It was
first made known by Adrian' de Mynsicht in his The-

History.

saurus Medico-Chymicus, published in 1631, But the
preparation ‘was in all probability suggested by a trea-
tise; entitled Metbodus in Pulverem, published in Italy”
in'1620. This'book, written by Dr Cornachinus, gives
an account of the method of preparing a powder which
had been invented by Dudley Earl of Warwick, and
which had ‘acquired great celebrity in Italy in conse-
quence of the wonderful cures whlch it had performed.,

This powder was composed of scammony, sulphuret of

& Aan. de Chim. Iv. 74, +
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antimony, and tartar,  triturated together. . The extes=
ordinary effects which it produced would netarally draw
the attention of chemists to the combination of antimo-
mial preparatiens with tartar.

Tartar emetic was first prepared by boiling together
tartar and the crocus metallorum*, as it was called, in
water, filtering the solution, and evaporatmg it dll it
yields crystals: glass of antimony was afterwards sub-
sumted for the crocus. ' But it wounld be needless to]
enumerate the various methods which have been.adopt-,
«ed according to the ,fancy of diffezent operators,. These
methods have, been collected by Bergman, and, are de~
scribed by him in his treatise/ on, Antimoniated Tar-
tarts, .. : 1 T

At present the ghss of zrmmony or .the peroxlde,
of antimony, are usually employed. Either of these
is mixed with its own weight of tartar, and the mixture
‘boiled in ten or twelve parts of water, till the tartar be
saturated. The solution isthen filtered and evapota=t
ted till a pellicle forms on its surface.. - Qn cooling its
deposites; regular crystals of tartar emetic.. | Thenard?
has observed, that there always remains in the solution:
a_quantity of uncombined tartrate ‘of potash ; it.ought;
not_therefore to be evaporated too far, ‘otherwise ther
crystals of that salt will mig with those. ofithe tartar:
emetic §. a5l i

TARTAR-EMETIC is of a white coloyr, and «:rystal-
lizes in regular tetrahedrons. - When exposed to the air;+

* An impure hydrosulphuret, formed by detonating in a crucible equal

weights of sulphuret of antimony and nitre, and washing the residunm

in-water till the liquid comes off tasteless.
t Opue-i. 338, t Ann, de Clim. vxaviii. 39.




TELLURIUM,

#t gradually loses its transparency and efforesces. Tt is
soluble in 142 parts of cold water, and in about two parts
of boiling water *..'-Heat decompeses it by destroying
the acid, while the potash and oxide of antimony remain
behind. It is decomposed by the alkaline eartlis, by
the alkalies and their carbonates, and by the hydrosul-
phurets, and several of the metals. It is decomposed

317

Chap. III..
w

also by the decoctions of plants, particularly those that

are astringent and bitter, as Pernvian bark, &ec. Con-
sequently it never ought to be given in conjunction with
any of these bodies.
From the analysis of Thenard, it appears that this

salt is composed of......35°4 tartaric acid

39-6 oxide

16°7 potash

8'3 water

10¢°0
Or of vevaeressassnresasans56°3 tartrate of antimony

35°4 tartrate of potash
83 waler

10004
Cevvs XVII. Sarts of TELLURIUM,

Terruriusm has been known for ‘so short a time as
a distinct metal, and the quantity of it hitherto exami-
tied has been so small, that tlfe salts which it forms
with acids caanot be supposed to be much known.- On-
ly the following facts have been ascertained.

“® Buckhal, Znn. & Chim. #lix. 70, § dn. de Clim. xRXViii. 39

Compeos;-
tion.



318

Book .
DivisionIII.
[

Characters.

SALTS OF

The salts of tellarium may be dxstmgulshed by the
following properties :

. 1. Alkalies, when dropt into their. solutxon, ‘occasion
a white precipitate, which disappears againif the alkali
bé added in excess. ! d

2.:Triple prussiate of potash occasiotis no precipitate.

3. Hydrosulphuret of potash occasions 2 brown' ot

blackish precipitate.

4. The infusion of nutgalls occasions a flaky preci-
pitate of 2 yellow: colour.

5. Zinc, iron, and antimony, when plunged into these
solutions, occasion the tellurium to separate in the state
of a black powder, which resumes its metallic brillians
cy when rubbed *. ‘

Sp. 1. Nitrate of Tellurium.

NrTrIC AcID dissolves tellurium with facility., The
solution is colourless, and not rendered turbid by water.
It yields, when concentrated, small, white, light, neédles
formed dendritical crystals +.

Sp. 2. Muriate of T ellurium.

NITROMURIATIC ACID dissolves tellurium readily.
The solution is transparent; but when diluted with
water, it lets fall the oxide of tellurium in the state of
& white precipitate, which is redissolved on adding myore
water. When the solution is precipitated by alcohol,
and suﬂiclemly washed, the white powder contains bug
a very small proportion of acid 1.

# Klaproth’s Buitrage, iii. 1. and Crell's A‘n.nélt,-!7'98, i g8,
% Crell’'s dnnals; 1798, i. 98: ‘throﬂ_:'ﬂ)citrageg iits 18-
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Sp. 3. Sulphate of Tellurium.

WHEN one part of tellurium is confined with 100
parts of sulphuric acid in a close vessel, it dissolves and
gives the acid a erimson colour. When water is dropt
into the acid, the red colour disappears, and the metal
is precipitated in black flakes, When heated, the co-
lIour equally disappears, and the metal precipitates in
the state of a white powder. Diluted sulphuric acid,
mixed with a little nitric acid, dissolves a considerable
portion of tellurivm, the solution is colourless, and no
precipitate is produced in it by water *.

Genvus XVIIL. Sarts oF ARSENIC,

ARSENIC is capable of assﬁming the form of an aeid,
and even its white oxide has several acid, properties.
Hence it is more disposed to combine with metallic
bases than to form salts by uniting with acids. = How-
ever, as several of the acids have the property of dis-
solving it, which must be considered as a species of
combination, and as the knowledge of the properties of
these solutions is sometimes of importance in minera-
logical investigations, it will be proper to give an acs
count of them in this place.

“The solutions of arsenic may be distinguished by the
following properties :

1. Triple prussiate of potash occasions a white pre-
«cipitate when poured into solutions containing arsenict.

* Crell’s Annals, 1798, 1. 93.
+ The solution of arscnic in those acids which convests it ifto an acid,
ie net disturbed by the triple prussiate of potash.
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2. Hydrosulphuret of potash produces 2 yellow pres
clpxtatc, or at least glvcs 2 yeIlow colour to the solus
tivh. 117 - ' :

3. Gallic acid and the infusion of - nutgalls occasion
scarcely ‘any change in the solutions of arsemics 1! #9713
4. The addition of water occasions a white ‘precipia

tate’of oxide of arsenic*; which, when "heated" with
‘charcoal, emits a white smoke having the smell of

arsenic,

Sp. 1:  Nitrate of Arsenic.

NiTRIC ACID attdcks arsenic with violence, and conw
verts it into white oxide, while -nitrous gas is disenga-
ged. When diluted, thisacid dissolves the oxide, and
deposites it again crystallized like white oxide, but real-

‘ly combined with nitric'acid.  This nitrate’ is scarcely

soluble in water ; before the blowpipe it presents the
same Phénomena as sulphate of arsenic, batis dxssxpated
more rapldly e

Sp. 2. Muriate of Arsentc.

‘MurzaTIC AcID has scarcely any action on arseni¢
while cold ; "but when heated it dissolves it readily ; at

“the same time a quantity of arsenicated hydrogen gasis

emitted. White oxide of arsenic is also” dissolved by

‘this acid with facility, especially if a little nitric acid be

mixed with it. At aboiling heat the muriatic acid dis
solves about the third part of its' weight of white oxide;
but dllows the greater part to precipitate again as the

solution cools. - The addition of water preelpxtates the

e..

* Except when the'arsenic is’converted m/co a acid.
{4 Bergman, il.d493eq 10915 g
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~ greatest part of the remainder ; but the muriate of arse-
nic; according to the experiments of Bergman, may be
obtained in the state of crystals. It is very volatile,
and but sparingly soluble in water *. A

‘This salt may be formed also by triturating together
equal parts of oxymuriate of mercury and oxide of arse«
nic, or metallic arsenic, and distilling the mixture with
a moderate heat. There comes over a transparent li-
quor of the consistence of oil, part of which congeals in
the receiver. ~This substance is muriate of arsenic. It
was described by Lemery and others under the name of
butter of arsenic, or corrosive oil of arsenic.

' Sp. 3. Szglpbate qfﬂnenie.

SuLPHURIC ACID has no dction on arsenic while cold ;
but when heated, sulphurous acid gas is emitted, and
the metal is converted into a white oxide, a small por-
- tion only of ‘which is retained in solution. ' The acid
dissolves equally a small quantity of the white oxide of
.arsenic in a boiling heat, but it precipitates again as
the acid cools in the form of small crystalline grains.
These grains are a'sulphate of arsenic. They are much
less soluble in water than oxide of arenic. Before the
blowpipe theyemit a white smoke, and melt into 2 glo-
bule which evaporates slowly t.

s  Remuining Species.

4. Phosphoric acid does not attack arsenic ; but it dis-
solves its white oxide, and yields crystalline grains of
phosphate, which have not been examined 1.

# Bergman, ii. 294. tIbid, p.293. 1 Ibid. p. 295.
Vol I11, X -
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5. Fluoric acid dissolves the white oxide of arsenic,
and forms small crystalline grains, which have not been
examined. ;

6. Boracic acid combines with the white oxide of
arsenic, and yields by evaporation borate of arsenic,
partly in a white powder, and partly in needles *.

7. ‘Acetic actd has no action on arsenic, but it dis-
solves the white oxide, and forms crystals scarcely solu-
ble in water t.

8. Benzoic acid dissolves the white oxide of arsenic,
and the solution yields by evaporation very fine feather-
shaped crystals, soluble in water.  Their taste 1s acid
and acrid. Alkalies occasion no precipitate in the so-
lution of this salt. It sublimes in 2 moderate heat: a |
strong heat decomposes it t..

9. Both oxalic and tartaric acid dissolve the white
oxide of arsenic, and yield by evaperation prismatic
crystals, the properties of which have not been exa-
mined §.

10. Arsenic acid dissolves the white oxide of arsenic,.
and yields crystalline grains searcely soluble in water |}.

' The remaining salts of arsenie are entirely unknown.

Genvus XIX.  Sarnts oF CoBarTt.

THE salts of cobalt have attracted the attention of
chemists,. in consequence of the property which some
of them have of changing their colour when heated, and
thus forming what has received the name of sympatbetic

* Bérgman, il 295.~~Gren, i, 390, + Ibid.
1 Trommsdorf, § bergman, ii. 295.
1 1bidi -
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ink ; an appellation given to all liquids, the characters
formed by which are colourless and invisible when
writteri upon paper, but become visible and colouted by
undérgoing certain processes ; and likewise to those li-
quids which form characters upon paper susceptible of
changing their colour by certain processes. Itis probableé
that chemists have not hitherto had an opportinity of ofs
ten examining the pure salts of cobalt for several of
the other metals adhere to cobalt with such persevering
obstinacy, that it is vety difficult to obtain if in a sepa-
rate state. The salts of ¢obalt may be distinguished by
the following properties :

1. The gteater number of them are soluble in water,
dnd the Sclution has 4 reddish ¢olour, at least when the
salts are neutral *.

2. The alkalies, when dropt into these solutions, oca
casion a blue-coloured precipitate +.

3. Triple prussiate of potash occasions 2 brewnish-
yellow précipitate, often with a shade of blue.

4. Hydrosulphuret of potash occasions a black pteci-
pitate, soluble again if the hydrosulphuret be added in
excess. Sulphureted hydrogen gas occasions no preci-
pitate in these solutions }.

5. Gallic 2cid produces no change; but the tincture
of nutgalls occasions a yellowish-white precipitate.

6. Cobalt is not precipitited from its solutions in
acids by zinc.

% The solution of cobalt in muriati¢ acid, When concentrated, hasa
bluish-green colour as long as there is an excess of acid.
+ When the cobale is contaminated with arsenic ‘acid, or when it is
dissolved in arsenic acid, the precipitate by alkalies is reddish brown.
t Proust, Asn. de Chim. xx&v. §5.
X2
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ey et
NITRIC aciD attacks cobalt when assisted by heat,
The solution has a red colour, and. yields by evapora- )
tion small prismatic crystals of a red colour, :deliques-
cent in the air, and decomposed by heat, leavmg a deep
red powder,
5:.0 2 Murzate of Cobalt.

MurIiATIC AcCID acts with difficulty upon cobalt even
when assisted by heat ; but a solution may be readily
obtained by adding a little nitric .acid. . Muriatic:acid
dissolves the peroxide of ‘cobalt with an effervescence
occasioned by the emission of oxymuriatic acid, gas.
The solution, when concentrated, isof a fine, green,
and blue if there 'be no excess of acid, but it becomes
red when diluted with water. . This solution, when sufe
ficiently concenirated, yields small deliquescent erystals
of muriate of cobalt. These crystals are blue, but be-
come red when they absorb moistures ‘/ - '

gz“i’lf:fhe' The solation of this salt constitutes the first and, best ~
koown of all the sympathetic inks. . It is diluted with
water till its colour almost disappears; and then the:
characters written with it on paper are invisible while
cold ; but if the paper be genily heated they acquirea
fine. green colour, which disappears. again whenthe
paper cools.  This may be repeated as often as we
please, provided care be taken not to heat the paper
toq much, otherwise the characters acquire a permanent
brown “¢olour. “Klaproth affitms, that this change” to
green only takes pIace when the ¢obalt” sdhmou 15 con-
taminated with iren: if the cobalt. be pure, the cha-
racters, instead of a green, acqmre a blue colonr when
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heated *. This sympathetic ink was first made known Chap. HL
gtipial

by Waitz in 1705 t; it was described a second time by
Teichmeyer in 1731 { ; and a third time by Hellot in
1137§: The cause of this singular change of colour
has not hitherto been explained in a satisfactory manner.
It takes place equally in close vessels; sa that it can
scarcely be ascribed to the action of the air or of mois-
ture. At present it is supposed, but without any direct
proof, to be owing to the partial deoxidizement of the
oxide of cobalt by heat, and its reabsorption of oxygen
when cold. '

Buat this supposition is not likely to be verified. - The-
nard has observed with justice, that the appearance of
the green colour, when the paper is heated, is owing to
the concentrationi of the solution ; and its disappearing,
when cold, to its dilution, by absorbing again the mois~
ture it had lost |j. It is therefore exactly similar to'the
change of the solution from green to red when. diluted
with 'water; but the reason of this change remains still
to be assigned. ' R

When this salt is heated te redness in a retort, those
parts of it only that touch the glass are decomposed,
muriatic acid and oxymuriatic acid are disengaged, and
the glass is tinged blue.  The rest of the muriate melts,
and sublimes in grey coloured flowers. These flowers
dissolve with great difficulty in water. - At last, how-
ever, a solution of common muyiate of cobalt/ may be

obtamed oticur

* Klaproth’s Obscrwations on the Fossils of Cornwall, p.64. Eng. Trans,

} See Wleglcb’s Gescbichtey 1. 126. 3 Commere. Literarum, p. 91,
§ Mem. Par. 1737. ¥ I Aan.de Chim. xlii. 214,
¥ Proust, dun, de Chim. V5. 269. 3
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Sp. 3. Sulpbate of Cobalt.

SuLeHURIC ACID requires a boiling heat before it can
attack cobalt : sulphurous acid gas is disengaged, and a
brownish.red mass remains, which dissolves with facili.
ty in water. Sulphuric acid dissolves the peroxide of
cobalt with difficulty ; bubbles of gas are emitted du-
ring this solution, which Thenard supposes to be oxy-
gen®, The solution is always red ; and yields by eva-
poration small needle-form erystals, cnsisting of rhom-
boidal prisms, terminated by dihedral summits, This
salt has a reddish colour. It is soluble in 24 parts of
water, but insoluble in aleohol+. This salt is not al-
tered by exposure to the air. When heated, it loses
42 per cent. of water.  The residue is rose coloured and
opaque. It may be exposed to a red heat in a retort
without undergoing decomposition, except at those
points which touch the glass 1,

This salt, according to the analysis of Bicholz, is
composed Of yesuseosea26acid '
30 oxide

44 water

| mcpeiaia

1004

This species readily combines with sulphate of pot-
ash or sulphate of ammonia, and forms two species of
triple salts, which have not hitherto been described
with accuracy. The sulphate of potash-and-cobalt
erystallizes in rhomboidal cubes, It is not so soluble

¥ Ann, de Chim. xlit, 211. + Gren’s Handbucb, iii, 524
¥ Proust, Aan. de Chim. 12, 360. " § Beitrage, iii. 30.
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in water as sulphate of cobalt, and yields only. 26 per
cent. of water when distilled *.

Remaining Species.

4. ProsrHoRrIC AcID does not attack cobalt; bat it
dissolves its oxides, and forms a deep wine-red solu-
tion +.

5. The fixed alkaline carbonates precipitate cobalt
from its solutions in the state of reddish-blue powder.
This insoluble carbonate contains, according to Berg-
man, §th of its weight of carbonic acid 1.

6. Fluoric acid does not attack cobalt, but it dissolves
its oxide, and forms with it a yellow-coloured gelati-
aous solution §. ;

7. Boracic acid does not act upon cobalt, but it pre-
cipitates that metal from its solution in other acids in
the state of a reddish-white powder. This borate is
scarcely soluble in water., When heated it melts into
a deep blue glass ||.

8. Acetic acid dissolves the oxide of cobalt with fa-
cility. The solution does not crystallize ; and when
evaporated to dryness, soon deliquesces again. Ithasa
fine red colour while cold, but becomes blue when heat-
ed 9. This solution forms a sympathetic ink : the cha-
racters drawn in it are colourless while cold, but become
blue when heated **.

#* Proust, Ann. de Chim. 1z. 260. + Gren’s Handbuch, iii. §28.
t Opusc. il p. 388. and 392. It contained arsenic acid, as is ohvious
from its red colour. § Schecle, i. 35.

|| Wenzel’s Verwandtschaft, p. 258. q Ibid, p. 150.
®¥ Jlseman, Crell’s dnnals, 1785, il 25,
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9. Oxalic acid attacks cobalt, and converts it ino &
red powder, which is oxalate of cobalt. = This: salt is
insoluble in water, but it dissolves in an excess of acid,
and yields crystals..- Oxalicacid precipitates an oxalate
of cobalt from the solution of that metal in most a-
cids * . \

10. Tartarlc acid dlssolves the oxide of cobalt and
forms a red. solution which )1elds crystals’i- When
tartrate of potash is dropt into the solutions of cobalt, i
precipitates the arseniates of iron and bismuth, if they
be preseat, and they'carry with them a pox:tion of the.
cobalt, -, By spontaneous evaporation the liquid yxelds
large rhombmdal crystalsof tartrate of potash-and-cobalts

11. Arsenic acid, when digested upon cobalt, ac-'
qulres a red colour, but it does not; dlssolve the metal
completely. Arsenic ac1d does not precnpltate coba.lt
from its soluuon in aclds, but the alkalme arsemates.
occasion a prec1p1tate of a fine red colour, which i 1s ar=
seniate of cobaltt. This salt is found native ;- some-
times in the state of a fine red efllorescence, and some-
times crystallized in small four-sided prisms or tabies.

When the arseniate of cobalt is heated in a glass tube
it becomes violet, butis not decomposed nor does 1t
tmge the glass blue, It dissolves in nitric acid without
effer vescence. When its solution in munauc acid is
mixed with sulphureted hydrogen, it does not. become
turbid till it has stood two hours. Potash precipitates.
blue oxide of cobalt, and combines with the acid §.

# Bergman, i. 270. + Gren,. iil. 128.
$ Scheele, i. 186, § Proust, Aan. de Chim. 1%, 271.
L3
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" 3p. 12." "Nitrate of dmmoma and—Cobalt.

‘WHEN a solution of cobalt in nitric acid is supersa-

turated with ammonia, it is well known that no preci-

pitate appears.  When this solution is evaporated to
gryness, and the residue is treated with water, a red so-
lution is obtaiped, which yields by slow evaporation re-
gular cubes of a red colour. These crystals are a triple
salt, composed of nitric acid, ammonia, and oxide of co-
balt. They were first obseryed by Thenard. Theixg
taste is urinous ; they are not altered by exposure to
the air. When heated they burn with a yellowish-
white flame, like nitrate of ammonia, leaving an oxide
of cobalt. . Their solution in water is neither precipi-
tated by alkalies nor alkaline earths; but when boiled
thh potash, ammonia is dlsengagcd and the oxxde of
cobalt precxpxtates e

GENps XX, SALTS of MANGANESE.

ALL the properties of this genus of salts with which
we are even at present acquainted were ascertained by

Bergman and Scheele, by whose labours the oxide of

manganese, one of the most important of a1l our instru-
ments, was first put into the bands of chemists: The
salts of manganese may be dxstmgmshed by the follow-
ing properties
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lation, when treated with fixed alkalies, deposites a

& Thenard, dnn. de Chim, xlii. 245.
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white or reddish coloured precipitate, which very soon
becomes black when exposed to the air.

2. Triple prussiate of potash occasions a yellowish-
white precipitate when dropt into these solutions.

3. Hydrosulphuret of porash occasions a white preci-
pitate. ' Sulphureted hydrogen gas gives the solution a
white colour, but produces no precipitate.

4. Galiic 1cid occasions no precipitate.

5. Manganese is not precipitated from its solution in .
the metallic state by any of the other metals.

Sp. 1. Nitrate of Manganese.

Nitric AcIp dissolves manganese with effervescence,
occasioned by the emission of nitrous gas. It dissolves
the white oxide with facility, and without the emission
of any gas: but it has very little action on the black
oxide ; however, by very long digestion, it at last dis-
solves a part of it. The solution goes on much more
rapidly if a little sugar or gum, or any similar sub-
stance, be added, and at the same time a quantity of
carbonic acid gas isemitted. Hence we see that. the
black oxide must part with a portion of its oxygen be-
fore nitric acid can dissolve it. Nitrous acid acts upon
the black oxide much more readily, and is converted
cntirely into nitric acid, The solution, in what man-
ner soever it has been made, is always colourless, pro-
vided the manganese be pure.  Hence we niay conclude
that it contains only the white oxide. So that, as far
as is known at present, there is no such substance as
oxynitrate of manganese. This solution does not crys-
tallize how slowly soever it be evaporated. Heat de-
composes it, and leaves the oxide *.

# Scheele, 1. 43, 64.; and Bergman, ii. 216.
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Sp. 2. Muriate of Manganese.

MuRIATIC AcID readily dissolves manganese with
an effervescence, oceasioned by the emission of hydrogen
gas. It dissolves the white oxide withont effervescence,
and the solution is colourless. When allowed to re-
main cold upon the black oxide, it dissolves a portion
of it, and forms a red solution, which deposites red ox-
ide when diluted with water. When heat is applied to
the mixture of black oxide of manganese and muriatic
acid, an effervescence takes place, and oxymuriatic acid
gas is emitted. The oxide becomes white and gradual.
ly dissolves. In this case the acid is divided inte two
portions ; one absorbs oxygen from the metal, and flies
off in the state of gas; the other dissolves the white
oxide, as it is set at liberty by the decomposition of the
black oxide. If sugar or any other similar vegetable
substance is added, no oxymuriatic gas is emitted, but
instead of it carbonic acid‘gés. From these facts it is
obvious that muriatic acid combines both with the white
and red oxides of manganese ; so that there is bath 2
muriate and oxymuriate of that metal. But the proper-
ties of these salts are still almost unknown. According
to Bergman, the muriate crystallizes with difficulty, and
when evaporated to dryness yields a saline mass, which
attracts moisture. . The solation of the oxymuriate is
red, and it seems to be partly decomposed by water *.

2

Sp. 3. Su{pl;ated Manganese,

SULPHURIC ACID acts with energy on manganese, es-

¥ Bergman, ii. 319.—~Scheele, i. 46. and 67.
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pecially when diluted with two or three times its weight
of water, and forms withit a colourless solution. It dis-
solves also with equal facility the white and red ‘oxides
of manganese; but it has no action whatever on'the
black oxide unless assisted by heat. ‘ When that is the
case, oxygen gas passes off in abundance, and the oxidé
is dissolved. " The same solution takes place without'
the emission of that gas when a little sugar is added to
the mixture. -~ Hence we see that the black oxide is in=
capable of éombining with sulphuric acid, since it al-
ways loses a portion of its oxygen before solution. But
Bergman has shown, that both the white and the red
oxide combine with 'that acid, and form with it a salt,
So that we have two combinationsof sulphuric acid and
manganese : first, the combination of sulphuric acid and
the white oxide, which forms sulphate of manganese;
and, secondly, the combination of the acid with the red
oxide, which constitutes oxysulphate of manganese.

1. Sulphate of Manganese, This salt is obtained pure
by dissolving manganese in diluted sulphuric acid, ‘or
by dissolving the ‘black oxide in that acid, adding at the
same time a little sugar. The solution is colourless,
and yields by evaporation transparent rhomboidal erys-
tals of sulphate of manganese. These crystals have 2
very bitter taste, and. are decomposed by heat, which
drives off their-acid.- Alkalies precipitate from thcm
the' manganese in the state of a white oxide * '

2. Oxysulphate of Manganese. This salt may be ob-
tained by distilling sulphuric acid from the black oxide
of manganese, and washing the residuum in-water. A

* ?ergmau, ii, 210
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red or rather violet coloured liguer is thus obtained,
which holds in solution the oxysulphate of manganese.
This solation is difficultly crystallized, but passes réadi-
ly into a gelatinous form.  The few crystals which are
mixed with this jelly are soft, and have:butlittle perma-
mency.  When evaporated to dryness, it yields thin red
coloured saline crusts, which precipitate successively
from the surface, and whichido not readily deliguesce.
This salt is very soluble in water ; and alkalies precipi-
tate the manganese in the state of a red oxide, which
soon becomes black when exposed to the air *.
.+i Sulphurous acid feadily:dissolves the black oxide of
-manganese, and forms with it sulphate of manganese, 4s
Scheele ascertained .. The theory of this is obvious.
Part of its oxygen is abstracted from the manganese by
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the acid ;- in. consequence of which, the black oxideds .
converted into white oxide, and: the sulphurous into

sulphuric acid. It is not known whether sulphurous
acid forms with the oxides of manganese a permanent
salt, ' ; :
i+ Haussman lias lately proposed  the sulphate of man-
. ganese for marking lines so as not to be effaced by the
action of oxymuriatic acid. = The solution of this salt
in water is mixed ip with any vegetable colouring mat-
-ter to. the proper consistence; and applied to the linen,
.which is then passed .through an alkaline ley.  The.ox-
ide of .manganese. is thus precipitated npon the cloth;
and by the action of oxymuriatic acid, its colour be-
comes yellowish brown 1.

2% 25539

* Bergman, p. 215. . + Scheele, i. 43.
§ dnn. de Chim. liii, 208, g
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Sp. 4. Phosphate of Manganese.

Puosrroric acip has but little action on manganese
or its oxides, because it forms with them a salt difficult-
ly soluble in water. But phesphate of manganese may
be obtained in the form of 4 precipitate, by mixing an
alkaline phosphate with the solution of mangarese in
any of the three mineral acids *. This salt hasnot
been bitherto examined.

Sp. 5. Carbonate of Manganese.

Liquid CARBoNIC AcID attacks mangafiese or its
black oxide, and dissolves a small portion. 'When the
solution is exposed to the air, the acid gradually escapes,
and a white pellicle forins on its surface, consisting of
white oxide. During the solation of manganese in this
acid, an odour similar to that of barning fat'is percep-
tible 1. : ‘

Sp. 6. and 1. Fluate and Borate‘of Manganese.

THE fluoric and boracic acids form likewise with the
okides of manganese salts difficultly soluble in water,
the properties of which have not hitherto béen much
examined. These acids have but little action ofi man-
ganese and its oxides; but the fluate of borate of manga-
nese may be easily formed by pouting the alkaline flu-
ates or borates into sulphate or muriate of matiganese.

' Remaining Species.

8. ACETIC AcID has butlittle effect upon manganese

# Bchecle, i. 48.—Bergman, i, 219.
+ Bergman, i. 25.; and Schéele, i §X.
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immediately ; but it dissolves a small portion by long
digestion, as it does also of the black oxide. The solu-
tion does net yield crystals, and when evaporated to
dryness soon deliquesces again*.  Vauquelin has em-
ployed acetic aeid in order to separate iron from man-

ganese. When a mixture of these two metals is dis~

solved in acetic acid, and the solution evaporated to dry-
ness, the acid adheres to the manganese, butabandons
the iron. Woater dissolves the acetate of manganese, but
leaves the oxide of iron on the filter. Two or three
evaporations and solutions are sufficient to deprive ace-
tate of manganese of the whole of its iron f.

9. Benzoic acid dissolves the white oxide of manganese
with facility. The solution yields small crystallinescales
easily soluble in water, but sparingly in alcohol. They
are not altered by exposure to the air 1.
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10. Succinate of Manganese.  'When a succinate of Succinate.

potash or soda is dropt into a neutral solution of man-
ganese, no precipitate is thrown down ; bat if iron be
present, it falls in combination with succinic acid.
Hence Gehlen has proposed an alkaline succinate as the
best means of separating iron and manganese from each
other.

11. Oxalie acid attacks manganese, and dissolves the
black oxide with effervescence. The solution, when sa-
turated, lets fall the oxalate of manganese in the state of
a white powder. Oxalic acid precipitates the same
powder from the solution of manganese in sulphuric,
pitric, or muriatic acid §.

Ozxalate,

2. Tartaric acid dissolves black oxide of manganese Tartrat..

* Bergman, ii. 219. + Ann. de Chim. xli. 249.
{ Trommsdorf, 1bid. xi. 317. § Bergman, i. 273. and ii. 219
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cold ; but the solution is blackish: When héated, an ef-
fervescefice ensues; owing to the decomposition of part
of the oxide and the escape of carbonic-acid gas, and the
solution becomes foloutless.

13: Citric acid acts upon the black ox1de of manga-
nese exactly as tartaric acid *:

14. Arsenic acid dissolves the white oxide of manga-
nese with facility ; and when it approaches the point of
saturation, the solution becomes thick, with small ery-
stals, which Separate.! = These crystals are, arseniate of
manganese!  They are’ precipitated when an alkaline
arseniate is dropt into the solution of manganese. in an
acid.  Theése ¢rystalsido not-melt when heated ;; neither
does arsenic sublimey unless charcoal be mixed ,w‘ith
them +. ‘

15. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>