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BOOK II. DIVISION III. OF PART I.

CONTINUED.

GENUS VIII. SULPHITES.

IHESE salts are formed by saturating the alkaline and Sopk ir -

m
rt^t

. Division II T.

earthy bases with sulphurous acid. The easiest pro- .

cess is that which was followed by Berthoilet, and af- p
.

rePara
'

J tion.

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 passes a tube into a small bottle containiag

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 j 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 into the Woulfe's bottle
?

IIL A



2 SALTS.

Book II. where it combines with the base. When the base is
Division I II.

ii
y

t 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

1797 1.

Sulphites are distinguished by the following proper-

ties :

Characters. 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

effect, but partially.

The sulphites at present known amount to eight.

I. SOLUBtt
S0L-

PHITES.

Sp 1. Sulphite of Potash.

THIS salt was formed by Stahl, but was first accuv

* Am. de Cbim. ii. 54. f lbi<? xxiv.



SULPHITES.

rately described by Berthollet, Fourcroy, and Vauque- t
Chap. IIL

lin. It was formerly known by the name of sulphure-

GUS salt of Stahl. It 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, Properties

that of rhomboidal plates. Its crystallization often pre-

sents small needles diverging from a common centre f.

Its specific gravity is 1*586 . 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 a sudden heat, it decrepitates, loses its water

and a 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 4rives off a portion of its acid unchanged.

It decomposes the oxides of gold, silver, mercury,

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 Journal, i. 317.

f Ibid*: $ Haucnfratz, Ana. de Cbim.

A 3



Book II.
^je salt is converted into a sulphate ; at the same th

Divisionlll. ^"F TTSTB TT
^

. i

* - sulpnureted hydrogen gas is emitted.

Composi-
From a course of experiments which I have made ou

this salt, it follows, that its component parts are in the

following proportions ^j-j*

43*5 acid

5A-5 potash

Inb'ecirffo

^

!r 1o TunvA *i': :/;c -?ii

Sulphite of Soda.

THIS salt was first accurately described by Fourcroy

and Vauq-uelin. It is white and perfectly transparent.

Its crystals are four-^sided prisms, with two very broad

sides and two very narrow ones, terminated by dihedral

summits. Its specific gravity 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 undergoes the watery fusion, and afterwards ex-

hibits precisely the same phenomena as the sulphite of

potash. Metallic oxides and salts affect it precisely as

they do sulphite of potash.

It is composed of 31 acid

18 soda

51 water

;r? H/rKlltf3 SQTI' f (.> ii^-IHJiJ <iiif3Ct

100

* Hassenfratz, Ann. de Cbim. xxviii. 19.



SULPHITES.

Chap. III.

Sp. 3, Sulphite of Ammonia.

'Tins salt was first described by Fourcroy and Vau-

tfueliri*. It crystallizes in six-sided prisms, termina-

ted by six-sided pyramids ; or in four-sided rhomboi-

dal prisms, terminated by three-sided summits. Its

taste is cool and penetrating, 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. Its 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 are pearly the same with those of the

above described sulphites, only it is capable of form-

ing with several of them triple salts f.

It is composed of 60 acid

29 ammonia

11 water

100

Sp. 4. Sulphite of Magnesia.

THIS salt has only been examined by Fourcroy and

Vauquelin. It is prepared, like the others, by satura-

ting carbonate of magnesia with sulphurous acid ;

* Nicholson's Jour. i. 317,
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.Book II. Jent effervescence takes place, and the liquid becomes
Division III.

t
y

.. warm. The sulphite as it forms remains at the Dot.

torn 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 5 but is very

slowly converted into a sulphate. At the temperature

of 60 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 a strong heat the acid is disengaged,

and the earth remains pure.

It is composed of, .... 39 acid

16 magnesia

45 water

100

Sp ?*S , Sulphite of Ammonia-and-Magnesia .

THIS salt has only been mentioned by pourcroy. 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. It is less soluble in water than either of its

* Hassenfratz, Ann. de Cbim. xiviii. 13.



SULPHITES.

component parts. When exposed to the air, it is gra- Chap. III.

dually converted into sulphate.

Its other properties have not been examined*

II. INSOLU-
BLE SUL-

Sp.6. Sulphite of Lime.

THIS salt was first mentioned by Berthollet, and de-

scribed by Fourcroy and Vauquelin.

When obtained by the above described process, it has

the form of a white powder ; but if an excess 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. 7. Sulphite of Barytes*

THIS salt was mentioned by Berthollet ; but it was

first described by Fourcroy and Vauquelin. When

prepared by the above described process, it is in the

state of a white powder j but it may be obtained cry-
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.Book II. stallized in opaque needles, or in transparent tetrahe*
Division 1 1 1.

. .

y drons with their angles truncated, by dissolving it in

sulphurous acid and evaporating slowlv. It has bur.

very little taste. Its specific gravity is 1*6938*. lc

is insoluble in water.

When heated strongly, sulphur is disengaged, ancj

sulphate of barytes remains. A long exposure to the

air is necessary before it is converted into a sulphate.

It is composed of 39 acid

59 barytes

2 water

100

Sp. 8. Sulphite of Strontian.

rr iUnknown.
-;;,* v li*;.' \> ..." i^Vt&gi'iiJ oj ''u*-J""V I<>

s./'.i.'tj

i$)fr.
9. Sulphite of Alutnina.

THIS salt was first formed by Berthollet ; it has been

described by Fourcroy and Vauquelin.
When formed by the usual process it remains in the

state of a white powder, and does hot crystallize though
dissolved in an excess of acid.

It is white and soft, and has an earthy and sulphu-*

rcons taste. It is insoluble in water. When exposed
to the air, it is gradually converted into sulphate. Its

solution in sulphurous acid undergoes this change much
jnore rapidly. When heated, its acid disengages, ami

thp alumina remains behind^ mixed however with a

srn.all proportion of sulphate of alumina.

* Hassenfratz, Ann. de Gb'im. xxviu*
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It is composed of 32 acid

44 alumina

24 water

100

SUCH are the properties of the sulphites, as far 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 10O acid.

Sulphites of
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tsvm. -
';'.

GExusIX. NITRATES.

THE most important of the nitrates have been long
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

industry* They may be distinguished by the follow.

ing properties :

Characters. 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 sub-

nitrates.

J:

NITRATES.

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



NITRATES. n
by the names of nitron and nitrum. It is certain, how- Chap. in.

ever, that it has been known in the East from time im-

memorial. Roger Bacon mentions this salt in the 13th

century under the name of nitre.

No phenomenon has excited the attention of che- Origla.

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 haj 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 a 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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veSeta^e substance had been decomposed : and consew

quently this theory was as untenable as the 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 entirely 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 else 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 potash is composed oflime and azote,

it was this singular facl.

preparation. ^'ltr& js found abundantly on the surface of the earth

in India, South America, South Africa, and even in

some parts of Spain. In Germany and France it is ob-

tained by means of artificial nitre beds. These consist

of the refuse of animal and vegetable bodies undergoing

putrefaction, mixed with calcareous and other earths.

It has been ascertained, that if oxygen gas be presented

to azote at the instant of its disengagement, nitric acid

is formed. This seems to explain the origin of the acid

Bouillon.
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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

repeatedly with small quantities of water ; for the fo-

reign salts being more soluble are taken up first.

Nitre, when slpwly evaporated, is obtained in six- Properties

sided prisms, terminated by six-sided pyramids ; but for

most purposes it is preferred in an irregular mass, be-

cause in that state it contains less water. The primi-

tive form of its crystals, according to Hauy, is a rec-

tangular octahedrop, composed of two four-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 at the 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 it"

three truncated pyramids were piled on each other ;

sometimes itcrystalliz.es in tables*,

The specific gravity of nitre, as ascertained by Dr

Watson, is 1*933 f. Its taste is sharp, bitterish, and

le^ \\. 346.

f tsays, v, 67. Wallerius makes it 1*900 (Chemistry, p. 366) ; Has-
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Book n.
cooling. It is very brittle. It is soluble in seven times

Division III. f t f _
its weight of water at the temperature of 60, and m
rather less than its own weight of boiling water *. It

dissolves in 1-04 parts of water at the temperature

144 f. Alcohol, ofthe specific gravity '878, dissolves

rls-th of its weight of this salt, but stronger alco-

hol takes up no sensible portion of it J. 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 a red

heat, about the third of its weight of that gas may be

obtained : towards the end of the process azotic gas is

disengaged. If the heat be continued long enough, the

salt is completely decomposed, and pure potash remains

behind.
'

It detonates more violently with combustible bodies

than any of the other nitrites. When mixed with one

third part of its weight of charcoal, and thrown into a

red hot crucible, or when charcoal is 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

nitrefixed by charcoal. The alchymists performed this

senfratz found it 1*9369 (Ann. d C&iia. xxviii. ia.) ; Fahrenheit had

Mated it as long ago as 1724 at 3-150 (Ptil. Tram, xxxiii. 114.)'

* Bergman, i. 134.
*

f Wenzel, p. 309. J Kiroan,
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experiment in a tubulated earthen retort, to which an Chap. in.

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 clyssus, and ascri-

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 with a hot hammer, a very violent deto-

nation is produced *.

Nitre oxidizes all the metals at a red heat, even gold

and platinum f.

The composition of nitre, according to the most ex-

act analyses hitherto made, is as follows :



16 SALTS.

Book II. differ but little, appear to approach much more to ao
pivisionllf.

curacy than the other?. ;!JJW ai-jeeov sl-o ; < .;

#5fU ^fli '.ff'Tnlj T^iii if')ir''/7 ijjvi<> > ;>
:

f.rt .

\w&fyJ8^%$sm
THIS 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. It was

called cubic nitre, and is occasionally mentioned by the

chemical writers of the early part of the last century ;

but it was Margraf who first analysed it, pointed out

the method of procuring it in a state of purity, and de-

scribed its properties with accuracy *. His experi-

ments were afterwards repeated by Dr Lewis f.

It may be prepared by direct solution, or by mixing
nitrate of lime and sulphate of soda together, filtering

the solution, and evaporating. The crystals are trans-

parent, and have a rhomboidal form. This salt is of the

., Dl>3 specific gravity 2*0964 J. It has a cool sharp taste,

and is somewhat more bitter than nitre. It is soluble

in about three parts of water at the temperature of 60,
in its own weight of water at the temperature of 126 J,

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.

The following Table exhibits the result of the exper

riments hitherto made to ascertain its constituents :

*
Ofutc. ii. 331. f Phil. Com, p. 64*.

\ Hassenfratz, Ann. de Cbim. xxviii. 13.

Wcnzel, p. 30(7.
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taeionlii
^on *s evaPorated at the temperature of 212*, the crys-

tals are channelled and have a fiorous texture, or they
are formed of long soft elastic threads. When dried in

a 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. Its 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 f.

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 prismatic

crystals, is heated, it becomes fluid at a temperature

below 300 ; between 360 and 400 it boijs without

decomposition ; 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 |.

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 Cbim. xxviii. IX.

Fourcroy, iii. 195, Engl. Trans, J Davy, p. 85.
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it appears that these products are nearly in the proper- t
Chap. Ill

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, observed long ago, induced the older chemists

to give the salt the name of nitrum flammans. The

nature of the decomposition was first ascertained by

Befthollet, 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:
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Book ir. to a proper consistency. The salt crystalliz.es as the

< v ~ solution cools. It crystallizes in rhomboidal prisms,

and often in small needles attached to one another. Its

taste is very bitter and disagreeable. Its specific gra-

vity is 1-136 *.

At the temperature of 60 it is soluble in little more

than its weight of water, and still more soluble in boil-

ing- water. Alcohol of about '840 dissolves ^th of its

weight of it f. When exposed to the air it gradually

attracts moisture and deliquesces. When heated, it

\ undergoes the watery fusion ; and when its water is

evaporated, it assumes the form of a dry powder. In

a strong heat it gives a little oxygen gas, then nitrous

gas, and lastly ^nitrous acid ; and the earth remains be-

hind in a state of purity J. It scarcely detonates with

any of the combustible bodies.

The following Table exhibits the constituents of this

salt according to the analyses of different chemists :
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Chap. III.

Sp. 5. Nitrate of Lime.
'

v
'

THIS 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 nitric acid ;

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 temperature

of 60, one part of water dissolves four parts of nitrate

of lime, and boiling water dissolves a,ny quantity of it

whatever. Boiling alcohol dissolves its own weight of

itf. 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 Balduirfs pkospLorut ;

because this property of nitrate of lime was first point-

* Hassenfratz, Ann. d< Chim, xxviii. 12. f Bergman, i. 136.
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Book II. ed out by Balduin*. When strongly heated it is de-
Division 1 1 1.

J 6 J

composed ; nitrous gas, oxygen gas, and azotic gas are

emitted, and the pure lime remains behind. This salt

scarcely possesses the property of detonating with com-

bustible bodies, in consequence probably of the great

proportion of its water of crystallization.

The following Table exhibits the result of the expe-

riments made to ascertain the constituents of this salt.

Composi*
tion.
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Its crystals are regular octahedrons, and often they ad-
,

C *taP' IIL
.

here io each other in the form of stars. Sometimes it Properties.

is obtained in small brilliant plates. Its specific gra-

vity is 2*9149*. 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 the solu-

tion cools, the salt may be obtained in crystals. It is but

little altered by exposure to the air. When thrown on

burning coals it decrepitates, undergoes a 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.
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Book II. wards examined by Klaproth and Pelletier
-,
but the most

Division II I.
. f

* v ' complete description of it was published by Vauquelin
about the end of the year 1797 *. It may be prepared

either by dissolving carbonate of strontian in nitric acid,

or by decomposing sulphuret of strontian by means of

that acid. The solution is to be evaporated to dryness,

redissolved in water, and evaporated slowly till the salt

crystallizes.

Properties. Nitrate of strontian crystallizes in regular octahedrons,

not unlike the crystals of nitrate of barytes. It has a

strong pungent cooling taste. Its specific gravity is

3 '00(j. It insoluble in its own weight of water at the

temperature of 60, and in little more than half its

weight of boiling water. It is insoluble in alcohol. In

a dry air it effloresces, but in a moist air it deliquesces.

It deflagrates on hot coals. Subjected to heat in a cruci-

ble, it decrepitates gently, and then melts. In a red

heat it boils, and the acid is dissipated. If a combusti-

ble substance be at this time brought into contact with

it, a deflagration with a very vivid red flame is pro-

duced f. It is by means of this decomposition that

strontian is obtained in the greatest purity. When a

crystal of nitrate of strontian is put into the wick of a

candle, it communicates a beautiful purple flame.

Its constituents have been ascertained by different

chemists as follows :

* Jour, de Min. An. vi. 7. f Hope, Edin. Trans, iv. it.
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'

* Nitrate of

THOUGH 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 acjd, and evaporating the solution till the salt crys-

tallizes. This s#lt always contains an excess of acid,

and is therefore one of the few
supentttrafet

with which

we are acquainted.

It 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 1*645 *. It

is exceedingly soluble in water, and when evaporated is

converted into a glutinous mass of the consistence of

honey. It often assumes 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 remains

behind in a state of purity.

Sp. 10. Nitrate of Tttna.

THIS salt was first formed by Mr Eckeberg : it has

been more lately examined by Vauquelin. It may be

prepared by dissolving yttria in nitric acid. The solu-

tion has a sweet astringent taste, and in most of 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, Ann. de Cbim. xxviii, 13.
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like a stone. When exposed to the air, it very soon at- Chap. III.

tracts moisture, and deliquesces. When sulphuric acid

is poured into this solution, crystals of sulphate of yttria

are instantly precipitated *.

Sp. 10. Nitrate of Glucina.

THIS salt was first described by Vauquelin. It is

prepared by saturating nitric acid with glucina. When
this solution is evaporated by means of a 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 it is very dif-

ficult to obtain it in 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 tincture of nut-galls is dropt into a solu-

tion of this salt, a yellowish brown precipitate imme-

diately appears. Nitrate of glucina may be readily di-

stinguished from nitrate of alufruna by this property.

The proportions of the component parts of this salt

liave not hitherto been ascertained.

Sp. 11. Nitrate of Zirconla.

THIS 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 precipita-

ted zirconia.

* Ann, de CJ/im. xsxvi. 156.
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Book II. Tt always contains an excess of acid. By evaporating,
Division ill. . , .

;;^^ > a yellowish transparent matter is obtained, exceedingly
Properties.

^er. acjous ancj 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 precipitate soluble by add-

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. This liquor, mixed with carbonate of ammonia,

produces a matter which appears purple by transmitted

light, but violet by reflected light. Gallic acid also

precipitates nitrate of zirconia of a greyish blue, but the

colour is not so fine. /nMost of the other vegetable acids

decompose this salt, and form combinations insoluble in

water *

lT.lN50i.tr-

BJ.R NT-

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.

Nitrates of
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Book if. It furnishes all the nitric acid in all its states employ-
Division I IT.

' 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 compounds

Gunpow- formed by means of nitre is gunpowder , which has com-

pletely changed the modern art of war. The discoverer

of this ^compound, and the person who first thought of

applying it to the purposes of war, are unknown. It is

certain, however, that it was used in the 14th century.

From certain archives quoted 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 previous 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 fought in 134(5.

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 1292, knew the

properties of gunpowder ; but it does not follow that he

was acquainted with its application to fire-arms *.

Gunpowder is -composed of nitre, sulphur, and char-

Coal reduced to powder, and mixed intimately with

each other. The proportion of the ingredients varies

* See Watson's Chemical Essays, vol. i. p. 337, for a full detail of the

facts respecting this subject. From Borbon's lifs of Robert Bruce, it ap-

pears that guns were used by the English for the first time about the year

13*0.
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very considerably ; but good gunpowder may be com- Chip, nr.

posed of the following proportions *.

76 parts nitre Composi-
tion.

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 Decompose

-when a red heat is applied to it. This combustion
*

takes place even in a 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 interesting dis-

sertation by Dr Watson, Etsays y ii. I. and to Baume's Chemistry, i. 455.
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Book II. ty of water is formed. What remains after the com-
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.

w v bustio is potash combined with a small portion of car-

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.

Fulmina- When three parts of nitre, two parts of potash, and

tmg pow- one part Of suiphur, all previously well dried, are mixed

together in a warm mortar, the resulting compound is

known by the name offulminating powder. If a little

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 sudderi

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 sulphur.et, which

is combustible at a lower heat probably than even sul-

phur. Sulphureted hydrogen gas, azotic gas, and per-

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 loudness evidently depends upon the combustion of

the whole powder at the same instant, which is secured

by the previous fusion that it undergoes; whereas the

grains of gunpowder burn in succession.

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

* Cruickehanks, Nicholson's Journal, iv. 258.



NITRITES. 33

ted in a crucible, is known by the name of whitejlux* Chap. III.

It is merely a mixture of carbonate of potash with some

pure potash. When two parts of tartar and one of nitre

are deflagrated in this manner, the residuum is called

Hackflux from its colour. It 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 made to combine nitrous gas with the

nitrates been attended with success.

The only method of obtaining these salts at present ^j
w form"

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 a quantity of oxygen gas be

disengaged from it. What remains in the retort after

this process is a nitrite ; 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, 1.59.

VoL III.
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Book fl. cess O f which art account has been ?iven. Scheele*s
DivmonllT.

process for obtaining it is as follows: Fill a small re-

Scheele.
tort w'^ nitre, and keep it red hot for half an hour.

When it is allowed to cool, it is found in the state of a

nitrite*, 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 heat too 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 as nitrates : 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 converted 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, iu. 155.
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This curious fact explains why gold or platinum,

dissolved by fusion with nitre, is thrown down in the

metallic state if the mass be dissolved in water, as Mr
Tennant has shown to happen *,

GENUS XI. OXYMURIATES,

When the oxymuriatic 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 combines with a por-

tion of the base. By this process we obtain muriates

and hypefoxymuriates, 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 decomposition, but to

unite unaltered with the base. This is the only method

at present known of obtaining the oxymuriates.

As no 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-

tnuriate of lime, prepared by Messrs Tennant and Knox

of Glasgow for the bleachers.

It 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 ; but if 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 guqrto Jour. ii. 3^
C2



3d
,

SALTS.

Book II. the salt is chano;ed into muriate of lime. The disen*
Division II I. .

u v
- 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
Formation

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

with 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.

Theory
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 Chap.
IIF.^

portion of acid, and forms what he termed hyperoxyge-

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 Characters:

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 out 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-

culiar manner, and promotes an uncommon and rather

painful secretion of tears. This gas has not been exa-

mined, because its separation is attended with an explo-

sion and rupture of the vessels f-

* Jour. Js Pbys. rxxiii. 317, f Chcnevii, Phil. Tram. l8os.
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Division I II. o/>. 1. Hyperoxymuriate ofpotash.

THIS extraordinary salt, first formed by Berthollet %
has been since examined by a great number of chemists.

Lavoisier, Dolfuzf, Van Mons, Fourcroy and Vau-

quelin ;, Hoyle , Chenevix, &c. have investigated its

properties, and discovered many of the singular effects

which it produces. It is prepared by dissolving one

part of carbonate of potash in six parts of water, put-

ting the mixture into a Woulfe's bottle, and saturating

the potash with oxymuriatic acid gsrs ||
. When the sa-

turation is nearly completed the oxymuriate falls down

in crystals. It may be purified by solution in boiling

water. As the water cools, the pure hyperoxymuriate

crystallizes. The crystals are to be dried between folds

of blotting-paper.

Properties. According to Hauy, the primitive form of the crys-

tals of hyperoxymuriate of potash is an obtuse rhom-

boidal prism ; but it is usually obtained in small thin

plates of a silvery whiteness. It is only by allowing

an unsaturated solution of it in boiling water to cool

slowly, or by exposing a solution in cold water to spon-

taneous evaporation, that it is obtained in large regular

rhomboidal crystals.

Its taste is cooling, austere, and disagreeable, some-

*
It was in fact first discovered by Dr Higgens, who described the me-

thod of forming it and some of its properties sometime before Berthol-

let, under the name of saltpetre. See Higgins on Acetous Add^. 180,

f Ann. Je Cbim. i. fcC5. $ Ann. de dim. xxi. 335.

$ Manchester Memoirs,V. 111.

||
The bottle containing the alkali must be covered up from the light,

otherwise no crystals of hyperoxymuriate can be obtained, as I have nmrr

fhaa once experienced.
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what analogous to that of nitre. Its specific gravity is

1-989*, When rubbed smartly, it phosphoresces, or

rather emits a number of sparks of fire f. It is soluble

in about 16 parts of water at the temperature of 60,
and in 2f parts of boiling water t. 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. It is from this salt that oxygen

gas an be obtained in the state of the greatest purity.

After the effervescence is over, there remains common

muriate of potash.

From the experiments of Chenevix, its constituents

are 58*3 acid

39- 2 potash

2' 5 water

lOO'O

The most astonishing of its properties are those whiclj

is exhibits xvhen 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 Detonatfc

are triturated in a mortar, the mixture detonates vio- bugtib)cs,

lently : the same effect is produced when the mixture

is placed upon an anvil, and struck smartly with a

hamnrer. Nay, it even sometimes detonates sponta-

neously without any perceptible friction, and ought not

therefore to be kept ready mixed. Charcoal produces

* Hass&nfratz, Ann. de Cbitr, xxviii. IT,. J Fourcrcy, iiL aax,

i Hoyle, NichoUon'a Jmtr. ii. 293.
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Book r. the same effects, though not so violent. This property
Division I II.

induced Btrthollet 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 Chev-

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 cirr-

nabar, pyrites, sugar, gums, oils, alcohol, &c. When

thrown upon platinum heated to whiteness, it does not

detonate, but sublimes. 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 salt is 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 b-jen continued for some time,

* Morveau, Ann. de Cbim* xxv. i 8 .
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sulphuric acid is poured upon the cotton. When nitric Chap. II.

acid is poured upon a mixture of oxy muriate of potash

and phosphorus, flakes of fire are emitted at intervals

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 f .

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.

Sp. 2. Hyperoxymuriate of Soda.

MR 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 hyperoxymuriate of po\ash ; but it is difficult

Jo 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- Properties,

tie from that form. It produces a sensation of cold in

* Collier, Manchester Mem< V. 229. f Vol. II. p. 261.

} Ann. dc Cbim ,i. 22?
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Book II. the mouth, and its taste is readily distinguished from

.J
vl

-' that of muriate of soda. It is 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

muriate of soda more soluble than usual in that liquid*

It is composed of. . . .66*2 acid

Compos:- 2Q .6 soda
tion.

4*2 water

IQO'O*

S.p. 3. Hyperoxymuriate of Ammonia.

THIS salt may be formed by pouring carbonate o-

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 gives out gas, to-

gether with the smell of hyperoxymuriatic acid. The

proportion of the constituents of this salt are still fin-

known.

Sp 4. Hyperoxymuriate of Magnesia.

THIS salt may be prepared in the same way as hy-

peroxymuriate of lime, which it resembles in most of

its properties.

* Chenevix OH Hypero*ygenized Muriatic AcM Plil. Traxt,
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Its constituents are 60' acid

25*7 magnesia

14*3 water

J.00'0*

Sp. 5. Hyperoxymuriate of Lime.

THIS salt may be procured and purified in the same

way as the succeeding species. It is very deliquescent,

and undergoes the watery fusion when slightly heated.

Alcohol dissolves it copiously. Its taste is sharp and

bitter ; and when it dissolves in the mouth, it produces

a strong sensation of cold. Its constituents are

55'2 acid

28'3 lime

16*5 water

100-Of

Sp. 6. Hyperoxymuriate of Barytes.
'

\

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 hyperoxymuriate is

obtained. Now these two salts, when barytes is their

* Chcnevlx On tiyperoxjgenized Muriatic Acid. Phil. Trans,

| Chcnevix, i. Ibid.
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Book If.

Division Ilf

Formation
of earthy

hyperoxy-
niuriates.

base, possess the same degree of solubility, and re-

semble each other in the form of their crystals, so that

they cannot be obtained separate by repeated crystal-

lizations. Mr Chenevix succeeded by the following

ingenious method : Phosphate of silver, when boiled in

solutions of the earthy muriates, has the property of

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.

Properties This salt is soluble in four parts of cold water, nnd

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

4TO acid

42*2 barytes

10*8 water

Compos!
tiou.

lOO'O*

On Kyferbxyguihseit Murialit Acid. PllL Trans i
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Sp. 7. Hyperoxymuriate of Strontian.

THIS salt was prepared and purified by Mr Chene-

vix by the same processes as the last species, with

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-

stituents are 46 acid

2fi strontian

28 water

100

rke hyperoxymuriates are all soluble in water.

Bourse the second division of them does not exist.

Of

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

f Chenevix :

chap. rr.

Composi-
tion.

II. IK sol.6-

Kt.E HY-
PER XY-

MURJATE? '

* Chcncvix On 'Hypcrfxygeuixtd Muriatic Atid. PJjiL Trans. 1802.
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we except a tew observations on some of these salts by ^Chap.
!IL

Pelletier.

They may be distinguished by the following proper-
A

y:
When heated along with charcoal powder, they are Character.

decomposed, and arsenic sublimes.

Sp. I. Arseniate 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 turnsole. When heated in a clay crucible, it

Is partly converted into a white glass, and partly chan-

ged into a 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 residuum is merely carbonate of potash

and charcoal.

Sp. 2. Super-arseniate ofPotask.

THIS salt was first formed by Macquer ; and for that

reason was long distinguished by the name of arsenical

ntutral salt of Macquer. He obtained it by distilling

in a retort a 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*

*>jate of arsenic are obtained *.

.Afrw. Par, 174$ and 1748.
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Book II. Scheele first ascertained the composition of this salt,
Division III. .

.,
. ^ . .

^
v 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 neutral 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.

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 arseniate of potash.

When an excess of acid fe added, this salt does not crys-

tallize ; and when evaporated to dryness, attracts mois-

ture again from the airf.

\

Sp. 4. Arseniate f>f Ammonia.

WHEN arsenic acid is 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

* Macqucr and Scheele. f Scheele, i. 1 44-



yields needle-form crystals of super- arseniate of am- Chap. IIT,

monia, which deliquesce when exposed to the air.

When arseniate of ammonia is gently heated, it loses

its transparency and part of its alkali* In a strong heat

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 *.

S. 5. Arseniate of Magnesia*

MAGNESIA dissolves in arsenic acid $ but when the

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 same

phenomena as the first species f*

Sp. . Arseniate of Lime*

WHEN arsenic acid is dropt into lime water, arse*

niate of lime is precipitated ; but if an excess of acid be

added, the salt is redissolvedj 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 %\

* Scheele, i. 145, f Ibid. p. 159. | Ibid. p. If 7*

D
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Division III.

Sp. 7. Arsenlate of Barytes.

THIS salt was formed by Scheele by dissolving ba*.

rytes in arsenic acid. When the saturation was nearly

completed, the salt precipitated 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 is insoluble in water, except there be an ex-

cess of acid. When exposed to- a vioknt hear, it shows

a tendency to melt, but is not decomposed
*

Sp. &. Arsmiate of Alumina.

ARSENIC ACID readily dissolves newly precipitated

alumina. When, the solution is evaporated, it gives a

thick mass insoluble rn water. This salt may be form-

ed by mixing the alkaline arseniates with sulphate^ ni-

trate*, muriate, or acetate of alnminaf .

Sp. 9. Arsenlate of Tttria.

WHEN yttria is dissolved in arsenic acid, and the so-

lution boiled, arseniate of yttria precipitates in the state

of a white powder $. Arseniate of potash precipitates

yttria from acids .

SUCH is an imperfect account of the arseniates ; a gc*

nus of salts which have not hitherto been applied to any
useful purpose, and which have been very superficially

examined.

* Scheele, u 163, f Ibid,
p. i6a

\ Eckeberg, ^.rcll's Annals, 1799, ii. 70*

f Klaproth's Bcilraget
iii. 761
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GENUS XIV. ARSENITES.

FOUKCROY 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 formerly termed livers 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 solutions. -They
form a thick Viscid yellow-coloured liquid, with a

verjr*

nauseous odour. They do hot crystallize ; heat decora*,

poses them by subliming the oxide, and almost all the

acids precipitate the arsenic in the farm of a white

powder *.

The earthy arsenites, as far a-s they have been exa-

mined, are insoluble powders. Hence the reason that

white oxide of arsenic occasions a precipitate whefrx

dropt into lime, barytes> or stfontian water.

These salts have been but very superficially exami-

ned, and are by no means sufficiently known to admit

of a detailed description*

GENUS XV. MOLVBDATES.

THIS genus of salts was first made kndwn 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 colour-

less and soluble in water* They have a metallic taste^

* Macquer'a Dictionary* Bergman, iu

D 2
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Book II. usually weak. The prussiate of potash throws down
Division I II. _

, ,

irom several or 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.

Sp. 1. Molyldate of Potash.

THIS 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

mass obtained. The solution crystallites by evapora-

tion in small rhomboidal plates inserted into each other.

They are bright, and have a metallic taste. When exi

posed to the blow-pipe upon charcoal, they melt with-

out swelling, and are converted into small globules,

which are quickly absorbed by the charcoal. When
melted with a mixture of phosphate of soda and of am-

monia (or microcosmic salt)j 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.

THIS salt is very soluble in water. The solution^

by evaporation; yields transparent crystals not altered

by exposure to the airf. Neither the molybdate of

potash, nor soda can be volatilized by heat.

* Klaproth, Ann, de Cklm. viii. 106.

f Heyer, Gren's Handluct, in. 709;
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ty. 3. Molyldate of Ammonia. S^
THIS salt dissolves readily in water. The solution

does not crystallize, but forms by evaporation a semi,

transparent mass. When heated the ammonia is partly

driven off, partly decomposed, and the acid is reduce4

to the state of an oxide *,

Sfi.
4, Molyldate of Magnesia,

THIS salt, according to Heyer, is soluble in water,

Jias a bitter taste, and does not crystallize f.

Sp. 5, Molyldate of Lime.

THIS salt is obtained in the state of a powder by

dropping molybdic 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

to have

been examined by chemists.

GENUS XVI. TUNGSTATES.

THOUGH Scheele first announced the existence of these

salts, we owe the first observations concerning their

properties to the De Luyarts ; and the indefatigable

Vauquelin, assisted by Mr Hecht, has lately given a

detailed description of them from his own experiments ?

These salts are combinations of the yellow oxide of

tungsten with the alkalies and earths.

* Bucholz, Gdilen's Jwr> iv. 616. t Gren's Handbucl, iii. 711,

Gren, Ibid . Jovr. de Min. No. 19. p, ao.
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Book IF. Sp. 1. Tunvstate of Potash.
pj.vision III.

THIS 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 neutralized. By evaporation the tungstate of potash

precipitates in the state of a white powder.

This salt has a metallic and caustic taste ; it is so-

luble in water, and very soon deliquesces- 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-

pitate or triple salt is the molybdic acid of Scheele*.

Sp. 2. Tungstate of Soda.

THIS salt may be formed by the s,ame process
as the;

last. When the solution is evaporated, the tungstate of

soda crystallizes
in elongated hexahedral plates.

It has an acrid and caustic taste
j

it is soluble in four

parts of cold water, and in two parts of boiling water.

Sulphuric, nitric, muriatic, acetic, and pxalic acids,

occasion a precipitate in its solution, which is a triple

SAlt, varying according to the acid employed. Phps-

phoric acid occasions nq precipitate, npr is any preci-

pitate produced when sulphuric acid is tfropt in after

phosphoric acid. No precipitate is opcasjoned by the

sulphates of potash and of magnesia ; but a white preci-

Pftate is occasioned by the following salts :

1. Muriates of lime and barytes; alum
t

2.. Almost all metallic salts f.

f Yau^uelift
and Hecht, Jour, de Min. No. 19. p. so. f Ibid.



TUtfGsTATES. 55

Chap. lit.

Sp . 3 . Tungstate ofAmmania .

THIS 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

completely by heat. It is composed of

18 oxide

22 ammonia aad water

100*

.

5^., 4. iungftatt of Magnesia.

WHEN the yellow oxide of tungsten is boiled with

Carbonate of magnesia, the liquid 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 dropt in, a white powder
or triple salt precipitates*

Sp. 5 Tungstate of Lime.

THIS salt is found native, and is known to mineralo-

gists by the name of tungsten. It was first described,

and gave its name to the metallic oxide and to the whole

genus. It is usually 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 Hccht, Jwr. de Min. No. 19. p. 10,
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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

61 52*. The solid angle at the apex, taken on the fa,

ces, is 48 ; taken on the edges of the crystal, 64Q

22'*.

It is of a yellowish grey colour, and sometimes cry-

stallized, and always somewhartransparent. The pri-

mitive form of its crystals, according to Hauy, is the

octahedron. Its specific gravity is about six, and its

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
Y*

ffji'.v Wroo : R"

Sp. 6. Tungstate of Barytes.

AN insoluble powder, not examined f.

"^ I /* *) ' ^ i) I

JSp. 7. Tungstate of Alumina.

THIS salt is an insoluble powder.
/ .-j;*ji"

Sp. 8. Nitrated Tungstate of Potash.

THESE tungstates are capable of combining with a

number of acids, and forming with them a particular

kind of neutral salts which have not been particularly

examined, ifwe except nitrated tungstateofpotash, which

is the salt originally described by Scheele under the

name of acid of tungsten.

* Bournon, Jour, dt tdin. An, xi. No,,75. p. z6z. f Schcclc, if. 90.
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This salt is obtained in the form of a white powder ;

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

turnsole, and is soluble in 20 parts of boiling water.

The De Luyarts first showed it to be a compound of

nitric acid, oxide of tungsten, and potash.

GENUS XVII. CHROMATES.

THIS genus of salts was first formed by Vauquelin.

They have been lately examined in detail by M. Go-

don *.

Sp. 1. Clrornate of Potasi.

THIS salt is easily obtained by treating chromate of

lead with liquid carbonate of potash. The solution for-

med is of an orange colour, and by evaporation yields

chromate of potash in rhomboidal prisms.

Sp. 2. Chromate of Soda.

THIS salt is also of a yellow colour and susceptible

of crystallizing.

Sp. 3. Cbromate of Lime.

THIS salt is soluble in water, and may be obtained lA

regular crystals. .

Sp. 4. Ckromate of Barytes.

This salt is probably insoluble in water. It gives a

yellowish green colour to porcelain.

* Ann. de Cbim. liii. 324-
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PivisionlJI. ^. 5. Cbromate of Silica.

CHROMIC acid unites with silica when newly preci-

pitated from potash, and forms a red powder insoluble

in water, and not altered in the heat of a porcelain fur-

nace *.

GENUS XVIII. COLUMBATZS.

. ;

THESE salts, which .have been examined only by
Mr Hatchett, are too imperfectly known to admit of a

generic description. Columbic acid combines with the

fixed alkalies both by the dry and humid way ; but it

does not appear to combine with ammonia.

Sp. I.
'

Cvlumbate of Potash.
.M.r;--;::

* ^ ^
WHEN columbic acid is boiled in a solution of potash,

a portion of it is dissolved, and the solution yields by

evaporation a white glittering salt in scales, very much

resembling boracic acid. Its taste is acrid and disa-

greeable. It is not altered by exposure to the air.

Cold water dissolves it sparingly ; but the solution is

colourless and permanent. The acid is precipitated by
nitric acid, and other acids, in the state of a white

derf.

* The few preceding facts have been given in the report of Godon'a

-tnoire, by Berthollet and Vauquelin. Ann. de Clitn. liii. 225.

f Hatchett's Analysis of a Mineral from North Anierica, Phil,



ACETATES.

ORDER II.

COMBUSTIBLE SALTS.

GENUS I. ACETATES.

J. HIS 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 being

partly driven off, partly destroyed.

2. All very soluble in water*

3. When mixed with sulphuric acid and distilled in a

moderate heat, acetic acid is disengaged, easily distin-

guishable by its smell.

4. When they are dissolved in water, and exposed to

the open air, their acid is gradually decomposed.

J. SOLUBLE
ACETATES,

Sp. 1. Acetate of Potash.

PLINY is supposed, but probably without any reason,

to have been acquainted with this salt, because he re-

commends a mixture of vinegar and vine-ashes as a cure

fpr a particular species of tumor *. It was first clearly

described by Raymond Lully. It has received a great
numfber of names ; as, for instance, arcanum tartari,

^cret foliated earth of tartar, essential salt of wine, regc-

grated tartar^ diuretic salt, digestive salt of Sylvius.
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D?vTio 'TII
^ * s usua^y ^rmed 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

JVoductsof in fine white plates. By a well managed evaporation
i

e

It may be procured in regular prismatic crystals. This

salt has a sharp warm taste. At the temperature of

(50, 100 parts of it are soluble in 103 parts of water*,

Jt is soluble also in alcohol. When exposed to the air, it

becomes moist; but the crystals obtained by spontaneous

evaporation sparcely undergo any subsequent alteration

in the air. When heated, it readily melts, and in a

high temperature its acid is decomposed.
* A liquid

passes over intp the receiver, which sometimes contains

a considerable portion of ammonia and prussic acid.

What remains in, the retort consists of charcoal mixed

with the carbonates and prussiates of potash f. The

presence of ammonia and prussic acid in the products of

distillation of this salt, led Proust to consider azote as

one of the constituents of acetic acid. But Tromms-r

dorf and Proust himself have since shown, that pure

acetate of potash yields neither ammonia nor prussic

acid J. When distilled along with white oxide of arse*

nic, it yields, according to Cadet, a white smoke, which

has an odour intolerably offensive, and takes fire when

it comes into contact with the air.

The following Table exhibits the constituents of this,

according to the experiments hitherto made,

&yielmann.
'

f
r

Fronrt, -4wi. *'^iW. xliu 231.

| rfn.*,, d> Cbim, Ixi, III.
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It constituents, as determined by Wenzel and Rich- ^Chap. lll.^

ter, are as follows :



SALTS.

Book II.

Diviftionlll,
baz iwty* 5. Acetate of Lime.

THIS salt was first described accurately by Crollius*

The ancients, however, used a mixture of lime and vi*

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 f.

Its 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 } at least Morveau kept some of it for

a whole year merely covered with paper, and even

quite
uncovered for a month, without its undergoing any

alteration J* Heat decomposes it by disengaging and at

the same time partly decomposing its acid.

The constituents of this salt, according to the experi*

flaents hitherto made, are as follows ;

J!
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Sp. 6. Acetate of Barytes.

THIS salt may be formed by dissolving barytes or

its carbonate in acetic acid, or by decomposing the sul-

phuret of barytes by that acid. By spontaneous evapo-

ration the acetate crystallizes in fine transparent pris-

matic needles. Its specific gravity is l82S *. It has

an acid and somewhat bitter taste 5 it is soluble in wa-

ter, and does not deliquesce when exposed to the air,

but rather effloresces. It is decomposed by the fixed

alkalies f, by the alkaline carbonates, and by almost all

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 6Q9 dissolve about 88 of this salt,

and 96 parts when boiling hot. Pure alcohol dissolves

T^_th part of its weight while cold, and heat scarcely

increases the solvent power of this liquid J.

According to the experiments of Bucholz and Rich-

^er, this salt is composed of the following proportions

of its constituents :

Chap. m.
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Book "
Sp. 7 Acetate ofStrontian.

Division TIL

-"V THIS salt, which was first examined by Dr Hope,

and afterwards by Vauquelin, 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 renders vege-

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-

ents are. ..Acid 52*69

Base 47-31

Total 100*00 f

Sp. 8. Acetate ofAlumina.

THIS salt can only be formedby digesting acetic acid

on aluminarecently precipitated. By evaporation needle-

shaped" crystals are obtained, which are very deliques-

cent. This salt has an astringent taste. Its specific

gravity is 1*245 .

Its constituents, according to Wenzel and Richter, are

as follows :

* Hope, Trans. Edin. iv. I/}. f Stattque Chimique, J

| Hassenfratz, Ann. de Chitn. xxviii. IS.
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vBook n. the airlas acetate of alumina does *. It is Very soluble
Division ill. . .

*

in water and in alcohol. It is not so easily decomposed

by heat as nitrate of zirconia, probably because it does

not adhere so strongly to water f.

II. INSOLU-
BLE ACE-
TATES.

ALL the acetates being soluble in water, the second

division of this genus does not exist.

SUCH are the properties of the acetates. The follow-

ing Table exhibits their solubility in. water and the

proportion of their constituents, according to the most

accurate analyses hitherto published.

*
Klaproth, Jour, de Ptys. xxxvi. i88.

f VaiHjuelin, Ann, de Cbim. xxii. Jo6.

no iibfi
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Bookir. Lichtenstein * and TromsdorfFf are the only chemists
.Division HI. ' )j\
(

v
iJ who have attempted any thing like a detailed descrip-

tion of them. To them we are chiefly indebted for the

following facts.
;

Sp* 1. Ben%oate of Potash.

THIS salt forms pointed feathery crystals. It has a

saline sharp t^ste. It is very soluble in water. It de-

liquesces when exposed to the air.

Sp. 2. Benxoate of Soda.

THE crystals 'of this salt are larger, but its taste is

the same? with that of benzoate of potash. It is also

very soluble in water. It effloresces in the air.

Sp. 3. Eenzoate ofAmmonia.

THIS salt crystallizes with difficulty. Its crystals are

feather-shaped. It deliquesces. It is very soluble in

water.

Sp. 4. Benxoate of Magnesia.

THIS salt forms feather-shaped crystals of a sharp

bitter taste, and easily soluble in water.

Sp. 5. Benxoate of Lime.

THIS salt forms white, shining, pointed crystals, of a

sweetish taste, much more soluble in hot than in cold

water. It exists in abundance in the urine of cows .

* Crell's Neu. EntdecL 1781, iv. 9.

f Crell's Annals, 1790, ii 303.

\ Fourcroy and Vauquelin.
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Chap. m.
Sj).

G. Beny>oate of Barytes.

THIS 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.

THIS salt forms dendritical crystals. It has a sharp

titter taste, is soluble in water, and deliquesces when

exposed to the air.

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

OENUS III. SUCCINATES.

THIS 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-

dif, and Bergman f. But Mr Gehlen has announced

Iris intention of publishing a very full description of

these salts from his own experiments <.

Sp. 1. Succinite of Potash.

THIS salt, according -to Leonhardi and Stockav, cry-

* Wenzel's Verivandtschaft Jtr Korfer, 1777.

f De Salibut Succinatis, 1775-

J On Elective Attractions, Ofuse. iii. 291.

The alkaline succinates have been introduced by thh chemist with

great advantage to precipitate iron from its solution in acid, which it

does more completely and in greater purity than any other known sub-

stance. See Klaproth's Beitrage, iii. 63.
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Book H. stallizes in three-sided prisms. It has a bitter saline
Division III.

taste, is very soluble in water, and deliquesces when

exposed to the air. When exposed to heat, it decrepi-

tates and melts ; and in a strong heat is decomposed.

Sp. 2. Succinate of Soda.

WHEN pure succinic acid is saturated with soda, the so-

lution by spontaneous evaporation yields beautiful trans-

parent crystals of succinate of soda ; some of which are

four-sided prisms with dihedral summits ; others six-

sided prisms, terminated by an oblique face *. This

salt has a bitter taste, is less soluble in water than com-

mon salt, and does not deliquesce when exposed to the

air.

This salt is decomposed completely when exposed to

a sufficient heat in close vessels.

'** 'I ~J

r

'^t'Vi^'I r*'t"' sfSi >' f'L&S ''','

Sp. 3. Succinate of Ammonia.
.'.';-d ;*/; d ;j:*b

'"
.

'

'

!''?<:.-
-
:

THIS salt forms needle-shaped crystals, but it crys-

tallizes with difficulty. It has a sharp, bitter, and cool-

ing taste ; when exppsed to heat, it sublimes without

decomposition.

Sj&. 4. Succinate of Magnesia.

THIS salt has the form of a white, glutinous, frothy

mass, which when dried by the fire attracts moisture

from the air, and deliquesces.

Sp. 5. Succinate of Lime.

THIS .salt forms oblong, pointed, non- deliquescent

Morveau, Ann. de dim. xxix. 1 66.
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crystals, which are difficultly soluble even in boiling \va- Chap. IIT.

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. Succuiate of Barytes.

THIS sal t, according to Bergman, is difficultly soluble

in water.

Sp. 7. Succinate of Alumina.

THIS salt, according to Wenzel, crystallizes in prism?,

and is easily decomposed by heat *.

Sp S. Succinate of Glucina.

ECKEBERG has announced, that Glucina is precipita-

ted from its solution in acids by the succinates. The

^succinate of glucina is of course insoluble, or nearly so f.

Sp. 9. Si'.ccinate of Tttria.

YTTRIA is not precipitated from its solution in acids

.by the succinates, according to Eckeberg J, This how-

ever must be understood with some limitation ; for as

the succinate of yttria is but sparingly soluble in water,

it precipitates in crystals, if a concentrated solution of

an alkaline succinate be mixed with a saturated solution

of yttria in an acid. Thus, when the succinate of soda

is dropt into concentrated muriate or acetate of yttria,

small cubic crystals fall, which are succinate of yttriaj.

Verwandt, p. 243. f Ann. de dim. xiiii. 277.

Ibid. Klaproth's, Bfitrage, iii.
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J!Hvision II f;

SUCH 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 pf A,ckl. Base.

Alumina 100.. ,.43'42

Magnesia* 100. . . .50*87

Ammonia 100.. . .55'58

Lime 100.. ..65*59

Soda 100.. ..89-45

Strontian 100 ...109-93

Potash 100 ...132>75

Barytes 100 . . .183'78

GENUS IV. MOROXYLATES,

THIS genus of salts, made known by Klaproth, has

been too imperfectly examined to enable us to ascer-

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 discoverer, entitles

it to at least a provisional place among chemical sub-

stances.
f

Two salts only belonging to this genus have been hi-

therto formed ; namely, moroxylate of lime, and mo-

rosylate of ammonia.

Sp. 1. Moroxylate of Lime.

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

*
Statique C/jimiguc, i. 136.
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in Naples. It is crystallized in short needles, not alter- Chap.ni.

ed by exposure to the air. At the temperature 'of the

atmospht-ie, 100 parts of water dissolve 1^ partsof this

salt, and 3^ at a boiling heat. It has a taste resembling

succinic acid. When heated, it swells and emits a va-

pour which irritates the organs of smell. Its solution

precipitates acetate of lead, nitrate of silver, and nitrate

of mercury.

Sj>. 2. Moroxylatc of Ammonia.

THIS salt may be formed by pouring carbonate of

ammonia into the solution of the moroxylate of lime.

The solution, when evaporated, 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:

1. A taste which is usually bitterish.
Character*.

2. t)ecom posed by heat: the acid sublimes, 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 in water, and the solution 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. v!i. 130-
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Book ii.
sistence, and crystals of camphorate of potash will be

___v _' 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 -^^th P arfe

of its weight of this salt ; boiling water dissolves ^th

part of its weight. It is soluble in alcohol, and the

solution 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 poU
ash remains behind in a state of purity *.

Sp. 2. Camphorate of Soda.

THIS salt may be formed precisely in the same man-

ner as the camphorate of potash. It is white and tran-

sparent i its taste is somewhat bitter ; its crystals are ir-

regular. Water at the temperature of 60 dissolves

less than T^ part c*f its weight of this salt \ boiling

water dissolves -Jth of its weight. It is also soluble in

alcohol. When exposed to the air it loses its transpa-

rency, and effloresces slightly,, but is never 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 endf.

Sp. 3. Camphorate of Ammonia*

THIS salt may be prepared by dissolving carbonate of

Bouillon Lagrange, Ann. de Cblm. xxvii. 24.

Ann*, fe C&ftn* xxvii. 26. 't^ 3
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ammonia in hot water, and adding camphoric acid slow- Chap. in.

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 -r-^th part of its weight of this

salt ; boiling water dissolves yd 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 cajn-

phorate of ammonia. It decomposes in part all the alu-

minous salts except the sulphate of alumina *.

Sp. 4. Camphorate 'of Magnesia.

THIS 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, passed through a filter, and evapora^

ted by means of a moderate heat till a pellicle forms oil

the surface of the solution. On cooling the salt is de-

posited in thin plates. The second solution is intended

* dnn. (fe Clim, XXVJi, p. ?,t-
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Book IT. to remove any excess of magnesia that may happen to-
Division 11 1.

J rr

v~t be present.

This salt does not crystallize. It is white, opaque,
and has a bitter taste. It is scarcely mo,fe soluble in

water than camphorate of lime. Alcohol has ho action

on it while cold; but when hot it dissolves the acid and

leaves the magnesia, and the acid precipitates again as

the alcohol cools. When exposed to the air it dries,

and becomes covered with a little 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 the"

blow-pipe it burns, like the other camphorates, with a

blue flame. The nitrates, muriates, and sulphates, do not

completely decompose this salt, if we except the nitrate

of lime and muriate of alumina *.

$p. 5. Camphorate of Lime*

THIS salt may be prepared by dropping into lime-

water crystallized camphoric acid. The mixture is then

to be made boiling hot, passed through a filter, and eva-

porated to about |ths 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 is of a white co-

lour,.- and has a taste slightly bitter.

Water at the temperature of 60 Q dissolves very little

of this salt ; boiling water is capable of dissolving about

.^i^th part of its weight of it. It is insoluble in alco-

hol. When exposed to the air, it dries and falls into

* Ar.i.. de Cblm, xxvii, p.
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powder. When exposed to a moderate heat, it meljs Chnp. I IT.

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 sulphuric

acid is poured into a solution of this salt, it produces an

insoluble precipitate. Nitric and muriatic acids preci-

pitate the camphoric acid.

It is composed of 50 acid

43 lime

7 water

100

Sj>. 6. Camphorate of Barytes.

IN 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 crystallize ; 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 a

very small quantity of this salt, boiling water being

capable of taking up only -g-Jo-th 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 blua

flame, which becomes red and at last white *.

* Aaa. de Chim. xsvii.



80 SALTS.

Uook II.

Division II I. *>/>

"

Camphorate of Alumina.

To prepare 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^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

0n burning coals, it burns with a blue flame *.

GENUS VI. OXALATES.

THIS genus of salts was first made known by Berg-

man, who described the greater number of them in his

dissertation on oxalic acid, published in 1776 f. These

salts may be distinguished by the following properties :

Characters. ! When exposed to a red heat, their acid is decom-

posed and driven off, and the base only remains behind,

usually in the state of a carbonate.

2. Lime-water precipitates a white powder from

* Ann. dc dim. xxvi:. 34 f Ofuse. i. x6o.
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their solutions, provided no excess of acid be present. Chap.

This powder is soluble in acetic acid, after being expo-

sed to a red heat.

3. The earthy oxalates are in general nearly insolu-

ble in water : the alkaline oxalates are capable of com-

bining with an excess of acid, and forming superoxalates

much less soluble than the oxalates.

4. The insoluble oxalates are rendered easily soluble

by an excess of the more powerful acids.

Sp. 1. Oxalate of Potash.

THIS salt is easily formed by dissolving pota'sh in ox-

alic acid 5 but the solution does not readily crystallize

unless their be a slight excess either of the acid OP the

base. A solution^ composed of two parts of carbonate

of potash, dissolved in one p^rt of add, yields six-sided

prisms, not unlike the crystals of oxalic acid. These

crystals fall to powder when heated. They give a green

tinge to litmus paper; but they redden tincture of lit-

mus and syrup of violets *.

When neutral, this salt crystallites in flat rhomboids,

commonly terminated by dihedral summits ; the lateral

edges of the prism are usually levelled. Its taste is

cooling and bitter. At the temperature of 60, it dis-

solves in thrice its weight of water. When dried on

the sand bath, and afterwards exposed in a danip place,

it absorbs a little moisture from the atmosphere. Ac-

cording to my experiments it is composed of

I. S6t,tTBL

OXALATES,

* Bcrjman,

VoL IIL
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44-87

55*13 base and water

100'CX)

$J>. 2. Superoxalatt of Potash.

THIS salt exists ready formed in oxalis acetosella or

wood-sorrel, and in the rumex acetQsa ; from which it

is extracted in some pasts of Kurope 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 of lemons. It is mentioned by Duclos in the Me-
moirs of the French academy for J668. Margraf first

proved that it contained potash ; and Schcele discover-

ed its acid to be the oxalic. A great many interesting

experiments had been previously made on it by Wen-
zel and Wiegleb.

It may be formed, as Seheele has shown, by drop-

ping potash very gradually into a saturated solution of

oxalic acid in water : as soon as the proper quantity of

alkali is added, the superoxalate is precipitated. But

care must be taken not to add too much alkali, other-

wise no precipitation will take place at all *. Its crys-

tals are small opaque parallelepipeds f. 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. It is no* altered by exposure to the air.

Heat decomposes it. The salt is capable of combining

with most of the alkalies and earths, and of forming

with them triple salts, which have not been accurately

GrelTa Annalst \, 107. Eng. Trans!.
'

f Rome de

, .\
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Examined. Dr Wollaston has shown that it contains

exactly double the proportion of acid which oxalate of

potash contains;

Sj>. 3. Quadroxalate bf Potash.

THIS curious salt has been lately discovered by Dr
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 times 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
a second crystallization. After this, if three parts of it

be decomposed by a red heat, 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. Oxulate of Sbda.

WHEN two parts of crystallized carbonate of soda are

dissolved in one part of oxalic acid, the oxalate of

soda partly precipitates, because it is but sparingly so-

luble in water. The remaining solution yields by
5

evaporation crystalline grains, which give a green tinge

to syrup of violets, and are perfectly soluble in hot wa-

ter f . 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 Crystallisation. It

is then comrjosed of 63*63 acid

36-37 base

100'QO

* Wollaston, on Superacid and Subacid salts. Pbil. Trans. r8c8.

f Bergman, i. a6i-
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*S a^SO caPa^e f combining with an excess a&

acid, and forming a superoxalate sparingly soluble in

water ; but the properties of this triple salt have nofr

been much examined.

Sp. 5. Oxalate of Ammonia'..

WHEN oxalic acid'is saturated with ammonia, the so-

lution yields by evaporation oxalate of ammonia crys-

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-

ter and unpleasant, somewhat like that of sal ammoniac.

At the temperature of 60 100 parts of water dissolve

only 4*5 parts of this salt.. The specific gravity of the

solution is 1/01/86. This salt is insoluble in alcohoL

When distilled, carbonate 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 *. It is capable

of combining with an excess of acid, and forming, a su-

peroxalate. Oxalate of ammonia is composed of

74*45 acid'

25-55 base

lOO'OO

l| Sp. 6. Oxalate of Alumina*

OXALIC ACID readily dissolves alumina, and forms r
salt which is uncrystall izable, but furnishes on evapo-

ration a yellowish pellucid mass. It is sparingly ss>-

Xfergman, i.
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luble in alcohol. It has a sweet astringent taste. It is Chap. Ill*

composed of .. ......,..44 alumina

56 acid and water

100

When exposed to the air it deliquesces ; and
fy it has

;been previously well dried, its weight is increased by

-Jds. It reddens turnsole *.

II. INSOLU-
BLE OXA-

Sp. 7. Qxalate of Magnesia.

THIS salt may be obtained by saturating oxalic acid

with magnesia, and evaporating -the solution. It is in

the form of a white powder. Jt is tasteless, and not

sensibly soluble in watery yet when ozalate of ammonia

-is mixed with sulphate of magnesia, no precipitate falls.

But if the solution be heaved, <and concentrated suffi-

ciently, or if it be eveporated to dryness, and redissol-

ved in water, in both cases -the ojcalate of magnesia se-

parates in the state of an insoluble powder. The con.

cstituents of this salt are as follows :
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Pi vision 1IT. S. 8. Qxalate of Lime.

OXALIC acid does not readily dissolve lime, on ac-

count of the insolubility of the oxalate of that base ;

but the salt may be easily formed by dropping ox-

alic acid into any of the acid solutions of lime. The

oxalate of lime immediately precipitates in the state of

a white insipid powder, insoluble in water, and commu-

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 j of course, it is not

precipitated from liauids if they contain an excess of

acid. The composition of this salt is as follows :
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body ;
but the acid may be easily decomposed and dri-

(

Chap. UK

ven off by the action of heat. Oxalate of lime is not

tendered soluble by adding an excess of acid* Hence

it is probable that no superoxalate of lime exists.

Sp. 0. Oxalate of Barytes.

WHEN oxalic acid is dropt into barytes water, a

white powder precipitates, which is oxalate of barytes.

It is 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 cr 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

e.alt falls down in the state of a white powder *.

The constituents of this salt are as follows :

41*16 acid

58-84 base

100-00

Sp. 10. Oxalate ef^SfrontIan.

THIS salt, first examined by Dr Hope and afterwards

by Vaucruelin, 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, J. 263. See also Fourcroy and Vauqucliri, Af.
itt ii. 60. and Darracq, Ann. de Cfjim, xl. 69.
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Book II. Jt is a white insipid powder ; soluble in 1920 parts of
Pivision HI. .

boiling water, rieat decomposes it by destroying the

acid *. In my experiments on the composition of this

gait I obtained two oxalates, the first containing just,

double the proportion of strontian that the other did.

The first was composed of

39-77 acid

150-23 base

JOO'OO

The second of 56'9 acid

43*1 base

lOO'O

Sp. 11. Oxalate of Tttria.

WHEN oxalic acid, or the oxalate of ammonia, i>

drppt into a solution of yttria in acids, a white inso-

luble powder precipitates, which is the oxalate of

yttria f.

SUCH is an imperfect sketch of the properties of the,

pxalates. The following Table exhibits their compo-
sition according to my trials :

Oxalates of Acid.

Ammonia 100 34' 12

Magnesia.... 100 35'71

Soda 100 57-1*

Jiopc, Edin. Irant. iv. 14. \ Kiaproth's Bcitragct iii, 75.
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Oxalates of Acid.

Lime 100 60-00

Potash 100 12'2'SG

Strontian 100 151*51

Barytes 100 142'86

III. USES.

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 of lime,

and to throw it down from liquids.

GENUS VII. MELLATES.

THIS 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.

1. When mellitic acid is neutralized by potash, the Mellateoi'

potash,
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 dfcomposed 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 f.

Klaproth's Beitrigc, iii. 131.

f Vau^uelin, Ann. Je dim. xxsvi. s



SALTS.

Bock IT.

Division ill.

Soda.

Ammdnia.

Barytes.

Alumina.

2. When mellitic acid is neutralized by soda, the sew

lution crystallizes in rubes or three-sided tables ; some-

times insulated, sometimes in groups*.
3. When mellitic acid 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.

4- When mellitic acid is dropt into barytes water,

strontian water, or lime water, a white powder imme-

diately precipitates, which is redissolved by adding a

little more of the acid J.

5. When the acid is mixed with a solution of sul-

phate of lime, very small gritty crystajs precipitate,

which do not destroy the transparency of the water :

but the addition of a little ammonia renders the preci.

pitate flaky . The precipitate produced by this acid

in lime water is redissolved by the addition of nitric

acid
1|

.

6. When this acid is dropt into acetate of barytes, a

flaky precipitate appears, which is dissolved by adding
more acid. With muriate of barytes it produces no

precipitate ; but in a short time a group of transparent

needleform crystals is deposited, consisting most likejy

of supermellate of barytes,

7. When this acid is dropt into sulphate of .alumina

it throws down an abundant precipitate in the form of

a white flaky powder ^f .

*
Klaproth's Beifrage, iii. r^r. -f Klaproth, Ibid.

Vat:quelin, Ann. de Cliff.', xxxvi. aio.

I

1

Klaproth's Be;trage t \\\. 13 f.

lin, Ann. de C/w?z. xsxvi. ic,

Ibid-
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Several of the properties just mentioned point out a

resemblance between the meilates and oxalates ; but in

others these two genera of salts differ materially. Ox-

alic acid, for instance, does not precipitate alumina from

sulphuric acid, nor does it precipitate lime from the sul-

phate of that earth in the state cf crystals.

GENUS VIII. TARTRATES,

THOUGH tartaric acid was first obtained by Scheele

in a separate state, several of the tartraies 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 acid,

they have been examined by Retzius, by Von Packen,

and more lately by Thenard. They may be distinguish-*

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 wa-

ter ; the alkaline are soluble ; but they combine with

an excess of acid, and are converted into supertartrates,

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 grittv

crystals like sand,

4. All the tartrates are capable of combining with

another base, and forming triple salts.

Sp. 1. Tartratc of Potash.

Qr this salt there are two varieties. The first, wfcich
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BookTT. contains an excess of acid, is usually called tartar; the
Divisionin. , . . , . c \ J . .

v ^v ^ second, which is neutral, was formerly distinguished by
the name of soluble tartar, because it is much more so-

luble in water than the first variety.

Variety 1. Supertartrate of Potash. This salt is ob-

tained, in a state of impurity, incrusted on the bottonj.

and 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

fnire salt in very irregular crystals. In this state it is

sold under the name of crystals or cream of tartar.

History. This salt attracted the peculiar attention of chemists,

probably in consequence of the extravagant encomiums

and invectives bestowed on it by Paracelsus. It is cal-

led tartar, says he, because it produces the oil, water,

tincture, and salt, which burn the patient as bell does.

According to him, it is the principle of every disease

and every remedy, and all things contain the germ of

it. This ridiculous theory was combated by Van Hel-

mont, who gives a pretty accurate account of the for-

mation of tartar in wine casks *,. It was known to Van

Helmont, and even to his predecessors, that potash

could be obtained from tartar ; but it was long a dispu-

ted point among chemists, whether that alkali existed

in it ready formed- 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.

* Tarturi Vint Hittor'ta^ Van Helmont, p. 114.

.
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The crystals of tartar are very small and irregular. ^Chap. Tir.^

According to Monnet, they are prisms,, somewhat flat, properties

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*953 f. It

is soluble in about 60- parts of cold water. When boiled

in water, the liquid takes up nearly ^th part of the

salt . It is not altered by exposure to the air j but when

its solution in water is allowed to remain for some

time, the salt is gradually decomposed, a 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 attentively exa-

mined by chemists ; because,, before the discovery of the

tartaric acid by Seheele, distillation was the only 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 j and, according to

some chemists, carbonate of ammonia. The acid ob- Pyro-tarta-

tained was long considered as a peculiar body, and was
rou$acidt

denominated pyro-tartaroxs acid by the French nche-

in 1787 : But Fourcroy and Vauquelin have

4 Hassenfratz, Ann. de Cbtm. xxviii.

f Wenzel, farivar.dtsclaft, p. 311
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lately demonstrated, that it is no other than acetic acid

Divisionlll *
.

'

,

v
y ^ contaminated with a little empyreumatic oil .

The tartar of commerce is never quite pure. All the

specimens which I had an opportunity of examining
contained rather more than 5 percent, 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 cetit. f.

The composition of pure tartar, according to the most

accurate experiments hitherto made, is exhibited in thr

following Table.

Composi-
tion.
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cific gravity is 1*5567 *. According to Wenzel, it is
.

Cha P'

soluble in its own weight of water at the temperature of

50, and still more soluble in hot water f- When

heated it melts, swells up, blackens, and is decom-

posed. It contains just half the proportion of acid which

exists in tartar. Hence, abstracting ihc water of crystal-

lization, of which it contains a good deal, it is composed

of about

53 acid

42 base

100

Sj>. 2. Tartrtite of Soda.

THIS
^alt may be formed by dissolving soda hi tarta-

ric acid. It crystallizes in fine needles. Its specific

gravity is 1*7437 J. It is soluble in its own weight of

cold water J. 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 Ammania.

THE crystals of this salt are polygonous prisms, not

Imlike 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.

* Ha^senfratz, Ann. //<.- C'olm. xxviii. ia. f Feriviiniitscbaft^-p. 308.

t Hassenfratz, Ann. d: dim, xxviii. i*. Wcflzcl, .p. 308.

jj Thenard,lbid.
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Sp. 4. Tartrate of Potasl-and- Soda,
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THIS salt is usually prepared by putting one part of

tartar in five parts of boiling water, and addin'g gradu-

ally carbonate of soda in 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.

History. This salt has been distinguished by the name of salt

of Seignette, because it was first formed and introduced

into medicine by Mr Seignette, an apothecary at Ro-

chelle. This gentleman recommended it in a tract pub-
lished in 1672. It was soon after introduced into prac-

tice in Paris by Lemery ; and, becoming a fashionable

medicine, made the fortune of the discoverei . For some

time its composition was kept secret ; but Boulduc and

Geoffrey discovered its component parts in 1731.

This salt crystallines in prisms of eight or ten une-

qual sides, having their ends truncated at right agles.

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 font

triangles. It has a bitter taste. It is almost as soluble

as tartrate of potash. It effloresces when exposed to the

air. Heat decomposes it. Its specific gravity is l75 7*,

* Watson's Clcmkal Eftoyiy v. 67.
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According to the analysis of Vauquelin, it is compo-

sed of

54 tartrate of potash

46 tartrate of soda

100*

According to the experiments and calculation^ of

Schulle, it is composed of

41'3 acid

14*3 potash

13-3 soda

31'1 water

lOO'Of

Sp. 5: Tartrate of Pbtasl-and-Ammonia.

THIS triple salt may be formed by pouring ammonia

into supertartrate of potash. Its crystals, according to

lilacquer, are prisms with four, five, or six sides : ac-

cording to the Dijon academicians; parallelepipeds, with

two alternate sloping sides.

It has a cooling taste. It is soluble enough in wa^

ter. It effloresces in the air. Pleat decomposes it.

Sp. 6. Tartrate of Magnesia .

THIS salt is insoluble in water except there be an ex-

cess of acid present. It then affords by evaporation

Small crystals in the form of hexangular truncated

prisms $. It has a more saline taste, and is more fusible

*
Fourcroy, vii. 246. | Gehlcn's /**r. iv, aia

4 Bergman, i. 388.

. in. G
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Book ii. than tartrate of lime *. Heat first melts and afterwards
Division III.

-

*

decomposes it.

Sp. 7. Tartrate of Potash-and-Magnesia.

THIS 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 j

and when evaporated, it deliquesces f.

Sp. 6. Tartrate of Lime.

THIS 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

boiling water. It is rendered soluble in water by an

excess of acid, or by being mixed with some of the so-

luble tartrates, as tartar and Rochelle salt. 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

,
69 acid

JU.i.'

Si lime

ktff t loo

Von Packen de bale Essent. Acid. Tartar,

Ann. tt C4/07. xxxviii. 3?,
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Vauquelin and Boullay found the proportion of limfe to Chap, m.

amount to 35 per cent *.

Sp. Q.
<

TartraieofPotash-and-Lime.

THIS salt was first pointed out by Thenard. 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 spontaneously*

The triple salt gradually attaches itself to the sides of

the vessel in crystals f.

Sp . 1 . Tartrate of Barftes.

TARTARIC acid forms with barytes a soluble salt, the

properties of which have not been examined. It is de-

composed by oxalic acid J;

Sp. 1 1 . Tartraie of Strontian.

Tnis salt, first examined by Dr Hope, and after-

wards by Vauquelin $ may be formed by dissolving stron-

tian in tartaric acid, or by mixing together solution^

of nitrate of strontian and tartrate of potash. Its crys-

tals are small regular triangular tables, having the edged

and angles sharp and well defined. It is insipid. It

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

sed of

47*12 acid and water

52*88 strontian

100:00

* Ann. de Cbltn. hii. 41. f Ibid, xxxviii.

\ Fourcroy and Vauquelin, Mem. de rinstit. ii. fit.

Vauquelin, Jour, de M'm. An, vi. p. 15.

G2



Titrate of Potash-and- Barytes, and

Tartrate ofPotash-atid-Strojitian.

THESE two triple salts may be formed in the same

way. They have been pointed out by Thenard ; but,

like the preceding salt, their properties are still unde-

, -

'itoAvjfa
14< Tartrate ofAlumina.

THIS salt does not crystallize, but forms by evapora-

tion a clear transparent gummy mass. Its taste is as-

tringent. It is soluble in water. It does not deli-

quesce in the airf .

i'ii* Sp* 15. Taitrate of Potash-and-Alumina.

THIS 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 produced in this salt, either by the addition of

alkalies or their carbonates J.
'

I'&rt &
Sp. 16- Tartrate of Tttrict.

YTTRIA is precipitated from its solution in atids by
tartrate of potash ; but an addition of water dissolves the

precipitate J. Hence it follows that tartrate of yttria is

soluble in water.

SUCH is an imperfect account of the tartrates. The

* Ann. di CLim. xxxviu. 31. . f Von Packen.

$ Ann. de C&m. xjuviii. 33. . \ Klaproth's BdBeitrxve, iii.
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following Table gives the proportion of the constitn- Chap. I]

nts of these salts, according to the experiments of Rich -

ter *.

Titrates -of
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Book ir. rjfy by Scheele, we may consider him as the author of
Division III.

J '
J

v
in..' the first accurate remarks on the citrates. Several of

them have been lately examined with considerable at-

tention by Vauquelin j but they arc still very imper-

fectly known.

The citrates may be distinguished by the following

properties ;

Characters.
J * ^nc 8o^ ut^on ofbarytes forms a precipitate in the

alkaline citrates.

2. They are decomposed by the stronger mineral

acids.

3. They are decomposed by the oxalic and tartaric

acids, which occasion an insoluble
precipitate

in their

solutions,

4. ,Whcn distilled, they yield traces of acetic acid.

5. Their solution in water is gradually decomposed,

Depositing mucous Hakes.

,$f, \r Citrate of Potas*.

THIS 'salt may be formed by dissolving carbonate of

potash in citric acid, and evaporating the solution to the

requisite consistency. It is very soluble in water; does

not crystallize easily ; and readily deliquesces when ex-

posed to the air. It is composed, according to Vau*

,of
55<55 acid

44*45 potash

lo 3JJ* B :i'.

t Fourcroy, vii, i w ;.
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This salt, rather its solution in water, is often em- Chap. TIL

ployed in this country as a medicine to allay sickness,

and put a stop to vomiting.

Si). 2. Citrate of Soda.

THIS salt may be formed by the same process as the,

last species. By proper evaporation, it is obtained cry-

stallized in six-sided prisms, not terminated by pyra-

mids. Its taste is salt and cooling, but mild. It is so-

ble in i\. parts of water. When exposed to the air,

it effloresces slightly. When heated, it melts, swells,

bubbles up, blackens, and is decomposed. According

to Vauquelm, it is composed of

0*7 acid

39'3 soda

100-0*

Sp . 3 . Citrate ofAmmonia.

THIS salt, formed by dissolving carbonate of ammonia

in citric acid, does not crystallize 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 f. The am*

monia is separated by the application of heat J.

According to Vauquelin, it is composed of

62 acid

38 ammonia

100

*
Fourcroy, vii, 207* f Dobson.

| S chccta $ Fourcroy, vii, act.
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p. 4. Citrate ofMagnesia.
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THIS salt may be formed by dissolving carbonate of

magnesia in citric acid. This 'solution, though evapo-

rated to a thick syrup, does not crystallize ;
but it gra-

dually assumes the form of a white opaque soft mass,

which rises in the vessel like a mushroom. According

to Vauqueljn, it is composed of

66-66 acid

33*34 magnesia

100-00*
.

Sp. 5. Citrate of&me

THIS salt is formed by dissolving carbonate of lime

in citric acid. It is usually 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

*
6 $-6.6 acid

37'34 lime

100-OOf

Sp . 6 . Citra te ofEayy tes .

WHEN barytes is added to a solution of citric acid, a

flaky precipitate appears, which is at first dissolved

again by agitation ; but remains permanent when the

saturation is complete. The citrate of barytes, thus

farmed, is precipitated in the state of a white powder ;

* Fourcrpy, vii. 208, f Ibid. 207.
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but it gradually assumes the appearance of silky flakes,

or forms a kind of vegetation very brilliant and beauti-

ful. It requires a great quantity of water to dissolve it

This salt, according to Vauquelin, is composed of

50 acid crystallized

50 baryteb

Sp. 7. Citrate ofStrontian.

THIS salt was obtained by Vauquelin by mixing a

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 solubje in water, and ex-

hibits nearly the same properties as the oxalate or tar-

trate of strontian f ,

The remaining citrates have not hitherto been exa-

mined.

The following Table exhibits the proportions in

which the constituents of these salts unite, according to

the experiments of Richter , which differ very mate*

rially from those given above by Vauquelin.

Citrates of Acid. Base.

Alumina 100 31-19

Magnesia 100...... 36*54

Ammonia 100 39*93

Lime 100 47*12

Soda.., , ICO 51*04

Fourcroy, vii. aoy. | Jour, de Min. An. vi. p. 16.

J Siatiyue Chimique> i. 136.
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Citrates of Acid. Base.

Strontian 100 78'97

Potash 100 95'36

Barytes 100 132-0 3

Scarcely any of these salts have been applied to use.

GENUS X. KINATES.

HITHERTO only one species of this genus of salts has

been examined, the kinate of lime, which exists in a

species of Peruvian bark. It was first extracted arid

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 f.

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.

2. They occasion no precipitate when dropt into

the solutions of nitrates 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 mixed with charcoal.

Sp. 1. Kinate ofLime.

THIS salt may be obtained by macerating yellow pe

ruvian bark in water, concentrating the liquid, and set-

ting it aside for spontaneous evaporation.

ht .q

* Ann. de Cbim. xlviii. 65. f Ibid. lix. l62.



KINATES. 10t

It is white, crystallizes in square or rhomboidal plates, Chap. in.

has no taste, and is flexible under the teeth.

It dissolves in about five times its weight of water

of the temperature of 55. It is insoluble in alcohol.

On burning coals, it swells, giving out the smell of

tartar, and leaving a mixture of carbonate of lime 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 22

parts of oxalic acid to precipitate all the lime. The

oxalate of lime obtained amounted to 27 parts. Now
the lime m 27 parts of oxalate amounts nearly to 17

parts. Hence the salt is composed of

17 lime

83 acid and water

10Q

GENUS XI. SACCOLATES.

THESE salts, hitherto examined only by Scheele, are

almost entirely unknown. The following are all the

facts mentioned by that illustrious discoverer.

1. Saccolate of potash. Small crystals, soluble in

eight times their weight of boiling water *.

# Scheele on %ar fMM.
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Book If. 2. Saccolate of soda. The same ; soluble in five
PivisiouIII. '". , . f . _- ".V.

times their weight of boiling water ^.

,yf3. Saccolate of ammonia. A salt which has a sour-

ish taste. Heat separates the ammonia f.

1G 4. Saccqlate of barytes. "V ^[so

bn , Saccolate of lime. ( These are salts inso-

0. Saccolate of magnesia. J
luble in water |.

3 ] : 7. Saccolate of alumina. J
ubpiq rinortimc iud jlci eidi ^u noiluloz 9fft

GENUS XII. SEBATES.-*5

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 ir.to barytes water,

lime water, or strontian water, it does not render these

liquids turbid. Hence we learn, that the sebates of the

alkaline earths are soluble in water.

2. The alkaline sebates are likewise soluble. Sebate

*of potash has little taste, does not attract moisture from

the air ; and when sulphuric, nitric, or muriatic acid is

poured upon it, sebacic acid. is deposited. When the

concentrated solution of this salt is mixed with any of

Scheele on Sugar of Milk. f Ibid. \ Ibid.

The salts described by Crcll aa Sebates, appear to have been Mit*
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these acids, it becomes solid from the crystallization of ChiP-

the sebacic acid*.

GENUS XIII. URATES.

SOME of the properties of the urates 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 quanti*

ty of water, nitrating 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

scarcely 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 alkaline urates j then urates of lime, strontian,

magnesia, and alumina. 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 white powder precipitates when the ni-

trates, acetates, or muriates of barytes, strontian, lime,

magnesia, alumina, are mixed with the alkaline urates.

A precipitate appears also when any metalline salt (ex-

* Thcnard, NicholionV 8vo Jour. i.
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cept the salts ofgold) 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 hases, forming

suburates much more soluble than the neutral salts.

These solutions are precipitated by all the acids (even

by the carbonic 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 acid

in a separate state.

GENUS XIV. MALAfES.

THIS genus of salts is almost unknown, owing chief-

ly to the difficulty of procuring pure malic acid. The

following are the only facts hitherto ascertained.

1. Malate of potash. 1 These salts were formed by
2. Malate of soda. >Scheele. They are deliques-

3. Malate of ammonia. J cent and very soluble.

4. Malate of barytes. When malic acid is dropt into

barytes wafer, a white powder precipitates, which is

malate of barytes. According to Scheele, the proper-

ties of this salt resemble those of malate of lime.

* :i
5r.' Malate of strontian. Malic acid occasions no

precipitate in strontian water. Hence it follows, that

malate of strontian is more soluble than malate of ba-

rvtes*

* Pelletier, Ann. dt CUm. xxi. X4 x-
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6. When malic acid is neutralized with lime, it Chap. nr.

forms a salt scarcely soluble in water, which may be

obtained in crystals, by allowing the superm.alate of

lime to evaporate spontaneously. Crystals of neutral

malate are formed in the solution *. But this acid has

a strong tendency to combine in excess with lime, and

to form a supermalate of lime. This salt is formed

when carbonate of lime is thrown into malic acid, or

into any liquid 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 a

precipitate with alkalies, sulphuric acid, and oxalic

acid. 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 f*

7. Malate of magnesia. This salt is very soluble in

water, and when exposed to the air deliquesces .

8. Malate of alumina. This salt is almost insoluble

in water {. Of course it precipitates when malic acid

is dropt into a solution containing alumina. Mr Che-

nevix has proposed this acid to separate alumina from,

magnesia ; which earths, as is well known, have a

strong aflinity for each other }.

* Schcclc, CrelVs Annal, y
ii. 5. Erg. Tran.

f Ibid. Vauquelin, Ann, de (.him. ixxv. 154.

$ Schctlc, Ibid.p. lo. \ Ann. 4t Cbim. xxviii. 921.
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GENUS XV. FORMIATES.

THE salts belonging to this geniis have been too im-

perfectly examined to admit of a detailed description.

The striking analogy which they have to the acetates,

has been observed by all those who have subjected

them to an experimental investigation.

Formic acid saturated with potash yields a salt which

crystallizes in prisms, but deliquesces again when ex-

posed to the air. When distilled, it yields an acidulous*

water, and a quantity of ammonia. The residue in the;

retort is a mixture of charcoal and carbonate of potash*.

When saturated with ammonia, it yields a salt which;

by distillation, gives a little ammoniacal liquor, and then

is totally sublimed without decomposition f .

With lime it forms a salt, which yields crystals not

altered by exposure to the air J.

The following Table exhibits the constituents of the

formiates according to (he statement of Richter .

Formiak-s of Acid. Base.

Alumina...... ............ 100...... 54*37

Magnesia... * .100...... 62*25

Ammonia................ 100 68*02

Lime *... 100 80*2(5

Soda...*........... 100 89*04

Strontian..... ..*...; 100 134*51

Potash..*... 100. .....162-45

Barytes..... .-lO-O 224'90

,

* Margraf, Qpusc. t. 303. f Ibid. p. 305. f Ibid. p. 310.

Statigue C&imiyue, I 136-
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.

THESE salts have been described with a good deal of

detail by Bouillon Lagrange. They have in general

a bitter taste, and are decomposed by heat.

Sj>.
1* Suberate of Potash.

THIS salt ought to be formed by means of crystalli-

zed carbonate of potash. It crystallizes in prisms, ha-

ving four unequal sides. It has a bitter saltish taste^

and it reddens vegetable blues. It is very soluble m
water. Heat rnelts it, and ait last volatilizes the acid *.

Sp. 2. Sulcrate of Soda.

THIS salt does not crystallize. It reddens the tinc-

ture of turnsole. Its taste is slightly bitter. It is very
soluble in water and in alcohol. It attracts moisture

from the air. Caloric produces the same effect on it

that it does on suberate of potash f;

Sp. 3. Suberate ofAmmonia.

THIS salt crystallizes in parallelepipeds. Its taste is

saltish, and if leaves an impression of Bitterness. It

reddens vegetable blues. It is very soluble in water. It

attracts moisture from the air. When placed upon

burning coals it loses its water of crystallization, and

swells up ; and before the blow-pipe it evaporates en.

tirely \.

Sp~4. Suberate of Magnesia^

THIS salt is in the form of a powder : it reddens thfc'

* Ann, ie Cb'im. xxiii. &, f Ibid. \ Ibid, xxxiij. 55-

H
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Book H. tincture o turnsole : it has a bitter taste : it is solubles
Division III. .

* f , ,

u^-y_ in water, and attracts some moisture when exposed to

the air. When heated it swells up and melts : before

the blow-pipe the acid is decomposed, and the magnesia

remains in a state of purity *.

Sp. 5; Sufierate of Lime.

THIS salt does not Crystallize. It is perfectly white :

it has a saltish taste : it does not redden the tincture of

turnsole. It is very sparingly soluble in water except

when hot ; and as the solution cools most of the salt

precipitates again. When placed upon burning coals it

swells up$ the acid is decomposed, and there remains

only the lime in the state of powder f.

Sp. 6. Suberute of Barytes*

THIS salt does not crystallize. Heat makes it swell

Up, and melts it. It is scarcely soluble in water except

there be an excess of acid. It is decomposed by most

of the neutral salts except the barytic salts and the flu-

ate of lime J.

^>. 7. Siiberate of Alumina*

*THIS salt does nbt crystallize; When its solution is

evaporated by a moderate heat in a wide vessel, the salt

obtained is of a yellow colourj transparent^ having a

styptic taste, and leaving an impression of bitterness on

the tongue. When too much heat is employed, it melts

and blackens. It reddens the tincture of turnsole, and

attracts moisture -from the air. Before the blow-pipe

* Ann. dt CM*. MXiii. 55. f Ibid, xxiii. 53. \ fl>id. .
,
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it swells up, the acid is volatilized and decomposed, and
(

ChaP-

nothing remains but the alumina *.

GENUS 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-
Gallic acid

. . . ,.. forms a
lie acid in water, or into a solution containing gallic grecn 60IU-

acid, it assumes a green colour. This change is consi-
alkaii^ana

defed by Proust as the most decisive test of the presence alkaline

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 powder
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-

appea,rs, and the acid is almost completely decomposed.

2. When magnesia is boiled with the infusion of nut- Gallate of

galls, the liquid becomes almost limpid, and assumes the
ma nc(

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, together

with a portion of the gallic acid ; and that the liquid

holds in solution nothing but a combination of that acid

and magnesia. But in 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 Cbim. xxiii. 55.

H2
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Book II. 3. When a small portion of alumina is mixed with
Divisionlll. . . ..',**
v^^, the infusion of nutgalls, it separates the whole of the

fa'te'ofaht-.
tan anc* extract> an<^ leaves the liquid limpid and of a

very pale yellowish green colour. This liquid, by

spontaneous evaporation, yields small transparent pris-

matic crystals, which, 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.

GENUS XVIII. PRUSSIATES,

THE prussic acid presents so many anomalies, and

its nature 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 little

of some metallic oxide, and therefore in the st:te of

triple salts *. Mere exposure to the air, or to a heat

*
Curaudau, 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 is merely a carburet of azote. The instant that this car-

buret comes in contact with water, it combines with its hydrogen, and

forms a gaseous prussic acid, or frussire as he terms it. This pruesire

combines with alkalies and earths
; but it has none of the properties of

an acid. 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. de Chim. xlvi. 148. These assertions are so contrary to

the experiments of Scheele and Bei thollet, and to the received opinions,

that it would be necessary, before admitting them, to prove their truth

by fery unexceptionable evidence.



PRTJSSIATES. 117

of I20" ,
is sufficient to decompose them. This want

,

chaP- m-

of permanency, rendering the pure prussiates 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.

THIS salt is but sparingly soluble in water. The

barytes is precipitated by sulphuric acid, and even by
carbonic acid *.

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

THESE 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 f. They dissolve likewise in alcohol.

Sp- 4. Prussiate of Lime.

THIS 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-

li Schede, H. 167. f Ibid. p. i6C.
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lies. When distilled, the prussic acid is separated, and
DivisionHI.

r
t y j the pure lime remains .

Sp. 5. Prussiate ofAmmonia.

THIS salt has the odour of pure ammonia ; when

heated it evaporates completely f.

Sp. 6. Prussiate ofMagnesia.

THIS salt may be formed by putting pure magnesia
into prussic acid. In a few days the earth is dissolved,

and the compound formed. The magnesia is precipi-

tated by the alkalies and lime, and by exposure to the

air*.

Sp. 7. 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 ,

.-txJfc ?i-l; _ i

* Scheele, ii 168. f Ibid, p. 166. \ Jbid, p. ijfy,

| Nicholson's Jour. I. 453,
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Blue prussiate, or prussian blue, is composed of prus- Chap. HI.

sic acid and the two oxides of iron. It is a deep blue

powder, insoluble in water, and scarcely soluble in

acids. It is composed, according to the most accurate

experiments 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 prussian blue. Fart of the acid

is carried off by these bodies, and the yellow 'prussiate

remains in the state of a powder.

Green prussiate, first discovered by Berthollet, is

composed of oxyprussic acid and peroxide of iron. It

is therefore in fact an oxyprussiate,

Sp. 7. Prussiate of Barytes-and-fron.

FOR the first accurate description of this salt we are

indebted to the ingenious Dr William Henry. It may
be formed by adding prussian blue to hot barytes water

till it ceases to be discoloured. The solution, when fil-

tered and gently evaporated, yields crystals pj prussiate

of barytes-andriron.

These crystals have the figure of rhomboidal prisms ;

they have a yellow colour, and are soluble in 1920 parts

of cold water, and in about 100 parts of boiling water.

In a red heat they are decomposed, the acid being de-

stroyed. They are soluble in nitric and muriatic acids
;
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Bpolcir.
sulphuric acid occasions a precipitate of sulphate of ba~

Division I If.

u-lv^^ rytes *.

m 9!dutot .^laxwwe twifi t-;%'/<v ^i a!aL. ..:!
t

.

Sp, 8. Prussiate of Strontiari-and-Iron.

THIS salt was also first examined by Dr Henry. It

may be formed by the same process as the last species;

$>ut the solution does not crystallize nearly so readily.

When evaporated to dryness it does not deliquesce, and

is again soluble in less than four parts of cold xvater f .

Sf. 9. Prussiate of Lime-and-Iron.

THIS salt was perhaps first mentioned by Mr Ha.

gen ^ ;
but we are indebted to Morveau for the first ac-

curate account of its properties and preparation .

Upon two parts of Prussian blue of commerce, pre-

viously well washed with a sufficient quantity of boil-

ing water, to separate all the foreign salts, about 56 parts

of* lime-water are to be poured, and the mixture 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 stained with turmeric : it is then to be fjj-

tered.
'

This liquid,which contains the triple prussiate of lime

in solution, has a greenish-yellow colour ; its specific

gravity is 1*005 ; and it has an unpleasant bitterish

taste. When evaporated to dryness, it yields smalt

crystalline grains, soluble without alteration in water.

It is insoluble in alcohol.
4

-'-'uqO^i ni*!iMo*;>i;Hi tia{tfo3*ioi(:M*jas

jjs* aiiflt

1

.
**.#**

* Nicholson's Journal, iii. 170. f Ibid. p. ij{.

i CrclL's Annuity 1 784, i. 391 . Lnc)(. Method. Cl'ttn. \. 24?.
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This triple prussiate may be used with advantage as a

test to ascertain the presence of metals held in solution.

The only impurity which it contains is a little sulphate

of lime.

Sp. 16, Prussiate of Potasl-and-Iron.

THIS salt, known also by the names of prussian al-

, phlogisticated alkali, prussian test, triple prussiate

ofpotash, &cc. has been chosen by chemists 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 it is an

instrument of some importance ;
as when properly pre- Importance.

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 quantity. 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 comradictory results of mineralogical

analyses by different chemists is to be ascribed.



SALTS.

Bopk II. The great object of chemists at first was to obtain

^is Pruss iate entirely free from iron ; but their attempts

unifor,mely failed, because the oxide of iron is one of its

necessary component parts. This \vas first properly

pointed put by Morveau.

fhere are two* ways in which this test may be ren-

dered impure, besides the introduction of foreign ingre-

<lients, which it is needless to mention* because it is ob-

vious that it must b.e 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 yeljlow prussiate of iron, for which

pri\ssiate of potash has also a considerable affinity.

If the prussian test contain a superabundance of al-

kali, twainppjivenjences follow. This superabundant

quantity will palpitate those earthy salts which are

liable to contain an excess of acid, and which are only

soluble by that excess : Hence alumina and bary tes will

be precipitated. It is to the use of impure tests of this

kind that we owe the opinion, that barytes and alumina

are precipitated Ipy the prussian alkali, and the conse-

quent theories of the metallic nature of these earths.

This mistake was first corrected byMeyer of Stettin f.

Another inconvenience arising from the superabun-

dance of alkali in the prussia,n test is, that it gradually

decomposes the bJue prus.siate which the test contains,

and converts it into a yellow prussiate. In wh,at manner

it does this will be understood, after w,hat has been said,

\vithout any explanation.
" *"" * ' '

Jf'-V
"

- rt>** r*' ? *\
.

_

^

,

.

* See Kirwan's Mia. i. 487.
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On the other hand, when the prussian alkali contains ,

chaP- IIL

a quantity ofyellow prussiate of iron, as great inconve-

niences follow. This yellow prussiate has an affinity 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 number do not answer the purpose intend-

ed *. The method practised by Klaproth, first made

known to chemists by Westrumb f, and afterwards de-

scribed in our language by Kirwan J, is considered as

one of the best. It is as follows :

Prepare pure potash, by gradually projecting into a Prepara

large crucible heated to whiteness a mixture of equal

* A historical account of the different preparations, wiih their pro-

perties and defects, may be seen in Westrumb's Treatise, (Creli's Nex.

Endt. in ef. Cblm. Th. xii.), in Morveau's Dissertations on the Prussic A-

cid (Eneyc. Mttbod. Cbim. i. 22j.), and Kirwan's Treatise on the Method

of Analysing Minerals (Kirwan* Mi\. i 487.)

f CreH'ir An.tals, 1785, i. 405. t Mirtera/ogy, i. 494.
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parts of purified nitre and crystals of tartar ; when the

* J 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 hour.

Dissolve it in six times its weight of water, and fil-

ter the solution while warm.

Pour this solution into a glass receiver, placed in a

sand furnace heated to 170 or 180, and then gradu-

ally add the best prussian blue in powder, injecting new-

portions according as the orm^r 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 212, 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 to about one quarter,

anjl set it by to crystallize: after a few days, yellowish

crystals of a cubic or quadrangular 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 containr. 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 fpr a

few days ;
that the barytes, if any should remain, may

be precipitated. If the crystals now pbtained be of $

pale yellow colour, and discover no bluish streaks when.
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sprinkled over with muriatic acid, they are fit for use ; Chap. in.

but if they still discover bluish or green streaks, the

solutions and crystallizations must be repeated.

These crystals must be kept in a well-stopped bottle,

which to preserve them from the air 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

should 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.

Another good method of preparing this salt has been Another

lately given by Dr Henry ; but it is rather too expen-
mcthod-

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 mixture for half an hour, filter the liquid,

and evaporate it gently. The triple prussiate of pot-

ash crystallizes *.

* Nicholson's Jur. iv. 31.
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Book II. The triple prussiate of potash, when pure, forms fine
Division II I.

,, ,

_ transparent crystals of a yellow colour ; they have the

form of cubes or parallelepipeds, 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 -j^th 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 to about

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 of acid 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 I)r John, who

employed the same process for forming it as that de-

scribed above for forming the triple prussiate ofpotash.

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 3*1^ per cent* of their weight.

At the temperature of 55 they require 41 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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tallizing as the solution cools. The specific gravity of the
t
Chap. IIT.

trystals is l'458i They are insoluble in alcohol*.

Sp. 12. Frussiate of Ammmia-and-Iroti.

THIS triple salt has also been employed as a test; but

it is not so easy to obtain it in a state of purity as the

other two. tt was discovered by Macquer, and first

Recommended by Meyer;
It forms flat hexangular crystals, soluble in water,

and deliquesces in the air; Heat decomposes it like the

other prussiates f.

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

THIS triple salt was first examined by Hagen in 1782 ;

but since that time scarcely any attention has been paid

to it.

SECT. It

OF METALLINE SALTS.

action othe acids on metallic bodies, and the sa^

line compounds formed by their combination with them>

were some of the first objects to which the earlier che-

* Gehlen's Jour, ad Series, iii. 171.

t Woulfe, Jour, de Pbyt. xxxiv. 101. If we believe Van Mons, this

is not a triple salt, but a prussiate of ammonia. According to him, ammo-

nia is incapable of forming triple salts with prussic acid and oxides. Sf -

Jour, de dim. iii. a8b.
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Book II. mists directed their attention. The facility with which
Division If I.

r i several of these compounds change their state ; the ae-

tivity and corrosive nature of many of them, owing in

a great measure to that facility ; the pefmariency of

others j and the apparent conversion" of one metallic

salt into another were so many anomalies which re-

mained long inexplicable : But they were of too inter-

esting a nature not to excite attention ; and to the suc-

cessive researches of chemists into the properties 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, Lavdisier, Proust,

&c. ; but there still remain a sufficient number of diffi-

culties in this part of the science, to exercise the saga-i

city of the most acute philosophers, and discoveries to

be made in it, which will fully compensate the most la-

borious investigation.

Number of ^s tnere are 2 & metallic bases from which these bo-

tuetallic <jies 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 rhe 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 oxides, ot

the compounds which they form with oxygen : the

metals' themselves, as far as is known at present, are

not capable of combining with any acid. "Row as most

metals form more than one otfide, and as each of the

oxides of a metal is often capable of combining with'

acids, it is evident that the number of metallic salts

must greatly exceed this number. Thus iron being ea*
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pable of forming two oxides, the specie's of salts of iron, t Chapel]

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 proved.

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-

ral, all oxides which do not contain a maximum of oxy-

gen have a tendency to absorb that principle^ whenever

it is presented to them, till they are completely satura-

ted. This tendency displays itself with most energy

\vhen the oxides are combined with acids and in a state

of solution; consequently all those metallic salts^ whose

bases do not contain a maximum of oxygen, are liable

to absorb that principle, and by that means to change

into a different salt. Thus green vitriol is a salt com-

posed of sulphuric acid and black oxide of iron* When
dissolved in water 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

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 5 as the sulphites and phosphites. They also

absorb oxygen indeed, and are converted into other

salts ; 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

sulphzV* 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 been made to distinguish the diffe-

IIL I
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Hook IT. rcn t metallic salts of the same base with different
Division I II.w v ' 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 not so

easily made in this case as in the other, on account of

the indefinite number of oxides belonging to some of

the metals ; but this very number makes some distinc-

tion still more necessary.

It is only of late that chemists began to attend to the

different salts which the same metallic base combined

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 ascribe the

want of a nomenclature for the metallic salts. The

French chemists seem to have been nearly strangers to

it when they formed their chemical nomenclature in

1787 ; and even at present thesubject is too imperfect-

ly known to admit of a regular treatise : but I shall in

this Section give a full view of all the facts which have

been discovered.

I do not recollect at present any instance of more

than two metallic salts with one acid and base, differing

merely in the proportion of oxygen, if we except the

Nomcncl*. Pruss*ates - ^ w^ be sufficient, then, for the present,

tare, 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, consisting of muriatic acid

and a metal with a minimum of oxygen is called a mu-

riate ; the compound of the acid, and the saroe metal,

with a maximum of oxygen, is called an oxymuriate,

This mode of naming will apply very well to all those
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genera in which the metal is only Capable of forming (
Chap. HI.

two oxides, and likewise to all those whose oxides are

only capable of forming two salts with the same acid.

Thus we may call the compound of sulphuric acid and

black oxide of iron sulphate of iron; and the compound
of the same acid and red oxide of iron, oxysulphate 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 spe*

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 salts to a very-

considerable amount. But we are very far from being

fully acquainted with all these bodies j 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 anothen 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 confusion which

this is apt to produce, I shall subdivide the salts of every

genus as far as possible into five heads. The first head
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Book II. W J]| consist of the salts whose acids are supporters of
Division ill.

.

1L

^ Y i combustion, excluding the metallic acids. Most or

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 they are 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-

tible ; 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 salts

whose acids 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-

ly, I. Detonating. II. Incombustible. III. Combus-

tible* IV. Metallic. V. Triple. But this division

"will be attended to only in the genera, which have been

pretty fully investigated.

*
Excluding the sulphites and phosphites, which are better placed

under the first head.

UfejKBu0Vtt4Mfe.4?U l ,-
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GENUS I. SALTS OF GOLD.

THOUGH gold was tortured with the most perseve-

ring industry by the alchy mists and metallurgists, and

has been an interesting object of examination to che-

mists in every period of the science, there is no genus
of salts with which we are at present so little acquaint-

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

metal. This is not owing to the expence necessarily

attending such investigations, but to the peculiar pro-

perties of gold itself. As that metal is not acted on by
any of the acids except the nitric, oxymuriatic, and

nitro-muriatic, none of the salts of gold can be formed

directly except the nitrate and muriate : all the rest must

be composed by precipitating the oxide of gold from its

solution in nitro-muriatic acid, and afterwards dissolving

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

of till the nature of the oxides of gold was known ; and

since that point was ascertained, no chemist has con-

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 must be admitted that an accurate exa-

mination of the metallic salts requires as much address,

ingenuity, and sagacity, and would contribute as much

to the advancement of the science, as any other investi-

gation whatever. It would throw a new light on mi-

neralogy, and even on geology ; it would enable us to

develop with more precision the nature of affinity than

lias hitherto been done ; and it would serve also as &

touchstone to try the truth of several chemical theories

which are at present in vogue.

VoL III. I 3
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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-

genixed ; that is, composed of gold combined with

maximum of oxygen. We are only acquainted at pre-

sent with two species of these salts, riiniely the muri-

ate and the nitrate. Hence it is unnecessary to subdi-

vide the genus.

The salts of gold may be ascertained by the follow-

ing properties :

Characters. ^ }y a e soiukie Jn water, and the solution has

a yellow colour.

2. Triple prussiate of potash occasions a white or

yellowish-white precipitate when poured into these so-

lutions.

^. Gallic acid or the infusion of nutgalls gives these

solutions a green colour, and a brown powder is preci-

pitated, which is gold reduced^

4. A plate of tin or muriate of tih occasions the pre-

cipitation of a purple coloured powder.

5. Sulphate of iron precipitates (he gold in the me-

tallic state. Sulphurous acid produces the same effect .

Sp. \. Muriate of Gold.

Formation. THIS salt, which was well known to the alchymistsj

and much valued by them, may be formed by dissol-

ving gold in a mixture composed of one part of nitric

and four pahs of muriatic acid. The nietal is attacked

instantly, and dissolves with a strong effervescence, oc-

casioned by the emission of nitrous gas. The liquidj

when saturated, which is known by its refusing to dis-

solve more gold, forms a! solution of a deep yellow co-
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lour- It tinges the skin indelibly of a deep purple
chaP- IIL

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 i?

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 to it. This muriate is so liquifiable, so difficult

to obtain dry, that it can scarcely be taken out of the

retort without considerable loss. In summer 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 wirh a little

bitterness, but without that after- taste of meral which

renders the solutions of silver, mercury, &:c. 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 j and a minute quan-

tity of muriate of gold is also carried along with it un-

decomposed f. The gold remains spongy, and with-

out lustre at the bottom of the retort.

This salt is soluble in ether. The solution has a

* Proust, Nicholson's Jour. xiv. 239, x

| To the liquid ob'aine. by di$tilling over the solution of gold in ni-

trb-muriatic acid, the alchymi&ts gave the name of let ruketit,
v red lion,'*
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Book n. yellow colour ; and the gold is gradually reduced to the
Division III.

*
.

J
p .

t... y t
> 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.

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,

Decompo- It is decomposed also while liquid by hydrogen gas,

ph sPnorus 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 ; but if the silk be dried previously, the reduction

does not take place. The same reduction takes place

when the silk is dipt into phosphureted ether. If a bit

of silk, moistened with phosphureted ether, be dipt

into the nitro-muriatic 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 peculiar to the action of combusti-

bles on metallic salts : it holds also, as we shall see af~
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terwards, with respect to the metals. But it is by no Chap, in.

means easy to see what makes water so indispensibly

necessary. It is not, as is commonly supposed, in order

to secure the fluidity of the mixture : 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-, Precipita-

te the solution of muriate of gold, occasion a precipitate ta jS0

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. JL.ead, silver, and tin, precipitate it in the

state of purple 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 oxjvsulphate of iron produces no

effect at all. The same thing happens with tin. The

muriate 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 ^

maximum of oxygen, produces no such effect ; because

it does not absorb oxygen from the gold.

Mr Proust has published a number of experiments
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on the purple of Cassias. He has endeavoured 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 convincing,

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 Cassius is precipitated, contains an ex-

cess of acid, the precipitation goes on very slowly. It is

very much facilitated by the addition of potash ; but care

should be taken not to add this alkali in excess, other-

wise the precipitate is contaminated with a mixture of

uncombined oxide of tin. From Proust's experiments

we learn, that this powder is a 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 dissolves the tin and leaves the gold. Ni-

tric acid dissolves a 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-

wnsts ; 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 rst threw light upon

the subject, by showing that the precipitating metal ab-

sorbed oxygen from the other f. Bertholiet has since

rendered it probable tbat, in most cases, when the pre-

Nicholson's Jour. xiv. 336.

f Sec fcis Dissertation, De Precifitath Mttslliclt, Ojvtt. ii. 34^
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cipitate is in the metallic state, it is combined with a Chap. HI.

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 be-

longs 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 abundance.

Sj>. 2. Nitrate of Gold.

BRANDT first observed, that nitrous acid has the pro*

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, tjiat this effect is produced

only when the acrd 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 f.

Mplanatlon, when translated Into the modern language, is, in effect, that

given above.

t <dnn. dt Qblm. xxxvii. ai, f Fourcrpy, vi. 397*
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GENUS II. SALTS OF PLATINUM.

As platinum agrees with gold in its power of resist-

ing all the acids except the oxy-muriatic and nitro-mu-

j-iatic, 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 (distinguished by the

following properties.

Characters,
* Their solution in water has a brown or yellowish*;

brown colour.

2. Triple prussiate of potash occasions no precipitate

in these solutions.

3. Neither is any precipitate produced by gallic acid

or the infusion 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.l. Nitrate of Platinum.
Vfif &9m{flVX>4b il '. -i J-, ..;

NITRIC 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 tea.

dily in this acid, and forms with it a nitrate, the proper-

ties of which have not been examined.

When this solution is evaporated to dryness?
there
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remains a subnitrate of platinum easily decomposed by Chap.

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.

THIS salt may be formed by dissolving platinum in Formation,

oxy-muriatic acid ; but it is more easily 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

is 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 prciperly edulcorated and

dried, they are less soluble in water than sulphate of

lime f. This salt has a disagreeably astringent metallic

taste. Heat decomposes it by driving off the acid. The

earths, as far as they have been tr<ied |, decompose the

* Chenevix on Palladium^ p. 27. f Bergman, ii. 167,

| Mr Chenevix found that lime precipitates calf a portion of the oz-

iiie, and not the whole.
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Book n. solution of this salt by precipitating its oxide : and the

same effect, as Bergman first demonstrated, is produced

by a sufficient quantity of soda *. But the other two

alkalies combine with the muriate of platinum, and form

triple salts.

When the solution of this salt is evaporated to dry-

ness, the insoluble muriate which remains is composed oi

70 peroxide of platinum

30 acid and water

100 f

xtofcs^-.tlMq 'nsa&-'&- J'Mii ..fjifrV* taxyifi

Sp. 3. Sulphate of Platinum.

THOUGH sulphuric acid has no action on platinum,

it dissolves its oxide ; but the properties of the salt form-

ed have not been examined.

Mr Chenevix has ascertained, that this acid separates

the peroxide of platinum from every other. The inso-

luble sulphate formed by evaporating to dryness a solu-

tion of muriate of platinum, decomposed by sulphuric

acid, is composed of. . ..54*5 peroxide

45*5 acid and water-
'*' 100-0 \

Sp. 4. Btrvzoate of Platinum.

ONLT a small proportion of the oxide of platinum is

dissolved by benzoic acid. The liquid, by evaporation,

yields yellow crystals of benzoate of platinum, which

* Bergman, p. 172* \ Chcncvix on

Ibid,
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dre not altered by exposure to the air, are difficultly so- Chap, in.

luble in water, and not at all in alcohol. When exposed

to the action of heat, the acid is driven off, and the oxide

left behind *.

Sp. 5. Oxalate of Platinum.

PLATINUM is not acted on by any acid except the

oxy-tnuriatic 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 f.

Sp. 6. Prussiate of Platinum.

SCHEELE ascertained that prussic acid has no action

either on platinum or its oxide : neither is any precipi-

tate occasioned by pouring the prussiates into a solu-

tion of platinum in nitro-muriatic acid. Consequently
the prussiate of platinum is soluble in water .

Sp. 7. 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. It is soluble in water, and decomposed with

difficulty by soda J.

* Trommsdorf, Ann. de CLim. xi. 3 rj, f Bergman, i. 66.

\ Schecle, ii. 17*. Bergman, ii. 168
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Division ill. Sp. 8. Muriate of Platinum-and-

FOR the discovery of the nature of this salt we are

likewise indebted to Bergman* When ammonia is add-

ed to the solution of platinum in nitro-muriatic acid,

small crystalline grains are deposited, which have an

octahedral form, a yellow colour, and are solfcble

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 ammonia, be employed in-

stead of the pure alkali or its carbonate. Soda dissolves

them ; and when the solution is evaporated to dryness,

the ammonia is volatilized, and the oxide of platinum

separated *. When this or the preceding salt is expo-

sed to a strong heat, the platinum is reduced. This is

the usual method of purifying platinum.

Sp. 9. and 10. Triple Nitrates of Platinum.

BERGMAN has ascertained that potash and ammonia,

or their saline compounds, produce the same effect upon

the solution of nitrate of platinum that they do on the

muriate ; that is to say, they occasion a precipitate in

crystals, 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 ammonia f.

Sp. 11. and 12. Triple Sulphates of Platinum.

BERGMAN has proved, that when potash or ammo-

*
Bergman^ Ii. 174, \ Ibid. li. 175
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ma, or their compounds, are dropt into the solution of Chap. III.

sulphate of platinum, 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 *. It appear.s, 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.

GENUS 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, ex-

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 action of the blow-pipe up- character--

on charcoal, they are reduced, and a globule of silver

obtained.

*
Bergman, ii. 174,

Vol. III. K
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v
.

' salt of silver, occasion a white precipitate.

3. Hydrosulphuret of potash occasions a black pre-

cipitate.

4. Muriatic acid or the alkaline muriates occasion a

whife '-'heavy flaky precipitate resembling curd.

5. Gallic acid arid the infusion of nutgalls occasion a

yellowish brown precipitate, at least in several of the

solutions of silver.

6. When a plate of copper is put into a solution of

silver,- that last metal is precipitated in the metallic

state, retaining, however, a little of the copper alloyed

with it.

7. The solution of sulphate of iron precipitates the*-

silver in the metallic state.

I. DETONATING SALTS.

Sf.l. Nitrate of Silver.

THERE are two species of this salt. The first, which

has been long known, is an oxynitrate containing the

peroxide of silver ; the second, recently described by
Mr Proust, is a nitrate.

1. Oxynitrate. Nitric acid attacks silver with con-

siderable violence, and dissolves about half its weight

of it. The effervescence is occasioned by the disen-

gagement of nitrous gas. The acid employed must be

pure ;
if it contains any muriatic acid, as is always the

case with the nitrous acid of commerce, a 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.

Properties. The solution is limpid and colourless, exceedingly
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heavy, and caustic. It gives the skin, hair, and al- Chap, ill.
^

most all animal substances, an indelible black colour.

Hence it is often used to dye hair, &c. When evapo-

rated till a pellicle begins to form on its surface, it de-

posites, on cooling, transparent crystals of oxynitrate of

silver. These crystals are brilliant and very irregular;

sometimes assuming the form of six-sided, sometimes

of four-sided, and sometimes of three-sided, thin plates.

Their taste is intensely bitter and metallic.

This salt, at the temperature of 60, dissolves in its

own weight of water *. It does not deliquesce in the

air j but when exposed to a strong light, it becomes

brown, and the silver is partly reduced. It is soluble

in alcoholf. When heated, it readily melts, swells up,

and then remains liquid. When allowed to cool, it

forms a grey-coloured mass, crystallized 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 lapis infernalis and ///- Lunar cam-

nar caustic, to open ulcers and destroy fungous excres-

cences.

When this salt is exposed to a red heat, as when it

is put upon burning coals, it detonates, and the silver

remains pure, attached to the surface of the coal. The

same reduction takes place when the salt is distilled in

a retort, and nitrous gas, oxygen gas, and azotic gas are

disengaged.

Mrs Fulhame has shown, that when this salt is dis- Action of

solved in water, it is decomposed, and the silver reduced

* Wenzel. Vcrivandtscbaft, p. 308.

t Kunkel, fill. Trans. 1684, vol. xv. 896.
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6
,

..

' silk moistened with this solution, and exposed to the

action of hydrogen gas, is almost immediately covered

with a thin layer of silver, which adheres strongly.

The same effect is produced by phosphorus and by sul-

phurous acid gas.

'

This salt, both in crystals and after being melted, has

the property of fulminating 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 following

facts: When three grains of sulphur asd nine grains

of nitrate of silver, mixed together, are struck with a

cold hammer, the sulphur inflames, but no detonation

takes place ; whereas if the hammer be hot, the mix-

ture detonates, and the silver is reduced. If charcoal

be substituted for sulphur, only a faint detonation is

heard though the hammer be hot*.

The silver is precipitated from the solution of this

salt in water in a metallic state by the greater number

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,

phosphoric, 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 experiments it does not ap-

pear that oxynitrate of silver contains any water of crys~

tallization. He found it composed of

* Ann. tte Clim. xxvii, 7*.
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09 or 70 peroxide of silver

31 30 nitric acid

100 100*

2. Nitrate. This salt may be obtained by the follow*

ing process : Put a quantity of pure powder of silver

into "a solution of nitric acid already saturated with sil-

ver, and boil the mixture for an hour after nitrous gas

has ceased to be evolved ; then draw off the clear liquor

with a bulbed siphon. The solution is of a pale yellow

colour, and it may be concentrated much more than the

solution of oxynitrate, as the nitrate which it affords is

much more soluble. When it is in the proportion of

40 to 100 of water, it is still far enough from crystal-

lizing, and sometimes it remains flluid for several days ,,

but if it be poured into a phial, it congeals so sudden-

ly, that the last portions from the mouth of the retort

become solid like icicles from the eaves of a house, and

a great deal of heat is evolved. It is difficult to bring

it to a regular crystallization, because it has a much

greater tendency to congeal than to separate into cry-

stals. If it congeal, it cannot be redissolved without

the separation of a yellow powder, which is a subni-

trat.e of silver. Hence it appears that the portion dis-

solved takes a portion of acid from this yellow powder.

When the solution of nitrate of silver is kept in the

open air, it soon absorbs oxygen, loses its colour, and

deposites 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

deposition of large scales of oxynitrate.

* Nicholson's Jwr. xv. 375.
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Book I!. When the solution of nitrate of silver is mixed with

-
v
-,' the infusion of litmus, a blue lake precipitates. Oxy-

nitrate produces no effect upon this infusion. From

the solution of cochineal the nitrate throws down a deep

violet lake j the oxynitrate produces a scarlet powder.

When the oxynitrate is dropt into sulphate of indigo,

no change is produced ; the nitrate instantly deprives it

of colour, while the silver is reduced. Ammonia pre-

cipitates a black powder from the nitrate of silver. This

black powder is silver reduced. What is dissolved by
the ammonia is in the state of oxynitrate. Pure potash

throws down a brown precipitate, as it does from oxy-

nitrate. If this oxide be dried, it absorbs oxygen, and

is converted into peroxide. Alcohol acts on nitrate of

silver precisely as water does. A portion of subni-

trate precipitates, and a supernitrate is dissolved. If

the alcoholic solution be distilled, it leaves behind a

portion of oxynitrate and of silver reduced. When a

little nitrate of silver is dropt into boiling water, it is

decomposed, a portion of the silver is reduced, and pre-

cipitated in the state of a black powder, and the rest of
'

the salt is converted into oxynitrate.

When the nitrate of silver is concentrated in a retort.

it grows thick, gives out a little nitrous gas, enters into
"

fusion, and affords a yellow -sublimate which lines the

'*
sides of the retort. -If the melted mass be dissolved, a

yellow powder mixed with a little reduced silver pre-

cipitates *.

'Sp'.
2. Hyperoxymuriate of Silver,

THIS salt was discovered by Mr Chenevix. It may

* Proust, Nicholson's Jour. xv. 376.
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be formed by boiling phosphate of silver in hyperoxy- t
-Qhap. IIJT.

muriate of alumina, or by passing a current of oxymu-
riatic acid through water in which the oxide of silver

is suspended. It is soluble in about two parts of warm
water ; but as the solution cpols, 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 a 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 vio-

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. *

MURIATIC 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 hornsifoer as it was for-

merly called.

This salt is one of the most insoluble known : Acr Properties.

* Chenevix On the Oxygenized and HyferoxygcnizeJ Muriatic

P-39-
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cording; to Monnct, it requires no less than 30*72 parts

Division III.

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 500, it melts, and assumes, on cooling, the form

of a grey- coloured semitransparent mass, having some

resemblance to horn, and for that reason called luna cor-

nea. A strong heat sublimes it, as Margraf ascertain-

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. Con-

siderable caution 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.

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 ; but it is always al-

loyed with a little of the metal employed. Copper,

iron, lead, tin, zinc, antimony, and bismuth, have been

used for that purpose f. If the solution of this salt in

ammonia be mixed with running mercury, the silver

gradually separates, combines with the mercury, and

* Ofuse. i. 265. Proust affirms that this sublimation stops after the

salt is in complete fusion.

4- Margraf, Ibid.
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forms the crystals usually distinguished by the name of Chap, in

arbor Diana?. Margraf 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 solution of this salt is heated, fulminating sil-

ver is precipitated *.

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 hitherto made :
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Book ir. Muriate of silver is formed also when silver is expo-
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u y-^> sed to the action of oxymunatic acid.

Sp. 4; Sulphate of Silver.

SULPHURIC ACI-D does not 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 sulphurous acid gas, and the silver is reduced

to a white mass soluble in diluted sulphuric acid. Thip

solution is limpid and colourless, and yieJds on evapo-

ration crystals of sulphate of silver. These crystals

are white and brilliant, and have the form of very fine

prisms.

Properties.
' This salt, according to Wenzel, requires 87^th parts

of water to dissolve it; hence the reason that it is

generally precipitated in the state "of a white powder

when sulphuric acid is drppt into a solution contain-

ing silver. It is soluble in nitric acid without decom-

position *. When heated, it melts, and in a dry heat is

decomposed : the silver is reduced, and sulphurous acid

and oxygen gas are disengaged. When exposed to the

light, it is slowly decomposed. It is decomposed also

by the following bodies :

1. Alkalies and alkaline earths, and their carbonates.

2. Muriates, phosphates, fluates.

According to Bergman f, ] 00 parts of silver, preci-

pitated from its solution by sulphuric acid, yield 134 of

sulphate. Now allowing, with Proust, 10'G parts of

the increase for oxygen, this would give us the com-

ponent parts of sulphate of silver as follows :

Klaproth. f Ofutc. ii. 391.
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17'4 acid Chap. TIL

82*0 oxide of .silver

100-0

This would make the proportions of sulphate nearly

the same as those of the muriate.

4$^, 5. Sulphite of Silver.

SULPHUROUS ACID does not attack silver, but it com-

bines readily with its oxide. The sulphite assumes the

form of small brilliant Xvhite grains. It has an acrid

.metallic taste. Water dissolves only a very minute

portion of it : accordingly sulphurous acid occasions a

white precipitate of sulphite in solutions of silvef.

When exposed to the light, it assumes a brown colour.

When strongly heated the silver is reduced, and sul-

phurous and sulphuric.acids exhaled.

This salt maybe obtained also by mixing together

the solutions of sulphite of ammonia and nitrate 'of sil-

ver ; but if too much sulphite of ammonia be added,

the salt is redissolved, and a triple salt formed, compo-
sed of sulphurous acid, oxide of silver, and ammonia.

The fixed alkalies are also capable of dissolving the sul-

phite of silver, and forming with it triple salts -*.

Sp . 6 . Phosphate of Silver .

PHOSPHORIC ACID does not act upon silver, but it

combines readily with its oxide. Phosphate of silver

is precipitated in the state of a white powder when phos-

phoric acid is poured into liquid nitrate of silver. It is

*
Fourcroy, vi
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^
v

. ric acid. When heated strongly in a crucible^ a little

phosphorus comes over, and phosphuret of silver re-

mains in the retort *. This salt is soluble in nitric

acid f. Mr Chenevix has shown, that when boiled with

a solution of an earthy muriate in proper proportions,

muriate of silver and phosphate of the earth, both inso-

luble, are formed, so that the liquid is deprived of the

whole of its saline part.

Sp. 7. Carbonate of Silver.

CARBONIC ACID has no action whatever upon silver ;

but it is absorbed readily by the oxide of that metal.

The carbonate may be obtained by precipitating silver

from its acid solutions by means of a carbonated alkali.

A white insoluble powder is obtained, which is carbo-

nate of silver. This salt becomes black when exposed
to the light ; 'and, when heated, the acid is driven off,

and the silver reduced . According to Bergman, when

this salt is obtained by precipitating 100 parts of silver

from its solution, by means of carbonate of soda, it

weighs 129 $. According to this experiment, if we al-

low, with Proust, 10'6 parts of the increase of weight
to be oxygen, carbonate of silver is composed of about

14*2 acid

85*8 oxide of silver

100-0

*
Fourcroy, vi. 340. f Darracq, Ann. de Chlm. xl. 178.

t Bergman, 11.39 1.
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Chap. III.

Sp. 8. Fluate of Silver.

FLUORIC ACID does not attack silver -

} but its oxide

is partiy dissolved by that acid, and partly forms with

it an insoluble salt .*. This acid precipitates the fluate

of silver from the liquid nitrate in the form of a white

heavy powder, which is supposed by some to resemble

the muriate of silver. This salt is decomposed by the

sulphuric acid.

Sp. 9. Borate of Silver.

BORACIC ACID has no action on silver whatever ; 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 has not been examined.

III. COMBUSTIBLE SALTS.

Sp. 10. Acetate of Silver.

ACETIC ACID has no action whatever on silver; but

t 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 easily 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 waterf. When heated, it swells up,

* Schecle, i. 32.

f Vpuic. i. ic 6. Thi has been denied by Monner, but found 9ccuratc

by Kirwan, The saturated, solution, filtered while hot, yielded him
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the acid is dissipated, and the oxide of silver remains
Di vision lit.

:= y* ^ behind.

$p. 11. Benxoate of Silver.

BENZOIC ACID does not attack silver, but it dissolves

its oxide, and forms with it a salt easily soluble in wa-

ter, but in a very small proportion in alcohol. It does

not deliquesce in the air; but when exposed to the rays

of the sun, it becomes brown. Heat volatilizes the acid

and revives the silver *.

Sp. 12. Succinate of Silver.

THE succinic acid does not act on silver, but it dis-

solves its oxide, and forms with it a salt which crystal-

lizes in thin oblong radiated prisms f.

Sp. 13. Oxalate of Silver.

OXALIC ACID does not attack silver, but it dissolves

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 water,

and not at all in alcohol ; but soluble in nitric acid. It

becomes black by being exposed to the air, owing to

the reduction of the oxide %.

Sp. 14. Tartrate of Silver.

TARTARIC ACID does not attack silver ; but tartar

very speedily acicular crystals. He supposes that Monnet failed by eva-

porating the solution. Kirwan on Mineral Waters^ p. 81.

* Trommsdorf, Ann. de Chim. xi. 313.

f Wenzcl's I'envanit, p. 345. J Bergman, i. 386.
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dissolves ,its oxide,' and forms with it a saline mass, Chap. IIT,

which becomes black by exposure to the air*. Tar-

taric acid does not occasion a precipitate in liquid nitrate

of silver.

Sp. 15. Mellate of Silver.

MELLITIC ACID occasions no precipitate in nitrate of

silver f.

Sp. 16. Citrate of Silver.

SILVER is not attacked by the citric acid; but its ox-

ide combines \tith it, and forms with, it a salt insoluble

in water, of a harsh metallic taste, which blackens when

exposed to the light, and yields, when distilled, acetic

acid, while the silver is revived. This salt is decom-

posed by nitric acid. According to Vauquelin, to whom
we are indebted for these facts, it is composed of

3fl acid

64 oxide of silver

100 J

Sp. 17. Saccolate of Silver.

SACLACTIC ACID occasions a white precipitate when

tlropt into nitrate of silver .

Sp. 18. Malate of Silver.

SCHEELE ascertained, that malic acid occasions a pre-

* Wenzcl's Vertvand. p. 21 8. \ Klaproth's Bcitrage, iii. 131.

J Fourcroy, vii, 409. Scheele, ii, 2o.
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tate *n n^rate of silver. But the nature of that pre-

cipitate has not been examined *.

IV. METALLIC SALTS.

Sp. 19. 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 powder, which

is arseniate of silver. When this salt is exposed to a

heat sufficient 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 f.

Scheele has observed, that a mixture of arsenic and

muriatic acids oxidizes the silver in a digesting heat, and

converts 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 .

Crcll's Annalt^ ii. u. Engl.Transl. f Scheele, i. 167.

Ibid. p. 169.
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Sp. 20. Clromate of Silver.

WHEN chromate of potash is droptinto liquid nitrate

bf silver, a powder precipitates of a beautiful crimson,,

Which becomes purple when exposed to the action of

light. This powder is chromate of silver. When heap-

ed, it melts and becomes blackish. Before the blow-

pipe, when exposed to the action of the blue flame of
4

the candle, it acquires a green colour, and the silver is

reduced*.

Sp. 21. Mdlybdate of Silver.

WHEN molybdic acid is added to a nitrate of silver, ?

tvhite flaky precipitate falls f.

V. TRIPLE SALTS OF SILVER.

Sp. 22* Tarirate of Potash-and-Sifoet'.

THENARD has shown, that when tartar is poured in-

to liquid nitrate of silver, a triple salt is formed, compo-*

sed of tartaric acid, potash, and oxide of silver. This

salt is decomposed by the alkalies and their carbonates,

and by the sulphates and muriates J.

GENUS IV. SALTS OF MERCUR!".
>

THERE is no genas of metallic salts xvhich has been

subjected to a longer or more varied examination than

*
Vaiiquelin, f Scheele, i. 146:

J Ann. dc Ciim. Xxvlii. 36.

IIL L
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r Book II. this. Mercury was the metal from which the alchymist&
Division I II

conceived the greatest hopesj and which they exposed

to every possible torture 'during their researches after

the philosopher's stone. The introduction of mercurial

salts into medicine occasioned a scrutiny no less varied

and obstinate, after the paroxysm of the alchymistswas

over. The important cures performed by their means,

especially in cases of the venereal disease, were early

Seen by physicians: but the energy wirh which they

acted, and the ravages which they sometimes made on

the constitutions of those who used them, were equally

visible; These deleterious effects were ascribed to a

certain acrid something which was supposed to consti-

tute a component part of mercury. The object of

chemical physicians was long directed towards disco-

vering a method cf removing, neutralizing^ or destroy-

ing this acrid something, without impairing the good
effects of the medicine. Hence the nume'rous prepara-

tions of mercury which were one after another intro-

duced into practise ; some of which have in a great

measure answered the purposes for which they were in-

tended ; while the greater number, after continuing fa-

shionable for a time, have gone one after another out

of use. i

Mercurial salts have lately engaged the attention &(

philosophical chemists, because, from the peculiar na-

ture of the metal, the changes which take place during

their 'formation are. more easily traced. To them we

ate indebted for the discovery of the composition of sul-

phuric acid, of metallic oxides, and for the first decisive1

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 distinguished by the following t

chaP- lir
;

properties

1. When strongly heated, they are volatilized and Characters,

dissipated ; and traces of mercury may be sometimes

observed.

2. Triple prussiate of potash or lime occasions a whi-

tish precipitate, which becomes yellow when exposed to

the air.

3. Hydrosulphuret of potash occasions a black preci-

pitate.

4. Muriatic acid, when poured into their solution in

water, often occasions a white precipitate.t

5. Gallic acid, or the infusion of nutgalls, occasions

an orange-yellow precipitate.

6. 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,

distinguished by the simple name, and by prefixing to

it 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 T^th part

of its weight of lime. When ammonia is used, Bayen
has ascertained that the precipitate retains a considerable

portion of that alkali. But from Berthollet's experi-

L 2
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Book IL nients we learn thatthe fixed alkalies throw down a
Pivision 111.

<'
y <-* salt of mercury not contaminated with any of the pre-

cipitating body.

I. DETONATING SALTS.

Sp. I. 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 different compounds which that acid

forms with the mercurial oxides *. These are two in

number ; namely ,,
the nitrate and oxynitrate ; the last of

which contains mercury oxidized to a 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
Action of upon mercury, an effervescence takes place, and nitrous

enmercury. gas * s disengaged j the metal is gradually oxidized, and

dissolved in that portion of the acid which remains un-

decomposed. Nitric acid, without the assistance of

heat, is capable of dissolving almost its own weight of

mercury, and the solution is colourless, very heavy,

and exceedingly caustic. It tinges the skin indelibly

black, and gives the same colour to almost all animal

substances. By spontaneous evaporation it yields trans-

parent crystals, composed of two four-sided pyramid?

Ofutc. 1. 1O-Z.
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applied base to base, having their apexes and the four
^Chap.

nr.

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 into two portions : The first, containing an
^

excess of base, falls down in the state of a white insolu- nitrate.

ble powder ; it is a subnitrate of mercury : The second,

containing an excess of acid, remains in solution j it is

a suptrnitrate of mercury
*

Mr Zaboada has shown, 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 present, which the acid

was incapable of dissolving) consist of pure nitrate of

mercury f.

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 Eerthollet, Mem. de /' Irvtlt, iii. 333=

^ Jour.de Phys. I*. $6.
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Book H. the solution of this salt, throws down the base in the
Division III.

* -v 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

a hot hammer, it detonates violently, and the mercury
is reduced f.

2. Oxynitrate ofMercury. 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 a 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 crystals always 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 turpetb. Ac,

* 2aboada, Ibid. f Brugnatelli, Ann. de Ch'm. xxvii. 7A,
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cording to the, analysis of Messrs Braamcamp and

queira-Oliva, it is composed of

12 acid

88 peroxide

100 *

When a current of sulphureted hydrogen gas is

ed through a solution 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 mercury may be ob-

tained by subliming the mixture f .

Sp. 2. Hyperoxymuri&te of Mercury^

THIS singular salt was discovered by Mr Chenevi^,

When oxymurjatic acid is made to pass 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 mixture of the oxide com-

bined with muriatic and hyperoxyrrmriatic acid. By
carefully separating the last formed crystals, Mr Che-

nevix obtained some hyperoxymuriate, which he puri-

fied by a second crystallization. This salt is soluble in

about four parts of water. When sulphuric, or even

weaker acids, are poured on it, hyperoxymuriatic acid

* A/in* ds CLim. liv. 125. f Zabpada, Jour. Je Fkyt. Ix. 580,
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Book II. is disengaged in the usual way. The other properties

~v of this salt have npt been examined*.

II. INCOMBUSTIBLE SALTS.

Sp. 3. Muriated Mercyry.

THE compounds formed by the combination of mu-

riatic acid with the oxides of mercury have, on account

of their very great importance, attracted the peculiar

attention of chemical philosophers. There is scarcely

a single writer on the science who has not either at-

tempted to vary the processes for making them, or to

ascertain their properties, or to explain their nature and

composition. In 1169 Bergman published a treatise on

the mercurial muriates, in which he collected the more

important labours of his predecessors, and gave us also

his own experiments f ; but that illustrious philosopher

failed in his attempts to explain the cause of the differ-

ent properties exhibited by these salts. It was only

after the discovery of the oxymuriatic acid, and of the

nature of the different oxides of mercury, that this dif-

ficult problem could receive a satisfactory solution : and

for the first complete solution we are indebted to Ber-

thollet. His conclusions have been decisively confirm-

ed by the experiments of Chenevix.

There are two mercurial muriates ; one of them ibi

composed of muriatic acid and mercury combined with

a maximum of oxygen ; it is of course an oxymuriatc $

the other, containing mercury oxidized to a less degree,

is only a muriate.

* Chenevix on Oxygenized and Hyperoxygen'izcd Muriatic Adls, PLlt.

ans. 1803, f Ofuse. iv. 279.
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Muriatic acid lias 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 f It will be proper

first to describe the oxymuriate of mercury, because it

is usually employed in the manufacture of the muriate.

1. Oxymuriate of mercury. This salt is usually de- History,

nominated corrosive sublimate, or corrosive muriate of

mercury* The original discoverer of it is unknown.

It is mentioned 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 appear all to have been ac-

quainted 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.

The process most commonly followed is to mix toge- prepare

gether equal parts of dry oxynitrate of mercury, decrepi-
tlon*

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 theory of this process is obvious. The heat ex-

pels the sulphuric acid from the sulphate, which in its

* Bergman, iv.



|*iq SALTS off

Book if. turn decomposes the common salt, and leaves the mu*
Division III. . r '.,.'.,
^-.^-.-^ riatic acid at liberty to act upon the mercurial oxyni-

trate, from which it separates the oxide, and sublimes

with it in the state of o^ymuriate. Another process,

first proposed by Ivunkel, is to expose, in a similar vesr

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 l?y passing oxymu.riatic acid intp a solution of

nitrate of mercury, and evaporating the solution till the

salt crystallizes *. But it would b.e tireson^e and use-

less to enumerate ail the different processes. By far

the most simple, and certainly the best for chemical

purposes, is to dissolve the red oxide of mercury in mu-

riatic acid. The solution takes place readily, an4

without the disengagement of any gas j and the salt crys-

tajli^es spontaneously f.

. Qxjmunate of mercury, when obtained by sublima-

tion, is in the form o,f a beautifu.l white semi-transpa-

rent mass, composed of ver,y small prismatic needles.

By evaporation, it yields cubes or rhomboidal prisms^

pr more commonly quadrangular prisms with their sides

alternately narrower,, and terminated by dihedral sum,-

nuts
. J. Its, specific gravity is 5'1393

,
Its taste is

excessively acrid and caustic^ ancl it leaves for a long

time a very Disagreeable styptic metallic impression on

the tongue. When swallowed, it is one of the mos,t

virulent poisons known, producing violent pain, nausea,

and vomiting, and corroding in a very short time the

Fourcroy, y. 337. f Berthollet, Mem. de rinstit. iii. 136.

\ Bergman, iv. 295. Hasseniratz, Ann, de Chim. xxyiii. I2>
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stomach and intestines *. It is soluble in about 20 parts

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

-Id of its weight of it f. Alcohol, according to Macquer,

at the temperature of 70, dissolves |ths of its weight,

and 100 parts of boiling alcohol dissolve 88 pans of it.

It 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 Cher;evix. Since that time the subject

* Hence it was called by the alchemists $he dragon,

f Verwandi3ehaft,\>. 310.
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Book IT. has been examined by Zaboada. The following Table
Division I if. . . ".

exhibits the result of the different analyses hitherto

made :

History.
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his Tirocinium Chenricum, in which he describes the salt Chap. Hi.

tinder the name of draco mitigatus *.

The processes for preparing it, which are numerous,

have been described by Bergman. The most usual is

to triturate four parts of oxy muriate of mercury with

three parts of running mercury in a glass mortar, till

the mercury is killed, as the apothecaries term it ; 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 a

sufficient heat in a sand bath. The muriate is sublimed ;

mixed, however, usually with a little oxymuriate, which

is either removed by repeated sublimations and tritura-

(ions, 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 a nitrate of mercury br

dissolving ns 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 comes off

without any taste, and then dried upon a filter f.

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,

* It has bet ri known also by a variety of other names ; such as,

dulce, aqui/j alLa
t aquila mitifata^ manna m^Alli'rttTK^

mineralet fianchymogogus quercftanuss

t Scheele, ?. 3*tr
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Book If. it immediately separates into two portions ; superni*

H y trate, which remains insolation ; and subnitrate, which

precipitates in the state of a white insoluble powder.
When the solution of common salt is added to the solu-

tion, a 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 is not 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 ^ths 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 tUe water with which

the muriate is washed.

Properties.
Muriate of mercury is usually in the state of a dull

white mass ; but when slowly sublimed, it crystallizes

* Chenevix On the Oxygenized and Hyj>troxygemzcd Muriatic

P-39-
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j:i Four-sided prisms, terminated by pyramids. It has ChaP- ?

very little taste, is not poisonous, but only slightly pur-

gative. Its specific gravity is 7*1758 *. It is scarce-

ly soluble, requiring, according to Rouelle, 1152 parts

of boiling water to dissolve it.

When exposed to the air, it gradually becomes deep-

er coloured. When rubbed in the dark, it phosphoi

resces, as Scheele discovered. A stronger heat is re-

quired to sViblime it than is necessary for the sublima-

tion of bxymuriate. Dxymuriatic acid converts it ihttf

oxymuriate of mercury ; and the snme change is pro-

duced by subliming it with one part of common salt

and two parts of siilrjhate of iron. Nitric acid dissolves

it readily, and much nitrous gas is evolved, as ferthol-

1'et has shown, and the salt is converted into oxymuriate;

Mr Chenevix employed the following method to as-

certain the composition of this salt. He dissolved 100

parts of it in nitric acid, and precipitated the acid by
nitrate of silver. The precipitate indicated 11'5 mu-

riatic acid. The oxide obtained was 88 5. Zaboadl

followed nearly the same plan. The precipitate, by-

means of nitrate of silver, indicated 10 ; 6 of muriatic

acid. Muriate of tin threw down 85 grains of pure

mercury. Hence he concluded that the oxide contain-

ed 5 per cent, of oxygen. Whereas Chenevix's expe-

riments indicated 10*7 per cent, of oxygen. The fol-

lowing is the result of the analyses of these two che-

mists :

* Hassehfratz. -Ann. de Chtm, xxviii, I?
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Pivision III.

Varieties.

Sulphate.

1

*
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into a white mass ; the nature of which differs accord-

ing to the proportion of the ingredients and the degree

of heat employed ; but it is usually a mixture of super-

sulphate and supefoxysulphate. Sulphate of mercury-

may be formed by boiling over mercury a quantity o*f

sulphuric acid diluted with its own weight of water.

Very little sulphurous acid gas is disengaged *. By

proper evaporation this salt is obtained in small pris-

matic crystals. It is soluble without decomposition in

500 parts of cold water, and in 287 parts boiling wa-

ter. It is not altered by exposure to the air ;
but heat

decomposes it. According to Fourcroy, it is compo-
sed of.. ..*...*..; 12 acid

S3 oxide of mercury
tuin.

water

100

The alkalies and lime-water precipitate the mercury in

the state of black oxide, or rather tubsitlpbatc, as it re-

tains a small portion of acid. Sulphuric acid combines

with itj and converts it into supersulphate of mercury f

This last variety may be obtained at once. If stil- Supersuj*

phuric acid be boiled on mercury, and the process be p atc

stopped before the whole of the sulphuric acid is eva-

porated to dryness, the white mass obtained, after being

washed with a little water, is supersulphate ofmercury.
This salt has an acrid taste, it reddens vegetable blues,

and does rvot become yellow when exposed to the air.

As it contains different proportions of acid, according

to the process, its solubility of course is different,:

* Berthollcr, Mem. de /' Instit. in. 330.

f Fourcroy, Aim. dc dtfftjfr: x. 299.

Vl. IIL
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Oxvsul-

phate.

BookTT. When the excess of acid amounts to about the twelfth
Division HI,

Y of its weight, it 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 mer-

cury combines with an additional dose of oxygen, and

there remains oxysulphate of mercury. This salt 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

Braamcamp and Siqueira-Oliva, of

31*8 acid

6 3- 8 peroxide

4*4 water

100*0 f

When water is poured upon this salt, it is immediately

separated into two portions ; namely, superoxysulphate

and suboxysulphate : 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 wasSuboxysul-

phate

* Fourcroy, Ann. de dim. x. f Ann. tie dim. liv.
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first proved by Rouelle. Its specific gravity is <5'444 *. Chap. m.

It is soluble in 2000 parts of cold water, and in 600

parts of boiling water. The solution is colourless f.

The name turpeth mineral seems to have been given
T rpeth

to this salt by Crollius, who boasted of its medicinal

virtues, but kept the preparation a secret. He attempt-

ed to moderate 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 in 1700, in his Labo-

ratorium Chymicum. The name turpetl was no doubt

given from some resemblance which it was supposed to

have either in its colour or effects to the root of the

convofaolus turpethum, a plant formerly used in medi-

cine.

According, to the experiments of the Portuguese che-

mists above quoted, turpeth mineral is composed of

15'0 acid

84*7 peroxide

0'3 water

lOO'Oj

Sp. 5. Phosphated Mercury.

PHOSPHORIC 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 Ejsayj, v. 68'.

f Fourcroy, Ann.de Cbim. r. 298. } Ann. de Cblm. lir, 123.

M2
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Book IT. jp the state of a white powder. This salt has beea
Division III. .

r

'

y lately introduced into medicine, and seems to answer

equally well with the other mercurial preparations. It

phosphoresces when rnbbed in the dark ; and when dis-

tilled, it yields phosphorus, like the other metallic phos-r

phates. Its specific gravity is 4'9835*. This salt is

in fact an oxyphosphate of mercury. Its constituents

are 28*5 acid

7i'5 peroxide

100'Of

Phosphited Mercury* Messrs Braamcamp 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 that

phosphite of mercury can exist \.

Sp. 6. CarInnate of Mercury.

CARBONIC 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....~.......,....90'9 mercury
9*1 oxygen and acid

100-0 J

Sp. 7. Fluate of Mercury.

FLUORIC ACID has no action on mercury ; but it

* Hasscnfratz, Ann. de Cllm. xxviii. 12.

f- Braamcamp and Siqueira, Ann. de Chlm. Hv. 115.

\ Ann. tie Cbim. Ibid.
$ Bergman, ii. 391,
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combines with its oxide, and forms a white insoluble Chap. Hi.
^^^"\ /^MPHH!

Suate of mercury *. The same salt is precipitated when

the alkaline fluates are mixed with the nitrate of mer-

cury.

Sp+ 8. Borate of Mercury.

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 mercury in thte

state of a yellow powder, first described by Monnet.

Its specific gravity is 2*266 f.

III. COMBUSTIBLE SALTS.

Sp> 9. Acetated Mercury*

ACETIC ACID does not act sensibly on- mercury-; bn-t

it dissolves its oxides, especially when hot. The first

accurate set of experiments on these solutions was made

by Margraf, who procured from them a salt in crystals

With the protoxide of mercury acetic acid forms an

acetate, and with the red oxide an oxacetate ; salts

which were first properly distinguished from each other

by Mr Proust .

1. Acetate of Mercury. This salt may be formed by

dissolving in acetic acid the precipitate obtained /rom

nitrate of mercury by means of alkalies. As the sokr*

tion cools, thin brilliant plates of acetate of mercury-

are deposited, resembling boracic acid. It may be pre-

pared also by mixing together solutions of nitrate of

* Scheele, i. 32. f Hassenfratz, Ann. <Je Cblm. xxviii,

\ Ofuse. 1.119. Jcur>
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Book n.

Crystals.

Varieties.

SALTS OF

mercury and acetate of potash. Large flat crystals o

acetate of mercury, of a silvery whiteness, soon make
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 t6 dryness,

forms a yellow mass, which soon deliquesces. It dis-

solves readily in alcohol ; but water divides it into two

salts, a superoxacetate, which remains dissolved in the

water, in consequence of its great excess of acid ; and a

suboxacetate, in the same state of a yellow powder, in-

soluble in water. When the solution of red oxide of

mercury 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 acid, a portion

of which is decomposed *.

Sp. 10. Succinaie of Mercury.

WHEN succinic acid is digested with the oxide of

mercury, it forms with it a shapeless mass containing

some crystals, and soluble in water ; from which the

oxide is precipitated by alkalies and bydrosulphuretsf.

Sp. 11. Benzoate of Mercury.

BENZOIC ACID dissolves the oxide of mercury, and

* Proust, Jour, tie Pbys* Ivi. 2OJ.

f Wenzel's Vertuamitselaft, p. 245.
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forms with it a white powder, not altered by exposure Chap. ill.

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 ofMercury.

OXALIC ACID 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 f. Klaproth first

discovered that this salt has the property of detonating

when heated : the same observation was afterwards

made by Von Packen $. Howard's fulminating powder
consists partly of this salt.

Sp. 13. Mellate of Mercury,

MELLITIO ACID occasions a white precipitate in ni-

trate of mercury, which is redissolved on the addition

of nitric acid
||.

Sp. 14. lartrate of Mercury.

TARTARIC ACID does 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 Cbim. xi. 316. f Bergman, i. a66.

J Westrumb's Kl. Pb. Cbim. Alb, i. aa8.

De Sale Acid Tartar*, 1779. H Klaproth'arf/r*'i



t0 ^ie^lit ^'(S salt P^P^tes a^o when tarUnc

acid is poured into nitrate of mercury.

Sf . 15. Citrate ofMercury.

THIS salt has been examined by Vauquelin. Citric

acid does not attack mercury ; but when poured upou

jts 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, but is scarcely

soluble in water. Nitric acid decomposes it. When

(Hsjilled, tfcere comes, o.ver acetic and carbonic asitls,

and the mercury is reduced *.

Sp^ 16. and. 17. Saccofate and Malate of Mercury.

saclactic acid or malic acid is dropt into nitrate

of mercury, ^ white pjcecipitate appears f.

Sp. 18. Prussiate of Mercury.

THIS salt, which was first formed by Scheele, is corn*

posed of the prussie acid combined with the red oxide

of mercury. It may be formed by boiling the red ox-

ide of mercury with prussian blue. It
cxys.talliz.es 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 t-

This salt is capable of combining with sulphuric and

m^.i-iatic acids, and forming triple salts, which have not

yet been examined .

*
Fourcroy, yii. 109.

f Scheele? ii; 80. and Crell's Annals, ii. ii. Eng, Trans/

| Hasscnfratz, Ann. de Cbim. xsviii. 15.

j Bsnholiet, Ibid. i. 33.
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Chap. Ilf

IV. METALLIC SALTS,

Sp. 19. Arwniate of Mercury.

WHEN arsenic acid and mercury are heated in a 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 insoluble 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 sufphate of mercury f.

Sp. 20. Mo!ybda.te ofMercury.

MOLYBDIC ACID precipitates mercury from nitric

acid ia the form of a white flaky powder J ; but it

occasions no precipitate in the solution of oxymunatc
of mercury .

Sp. 21. Tungstate of Mercury.

TUNGSTIC ACID forms with the oxide of mercury au

insoluble powder, which has not been examined,

Sp. 22. Chrornate of Mercury.

THIS salt may be formed by mixing together the so~

lutions of an alkaline chromate and a mercurial nitrate.

It is an insoluble powder of a fine purple colour
||

.

f Bergman, ii. 391. \ Hatchett.

5 Scheple, i. 247. j[ Vauquelin.
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V. TRIPLE SALTS.

Sp. 23. Nitroxymuriate of Mercury-and-Soda.

THIS triple, or rather quadruple salt, was first noticed

by Mr Berthollet. When a solution ofmuriate of soda

is poured into oxynitrate of mercury diluted with water,

scarcely any precipitate appears j
but by proper evapo-

ration rhomboidal crystals are obtained, whose faces

are .channelled. These, according to Berthollet, arc

composed of nitrate of soda and oxymuriate of mercury.

When heated in a crucible, oxymuriate of mercury su-

blimes, and nitrate of soda with a little muriatic acicl

remains, behind *-
Jori ,

, ji#M^ mtM

Sp. 24. Oxymuriate of Soda-and-Mercury.

WHEN four parts of oxymuriate of mercury and one

part of muriate of soda are mixed, they form a triple

salt more soluble tfcan corrosive sublimate f.

Sp. 25*. Suboxymvriate of
'

Ammonia-and-Mercury.

WHEN ammonia is poured into a solution of oxymu-
riate of mercury, a white precipitate falls, ponsisting of

the oxymuriate of mercury.and-ammonia with excess

of base. It has a taste at first earthy, afterwards me-

tallic. It is scarcely soluble in water. According to

Fourcroy, it is composed of

16 acid

81 oxide

3 ammonia-
100

* Mem. de V Jnttit. iii. 235. f Berthollet, Ibid. p. 236.
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Sujphuric and nitric acids decompose it, and conver Chap. HI.

it into oxymuriate of mercury and sulphate of ammo-

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 subliming the two salts together. When potash is

poured into this solution, a precipitate falls, which su-.

blimes in the state of calomel f.

Sp> 26. Tartrate ofPotash-and-Mercury.

THIS salt, first described by Monuet, may be formed

by boiling in water six parts of tartar and one part of

oxide of mercury. The liquid, 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, the alkaline carbonates, the hydrosulphurets,the

sulphates, and the muriates J.

GENUS V. SALTS OF PALLADIUM.

PALLADIUM 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

* Ann, de Chim. xiv. 47. f Eeithollct, Statique Cbimique, ii. 419.

| Ann. de Chim. JUUViii. 36.



SALTS OF

^* tjierto Polish6**' They may be distinguished by the

following properties :

1. They are almost all insoluble in water, and the

colour of the solution 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^coloured 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.

Neither nitrate of potash nor sal ammoniac occasions

any precipitate.

Ibi'j; :;,*-Ij V) <KJi>Ic*i%i& 1 >ii*3ji>! JKHZiOI VfJ OV,

Sp. 1. Nitrate of Palladium.

WEN pa'iLdium is put into a strong colourless nitric

acid, the liquid gradually acquires a red colour ; but

the action of the acid is extremely slow, no nitrous gas

whatever being extricated. This fact, hitherto 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 inetals is wanting.

When the acid contains nitrous gas the action is more

jrapid *. The aitrate of palladium, thus' formed, is of 3.

* Wollaston on the Ditcncry of Palladiumr?bil* Tfcww. 1805*
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dark red colour ; by evaporation it yields a red matter, t
Chap.

which is probably in the state of a subnitrate.

$p. 2. Muriate of Palladium.

MuRiATrc ACID acts slowly upon palladium when

assisted by heat, and assumes a 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

not been examined.

Sp. 3. Sulphate of Palladium.

SULPHURIC 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-

ful f. The properties of the sulphate thus formed have

not been examined.

Sp. 4. Muriate of'Palladium-and-Soda.

WHEN 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 j for this

last salt forms permanent crystals!.

Sp. 5. Muriate of Palladium -and- Potash .

WHEN nitrate of potash is dissolved in muriatic acid,

* Chenevix on Palladium, Pbil. Tram. 1803. f Chenevix, Ibid.

\ Wollaston on a New Mtal found in Oruda Platia. Pill.

1804,
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Book II. a liquid is formed, which acts readily upon palladium-
Division HI. .:

C y_ but not upon platinum ; because the muriate of plafi

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

9f water and one part of nitre. The solution of palla-

dium thus formed, which is of a deep red, by evapora-

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 curious contrast of colour. When viewed

transversely they are of a bright green; but when view-

ed in the direction of their axes, their colour is the same

as that of the solution : on account of its extreme in-

tensity, however, this colour is with difficulty distin-

guished in fragments that exceed T^th of an inch in

thickness. When the crystal is viewed obliquely it is

of a dull brown, arising from a mixture of the red ahd

green *. ,i 3j j {

Adrift/ <b*u '

. .-

"'"*
-i
;;v^ \~

S]>. 6. Muriate of Palladium-and-Ammonia.

THIS triple salt, like the last species, is very soluble

in water, which distinguishes it sufficiently from the

muriate of platinum-and-ammonia. Hence palladium

is not thrown down from its solutions by sal-ammoniac.

This salt, according to Dr Wollaston, resembles the

last species in every respect.

* Wollaiton on a New Metal from Crude Platina.
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Sp. 7. Prusslate of Palladium. *

^' _',

WHEN prussiate of mercury is poured into any neu-*

tral solution containing palladium, a 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-

ring 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 sufficient to melt bismuth.

The light produced is feeble, and can be seen only in

the absence of all other light *.

GENUS VI. SALTS OF RHODIUM.

THE properties of the salts belonging 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.
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'Bookn. 3. Neither is any precipitate produced by hydrostil-
r>ivisi.nIH.

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.

Sp. 1. Nitrate of Rhodium.

THE oxide of rhodium dissolved in nitric acid forms

a red solution which does not crystallize.

Sp. 2. Muriate of Rhodium.

THE oxide of rhodium forms a rose-coloured solution

in muriatic acid. It does not crystallize, but the resi-

duum is soluble in alcohol. Sal ammoniac, nitre, and

common salt, cause no precipitation, but form triple

salts which are insoluble in alcohol.

Sp* 3. Soda*Muriate of Rhodium.

THIS triple salt, which has the taste of sulphate of

soda, forms rhomboidal 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

icadily in l|- part of water, but not in alcohoL

GENUS VII. SALTS OF IRIDIUM.

THIS genus of salts is still less known than the fof~

mer. We are indebted to the French chemists, and to

Mr Tennant, for all the facts hitherto detailed.

1. The salts of iridium appear to be soluble in wa-

ter, and to have a colour at first green, but which

changes to red by concentrating the solution in an opc

vessel.
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2. Kfeither prussiate of potash nor the infusion of Ctep.

nutgalls occasions any precipitate ; but both render the

solution colourless.

2. They appear to be partially precipitated by sal-

ammoniac ; since Descotils has shown that the red co-

lour which the muriate of platinum-and-ammonla some-

times assumes, is to be ascribed to the presence of iri-

dium.

The only salt of indium 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 crystals of a

red colour. These crystals dissolved in water, and

formed a deep red solution inclining to orange,

GENUS VIII. SAL^S or OSMIUM.

THIS 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 alkaline and earthy bases, and from its

solubility in water, and other properties^ obviously ap-

proaches in its nature to an acid;

No acid hitherto tried, not even the nitro-muriatic^

has any effect upon osmium in the metallic state.

GENUS IX. SALTS or 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 doubt

Vol. III. N
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Book ii. the reason that some of them have been so Idng known
Division I II.

u Y^-^J and so generally employed. The alchymists and the

earlier chemists distinguished them by the name of salts

of Venusy 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 Chenevixf.

The cupreous salts may be distinguished by the fol-

lowing properties :

CHiractefs. 1. They are almost ail soluble 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 poured 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 solu-

tion.

4. Hydrosulphuret of potash occasions a black preci-

pitate.

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 frhat, strict-

ly speaking, all the salts of copper are oxygenized. To

this general rule, however, there is one exception ; the

Ann. de C/j/OT.xxxii. a6. \ Phil. Tra/wiSo*, p 193
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muriatic acid combines with both oxides of this metal,

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. Nitrate 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.

These crystals are long parallelepipeds. 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 not 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. These crystals detonate also when mix-

ed 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, a strong heat 'is produced, the tinfoil is

burst open in every direction, and very often it takes

* Hassenfratz, Ann. de Ckim. xxviii. 12.

N 2
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Bookn. fire . This curious experiment was first made by Dr
Divisionlll. .

y
.> Higgms *.

When potash is poured into a solution 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. Mr
Proust has proved, that this green precipitate is a sub-

mtrate 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. It is

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 composed of

16
Compoa.
tion; 67 oxide

17 water

iOOf
Nitric acid does not seem to combine with protoxide

of copper. When concentrated, it oxidiz.es the metal

to a maximum, and then dissolves it : when diluted,

one part of the metal attracts oxygen from the other :

Blue nitrate is formed, and a red powder precipitates,

which is copper reduced J.

Sp. 2. Hyperoxymuriate of Copper.

WHEN a current of oxymuriatic acid gas is passed

through the oxide of copper suspended in water, the ox-

* Phil. Trans. Ixiii. 137, f Ann. d< Ckim. xixii.

$ Jottr.de Pfys. li. i8j.
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!<Ie is speedily dissolved : But Mr Chenevix, to whom Chap, Iff.

we are indebted for this experiment, has not examined

the properties of the hyperoxymuriate which is formed

during the process.

II. INCOMBUSTIBLE SALTS.

S/>. 3. Muriated Copper.

MURIATIC ACID, 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 oxU

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 oxidized to a maxi-

mum. But muriatic acid is also capable of combining
\vith 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 to the salt

discovered by Mr Proust.

1. Oxymuriate of copper. This salt 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 parallelepipeds of a fine

rass-green colour.

This salt is exceedingly acrid and caustic. Its spe-

$ific gravity is 1*6775 *. It is very soluble in water ;

*
Jiassenfratz, Ann. de Cb\m. xxviii. 12.
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exPosed to the air
> verv soon attracts mois*

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 of.......... 24 acid

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

8*5 water

IPO'Of

Muriate of copper is not decomposed by sulphuric or

nitric acid ; but the alkalies and alkaline earths pre-

cipitate the oxide in the state of a subsalt, if the muriate

of copper predominate ; and in the state of a hydrate if

the alkalies predominate J.

2. Muriate ofcopper. This salt, which contains cop-

per combined with a minimum of oxygen, was disco-

Ann, da dim. xxxii. 47. f Ibid. | Ibid,
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vered by Mr Proust while engaged in his experiments Chap. m.

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, but

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 Formation

for obtaining this salt. He mixed together, in a mortar,

57*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-

Jong with muriatic acid into a well-stopped phial, A
violent disengagement of caloric took place, the liquor

became of a red orange colour, and the whole was dis-

solved except "7
? 5 of metallic copper. The solution con-

sisted entirely of muriate of copper f.

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 gradu^

ally form upon the plate ; and when the colourless acid

is diluted with water, muriate of copper precipitates in

*he state of a white powder^.

* Ann. de Cbim. xxviii. 2 jg. f pj//t Trans. l8oi,p. 237.

\ Tour, de Pbys. li. l8l.
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his salt crystallizes in tetrahedrons. When Its con-
pfvision HI.

v v r 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 in solution.

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 those

of Chenevix, this salt seems to be composed of about

fompon-
2 4' 75 acid

tfP? 70-25 protoxide

5-00 water

ioo-oo

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-

phatef.

It dissolves in ammonia, and forms a colourless solu-

tion, which gradually attracts oxygen when exposed to

the air, and at the same time acquires a fine blue co-

lour J.

Sp. 4. Sulphate of Copper.

SUXFHURIC ACID does not attack copper while cold ;

feut at a boiling heat part of the acid is decomposed, the

copper is oxidized, and combines with the remainder of

Jhe acid. But recourse is seldom had to this process,

* Chenevix, Phil Tram. 1801, p. 230.

f Proust, Ann. de Cbrm. xxviii. 3JQ.

|Jd.
Jour, de Ply. li, 183,
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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 it is 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 ap-

pears to have been known to the ancients. In com-

merce it is distinguished by the name oiIblue vitriol, an4

sometimes by that of blue copperas. It is in fact an oxy.

sulphate. There are three varieties of this salt known,

namely, supersulphate, sulphate, and subsulphate.

1. Supersulphate. This is the variety which occurs Properties

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 has a deep blue colour. The

primitive form of its crystals, according to Hauy, is an

oblique parallelepiped, whose sides are inclined to each

other at angles of 124 l' and 55 59' ; and whose

base makes, with one of the sides, an angle of 109 2l',

and with the opposite side an angle of 70 39'. It

sometimes passes into the octahedron and decahedron,

and the edges at the bases are often truncated.

It has a strong styptic metallic taste, and indeed is

employed as a caustic. Its specific gravity is 2*1943 *.

It is soluble in about four parts of water at the tempe-

rature of 60, and in 1*6 parts of water at the tempera-

ture of 144 f. When exposed to the air, it undergoes a

very slight efflorescence, and its surface is covered with

* Hassenfratz, Ann. de Cbim. xxviii. i j. According to r Watson,

(Chemical Essays, V. 69.)

\Venzers Vtrwnukt&aftt p. 309.
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Bcokir. a greenish white powder. When heated, it loses its.

Division JH. . .

C y ' .water, 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 behii d.

Ccmposi-
This salt, according to the analysis of Mr Proust, is

tion. .composed ot 33 acid

32 oxide

35 water

100*
I

'

But part of this water is intimately combined with the

oxide in the state of hydrate of copper, as Mr Chenevix

has observed. We may therefore consider the salt as

.composed of , 33 acid

42 hydrate of copper

25 water

100

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 quadruple

salt with muriate of ammonia. When equal parts of

the two salts dissolved in water are mixed together, the

^ Ann.de dim. xxxii. 33. According to Kirwan, it is composed of

31 acid

40 oxide

29 water

100

This agrees almost exactly with the experiments of Proust, if we sup-

pose tylr Kirwan's oxide was in the stalje of a hydrate.
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solution has a. yellow colour while warm, but becomes Chap. III.

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 *.

2. Sulphate. This salt possesses nearly the proper-

ties of the first variety, but it crystallizes in four-sided

pyramids separated by quadrangular prisms f. It may
be obtained by saturating the excess of acid in the su-

persulphate with the oxide of copper.

3. Subsulphate. 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 a subsulphate of copper, and to be

composed of 18 acid Composi-r
. ,

tion.

68 oxide

14 water

lOOj

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, Phil. Mag. xiv. 76,

f Leblanc, Jour, de Phys t Iv. 301.

t Ann. de Cbim. xxxii. 34.
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Book II. phate of copper, and the precipitation of a red powdtr.
Division III.

F ' *
y rf which is copper reduced .

Sj>. 5. Sulphite of Copper.

SULPHUROUS 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 subsulphite ;

'* 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 sul-

phite, and part of the oxide is reduced to the metallic

State f,

Sf. 6. phosphate of Copper.

PHOSPHOUIC ACID does not attack copper immedia*

ately ; but when allowed to remain long upon that

metal, oxidation at length takes place, and the phqs-

phate of copper is formed. This salt may he obtained

with great facility by pouring phosphate of soda into $

Jour. 3t Pbyj' li. tfo. i Fourcroy,vu 175.
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solution of nitrate of copper. A bluish-green powder Chap. nL

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 7 L j t>

s hydrate of copper 61 '5
Water .... 12 3

J

35-0

3-5

100*0 f

Sp. 7. Carbonate of Copper.

CARBONIC ACID does not attack copper ; but it com-

bines readily with its oxide, or with the hydrate of cop-

per, when that compound is mixed with water, and a

current of carbonic acid gas made to pass through it. Or

the carbonate may be formed by precipitating a solu-

tion of nitrate of copper with a fixed alkaline carbo-

nate J. To give the carbonate all 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 among mineralogists by

* Ana. de Cb'tm. Xxviii. 12. \ Plil, Trans. i8of, p. 406.

} Mr Chenevix has shown that the alkaline carbonates have the pro*

perty of dissolving a portion of the wrick of copper, and of forming wid*

it a triple salt.
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the name of malachite. It is insoluble in water, and is

entirely decomposed and reduced to the state of black

oxide by the action of heat. According to the analysis

of Proust, it is composed of 25*0 acid

69*5 peroxide

5'5 water

100-0

A hundred parts of copper, dissolved in sulphuric or

nitric acid, and precipitated by the carbonate of potash

or soda, give 180 parts of carbonate of copper, which,

being deprived of its acid and water by distillation,

leaves 125 parts of oxide of copper *.

Sp. 8. Fluate of Copper.

FLUORIC ACID dissolves a small portion of copper
when assisted by heat ; and it dissolves its oxide with

facility. The solution is gelatinous, and yields, when

evaporated, blue crystals of fluate of copper, in the form

of cubes or oblongs f.

Sp. 9. B orate of Copper.

WHEN borax is poured into a solution of sulphate of

copper, borate of copper is precipitated in the form of

a pale light-green jelly, which when dried is with great

difficulty soluble in water. It easily melts into a dark-

red vitreous substance { According to Palm, by long

trituration of filings of copper and boracic acid in wa-

ter, and then digesting the mixture, it dissolves, and

crystals may be obtained from it.

* Proust, Ann. de Cbim. xxxii. 48. \ Scheele, i. 33.

\ Bergman.
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Sp. 10. Acttate of Coffer.

ACETIC ACID attacks copper very slowly in open ves-

sels, converts it into an oxide, and dissolves it : but in

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 va-

rious ways of preparing it are described by Pliny *i It

is usually obtained by exposing plates of copper to the

action of vinegar till they are converted to a bluish-green

powder called verdegris, and then dissolving this powder
in acetic acid, and crystallizing it.

Acetate of copper crystallizes in four- sided truncated Propertied

pyramids. It has a beautiful bluish-green colour. Its

specific gravity is 1*719 f. Its taste is disagreeably me-

tallic) and, like all the compounds into which copper

enters, it is poisonous. It is sparingly soluble in cold

water. When that liquid is boiled upon the salt, it

takes up> according to Wenzel, -fth of its weight of it j.

Alcohol likewise dissolves it. When exposed to the

air, it efflorescesi By distillation it gives out acetic acid.

Proust first remarked that acetous acid and acetic acid

form the same salt with copper ; and hence concluded

that there is no difference between the two acids -.

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. il. f Hassenfratz, Ann. de Cbim. xxViii. It

t Vfrtpmdtjcbaftj p. 3IO. IT Jou*.Je Pbys t hi, JIT;
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Book II. there remains behind an acid which possesses the pro*
Division III.

'<
^ perties of the acetic *.

According to Proust, the acetate of copper is com-

posed of* 61 acid and water

39 oxide

100

When the verdegris of commerce is put into water,

0*56 parts of it are dissolved, and there remains 0*44

parts in the" state of a fine green powder, which remains

long suspended in the solution. Mr Proust has ascer-

tained that this powder is a subacetate of copper. It is

decomposed by sulphuric acid, by potash, and by Dis-

tillation. According to the analysis of Proust, it is com*

posed of 37 acid and water

63 oxide

100

Thus it appears, from the experiments of this philoso*

pher, that the verdegris of commerce is composed of

two different acetates of copper ; the one soluble in wa-

ter, the other insolubfc. It is much used as a paint ;

and crystallized acetate of copper is a frequent ingre-

dient in dyeing compounds. Verdegris is formed in

great quantities at Montpelier. A particular account

of the processes followed in that place has been pub-
lished by Mr Chaptal f.

Sp. 11. Succinate of Copper.

SUCCINIC ACID dissolves copper with difficulty, and

* Ann. de Cbim. xxxii. J$. f Ibid. xxvr
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only when assisted by a long digestion. The solution Chap. III.

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 subsitccinate. 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. Benxoate of Copper.

BENZOIC 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 a 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 arid barytes decom-

pose it f.

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 air . It combines

with great facility with its oxide. The oxalate formed

* XVenzel's Lebre von dtr Verivandttcltft der Korfer. Grindel'a edit,

p. 241.

f Trommsdorf, Ann. deCbim. xi. 315.

\ Wenzel, Ibid, p. 329.

Vol. III. O
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| s jn tjje gtate Of a bluish-green powder, scarcely soluv

< V ' ble in water unless with excess of acid. According to

Bergman, to whom we are indebted for all that is 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. Mettate of Copper.

MELLITIC ACID, when dropt into acetate of copper,

throws down a precipitate of a Spanish green colour,

but produces no change on muriate of copper f.

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 crystals \. When this acid is

poured into the sulphate or muriate of copper, it preci-

pitates a tarttate of that metal in the form of blue crys-

tals^

Sp. 16. Citrate of copper.

CITRIC ACID scarcely acts on copper ; but it dissolves

its oxide when assisted by a boiling heat, and the so-

lution yields light green crystals |[.

$ Bergman, i. 167. t Klaproth's Beitrage, iii. 133.

\ Grindel, Wenzel's Vctiuantiscb*ft dtr JKorfer, p. 214.

Bergman, iLi. 456. [U Wenzel, Ibid. p. 185.
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Sp. 17. Saccolate of Copper.

SULPHATE of copper is not precipitated by saclactic

acid *.

Sp. 18. Lactate of Copper.

WHEN lactic acid is digested on copper, it assumes

first a blue colour, and then a green, which passes into

a dark, brown j but the solution does not crystalliief.

Sp. IP. Suberate of Copper.

SUBERIC ACID gives a green colour to nitrate of cop-

per, but occasions no precipitate J.

Sp . 2 C . Prussiate of Copp er.

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

oxy muriate of copper in ten parts of waterj and preci-

pitate with triple prussiate of lime till the whole is

thrown down. Wash the precipitate, and dry it with-

out heat .

* Schcele, ii. 80. f Ibid. p. 66.

f Bouillon Lagrange, Ann. Je dim. xxiii. 48

Journal of the Royal Institution L 306.

O2
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Book IT

Dm^onm.
iv , METALLIC SALTS.

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

Varieties., 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 saperarseniate,

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 octahedralArseniate. This variety

is crystallized in obtuse octahedrons, composed of two

*
Scheclc, i. 175.
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tour-sided pyramids applied base to base, the faces of
t
Chap. Til.

which are isosceles triangles ; 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 9
. 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 2' 881 *. They are composed, according to the

analysis of Chenevix, of 14' 3 acid

50*0 brown oxide

35'7 water

V

100*0

ariety 2. Hexdhedral Arseniate. This variety is

commonly found in very fine six-sided laminae, and is

divisible into thin scales like mica. It is of a deep

emerald green colour ; and its specific gravity is 2*548 f*

Jt is composed of 43 acid

39 oxide

18 water

loot

This variety precipitates in the form of very smalt

blue crystals when arseniate of ammonia is poured into

nitrate of copper }.

Variety 3. Acute octahedral Arseniate. This variety

is composed of two four-sided pyramids applied base to

base ; two of the faces, which are more inclined, meet

at the apex at an angle of 84, and at the base at one

* Bournon. f Id.

| Vauquelin, Jour, de jtfin. x. 564.

Chenevix.
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Book II. of 96. The other two form at the apex and base
Division III. ,_,. r , . ,

.

angles of 68 and 112. The apex of the pyramids is

often a ridge. Very frequently it assumes the form of

a rhomboidal prism, terminated by dihedral summits,

and in many cases the angles of 96 are truncated. Its

usual colour is brown or dark bottle-green. Its specific

gravity is 4*280 *. It is composed of 29 acid

50 oxide

21 water

100

But sometimes it is destitute of water altogether f.

Variety 4. Trihedral Arseniate. The primitive form

pf this variety is a trihedral prism, whose bases are equi-

lateral triangles; but it occurs crystallized in a great

variety of figures, which have been described with great

accuracy by the Count de Bournon. They are usually

of a fine bluish-green colour, and of the same specific gra-

vity as the last species. When opaque, they are some-

times nearly black. They are composed, according to

the analysis of Chenevix, of 30 acid

54 oxide

16 water

100

Variety 5. Superarseniate. This salt has not been

found native ; but it ha$ been formed by Mr Chenevix

by the following process : Arseniate of ammonia was

poured into the nitrate pf copper, and occasioned a pre-

cipitate, which was the second variety described above c

* Bournon. f Cheneyix.
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The solution, which retained its blue colour, was par- Chap.

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

3 5' 5 oxide

24*4 water

lOO'O

Perhaps * 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.

Composi-
tion.Variety 1st,
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Book II. and nearly one part of the white oxide of arsenic pul-
Division III. p . ,

T
* verised m 44 parts ot water by the assistance ot 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. Molyldate of Capper.

MOLYBDIC ACID throws down a green precipitate,

from nitrate of copper f.

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 |.

V. TRIPLE SALTS.

Sp. 25* Tartrate of Potash and Copper.

THIS 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

Brunswick
dissolve anc* ^7 evaporating to dryness, a bluish-green

green. powder is obtained, which, according to Leonhardi,

* Schecle, i. a6l. f Hatchett.

f Scheele and Vauquelin.
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constitutes the better kind of the pigment called Bruns- Chap.

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.

GENUS X. SALTS OF IRON.

THE compounds which the acids form with the ox-

jdes of iron were formerly distinguished in chemistry

by the epithet martial, because Mars was the title given

by the alchymists to iron. 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 two 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 Handbucl dcr Clemie, iii. 331.



218 SALTS OF

Book II. Researches on Prussian Blue in 1797 ; in which he de-
Divisionlll.

i__ scribed the properties or the salt composed or the red

oxide of iron and sulphuric acid ; which, according to

the rule formerly laid down, I shall call oxysulphate of
iron. Since that time Mr Davy has ascertained the ex-

istence of several more of these salts.

The salts of iron may be distinguished by the foU

lowing properties :

Characters. ^ -j^e greater number are soluble in water ; and in.

general the solution has a 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 atmosphere.

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

a black or purple precipitate, at least if the solution has

keen for some time exposed to the air.

I. DETONATING SALTS.

Sp. 1, Nitrated Iron.

NITRIC ACID, when as strongly .concentrated as pos-

sible, does not act rapidly on iron ; but when the acid

is of a moderate strength, the action is very violent, a

* From this rule the oxygenized salts of iron must be excepted. In

them sulphurated hydrogen occasions a precipitate. This precipitate is

sulphur, thrown down by the decomposition of the sulphureted hydro*

gen at the same time the salt Loses a portion of its oxygen.
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prodigious torrent of gas is extricated, which Dr Priest- Chap. IIL

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 ofIron 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 usual 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 Formation,

gravity 1'IC 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, a 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. Oxynitrate ofIron. 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^. 187.
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Book II. luble in nitric acid ; and sometimes when concentrated
Division III.

v y *j assumes the form of a jelly. When strongly heated,
Properties. ^ acj (j

>

s Disengaged, and the oxide remains in the

form of a fine 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 earths 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.

Crystals. Vauquelin has 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

taste, and are very deliquescent. Their solution in wa-

ter has a red colour, and the alkalies precipitate from

it red oxide of iron *.

Sp. 2. Hyperoxymw'iate of Iron.

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-

ficulty. But Mr Chenevix, to whom we are indebted

for this experiment, has not examined the properties of

*
Fourcroy, vi.
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the hyperoxymuriate which must be formed during the Chap. in.

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 and red 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,

is a mixture of these two salts.

1. Muriate of Iron. When iron- filings are dissolved

in muriatic acid, the solution, provided it be excluded

from the air, is of a pale green colour, and yields, when

evaporated, crystals of rnariate of iron of a pale green,

which are extremely soluble in water, and soluble also,

according to Davy, in alcohol. The solutioa attracts Propertk*.

oxygen from the air and from nitric acid. It absorbs

nitrous gas even in greater quantity than sulphate of'

iron, 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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pe" S t0 a solut 'on of s^phate of iron impregnated tvith

nitrous gas *. This salt may be formed very readily

by dissolving sulphuret of iron in muriatic acid ; the

sulphureted hydrogen gas evolved preventing the ab-

sorption of oxygen from the atmosphere f.

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-

JPropertles. ingly astringent. 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

solution of red oxide of iron in muriatic 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 mu*

riate, which is capable of crystallizing. The whole of

Davy, p. 1 80. f Pavy, Journal of tie Royal Inttitution, \. 30?.

\ Ibid. p. l8l. . ^ ',VQ>MJ
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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 . Sulplated -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.

But 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 the iron, while its hydrogen is emitted. The

solution has a green colour, and when evaporated im-

mediately, yields crystals of sulphate of iron ; but if al-

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 5 which

retards, and, when sufficiently abundant, prevents the

change.

1. Sulphate of Iron. This salt was known to the an- History*

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 is not 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 this subject the experiments of the Due d'Ayen,

f Lib. xxxiv. c. i*.
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Bookll. so]vecj in water, and afterwards obtained in crystals by
Division 11 1.

J

i

v evaporation. Sometimes the salt is 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.

Properties. Sulphate of iron has a fine green colour. Its 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 very strong styptic taste, and always reddens

vegetable blues. Its specific gravity is l'8399f. It

is soluble in about two parts of cold water, and in ^ths

of its weight of boiling water. It is insoluble in alco-

^ hoi. 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.

f Hassenfratz, Ann. de dim. xxviii. 12. According to Wallerius, the

specific gravity is I 880 (Cbemia, j>. 266.) ; according to Dr Watson,

1-812 (Essays, v. 67.) ;
when calcined to whiteness, its specific gravity

becomes 3-636 (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 ofvitriol, which

is either a mixture of red oxide of iron and oxysulphate,

or pure oxide, according to the heat applied. When this

salt is distilled, there comes over first water slightly

acidulated with sulphuric acid, and afterwards a very

strong fuming acid, formerly known by the name of

glacial oil of vitriol, 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, in a high temperature,

to act nearly the same part as sulphuric acid. Hence

it is often employed by manufacturers to disengage the

weaker acids from their bases.

This salt, according to the best analyses hitherto made,

is composed of the following proportions :

Chap. III.
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Book II. It cannot be doubted, I think, that the black oxide of
Pivtwonllf. . ....v_v > iron is capable of combining intimately with water, and!

Hydrate of Gf forming a hydrate, as well as the oxide of copper.

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. It is in

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 iron,

is also combined with water, and in the state of a hy-

drate. Mr Kirwan, therefore, has, with great propri-

ety, distinguished between the ware* of crystallization

and that part which is a necessary constituent of the

salt.

When the crystals of sulphate of iron are moderately

heated, they assume at first a white colour '

r 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 ofexperiments

on this Salt. The crystals of copperas are sometimes

of a dark green colour, sometimes 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 dark coloured crystals consist of sulphate of iron,

AVL ,V4



the light coloured ories of supersulphate of iron. The

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 pet
cent. 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 assumes.

According to Thenafd, 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-

verts it 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

satisfactory 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 greea

oxide and sulphuric acid.

2. Oxysulphate. This salt exists ready formed iri

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. It may be formed

by exposing the solution of sulphate of iron to the open

* Ann. 4f dim. Ivi. 59.

Pr
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Book II. air for some time, or by pouring into it nitric acid, and
DivisionlH.
w v

-- . applying heat*.

This salt has a yellowish red colour. It does not af-

ford crystals ; and when evaporated todryness, soon at-

tracts moisture, and becomes again liquid. It is ex-

ceedingly soluble in water, and also in alcohol. By
this last liquid it may be separated from the sulphate

of iron, with which it is always mixed in the,'vitriol 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 a minimum of oxy-

gen. Sulphureted hydrogen produces that change in-

stantaneously when made to pass through a solution of

oxysulphate f. That gas has the property of reducing
the oxides of iron to a 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 also formed. Hence
not only the nitxic acid but some water also is decomposed. See Davy**
Kettartieti p. 157.

f Proust, Ann, de Cbim. xiiii. 23.
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On the other hand, all those bodies which part with
t
Chap.

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, thenfu-

riate of gold, &.c.

The solution of sulphate of iron has the property of Absorbs nl-

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 a 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 1*44 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 excess of

base. Hence the ammonia formed must have amounted

to about 0'8 *. The oxysulphate of iron has not the

property of absorbing nitrous gasf.

The sulphate of iron has the property of uniting with

many other metalline sulphates, and forming a variety

* Davy's Rescartbcs, p. 1 70. f Ibid.
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Book it, of triple salts not easily decomposed. The most remark-
Division Hi. *

able are the following :

^1. Sulphate of iron-and-copper

^. Sulphate of iron.and-zinc

3. Sulphate of iron-and--nickel.

In some cases it combines with two sulphates at once,

and forms a kind of quadruple salt. Linke has noticed

t.he following :

1. Sulphate of iron,zinc-and,.nickel

2. Sulphate of iron-copper-and-nickel,

I.t 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.

Sp. 5. Sulphite of Iron.

SULPHUROUS ACED attacks iron with rapidity, much

heat is produced, and the solution assumes at first a

brown colour, which gradually passes into a green.

During this solution no hydrogen gas is emitted except

a few bubbles at first. The iron is oxidized at the ex-

pence of the acid, part of which is decomposed ; its cx-

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, which is obtained

by this process, is not pure sulphite of iron, but that

salt combined with sulphur. These phenomena were

first described by Berthollet*. When sulphuric acid

or muriatic acid is poured into this solution, the sulphu~

raus acid is disengaged with effervescence ; and if these

* Ann. de dim. ii. ^3.
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acids be added in sufficient quantity, a portion of sulphur t
Chap. Hi.

is precipitated.

When the solution is exposed to the air, crystals of Varieties,

sulphite of iron are formed, and at the same time a red

powder is deposited, probably consisting of oxysulpLite

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, simpie

sulphite and sulphureted sulphite. 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 f.

Sp. C. Phosphated Iron.

PHOSPHORIC AGID 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 gradually oxidized, an,d

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-

fbosphate
af iron. Fourcroy and Vauquelin have lately Varieties,

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 suboxy'phosphate, which these

philosophers first observed.

1. Phosphate of Iron* When sulphate of iron dis-

Fourcroy, vi. zoo. f Ibid.
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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 mineral 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 flpund native in small pris-

matic crystals. Specimens of it have been brought
from Brazil and the Isle of France. Its colour is a

light blue ; it is partly transparent an4 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 readily in nitric acid. Its specific

gravity is 2'6. By the analysis of Laugier, as confirm-

ed by Fourcroy and Vauquelin, it is composed of

21 acid

45 protoxide

34 water

100 f

2. Oxyphospbate of Iron. This salt may be readily

procured by mixing together the solutions of oxymuriate
of iron and phosphate of potash or soda. A white pow-
der immediately falls, which is oxyphosphate of iron.

* Schecle, Crell's Annali, i. 115. Eng. Trans.

f Ann. de Cbim. L 214.
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This salt, like almost all the phosphates, is soluble Chap. IIL

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 charcoal, and

heated to redness, it is converted into phosphuret of iron.

3. Subpxyplosphateoflron. 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-

li f. This is the salt which is supposed to give a red

colour to the blood,

Sp. 7. Carbonated Iron.

LIOJJJD 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 ; and by boiling it is deposited in the

form of a yellow ochre, still retaining a portion of acid.

This carbonate often exists native in mineral waters.

*
Bergman, lii. 1 18, f Fourcroy, ix. 152. f Bergman, i. 33.
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Book If. It may be obtained also by precipitating the sulphate of
Division III. .

* '

iron by means of an alkaline carbonate. In that case 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. It

dissolves slowly in acids. Its constituents, as ascer-

tained by Bucholz, are 36*0 acid

59*5 protoxide

2*0 water

97*5

This mineral has the curious property of becoming a

permanent magnet when it is heated red hot *..

RUST may be considered as a carbonate 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 2

the residuum in that case is black oiide of iron f. Its

brown colour seems to be owing to the presence of wa-

ter. There is likewise a subcarbonate of iron which,

from the experiments of Bergman, seems to be compo-

sed of about 24 acid

76 oxide

loot

The liquid known by the name of Stahl's tincture of

Mars, because it was discovered by that illustrious che-

* Bucholz, Gehlen's Jour. i. 231.

f fourcroy, vi. 215. $ Bergman^ ii. 392.
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mist, has not been examined by modern chemists ; but
t
Chap. m.

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 ofpotash and iron. But the combination

is not permanent ; for the liquid soon deposites a red

powder.
i

Sp. 8. Fluate of Iron.

FLUORIC ACID 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 oxyfluate 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 ACID 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 o

glass f.

III. COMBUSTIBLE SALTS.

Sp. 10. Acetated Iron.

THE acetic acid dissolves iron with rapidity, produ-

* Scheele, i. 34. f Id. Crell'* Annals t i. 114. Eng. Transl.
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Book II.
cing an effervescence, and, like the other acids, it forms

Division II F

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 Iron. 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 has a

sweetish styptic taste, and its specific gravity is 1'368 f.

By exposure to the air, or by the application of heat, it

is converted into oxacetate.

2. Oxacetate ofIron is a reddish-brown solution, in-

capable of yielding crystals, and assumes the form of a

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 oxyge-

nized salts of irpn. They prepare it either by mixing

together sulphate of iron and acetate oflead, and leaving

the solution exposed to the air, or by dissolving 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. II. Succlnate of Iron.

SUCCINIC ACID dissolves the oxide of iron, and yields

by evaporation small brown transparent radiated crys-

tals J. This salt is insoluble in water. Succinic acid

accordingly separates iron from all other solutions,

When succinate of soda is dropt into solutions contain-

Journal of the Royal Inttitution, i. 308.

f Hassenfratz,.4. de Cbim. xxviii. xa.

| Wenzel'a ycra>a*cttffbaft, p. 240. Grindel's Edit."'
i
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ing iron, a brownish red precipitate falls in light flakes,
t

*-h*P- T]

which is succinate of iron. This salt is composed of

61*5 acid and water

38*5 oxide

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 a maximum f.

Sp. 12. Benxoate of Iron.

THIS 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
:{:.

Sp. 13. Oxalated Iron.

OXALIC ACID attacks iron rapidly, and dissolves it

with effervescence, and forms a peculiar salt with each

of its oxides.

1. Oxalate is obtained by dissolving iron or its black

oxide in that acid, 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 fall to powder when heated. They are

composed of 55 acid

45 oxide

100

2. Oxygenized Oxalate may be obtained by dissolving

red oxide of iron in oxalic acid, or by exposing the first

salt to the air in a digesting heat. It has the form of

* Gehlen, KUproth's Beitrage, iii. 63.

f Bucholz, Gehlen'* Jour. ii. 515.

| Tremmsdorf, Ann.dt Cbim* xi. 314.
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Book II. a yellow powder scarcely soluble in water, and incapa*
Division III. ,, r ....

- Die ot 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 f.

Sp. \5. Tartrated Iron.

TARTARIC ACID dissolves iron with effervescence,

and combines with each of its oxides.

1. Tartrate of Iron may be formed, 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

properties of tartrate of iron.

2. Qxyiartrate 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 . 1 6 . Citrate of Iron .

This salt has only been examined by Vauquelin.

(Jitric acid dissolves iron slowly ; the solution has a

brown colour, and deposites small crystals of citrate of

Bergman, i. s68. f Klaproth's Beitrage, iii. 131.
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iron. When evaporated, it becomes black like ink,

ductile while hot, but brittle while cold. This mass is

evidently oxy citrate of iron. It is astringent, and very
soluble in water.

Sp. 17. Saccolate ofIron,

SACLACTIC ACID does not precipitate iron from sul-

phuric acid *.

Sp. IS. Malate of Iron.

MALIC ACID forms with iron a brown solution, which

does not yield crystals f.

Sp. 19. Lactate of Iron.

LACTIC ACID dissolves iron, and forms with it a

brown liquid not capable of crystallizing $,

Sp. 20. Sulerate of Iron.

SUBERIC ACID gives a deep yellow colour to sulphate

of iron, but occasions no'precipitate .

Sp. 21. GetHate ofIron .

MR PROUST first observed, that the gallic acid docs

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 iron, if it be formed

in these cases, is very soluble in water and without co-

lour ; but when gallic acid is poured into the oxygenized
salts of iron, the solution becomes black, and a black

precipitate, composed of gallic acid and red oxide of

* Scheele, ii. 80. f Scheele, Crell'a Annaft, ii, 10. Hng.

J Scheele, ii. 65. Bouillon Ligtange, Ann. de Cltim. xxiii. 48.
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*r n> immed 'atelv begins to fall : But it is so very fine

... y and light, that the greater part of it remains long sus-

pended ; 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
writing ink. 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 reason 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 Iron*

THE combination 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 rroust for the

fact, that the prussic acid, like all other acids hitherto

tried, is capable of forming a peculiar salt with each of

the oxides of iron. jiijsr \

1. Prussiate of Iron. This salt may be formed by

pouring triple prussiate of potash into a solution of sul-

phate of iron. The salt precipitates in the form of a

J

white powder. It is not altered by sulphuric and mu-

riatic acids. Wneri exposed to the air it absorbs oxy-
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gen with great rapidity, and passes to the state of oxy- t

chaP- TII<

prussiate. Oxymuriatic and nitric acids produce the

same change.

2. Qxyprussiate of Iron. This salt is formed When

triple prussiate of potash is poured into oxysulphate of

iron, or into the solution of any oxygenized salt of iron.

A beautiful blue precipitate appears, which is the salt.

It is not altered 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. METALLIC SALTS.

Sp. 23. Ar&eniated 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 jelJy ;

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 f. Arsenic acid, as we see from

these facts, is capable, like other acids, of combining
with both the oxides of iron, and of forming arseniate

of iron and oxarseniate of iron. Both of these salts have

been found native in Cornwall, and have been lately

described and analysed with great accuracy by Bournon

and Chenevix.

* Proust, Ann. de Cbim. xxii. 88, f Scheel e, i, 177.

Vol III.
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Book If. i. Arseniate ofIron. This salt may be formed Iwr
Division III . , - i

>.. i

v
f pouring arseniate of ammonia into sulphate of iron. The

salt precipitates in the state of a powder, insoluble in

water. It exists native crystallized 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...... 3& acid

43 oxide

19 water

100

The native (abstracting the impurities) was found by
the same accurate chemist to be composed of about

36 acid

52 oxide

12 water

100 f

2. Oxarseniate of Iron. This salt may be formed by

precipitating oxysulphate 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 has then a brownish-red colour. Ac-

cording to the analysis of Chenevix, the artificial oxar-

seniate is composed of

! .*'."

\ * Bournoo, P6H. Tram. l8oi, p. 190. f Ibid p*M*
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42-4 acid

37*2 oxide

20*4 water

100-0*

Sp. 24. Tungstate of Iron.

THIS salt exists native, and is known to mineralo-

gists by the name of Wolfram. It may be formed by

precipitating sulphate of iron by means of thetungstates.

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 PART of this Work.

Sp. 25. Molyldate of Iron*

THE alkaline molybdates precipitate iron brown from

its solution in acids f.

Sp. 26. Colunibate ofIron.

THIS compound occurs native in North America,

though only a single 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 decomposed by repeated fusions with

potash, which abstracted its acid ; and digestions in mu-

PllL Irani. l8oi, p. 325. f Scheele, i.
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If. riatic acid, which dissolved its iron. Its- component
Division III.

*
' i

v
.. parts, according to Mr Hatchett's analysis, are

21*0 oxide of iron

77*5 columbic acid

98-5*
i\V 'AV^;;;:-vrv* '.!,

V. TRIPLE SALTS.

Sp. 21. Tartrate of Potasb-and-Iron.

THIS triple salt was formerly called tartarised tine-

tore of Mars, ckalybeated tartar, and tartarised iron.

It may be formed by boiling two parts of tartar and

one of iron-filings, previously made into a paste, in

a proper quantity of water. The liquor by evapora-

tion deposites crystals which form the salt wanted.

Sp.2&. 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 vitriol. They effloresce

in the airf,

Sp. 29. Muriate of Ammonia-and-Iron.

THIS 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 mass su-

blimed is the triple salt. Its properties have not been

examined with care.

* Hatchete, on a Mineral Substance from North America. Phi?

Trans. iSctt. f Creli's Annali , 1796, i. 30.
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THIS triple salt has been lately mentioned by Four*

croy. It was obtained by dissolving 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 *.

GENUS XL SALTS OF TIN.

THOUGH several of the salts of tin are of great im-,

portance in the art of dyeing, and have been known tp

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 liable.

For the progress which this branch of the science has

made, we are chiefly indebted to Adet, Peiletier, 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 a minimum

are extremely ready to absorb oxygen, and to pass into

the state of oxygenized salts. The salts of tin may b?

distinguished by the following properties :

* Ann, de CLim. 1. 20O,
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Bookn. i. Most of them are more or less soluble in water,
Divisionllf. . .

'

-v an(J the solution has usually a yellowish or brownish
Characters,

tinge, but is sometimes colourless.

. K 2. Triple prussiate of potash occasions a white preci-

pitate when dropt into these solutions.

3. Hydrosplphuret of potash occasion? a brown-black

precipitate in the salts containing the protoxide of tin ;

a golden yellow precipitate in those that contain the

peroxide.

4. Neither ga|lic acid nor the infusion qf nutgalls oc-

casions any precipitate.
v

*r<4). Corrosive sublimate throws down a black preci-

pitate from the salts of tin containing the protoxide, a

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

every solution of tin.

7. When muriate of gold is poured into solutions conr

iaining tin combined with a minimum of oxygen, a

, purpie-coloured precipitate falls.

The salts of tin were formerly distinguished by the

epithet Jovial, because Jupiter was the name by which

the alchymists distinguished that metal.

I. DETONATING SALTS,

Sp. 1. Nitrated Tin.

NITRIC ACID acts with amazing energy upon tin
f

and converts it into an oxide with the evolution of a

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



47

fln&de to concentrate the solution. This has been long Chap. IE.

known to chemists, and has occasioned a 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 acid of the specific gravity 1*1 14 is pour- Action of

ed upon tin, the metal is dissolved rapidly with efier- On tic.

* vescence and a great elevation of temperature, which

ught 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

combined with a minimum of oxygen. The solution,

therefore, which is of a yellow colour, is a real nitrate

of tin. It becomes gradually opaque, and deposites a

white powder, which is an oxide of tin with a 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 a 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 j their oxygen com-

bined with the 4;in, 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 a peroxide *.

When nitric acid, of the specific gravity 1'25, is

poured upon tin, a very violent action takes place, the

metal is oxidized to a maximum, and the whole of k

separates from the liquid. Hence we see that there is

* Proust, Jour, de Ptys, \l 173.
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Book n. no oxynitrate of tin ; the peroxide of that metal, not
Division III.

J
.

being susceptible of entering into combination with m-

*r*c ac^' When the liquid is evaporated, nitrate of

ammonia is obtained. Morveau found, that one part

of strong nitric acid and 14- part of tin, when treated m
a retort, gave out no gass, notwithstanding the violence

of their action. Upon examining the liquid, he found

that the ammonia formed amounted to ^th of the weight

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,

$J>. 2. Muriated Tin.

MURIATIC ACID dissolves tin in considerable quan-

tity when its action 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 smell, owing, according to

Mr Proust, to a quantity of arsenic which it holds 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 a black

powder ; so that the quantity of arsenic contained in tin

may be ascertained by dissolving it in muriatic acid,

provided that portion which is carried off by the hy-

drogen gas be also taken into account f. Muriatic acid

Eneyc. Method. Cbim. \. 6&.

Proust, Jour, de Pbyt. li. 175
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combines with both the oxides of tin, and forms with Chap, m.^

them permanent salts.

1. Muriate of Tin. This is the salt obtained by dis-

solving tin in ab9Ut four times its weight of muriatic

acid. The solution has a brownish-yellow colour, and

yields when evaporated small needle-shaped crystals,

soluble in water, and somewhat deliquescent. Their

specific gravity is 2'2932*. Water, when poured on

it in small quantity, readily decomposes it ; a submu-

riate precipitates, while a supermuriate remains in so-

lution.

This salt has a strong affinity for oxygen, and absorbs

,it with avidity from the air, from oxymuriatic acid,

and from nitric acid, and is converted into oxymuriate

of tin, as Pelletier first observed. It absorbs oxygen
also from arsenic acid, and the white oxide of arsenic.

When these bodies are treated with muriate of tin, they Deoxidize*

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

into a solution of muriate of tin, immediately assume

a blue colour, being changed into oxides with a mini-

mum of oxygen. The red oxide of mercury, the black

oxide of manganese, the white oxide 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 a 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 Cbim. xxviii. 12.
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Book n. these interesting results we are indebted to Pelletiet

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 acid 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

was usually distinguished by the name of smoking liquor

bavfaf
Ll"

of Libavius ; because Libavius, a chemist of the 16th

century, was the discoverer of it. When equal parts

of amalgam of tin f 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 afterwards a white

vapour rushes all of a sudden into the receiver, Thig

vapour condenses into a transparent liquid, which ex-

hales a heavy dense smoke when exposed to the air,

but does not smoke when confined in close vessels. Thitf

is the fuming liquer of Libavius, or oxymuriate 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. tie C&im. lit. aaj Proust, Jour, de Pbys. li.

f Composed of two parts of tin and one of mercury.

jGpbbp'tJturnaJ,
iv. 438.
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and of tin are also formed, and line the neck of the re- chaP nr

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*

oxymuriatic f. His experiments were afterwards con.

firmed by Pelletier ; 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 desti-

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 Cblm. i. 5.

| Ibid. xii. 225, $ Jour, de PLys. Ivi.
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Book II. of tip. 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 by evaporation small

crystals ; and when heated sublimes in the same man-

ner as fuming muriate. The crystals deliquesce when

exposed to the open air, and dissolve readily in water.

They have usually 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

zinc, 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 nitro-muriatic

acid 5 the consequence of which
is, that the nature of

the solution varies according to the proportion of the

acids and the manner of dissolving tfye tin. In some

cases it is merely a muriate ; in others, an pxymuriate j

and, generally, it consists of a mixture of the two.

Hence the difficulty of which dyers complain, of form*

ing with this solution the samp shade of colour in dif-

ferent circumstances. This wou!4 be in a great mea-

sure removed by preparing the salt according to the

process recommended by Pelletierf.

* Ann. de Cbim. i. 1 6.

f Bucholz has noticed a curious phenomenon. If more tin be pue

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 set aside, a great part of the dissolved tin separate* in

the metallic state (Gehlen's Jour. iii. 413.) On repeating the expert
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Sp. 3. Sulphate of Tin.

WHEN a cylinder of tin is plunged into sulphuric

arid, scarcely any action can be perceived 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, sulphurous acid exhaled, and even sul-

phur developed, if the heat be long enough continued <,

The metal is oxidized to a maximum, and the oxysul-

pbate obtained is not crystallizable ; but when evapo-

rated assumes the form of a jelly ;
and when water is

poured into the solution, the salt precipitates in the

state of a white powder.

But if the action of the acid is not assisted by heat,

or if tin combined with a 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,

crystals 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

ineTit it succeeded. The portion which continued in sdlution was in the

state of oxymuriate. Hence we tec that one part of rhc tin hae given

up the whole of its oxygen to another, as happens in some of the solu-

tion! ef copper. It follows from this, that the best way of forming mu-

riate of tin it to add the metal gradual'} to the acid as it dissolves.
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junior. Pour sulphuric acid into muriate of tin ; a white

Division III. , ^. .

powder falls, which is the sulphate. It dissolves iri

water, and forms by evaporation small prismatic crys-

tals. Alkalies decompose it imperfectly^ throwing
down a subsulphate of tin *.

ty. 4< Sulphite of tin.

THE action 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 sulphurous acid, it assumes a 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 sul-

phur ; for sulphur precipitates when sulphuric acid is

added to the solution f.

Sp. 5. Phosphate of 'tin.

PHOSPHORIC ACID has scarcely any action on tin un-

less 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 undecotfiposed acid and

forms a phosphate J. This salt precipitates also when

*
Stattque Cbimique, ii. 464. f Fourcroy, vi. 30,

| Pfilieticr, Ann. dt Cbim. xiii. l6.
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the alkaline phosphates are mixed with a solution of Chap, m.

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 increase f. Nor have

the attempts of Proust to combine these bodies with

carbonic acid been attended with more success .

Sp. 7. Fluate of Tin.

FLUORIC ACID does not attack tin ; but it dissolves

its oxide, and forms with it a gelatinous solution, which

has a strong disagreeable taste J . This fluate may be

formed also by mixing together an alkaline fluate and

the muriate of tin,

Sp. 8. BorateofTin.

BORACIC ACIB 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 an opaque slag ||.

* WenzcPs Vfrtvaru/tscbaft, p. 175. f Ofvtc. ii.

| Jour. Je Pbyt. li. 167. Scheelc, i. 34.

j)
WcnzeTa Fertuandtstboft^ p. aja.
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v J III. COMBUSTIBLE SALTS. .

Sp. 9. Acetate of Tin.

Action of ACETIC ACID attacks tin very slowly, even when a.i~

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 Vauquelin. The subject was of import-

ance, because vinegar is usually measured out in tin

vessels. Now^ as these vessels contain always a little

lead, and as the salts of lead are all poisonous, it was of

consequence to determine whether the vinegar acted on

the vessel, and if it did, whether its action was confined

to the, tin or extended also to the lead ; because in this

last case the vinegar would be converted into a poison.

The result of this investigation was, that a small por-

tion of tin was dissolved ; and that when the lead ex-

ceeded the sixth part of the tin, a small portion of it

was also dissolved at that part of the vessel only which

was in contact both with the vinegar and the air *.

When acetic acid is boiled upon tin, the metal is

gradually dissolved,; combining with oxygen at the er-

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-

ilet, 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 Gblm. xxxii, 343. f Encycl. Method. Cbim. i.
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'the crystals were no doubt acetate of tin, the gummy .

chaP' *IL
.

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. SuccinateofTin.

SUCCINIC ACID dissolves the oxide of tin when as-

sisted by heat. The solution by evaporation yields

thin, broad, transparent crystals*; Neither lead^ iron,

nor zinc, occasion any change in the solution of this

salt f.

Sp. li. Benxoate 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 J.

Sp . 12. Oxalate of Tin.

OXALIC ACID 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 .

* Wenzel's fertvand. p. 241.

f Wenzel's Vertvandtscbaft, p. 2J4.

f Tromrmdorf, Ann. de Cbim. xi. 315.

Bergman } i. 269.

VoL III. K
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Division III. Sp. 13. Tartrate of Tin.

THE tartrate of tin has never been examined by che-

mists. The acid does not attack the metal, but it dis-

solves the oxide of tin.

IV. METALLIC SALTS.

i-l-tety .flu-tf <" v<l tt-aiKflcv o<J . .-'.

4$J&.
14. Arseniate of Tin.

WHEN tin is treated with arsenic acid in a digesting

heat, it is slowly oxidized at the expence of the acid,

and the solution at last assumes the form of a gelatinous

mass. Arsenic acid precipitates tin from acetic acid,

and the alkaline arseniates occasion a precipitate when

poured into muriate of tin. The precipitate is arseniate

of tin in the form of an insoluble powder, which hither-

to has not been examined *.

V. TRIPLE SALTS.

Sp. 15. Tartrate of Potash-and-Tin.

THIS triple salt may be formed by boiling together

tartar and the oxide of tin in water. It is very soluble,

and therefore its solution crystallizes with difficulty.

No precipitate is produced in it by the alkalies or their

carbonates f.

Sp. 16. Nztrate ofAmmonia-and-Tin.

THE peroxide of tin is insoluble in nitric acid, but it

dissolves when treated with nitric acid and ammonia.

Hence the reason why a salt containing tin is often pro-

Scheele, i. 180. f Thenard, Ann, de Cblm. xxxviii. 35.
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cured by the action of nitric acid on tin. Nitrate of Chap.

ammonia is formed during the process *.

GENUS XII. SALTS OF LEAD.

THOUGH lead be one of the most abundant and use-

ful metals, though it has been known from the earliest

ages, and though it is 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 oxidizemeut of which it

is susceptible, afford an excellent opportunity of ascer-

taining how many different salts it is capable of form-

ing with each peculiar acid ; and this once known,

would probably lead to some general conclusions con-

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

alchymistb. They may be distinguished by the follow-

ing properties :

1. A considerable number of them are scarcely solu- Characters*

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, Ann. d Cbim. xlii. 318.
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5. Hydrosulphuret of potash occasions a black preci-

DiVisionlU.
4

*

** < -'
pitate. The same precipitate is produced by sulphure-

ted hydrogen.

6. Gallic acid and the infusion of nutgalls occasion a

white precipitate.

7. A plate of zinc kept in a solution of lead occasions

either a white precipitate, or the lead appears 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 combining 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.

e*7'::;.

T. DETONATING SALTS.

Sf.l. Nitrated Lead.

Action of NITRIC ACII> acts upon lead with considerable ener-
nitric acid

, .

'

-
on lead and 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 ; 4ths of its weight are dis-

solved, and 4th is converted into brown oxide, and re~
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mains undissolved *. Hence we see that it is the yel- <-^p. in.

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

oxynitrate of lead. The last has been long known ; but

the first has been pointed out within these few years by
Mr Proust.

1. Oxynitrate 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.

It is formed also by dissolving the deutoxide or white

lead in nitric acid. The solution is transparent and co-

lourless, and when sufficiently concentrated by evapora-

tion, crystallizes on cooling. The crystals are usually

tetrahedrons, having their apex truncated, and some-

times six-sided pyramids, according to Rouelle. They
are opaque and white, and have a silvery lustre. Their

taste is sweetish and harsh. They are not altered by

exposure to the air. They are soluble in T6 parts oi

boiling water f. Their specific gravity is 4'068

When heated, they decrepitate, and then undergo a kind

of detonation, emitting very brilliant sparks j. When

they are triturated with sulphur in a hot mortar, a fee-

* Proust. t Wenzel's Vcr-wandttslaft, p. 310.

\ Hassenfratz, Ann, de Cbim. xxviii. ia. Bergman, ji. 470
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Division I II.

..
y

the metallic state *.

My experiments give the constituents of this salt as

follows :

Composi- 66 oxide

34 acid and water

10Q

The oxide of lead is thrown down by alkalies in the

State of a yellow powder. Sulphuric, 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 f.

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 protox de, 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 is ca-

pable of dissolving. In that case the salt usually crys-

tallizes in cooling, and the solution is yellow J. This

salt crystallizes in brilliant scales of a yellow colour,

and soluble in water J; or in small prisms. They have

* Van Mons, Ann. de rblm. xxvii. 8r.

f Wenzel's Ver-wandtsclaft^^f).

\ This experiment was made by Wenzel lonjr ago ; but it was impos-

sible to draw the proper inference till the nature of the oxide was bet-

er understood. See his Vertvand. p. 90.

$ Proust, Jour, de tyyt. Ivi. ao6.
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the same sweet astringent taste with nitrate of lead. By

my analysis they are composed of

81*5 oxide

18*5 acid

lOO'O

Sp. 2. Hyperoxymuriate of Lead.

WHEN the red oxide of lead is put into a 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. It is very readily decomposed *.

II. INCOMBUSTIBLE.

Sj>. 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. Phil. Trans. i8oj.
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Book II. acid*. Thus we see that muriatic acid combines
Division III.

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 solution 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 f. It is so-

luble in 22 parts of cold water, and this solubility is

increased considerably by the presence of an acidj. 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 to the air. When
heated they melt readily, and when cold assume the

appearance of a semitransparent, greyish-white 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 remains

behind a submuriate of lead ; a substance which seems

* Tabroni. f Hasfenfratz, Ann. de Cbim. xxviii. 12.

t Chenevix, Nicholson's Jour. iv. ^^^. According to Wenzel, wa-

ter, though boiled on muriate of lead, takes up only i-joth of that nit,

Wer\vafidtsckaft t p. 311.
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to have been first examined by Bergman *. The con- Chap. TIL

stituents of this salt are, according to

Kirwan.

Klaproth. Crystals Dried

13-5 18*23 11 acid

86'5 81*77 83 oxide

100'Of lOO'OO 100 $

According to Kirwan's estimate, we may consider

100 parts of crystallized salt as containing 76 parts

of lead in the metallic state. This salt dissolves in ni-

tric acid.

2. Sulmuriate cf Lead. This salt may be procured

either 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

remains, which is the submuriate of lead. Vauquelin
first pointed it out to the peculiar attention of che-

mists . It had been previously mentioned by Berg-
man. It is insoluble in water. When heated, it as-

sumes a 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. 4. Sulphate of Lead.

SULPHURIC 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 into a thick white mass, which is sulphate

*
Bergman, ii. 470. and Hi. 345. I Beitrjge, ii. 275.

t On Mineral Waters t
Table IV. Ann. de Clim. xxxi. 3 ,
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Book It of lead. It may be obtained readily by pouring stilphu-

i v~-_/ 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*3*742 *.

It is insoluble in alcohol and in nitric acid. Ac-

cording to Kirwan, it requires 1200 parts of water

to dissolve itf ; 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 lead t- 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 are in transparent tables.

According to the most accurate analyses hitherto

made, the constituents of this salt are as follows:

Composi-
tion.
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A hundred parts of this salt, according to Kirwan, con- Chap. in.

tain 71 parts of pure lead *.

In close vessels this salt endures a considerable heat

without alteration. I 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. Sulphite of Lead.

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 is in 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 f. Sulphite of lead, dried in a temperature of about

3<00, is composed, according to my analysis, of

14*5 oxide

25-5 acid Composi-
tion.

100

When 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 Watery Table IV.

f Fourcroy and Vauquclin, Conneissancet Cbirniquet, vi. 86.
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Book If. phuret. When treated with nitric acid, the sulphuret
Division III. . _ . . . .

is decomposed, and crystals of nitrate obtained.

S/>. C. 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 inso-

luble phosphate. The phosphate of lead may be easily

formed by mixing the alkaline phosphates with nitrate

of lead. The salt immediately precipitates in the state

of an insoluble powder *.

The salt is found native in different parts of the

world. Its colour is then usually green or yellow, and

it is often crystallized in six-sided prisms. It is insolu-

ble in water unless there be a considerable excess of a-

cid ; but it is soluble in pure soda, and probably forms

with it a triple saltf. It dissolves readily 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, and lea-

ving the acid in a state capable of dissolving in water.

When heated, it melts, and assumes on cooling a regular

polyhedral form. In a red heat it is decomposed by
charcoal, which absorbs the oxygen from both of its

component parts.

The yellow phosphate of lead, from Leadhills in Scot-

* Margraf's Ofuse. L 171. Wenzel's Ver'wandttctaft^ p. 174.

f Vauquelin, Jour, de Min. No. ix. p, 6.

*& .> lj^^*gwute*& : J*':-:;:
''

{?s;s v
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land, is composed, according to my analysis (abstracting

the impurities with which it is usually 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. 7. Carbonate of Lead.

CARBONTC ACID 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 forms a carbonate.

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. It is tasteless and insoluble in water ; but so-

luble in pure potash, in the same manner as the oxides

of lead.

The white had of commerce (or cerusi), employed
White lead,

as a paint, is merely a carbonate of lead, as Bergman
first observed f. It is 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, I'll. 146.

f Ofuse. L 39. Proust has lately shown the same thing. Jour, de

Ivi. 207. Scheele found that a little acetic acid was always separated

from it when white lead was distilled with sulphuric acid. CrelTs An-

*<?//, iii. S.Engl.Trana.
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it is usually white, and has a good deal of lustre. Its

specific gravity is 7*2357*. It is sometimes crystal-

lized in six-sided prisms, terminated by six-sided pyra-

mids, sometimes in regular octahedrons f, and some-

times in tables . 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 :

Composi-
tion.
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Chap. I II.

Sp. 9. orate 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 f.

III. COMBUSTIBLE SALTS.

Sj>. 10. Acetate of Lead.

ACETIC ACID, as Scheele $ 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 ofLead has been long known. It is

mentioned by Isaac Hollandus and Raymond Lully.

It received formerly a great variety of names; such as,

sugar of leadt sugar of Saturn, salt of Saturn, &c.

This salt is employed in considerable quantities by

dyers and calico-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 Vertvandt. p. ajz. f Reuss de Sale Sedative.

| Crcll'i Annals } iii, 8, Engl Trans.
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co^ours tnan alum or green vitriol. It is prepared m
considerable quantities both in this country and in

Holland and France. The manufacturers distil their

own acid in England and Holland from Sour beer,

and in France from sour wine. The different proces-

ses followed by manufacturers have been described

by Weber* and Demachyf, and more lately by Pon-

tierj.

These processes may be reduced to two ; either 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 acid. The portion of the lead

near the surface, as soon as it is covered 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 turn, and removed to the bottom, where the ox-

ide is dissolved. This change of place is continued

daily till the acid has dissolved a sufficient quantity of

lead. It is 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 crystal-

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. Clem. Magazin. i. 84. f Laborant in grossen , ii. 194.

Ann.de Cblm* xxxvii. a68.
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Supefacetate of lead is usually in the form of small
(
Chap. m.^

needle-shaped crystals, which have a glossy appearance Properties,

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

it f. When exposed to the air, it undergoes no change.

Its constituents are easily separated. When it is 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 J.

This salt is decomposed by all those acids and their

compounds which form with lead a salt nearly insolu-

ble in water; as the sulphuric, phosphoric, muriatic,

fluoric, oxalic, malic, See. When heated, it is decom-

posed ; and if it be distilled in a retort, very singular

products are obtained. These products were first exa- from its db-

mined by Beccher ; afterwards by Banme, and more

particularly by Piuvinet : 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 1 2 parts of water slightly a-

cidulated with vinegar. Then by increasiLg the fire,

there came over 72 parts of a yellow liquid, having the

* Hassenfratz, Ann. Jt Cbim. xxviii. iz.

f Bostock, Nicholson's Jour. xi. 79. Wenael affirms, that water at

the temperature of 100 dissolves its own weight of this salt. Ver-wandtt-

cbaft, p. 308. But this is a mistake.

| Proust, Jour, tie Pbys, Ivi. 307.

Vol. III. S
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JD^our ^ a^co^^> 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 ^-d 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 odour.

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. Its taste was strong, and its vola-

tility scarcely inferior to that of ether. It burns ra-

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, bat no sensible por-

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 f ; but Thenard first investigated its pro-

perties with precision J. It may be formed by boiling

together in water 100 pajrts
of the sugar of lead, and 150

parts of dry litharge deprived of carbonic acid. Its

* Proust, Jour, de PAys. Ivi. 209.

f Crell's Annals^ iii. 8. English Trans!.

\ Nicholson's Journal, vi. azj.



taste is less sweet ; it is less soluble in water ; and it cry-

stallizes in plates. It is composed, according to The-

nard, of the following proportions :

17 acid

78 oxide

5 water

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-

mation. It was prepared by boiling distilled vinegar
on litharge till it refused to dissolve any more of the

oxide. This preparation was distinguished by the names Goulard'*

of Goulard's extract and vinegar of lead. Scheele first

ascertained the nature of this substance, by showing that

solution of sugar of lead in water is converted 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 the 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

is in reality a solution of acetate of lead in water f. It

is precipitated in much greater proportion by carbonic

acid than the superacetate j and it is a much more deli-

cate test for mucilage or gum, as was known to chemists

long before Mr John Hunter employed it as a reagent.

* CrelPs Annals, ui. 10. English Trans!

\ Nicholson's Jour. xi. 75.

S2
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r^* 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-

c,id does not precipitate lead from nitric or muriatic a-

eid ; but it occasions a precipitate in acetate of lead f.

Sp. 12. Eenzoate of Lead.

BENZOIC ACID dissolves lead with difficulty. The

solution yields by evaporation crystals of benzoate ot

lead of a brilliant white colour, soluble in alcohol and

water ; not altered by exposure to the air. but decoin-
/7-H' '

posed by heat, which drives oft* their acid. The sul-

phuric and muriatic acids separate the lead Jr

Sp. 13. Oxalate of Lead.

OXALIC 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 oxalic acid is dropt into the nitrate, muriate, or a-

cctate 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

* WenzePs VerivanJ. p. 24!'.

f Stockar de Ncuforn de Succino, 33. ; as quoted by Gren,

t iit. a8l.

| Tromimdorf, Ann. de Cbtm. xi. 31^.
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41*2 acid

58' 8 oxide

100*0*

Sp> 14. Mellate of Lead.

MELLITIC ACID occasions a white precipitate when

dropt into nitrate of lead ; but the precipitate is redis-

solved by the addition of nitric acid f.

Sp, 15. Tartrate of Lead.

TARTARTC 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 water t- Its constituents, according to the

respective analyses hitherto made, are as follows :
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Book II. int acetate of lead, a citrate precipitates in the state of
Division III.

a difficultly soluble powder *.

Sp. 17. SaccolaU of Lead.

SACLACTIC ACID occasions a white precipitate when

dropt into nitrate of lead f.

Sp. 18. Malate of Lead.

MALIC ACID does not attack lead ; but when poured

into a solution of lead in nitric or acetic acid, malate of

lead is immediately precipitated \ ; and likewise, as

Vauquelin has observed, when acetate of lead is poured

into a solution containing malate of lime. This preci-

pitate is easily distinguished by the form of fine light

flakes which it has, and by the facility with which it

is dissolved by the acetic and weak nitric acids .

Sp. 19. Lactate of Lead.

LACTIC ACID, when digested upon lead for several

days, dissolves it. The solution has a sweet and astrin-

gent taste, and does not crystallize [j,

Sp. 20. Suberate of Lead.

SUBERIC ACID precipitates lead from the acetic and

nitric acids [.

* Wenzel's Ver-wandtsclaft^ p. 184. f Scheele, il. 80,

\ S.cheele, Crell'* Innals, ii. 7.Eng.Transl.

Ann. da C-fV/w. xxxv, 155. jj Scheele, ii. 166.

Sjj
Bouillon Lagrange, Ann. de Cbim, xxiii, 48.
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IV. METALLIC SALTS.

Sp t 21. Arsmiate of Lead.

ARSENIC ACID attacks lead in a digesting heat, com-

municates a portion of its oxygen, and converts it into

arseniate of lead in the state of an insoluble white pow-
der. When arsenic acid is poured into the solution of

lead in nitric, muriatic, or arsenic acids, arseniate of

lead precipitates in powder. When this salt is heated

it melts; and if charcoal be thrown into the mass while

in fusion, arsenic is volatilized, and the le^d is reduced ;

the charcoal abstracting the oxygen from both 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 :



280 SALTS Of

Book H. tried ; but Schecle ascertained, that when dropt into the
Disivion III. ... .

v
' solution of lead in nitric or muriatic acid, molybdate of

lead was immediately precipitated *. The precipitate

from nitric acid is redissolved by adding nitric acid f.

This salt occurs native in Carinthia. Its composi-
tion was first detected by Klaproth. It has a yellow

colour, and is completely insoluble in water. Its spe-

cific gravity is 5*706 J. Its crystals are cubic or rhom-

boidal plates. When heated, it decrepitates and melts

into a yellowish mass. It is soluble in fixed alkalies

and in nitric acid. Muriatic acid decomposes it by the

assistance of heat, and carries off the lead. According

to the analysis of'Klaproth, it is composed of about

34*7 acid

65*3 oxide

100-0 J

Sf . 2 3 . Tungstate of Lead.

NITRATED TUNGSTATE of potash occasions a white

precipitate in nitrate of lead
||.

Sf. 24s Chromate of Lead.

THIS 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 acid is usually ob-

tained.

* Scheele, i. 246. f Hatchett, Ptil. Trans. 1796.

t Ibid. Beitrage, ii. 475. j| Scheele, ii.
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Its colour is red with a shade of yellow ; andits cry- Chap,

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 decomposition. Nitric acid also dissolves it ;

hut muriatic and sulphuric acids decompose it, precipi-

tating the lead in the state of muriate or sulphate. Ac-

cording to the analysis of Vauquelin, it is composed of

nbout 34*9 acid

65*1 oxide

joo-p*

V. TRIPLE SALTS.

Tartrate of Potash-and-Lead.

THIS 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 f,

Sp. 26. Muriate of Ammonia-and-Lead.

THIS triple salt n*ay be formed by mixing together

the solutions of muriate of ammonia and muriate of

lead, or by boiling muriate of ammonia on oxide of lead.

The solution yields no precipitate when mixed with

sulphuric acid; but the alkaline carbonates throw down

the lead .

* Jour, de Min. No. xxxiv. p. 790.

f Thenard, Ann. de Chlm. xxxvili. 36,

} Ibid.xlii. 218.
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Division ill. op. 27. Muriate of Lead-ana- Tin.

THIS salt, first pointed out by Berthollet junior, may
be obtained by digesting muriate of tin on the oxide of

lead. It is formed also when muriate of tin is mixed

with a greater proportion of acetate of lead than it is

capable of dissolving. It crystallizes in thin scales of

a pearly lustre, and so soft that they easily run together

into a shapeless mass. This salt contains a greater pro-

portion of lead than the muriate of that metal does *.

GENUS XIII. SALTS OF NICKEL.

THE scarcity of nickel, and the difficulty of obtaining

it in a state of purity, have hitherto prevented the pos-

sibility of an accurate examination of the combinations

which its oxide forms with acids. The salts of nickel,

therefore, are at present but very imperfectly known.

They may be distinguished by the following proper-

ties :

Characters. 1- Its salts are in general soluble in water, and the

solution has a beautiful green colour.

2. Triple prussiate of pptash, when dropt into these

solutions, occasions a precipitate of a dulj green colour;

3. The hydrosulphuret of potash occasions a black

precipitate.

4. Sulphureted hydrogen gas occasions BO precipi-

tate.
; 4.-,

5. Gallic acid> and the infusion of nutgalls, occasion

a greyish white precipitate.

* Statique Cbimiquet ii,



NICKEL, ' 283

,. T 7 > Chap. III.

Sp. I. Nitrate of Nickel,

NITRIC 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

rhomboidal 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 water, and

composed, according to the analysis of Proust, of

nickel 100
1 Q^

oxygen 25
l

acid 17

142f

The nitrate of nickel, according to the same chemist, is

composed of 55 acid

25 oxide

20 water

100

Sp. 2. Muriate of Nickel.

MURIATIC ACID scarcely attacks pure nickel, espe-

cially if it has been hammered. The best solvent is

nitromuriatic acid J. The solution, which has a green

colour, yields when evaporated irregular crystals of mu-

*
Bergman, ii. 268 f Ann. de Cbim. Ix. 373,

| Richter, Gchlen'a Jour. iii. 257.
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Book II. riate of nickel, which are decomposed by heat and by
Bivision IJ I.

, , ,. ,

-v^ , long exposure to the air, though at first they deliquesce

like 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

100 f

Sp. 3. Sulphate of Nickel.

SULPHURIC ACip 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 irregular pyramids. This salt

is very soluble in water. The crystals effloresce in the

air, and become opaque t When strongly heated in a

coated retort, it is partly reduced to the state of insolu-

*
Bergman, ii. 268. f Ann, de Cbim. Jr. 273.

t Proust, Jour., de Ptyt. xlvii. 172.
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We subsulphate. According to the analysis of "Proust, Chap, m.

this salt is composed of 35 oxide

19 acid

46 water

100*

Sp. 4. Phosphate of Nickel.

PHOSPHORIC 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 colour f. 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 5

but when heated to redness it becomes 128. Hence

carbonate of nickel must be composed of

56*4 acid and water

43*6 oxide

100*0 1

According to Proust the oxide amounts to 54 per cent.

in this salt .

* Ann. de dim. lx. 274. f Bergman, ii. 368.

$ Richter, Gehlen't Jour, iii, 25$. Ann. de Chin* Ix. 3
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Division iir. Sp. 0. and 7. Finale and Borate of Hielet.

FLUORIC ACID dissolve! nickel with difficulty, and

the solution yields light green-colon url Crystals*.

Boracic acid can only be combined with nickel by

mixing an alkaline borate with a solution of nickel in

some acid.

Sp. 8. Acetate of NicktL

ACETIC A(ir> dissolves nickel, and forms with its

oxide rhomboidal crystals of a vrry green colour f.

<S. 0. Oxatatf ofNirkcl. ; ,

:

.
'. /T

OXAMC ACID attacks nickel at a digesting heat, and

n greenish white powder is deposited, which is the ox*,

alateof that metal. The same salt is
precipitated

when

oxalic acid is dropt into the solution of nickel in sul-

phuric, nitric, or muriatic acids. It is scarcely soluble

in writer, and is composed, according to Bergman, of

two parts of acid to one of metal .

Sp. 10* Tartrate of Nickel*

TARTARIC ACID does not attack nickel , The com-

pound which it forms with its oxide has not been exa-

mined* Neither are we acquainted with any of the re*

maining species of the combustible salts of nickel*

Sp. 11. Arseniatt of Nickel.

ARSENIC ACID does not appear capable of dissolving

, il, 8. I

*a>Kl.p.i6p.
'

j IMA
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pure nickel. The arseniate of this metal is soluble in
t
Chap. II

water. Hence nickel is not precipitated from its solu-

lions 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-

alteredf .

Sp . 12. Molyldate of Nickel.

MOLYBDIC ACID precipitates nitrate of nickel white,

provided there be no excess of nitric acid J.

Sp. 13. Sulphate ofNickel-and-Potash.

THIS 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 precipitated mentioned by Bergman andScheele, as appearing

when solutions of nickel were mixed with arseuiate of potash, were

doubtless arseniate of bismuth ;
for that metal is usually present in iolu-

tions of impure nickel.

t Proust, Ann. de dim. h. 278. \ Hatcbett, Plil. Tram. 1796.

The mo<-t elegant method of separating these two mctaU seems to

be that of Theriard. The mixture of the tv/o metals is to be thrown

down by an alkaline carbonate, and then treated wirh oxymuriate of

lime. 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 ; dissolve the oxide in nitric acid, an<i

crystallize. Ann. dc Cllm. 1. 117.
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pook IL in water, and crystallizing it repeatedly, the sulphate of
Division HI.

J
.

6 /J

cobalt is left behind m the mother water, being much

less disposed to crystallize than the triple salt of nickel.

The taste of the sulphate of nickel-and-potash is sweet

like that of sugar of milk ; but it leaves in the niotfth a

sensible acridity *.

When this salt is heated it loses 24 per cent, of water.

It contains only 15 per cent, of oxide of nickel f.

Sp. 14. Sulphate of Nickel-and-Ammonia.

WHEN ammonia is poured into the solution of sul-

phate of nickel, another triple salt is formed, which

yields by evaporation crystals of a green colour, consist-

ing of four-sided flat prisms terminated by four-sided

pyramids $.

Sp. 15. Sulphate of Nickel-and-Iron.

THIS salt may be obtained by mixing together the

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 j.

Sp. 16. Nitrate of Nickel-and-Ammonia.

THIS triple salt, first pointed out by Thenard, is ob-

tained by adding ammonia in excess to the nitrate of

nickel. By evaporation a green coloured salt is ob-

* Proust, Jour, de Ptyt. xlvii. 169.

f Proust, Ann. de dim. lx. 474.

\ Link, Crell's Annalt, 1796, i. 33. Ibid. i. 31,
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tained in crystals. The solution of this salt in water Chap.jlK

is not rendered turbid by alkalies 5 but the nickel is

thrown down by hydrosulphurets
*.

Sp. 17. Sulphate of Nickel- Coppcr-and-Iron.

THIS salt is said 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-

loured prisms terminated by four-sided, pyramids, and

when exposed to the air falls to powder ; but his expe-

riments would require to be verified by repetition!.

GENUS XIV. SALTS OF ZINC.

ALMOST all the acids act with energy, on, zinc, in con-

sequence of the strong affinity which it has for oxygen.

The salts of zinc, therefore, are very easily formed ;

and as the peroxide,. only seems to combine, with acids,

they ar.e not liable
to; change their state, like the salts

of iron and tin. They may be distinguished by the .fol-

lowing properties :

1. The greater number of them are soluble in water, characters,

and the .solution is colourless and transparent.

i'. Triple prussiate of potash occasions a white pre-

cipitate when dropt into these solutions.

3. Hydrosulphuret of potash and sulphureted hydro-

gen gas occasion a white precipitate.

4. Gallic acid and the 'infusion of nutgalls occasion

no precipitate when dropt 'into these solutions.

* Ann. de Cblm. xlii. 217. f Link, Crell's Annalt, 1796. i. 31 >

Vol. III. T
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Book II. 5. Alkalies occasion a white precipitate, which is
Division III. !.;, . .,
< MM.

v
-. readily dissolved by sulphuric or muriatic acid.

6*. Zinc is not precipitated in the metallic form by

any of the other metals.

I. DETONATING SALTS.

Sp. I. Nitrate of Zinc.

NITRIC ACID attacks zinc with prodigious violence,

and has been said even to inflame it. It is necessary

to moderate its action by using it in a diluted state :

even then considerable heat is evolved, and a strong

effervescence is occasioned by the escape of nitrous ox-

ide gas.

The solution is transparent and colourless, very caus-

'tic, and yields by evaporation flat striated tetrahedrai

prisms, terminated by four-sided pyramids. The spe-

cific gravity of these crystals is 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.

When distilled, they emit red vapours of nitrous acid,

and assume a gelatinous form. In a strong heat they
are decomposed completely, giving out nitrous gas and

oxygen gas.

II. INCOMBUSTIBLE SALTS.

-v

Sp. 2. Muriate of Zinc.

MURIATIC ACID dissolves zinc rapidly, and with ef-

* Hassenfratz, Ana, de Cbim* xxviii. IS ,
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fervescence, owing to the emission of hydrogen gas. (
Chap.

The solution is colourless ; and, when evaporated, does

not crystallize, but assumes the form of a jelly. When

distilled, a little of its acid 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 sublimes, and is obtained in a mass of a fine

white colour, composed of small needles. Its specific

gravity is l'577f. It is very soluble in water; and

when exposed to the air gradually attracts moisture,

and assumes a gelatinous consistence. Sulphuric acid .

decomposes it, and the alkalies precipitate the oxide of

zinc from its solution J.

Sp. 3. Sulphate of Zinc.

CONCENTRATED sulphuric acid scarcely acts upon
zinc without the assistance of heat ; but if it be suffi-

ciently diluted with water, it attacks 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 combines with the metal, while its hy-

drogen is exhaled. When the solution is sufficiently

concentrated by evaporation, it yields the sulphate of

zinc in crystals.

This salt, according to the best accounts, was disco-
Hi$tory

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 chemists who proved that it contained

zinc ;
and Brandt first ascertained its composition com-

f Hassenfratz, Ann. Je dim, xtvlii. 13. \ Fourcroy, v. 383*

T2
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Pletely* lt is generally formed for commercial
1

purposes from sulphureted zinc, or blende as it is call-

ed by mineralogists. This ore is roasted, which- con-

verts the sulphur into an acid ; it is then, dissolved; in

water, and concentrated so much that, on cooling, it

crystallizes very rapidly, and forms a mass not unlike

loaf-sugar. This salt is usually called white vitriol.

It; is almost always contaminated with iron, and often

with copper and lead. Hence the yellow spots which

are visible on it, and hence also the reason that its so-

lution in water lets fall a dirty brown sediment ; a cir-

cumstance very much complained of by surgeons when

they use that solution ih medicine. It may be easily

purified by dissolving it in water, and putting into the

solution a quantity of ~zihc filings ; taking care to agi-

tate it occasionally, ;Xhe zinc precipitates the foreign

metals, and takes their place. The solution is then to

bte^filtered, and the sulphate of zinc may be obtained

from it in crystals by proper evaporation.

Varieties
There are two varieties of this salt, the sulphate and

sttpersulphate.
The sulphate crystallizes in rhomboids,

differing very little from cubes f. It is colourless and

perfectly transparent; its fracture is vitreous, and it re-

sembles flint glass in its appearance. Its properties

haye scarcely been examined,

slOTtWrSUpersulphate is the salt which usually occurs

in commerce, and which has been described by che-

mists.

l^ts crystals are four-sided fiat prisms, terminated by

m ,

'

___

* Beckman's History of Inventions, art. Zinc.

;t Leblanoj Jour, de P&yt, Iv. 301.
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quadrangular pyramids. Two opposite edges ot the-

prism are commonly replaced by small faces, which

renders the prisms six-sided *.' Its specific gravity when

crystallized is 1'912 ; when in th state in which it

commonly occurs in commerce, it is 1-3275 f. At the

temperature of GO
,
water dissolves 1*4 times its weight

of it. Boiling water dissolves any quantity whatever.

When heated, it melts and speedily loses its water ot

crystallization, and, in a high temperature, loses most

part of its acid.

The constituents of this salt are, according to

Bergman, Kirv/an,

40 v.,20'5 acid

20 40'0 oxide

40 39*5 water

100 ( 100'0

According to Mr Smithson, the salt deprived of its

water, or the arid salt, as he terms it, is composed of

50 acid

50 oxide

100
||

The great difference obvious in these different analy-

ses is probably owing in part to chemists having hither-

to confounded together the two varieties of this salt. A

specimen of the pure supersulphate, analysed in my la-

* Bergman, ii. 327.

\ Hassenfratz, Ann. de Clint, xxviii. iz. According to Dr Wat*or-

V933 (Xtsays, v. 67.) | Bergman, ii. 328
Kirwan on Mineral Waters, Table IV,

'! Plii. Trans. 1 803, p. u.
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Book II.
boratory, was found to approach in its compositiQn to

Piviwonlll.
the supersulphate of Smithson. Jts constituents were

28* g oxide

25*8 acid

46*0 water

iGO'O

In this analysis the oxide and acid were separated and

weighed ; the ftrst 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 68*7 per cent, of its weight, Hence the residue

contains very little acid. *

When a solution of this salt is digested for a long time

with filings of fcinc, it is partly decomposed, and an a-

bundant flesh coloured precipitate, consisting ofprotoxide

of zinc, is obtained*

Sf, 4, Sulphite of Zinc.

HITHERTO the combinations which the sulphurous

acid forms with metallic oxides have been examined

only by Berthollet, and Fourcroy and Vauquelin, Tq
these chemists we are indebted for the discovery, that

the greater number of metallic sulphites are capable of

combining with a quantity of sulphur, and of forming a

sulphureted sulphite. This is the case in a remarkable

degree with the sulphite of zinc.

j. Sulphureted Sulphite, Sulphurous acid attacks

j&inc with considerable violence, heat is produced, an4

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^
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terminated by four-sided pyramids. These are crystals ,

ch
_

aP- 1]

of sulphureted sulphite of %lnc
y
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 deposite a white insoluble powder. Before the

blowpipe the salt swells, emits a brilliant light, and

forms, dendritical ramifications. When distilled, it

yields water, sulphurous acid, sulphuric acid, and sul-

phur ; and there remain behind oxide of zinc and a lit-

tle sulphate of that metal. Sulphuric, nitric, and mu-

riatic acids, 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, both

water and sulphurous acid were decomposed ; the oxy-

gen of both combined with the metal; the hydrogen c-

scapes combined with a portion of the sulphur of the

decomposed acid, and the rest of the sulphur combines

with the sulphite as it forms.

2. Sulphite of Zinc. Sulphurous acid dissolves the

oxide of zinc with the evolution of heat, but without

effervescence. The solution yields crystals of sulphite

of zinc. These crystals have a less acrid, but more 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 into sulphate of zinc ; whereas

the sulphureted sulphite remains long unchanged.
When a mixture of sulphur and white oxide of zinc

is treated with sulphurous acid, the product is a sulphu-
reted sulphite *.

Fourcroy, v. 380.
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Book I!.
Sp. 5. Plosplate of Zinc.

Division III. .

J

PHOSPHORIC ACID attacks zine with effervescence

and dissolves it completely. The solution does not

yield crystals, but leaves, when evaporated, a mass not

unlike gum arabic, which before the blow-pipe melts

into a transparent glass. The alkalies precipitate a

white powder from this solution, which is a subphos-

phate of zinc, melting in a red heat to a semi- transpa-

rent glass *.

When phosphoric acid and zinc are melted together,

the zinc is oxidized, and phosphorus evolved f.

? if!: $p. 6. .CarbortatcofZivc...

CAiibNic ACID, confined in a vessel with

ci of its oxide reduced to the state of a fine potfder,

dissolves
f

a Considerable portion of it; and the solution,

when exposed to the air, is gradually covered witti'an

iridescent pellicle of oxide of zinc . The carbonate of

zinc may be obtained in the state of a white powder, by

precipitating zinc from its solution in acids by means of

an alkaline carbonate.
1

Bergman first ascertained by analysis that this salt

occurs native under the name of calamine ; but his in-

ferences were disputed by mineralogists, and consider-

ed by most as erroneous. Vet they have been lately

fully confirmed by the precise analysis of Mr Smithson,

who has demonstrated that different substances have

been confounded under the name of calamine, and a-

inong others the carbonate of zinc.
i i ^uJxnnsif; ,.:ijf:

auo:. . >

Wenzel's Verivandtstleft, p. j;z. f Gren's llandluiby iii. 600,

Bergman, i. 35.
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vocording to the analysis of Bergman, native carbo-
t

CHaP-

if zinc is composed of 23 acid

66 oxide

rt water -

100 *

From the analysis of Mr Smithson, it follows that

arid carbonate is composed of 1 a

.When water is present, the proportion of the other
. .

constituents still continues the same. Mr Smithson

lias shown, that the water in that case is combined with
^

the oxide of zinc, constituting a hydrate, which is com-
i

po$e.d ot. *. ...3 oxide

1 water
__

Sp. 1. Fluate of Zinc.

ELUORIC ACID attacks zinc with violence, hydrogen

gas is emitted, and the metal is oxidized and dissolved.

The properties of the fluate thus formed have scarcely

been examined 1 The salt is said not to crystallize.

4

Sp. 8. Borate of Zinc.

BORACIC ACID scarcely attacks zin9 ; but it com-

bines with its oxide, and forms with it an insoluble Bo-

rate of %itic. This salt may be precipitated in a white

* Ofuse. ii. 326. f Phil. Trans. 1803, p. 23.

\ Ibid. Scheele, i. 35
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Book IT. powder, by pouring borate of soda into th$ nitrate or mu-

i_ riate of zinc; or by mixing boracicacid with liquid sul-

phate of zinc. When strongly heated, this borate be*

comes yellow, and. is at last converted into an opaque

slag*.

III. COMBUSTIBLE SALTS.

Sp. 9, 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 a bitter metallic

taste. Its crystals are rhomboidal or hexagonal plates,

of a talky appearance. It is not altered by exposure to

the air ; it is soluble in water. When thrown upon

live coals, 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 i\

This salt has been lately recommended by Dr Henry
as an excellent application in cases of inflammation.

Sp. 10. Succlnate of Zinc.

SUCCINIC ACID dissolves z.mc with effervescence ;

and the solution yields long slender foliated crystals, the

properties
of which have not been examined J.

Sp. 11. Benz-oate of Zinc,

ZINC is readily dissolved by benzpip acicl, The so-

* Wenfcel's Vertvandtscb'aft, p. ajT. f Monjict.

l's Ver-waadtscbaft, p. ?4p.
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lution yields needle-shaped crystals, which are soluble in Chap.

water and alcohol. When exposed to heat, their acid is

volatilized *.

Sp. 12. Qxalate of Zinc.

OXALIC ACID 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 f.

Sp. 13. Tartrate of Zinc.

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 J.

Sp. 14. Citrate of Zinc.

CITRIC ACID attacks zinc with effervescence, and

gradually deposites small brilliant crystals of citrate of

<tinc. They are insoluble in water, and have a styptic

and metallic taste. They are composed of

50 acid

50 oxide

100

* Trommsdorf, Ann, de Cbim. xi. 317. f Bergman, i. 271.

\ Dijon Academician*, Vauquelin, Feurcroy, vii. 205,
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biariferfi ,iui

MALIC ACID dissolves zinc, and yields by evapora-

tion beautiful crystals of malate of zinc *.
'

.'><;.
v
, \o . '_i .^Ci

Sp . 16. Lactate of Zinc^ ^ A

LACTIC ACID dissolves zinc with effervescence, and

the salt formed is capable of crystallizing f .

IV. METALLIC SALTS.

Sp. 17. Arsemate of Zinc.

WHEN arsepic a^cid is poured upon zinc, an efferves-

cence ensues, arsenical hydrogen gas is emitted, and a

black powder precipitates, which is arsenic in the me-

tallic state. Hence we see that the zinc deprives both

a portion of water and of arsenic acid of their oxygen.

When one part of zinc filings and two arts of dry ar-

$enic acid are distilled in a retort, a violent detonation

takes place when the retort becomes red, occasioned by
tne sudden absorption of the oxygen of the acid by the

zinc. The arseniate of zinc may be precipitated bv

pouring arsenic acid into the acetate of zinc, or by mix-

ing the solution of the alkaline arseniates with the sul-

phate of zinc. It is a white powder^ insoluble in wa

Sp. 18, 19, and 20.

Br the same process may the tungstate, molybcjate,

* Schecle, Crell's Annals, ii. 10. Eng. Trans.
f Schecle, ii. 65.

iii. 1 8 1.
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and chromate of zinc be obtained. .They also are inso-
t
S*a

F-.

luble in water : the first two are white, the last of an

range-red colour.

V. TRIPLE SALTS.

Sp. 21. Muriate of Ammonia-and-Zinc:

WHEN muriate of ammeiriia is boiled upon the white

oxide of zinc, a considerable, portion, is .dissolved ; but

as the solution cools,, a. portion of .the oxide is again de-

posited. What remains of the solution is neither thrown

down by alkalies nor their carbonates. This .triple salt

does hot crystallize"*.

Sp. 22. Tartrate of Potash-and Zinc.
'

r t .,.
THIS salt may be formed by boiling together tartar

and zinc filings and water. It is very soluble in water,

an,d not easily crystallized. No precipitation is produ-

ced in its solution by the alkalies or their carbonates t.

Sp. 23* Sulphate of Zinc- afid-Iron,

THIS salt may be obtained by mixing together the

solutions of sulphate of iron and of zinc, or by dissolving

iron and zinc together in diluted sulphuric acid.
,
It

try siarizes in rhomboids which have nearly the figure

of sulphate of zinc, but its colour is a pale green. Its

taste and solubility are nearly the same as those of sul-

phate of zinc. It contains a much greater proportion

of zinc than iron.

* Thenard, Ann. de Cbim.

f Dijon Academicians; and Thenard, Ann. de Ctim. XJUviii. 35,
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Divisionlir. Sp* 24. Sulphate of Zinc-and- Cobalt.

THIS salt, first pointed out by Link, may be obtained

by digesting zafre in sulphate of zinc. Large four-

sided prisms are obtained by evaporation, which efflo-

resce when exposed to the air *.

.

GENUS XV. SALTS 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 :

Characters. 1. The solution of 'bismuth in acids is usually colour-

less. When water is poured into it, a white precipi-

tate immediately falls, consisting chiefly of the white

oxide of bismuth.

2. Triple prussiate o potash occasions in these solu-

tions a precipitate of a white colour, sometimes with a

shade of yellow.

3. Hydrosulphuret of potash and sulphureted hydro-

gen occasion a black precipitate.

4. 'Gallic' acid and the infusion of nutgalls occasion

w

an o'range-coloured precipitate.

5. When a plate of copper or tin is put into the so-

lution of bismuth, this last metal is often precipitated ill

the metallic state.

Sp. 1. Nitrate of Bismuth.

NITRIC A&K>> when concentrated, attacks bismuth

!<7sari I o ;*

* Crell's Annatt, 1796, i. 3.
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with great violence, a vast quantity of nitrous gas is e- Chap. IIF.

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 bxide of bis-

muth is dissolved as it forms. The solution is colour-

less ; and on cooling lets fall crystals of a white colour,

and generally 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 a little

moisture, and its surface is covered with a crust of white

oxide. On burning coals it detonates feebly, emitting

red sparks, and leaves a yellowish powder not easily re-

duced. When triturated with phosphorus it detonates

loudly *. When put into water it is immediately de-

composed ; that liquid absorbing its acid, and leaving

the white oxide of bismuth combined with a 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-

per is plunged into water, as Brugnatelli first obser-

ved f.

^When the solution of bismuth in nitric acid is diluted

with water, the greatest part of the metal separates in

the state of a subnitrate. In this state it was formerly

known by the name of magistery of bismuth.

The paint called pearl 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

*
Brugnatelli, Ann. tic C6im. xxvii. 7j. f Ibid. iii.
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all probability, it is a su.bmuriate or, a tartrate of

^
muth, according to circumstances 5.

ll J: ^ ^*- - T> - T

5>. 2. Muriate of Bismuth.
81 b

_ 2irMuRiATfC ACit> has scarcely any action on bismuth

jw?hile cold ; but when distilled off that metal previous-

ly feduced to powder^ it gradually oxidizes, and brings

,it, 10 the state of a white powder. 'Muriate of bismuth

irtay be readily formed ; b'y dissolving the metal in nitro-

muriatic acid, or in oxy-muriatic acid. When, the so-

.hitibn is evaporated, it is said to yield: sm^ll -pcisriiatic

crystals. The muriate of bismuth^..whchievapcwrated to

-5iryness, sublimes by the application of a moderate, bea,t,

a^d forms a: tljipk concrete mass^ readily melting when

.heated, formerly known 'by- the name ;

of butter of lis-

,muth\ It was prepared also by Distilling a rnixture^f

-two parts of. pxymiiriate of mercury and one part of

bismuth: an' amalgam of bismuth remains in tbe re-

.tprt, while the butter, as it was called, sublimes, nu;J

'Sp. 3 ;- Sutplatt'ofBumutl.
-sr

^. r SULPHURIC ACID has no action qn bismuth while cold*;

but by the assistance of heat it converts that metal into

a white oxide, while at the same time sulphurous acid

is exhaled, and even sulphur sublimed, if the beat be

considerable. When the saline mass, thus formed, is

washed with water, almost the wJbt^e of the acid is se-

parated, carrying along with it a^ry small portion of

the oxide ; and this lixivium yields, by evaporation,

.small crystals in needles, which are decomposed, and

\: . . .

t Pott,
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their base precipitated when any attempt is made to dis-

solve them in water.

Sp. 4. Sulphite of Bismuth.

SULPHUROUS ACID does not attack bismiith ; but it

combines with its oxide, and forms with it a salt in-

soluble in water even when assisted bj an excess of

acid. It has a sulphureous taste; and before the blow-

pipe melts into a reddish*.yellow masSj which is soon

reduced upon charcoal. When distilled, the acid is

driven offj and the whole oxide remains in a state of

purity *.

Sp. 5. Phosphate of Bismuth.

PHOSPHORIC ACID does not attack bismuth ; but it

combines with its oxide recently precipitated by an al-

kali. One portion of the 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 f. The white insoluble pow-
der is most probably a subphosphate, and the crystals

a superphosphate of bismuth,

Sp. 6, *7, 8. Carbonate, Fluate, Berate.

THE combinations which the oxide of bismuth forms

with carbonic, fluoric, and boracic acids^ have not hi-

therto been examined with accuracy. They may ba

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 pow-
der.

* Fourcroy, v. 104 i Wenzel's Veriuindtscbaj}^ p. 17*.

VoLlll. U
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Sp. 9. Acetate of Bismutl.

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 crystals resembling

boracic acid. Morveau, to whom we are indebted for

this experiment, has ascertained also, that the addition

6f acetic acid deprives nitrate of bismuth ofthe property

of affording a precipitate when diluted with water *.

Sp. 10. Succwtate of Btsmufl*

SUCCINIC ACID does- not attack bismuth
jf

but it

dissolves its oxide at a boiling temperature, and the

solution yields yellow crystalline pktes of succinate of

bismuth* According -to Wenzel, the solution of this

salt in water does not yield a precipitate with alkalies.

It dissolves in nitric acid, and the solution is not preci-

pitated by water f .

Sp. 11. Benxoate of Biswfutl.

BENZOIG ACID dissolves the oxide of bismuth with

facility ;- and 'the solution yields white needle-shaped

crystals, which are not altered by exposure to the air/

are soluble in water, and very sparingly soluble in al-

cohol. Sulphuric and muriatic acids decompose this

salt, and heat Volatilizes its acid $.

3 10 &*Z '3.!? fli

*
Encycl. Method. Cbim. i. IO. f Wenzel's ycrviandtsclaft, p.

l-Tromnudorf, Ann, dt Glim.
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Sp. 12. Oxatate of Bismuth.

OXALIC ACID scarcely attacks bismuth ; but it com-

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 possess the same properties as the white

powder, and do not become opaque when put into wa*

ier*.

Sp. 13. Tariraie of Bismuth.

TARTARIC ACID does not attack bismuth ; but when

dropt into the solution of that metal in sulphuric, nitric^

or muriatic acids, tattrate of bismuth precipitates itt

the state of a white crystalline powder insoluble in v/a-

terf.

Sp. l4- Arseniate of Bismuth.

ARSENIC ACID oxidizes bismuth by a digesting heat ;

and the metal is covered with a white powder, which is

arseniate ofbismuth. Part also of thearseniate remains

in solution, but the oxide is precipitated by the addition,

of water* The arseniate of bismuth precipitates when
arsenic 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 J.

Arseniate of bismuth is a white powder, often having
a shade of green ; it is tasteless^ insoluble in water and

* Bergman, i. 6r. f Gren's Handbuel, ii;. 300,

\ Scheclf, i. 84.

U2
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BookU. nitric acid, but soluble in muriatic acid*. Whecr
Division 1 1 1.

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.

MOLYBDIC ACID precipitates muriate of bismuth

white, provided' there be no excess of acid fr

GENUS XVI. SALTS OF ANTIMONY.

ANTIMONY is one of those metals whose oxides seem

to combine with difficulty, and to form compounds of

little permanency with acidsy unless there be present at

the same time an alkali or an earth. This renders the

investigation 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 :

Characters. 1. Their solutions are usually of a brownish yellow

colour,, atid in most cases a white precipitate falls when

they are diluted with water.

2. Triplb prussiate of potash occasions a white preci-

pitate when dropt into these solutions. This precipitate

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 antimony agrees with platinum J.

3. Hydrosulphuret of potash occasions an orange-co-
loured precipitate.

Thenard, Ann, de Cl>im. 1. 130. f Hatchet*.-

$ klaproth, Crell's Annstst x 798. i. 99,

a J
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^ -Gallic acid and the infusion of nutgalls occasion Chap. III.

a 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, a black powder precipitates in great

abundance, and very speedily when there is an excess*

of acid, and the solution i not too much' concentrated,

}. DETONATING SAL>S,

Sp. 1. Nitrdte of Antimony.*

NITRIC ACID attacks antimony slowly. Both the

acid and water are decomposed, abundance of nitrous

.gas is emitted, and a considerable portion of ammonia

-is 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,

*nd readily precipitates when the acid is diluted.

II. INCOMBUSTIBLE SALTS,

Sp. 2. Muriate of Antimony.*

MURIATIC ACID has no effect upon antimony at first,

but the metal is gradually dissolved when it is kept

long in contact with that acid. The solution is yellow,

and yields by evaporation small needle-form crystals,

Consisting no doubt of muriate of antimony, or of mu-

riatic acid combined with antimony oxidized to a mi-

nimum.

Muriatic acid dissolves the oxides of antimony with

facility ; but it is nitre-muriatic acid which is consu

4cr,ed as by far the best solvent of that metal. These
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Butter of

y

^si S0^u^onstna7^c considered as containing an oxymuriate
of antimony, or muriatic acid combined with antimony

oxidized to a maximum. That salt was formerly known

by the name of Butter ofantimony. It was usually pre-

pared by triturating together one part of antimony and

two parts of oxymuriate of mercury, and then distilling

them in a retort. At a moderate temperature the oxy-

muriate of antimony passes over. It is in the state of a

thick fatty mass, of a greyish white colour, and often

crystallized in four-sided prisms. It is exceedingly

caustic, becomes coloured when exposed to the air, and

melts at a very moderate temperature. When diluted

yrith water, it is partly decomposed, ancl the greattr

part separates in the form of a white powder. In this

State it was formerly known by the name ofpowder of

Sp. 3. Sulphate of Antimony.

SULPHURIC ACID has no action on antimony while

cold ; but at the boiling temperature it oxidizes that

metal with effervescence, sulphurous acid is exhaled,

and even sulphur sublimed, and there remains in the

retort a soft white mass, evidently composed of the

peroxide and sulphuric acid. Water carries off the

acid and a small portion of the oxide, but leaves the

greater part in the state pf a white powder. Wherji

the solution is evaporated, the remainder of the oxide

precipitates, so that the salt cannot be obtained in 3

crystalline form. The white powder may be consider-

ed as a subsulphate of antimony, for it still retains a

portion
of acid.

Sp. 4. Sulphite ofAntimony.

SULPHUROUS ACJD has no action on antimony while



Sir

cold, but when hot it changes it into an oxide. The Chap. III.

sulphite of antimony is precipitated in the state of an

insoluble white powder when sulphurous acid is pour-

ed into the solution of antimony in muriatic add. 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 .probably of

hydro-sulphuret of antimony *,

Sp. 5. Phosphate of

PHOSPHORIC ACID does not attack antimony ; but it

combines with its oxide, and even dissolves a small por-

tion of it when assisted by heat. The solution does not

<;rystallixe, but yields by evaporation a blackish greeu

mass, which a strong heat converts into a transparent

glass f.

Sp. .6. Carbonate of Antimony.

NEITHER antimony nor its oxides are attacked by
carbonic acid 5 neither does the precipitate of that me-

tal weigh more when thrown down by an alkaline car-

bonate than when by a pure alkali \. At present, then,

no such salt as carbonate of antimony is known to ex-

ist.

p. 7. and 8. Fluate and Borate.

FLUORIC ACJD does not attack antimony, but with

its oxide it forms a fluate not hitherto examined. Nei-

-

* Fourcroy, v. 231. f Wcnzd'* Vertuandttdaft^ p. 17?

\ Bergman,, i. 37. ii. 391*
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Book TT? ther is tne metal acted on by boracic acid, but bora*
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*

W.. y
. precipitates the metal from apids in the state of a white

powder *.

III. COMBUSTIBLE.

5^>. 9. Acetate ofAntimony.

ACETIC ACID has little or no action on antimony ;

but it dissolves a small portion of its oxide, as Mor*

yeau has shown, and the solution, according to Wenzel,

yields small crystals f. This salt is soluble in water,

and was employed by Angelus Sala and some subse-

quent physicians as an emetic J f

Sp. 19. tSucanate of Antimony.

SUCCINIC ACID does not attack antimony, but it

dissolves a portion of its protoxide, and forms a salt

which has not been examined.

Sp. 11. Ben^oate ofAntimony.

BENZOIC ACID readily dissolves the oxide fof anti-

mony, and the solution yields crystals, which remain

dry when exposed to the air, anci are decomposed by

Sp. 12. Oxalate of Antimony.

OXALIC ACID scarcely attacks antimony ; but it

polves a small portion of its oxide. The solution yields

* Gren's HanJl>utf-,m. 630. f Verwandtscltrft, p.

^ Encyc. Method. Clim. I. 6.

Troromsdorf
?
Ann. de Cbim. xi. 317.
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by evaporation small crystalline grains difficultly soln-
^Chap.

in,

ble in water. The same salt is precipitated by add-

ing oxalic acid to the solution of antimony in acetic or

sulphuric acid ; but oxalic acid occasions no precipitate

in the oxymuriate of antimony *.

Sp. 13. Tartrate of Antimony.

TARTARIC ACID has no action on antimony, but it

dissolves a small portion of its oxides. The solution

scarcely crystallizes ; but easily assumes the form of a

jelly t.

IV. METALLIC SALTS.

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 a retort, it enters

into fusion, and then takes fire ; arsenic is sublimed

together with a red mass, and sulphurous acid is ex-

haled }.

Sp. 15. Molyldate ofAntimony.

MOLYBDIC ACID precipitates muriate of antimony

white, provided there be no excess of acid .

Bergman, i. 371. flbid. JScheele, i. 184. Hatchett.
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Sp. 16. Phosphate of Lime-and-Antimony.

THE well known medicine called James's powder has

been shown, by the analysis of Dr Pearson, to be a

compound of phosphoric acid, lime, and oxide of anti-

mony : w may therefore consider it as a triple salt*

It is usually in the form of a while 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 about...... . . . 43 phosphate of lime

57 oxide of antimony

100

It may be composed by calcining in a white heat a mix-

ture of equal parts of sulphuret of antimony 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 solution into a sufficient quantity of dis-

tilled water, containing pure ammonia in solution. The

powder precipitates f.

Mr Chenevix considers this powder not as a com-

pound, but a 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.

* ?t>il. Trans. 1791, p. 317. \ Pbtl. Mag. xi. JIO.



ANTIMONY. 315

ding. According to him, its constituents are as follows : Chap.

Peroxide of antimony 7

Phosphate of lime 4

Sulphate of potash.. 41-

Potash holding protoxide of an-

timony in solution ...,3i

19

He gives the following formula for making it, which,

according to him, succeeds perfectly. Take of

Sulphuret of antimony.... 2 parts

Calcined bones ll

Nitrate of potash 4

Triturate these bodies well together, and heat them

strongly in a covered crucible *.

Sp . 1 7. Tartrate of Potask-and-Antimony .

THIS salt, usually denominated tartar emetic, is much

more employed in this country as a medicine than all

the other antimonial preparations put together. It was
History

fijst made known by Adrian de Mynsicht in his The-

saurus MedicQ-Chymicusy published in J631. 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 which it had performed.

This powder was composed of scammony, sulphuret of

* Ma. de Cbioi. lv. 74.
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antimony, and tartar, triturated together. The ext*-

Divisionlil.
t_ v ordinary effects which it produced would naturally draw

the attention of chemists to the combination of antimo-

siial .preparations 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 evaporating it till it

yields crystals : glass of antimony was afterwards sub-

stituted for the crocus. But it would be needless to

enumerate the various methods which have been ,adopt-.

ed according to the fancy of different operators. These

methods have been collected by Bergman, and are de*

scribed by him in his treatise on Antimoniated Tar-

tar f-.

At present the glass of -antimony, or the peroxide

of antimony, are usually employed. Either of these

is mixed with its own weight of tartar, and the mixture

bmled in ten or twelve parts of water, till the tartar 'he

saturated. The solution is -then -filtered and evapora-

ted till a pellicle forms on its surface. Qa cooling it

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 the

crystals of that salt will mis with those of .the tartar

emetic .

TARTAR EMETIC is of a white colour, and -crystal-

lizes in regular tetrahedrons. When exposed to the air,

An impure hydrosulphuret, formed by detonating in a crucible equal
hts of sulphuric of antimony and nitre, and washing the residuum

in ".vater till the liquid comes off tasteless.

f Of--*: i. 338. t -4/m. de Ciim. xxxviii. 39.
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it? gradually loses its transparency and effloresces. It is Chap. nr.

soluble in 14^ parts of cold water, and in about two parts

of boiling water *. Heat decomposes it by destroying

the acid, while the potash and oxide of antimony remain

behind. It is decomposed by the alkaline earths, bj

the alkalies and their carbonates, and by the hydrosul-

phurets, and several of the metals. It is decomposed

also by the decoctions of plants, particularly those that

are astringent and bitter,, as Peruvian bark, &c. Con-

sequently it never ought to be given in conjunction with

any of these bodies.

From the analysis of Thenard, it appears that this
Compos-

salt is composed of 3 5' 4 tartaric acid

39*6 oxide

13 '7 potash

8- 3 water

lOC'O

Or of ...c.r... *..... .56*3 tartrate of antimony

35*4 tartrate of potash

8" 3 water

100-Of

GENUS XVII. SALTS OF TELLURIUM.

TELLURIUM has been known for so short a time as

a distinct metal, and the quantity of it hitherto exami-

ned has been so small, that the salts which it forms

-with acids cannot be supposed to be much known. On-

ly the following facts have been ascertained.

*
BticfckaJ, Xnii. ft dim, jdix. 70. f *&/ de dim. xxxriii. $9.
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look If. The salts of tellurium may be distinguished by the
Division IIL . ,.
. following properties :

Characters. ! Alkalies, when dropt into their solution, occasion

a white precipitate, which disappears again if the alkali

be added in excess.

2. .Triple prussiate of potash occasions no precipitate.

3. Hydrosulphuret of potash occasions a brown or

blackish precipitate.

4. The infusion of nutgalls occasions a flaky preci-

pitate of a 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 brillian*

cy when rubbed *. .

Sp. 1. Nitrate of Tellurium.

NITRIC ACID dissolves tellurium with facility* The1

solution is colourless, and not rendered turbid by water*

It yields, when concentrated, small, white, light, needle*

formed dendritical crystals f.

Sp. 2. Muriate of Tellurium.

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

a white precipitate, which is redissolvedon adding more

water. When the solution is precipitated by alcohol^

and sufficiently washed, the white powder contains but

a very small proportion of acid .

.

Klaproth's Bi\trage> Hi. I. and CrelPs Annalt, 1798, r. 98.

f Crcll's Await , 1798, i. 98. 4 KJaproth's Btitrag^ hi. 1$,
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ARSENIC.
f

Sf.3. Sulphate of Tellurium. .

Chap
;

WHEN one part of tellurium is confined with 100

parts of sulphuric acid in a close vessel, it dissolves and

gives the acid a crimson colour. When water is dropt

into the acid, the red colour disappears, and the metal

is precipitated in black flakes. When heated, the co-

lour 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 tellurium, the solution is colourless, and no

precipitate is produced in it by water *.

GENUS XVIII. SALTS OF ARSENIC.

ARSENIC is capable of assuming the form of an acid,

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 ac-

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- Character*,

cipitate when poured into solutions containing arsenicf.

* Oell's Annals, I 798, i. 98.

t The solution of arsenic in those acids which converts it Ifito an acid,

* net disturbed by the triple prussiate of potash,
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Bookir. o. Hydrosulphuret of potash produces a yellow pre*J

cipitatc, or at least gives a yellow colour to the solu-*

tion.

3. Gallic acid and the infusion of nutgalls occasioft.

scarcely any change in the solutions of arsenic.

4. The addition of water occasions a white precipi-

tate of oxide of arsenic *, which, when heated with

charcoal, emits a white smoke having the smell of

arsenic*

<Ja Jbfl* ^1 ;:, Sfo V Karate of Arsenic,

NITRIC ACID attacks arsenic with violence, and con-

verts it into white oxide, while nitrous gas is disenga-

ged. When diluted, this acid 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 phenomena as sulphate of arsenic, bfct is dissipated

more rapidly -fv

Sp. 2. Muriate of Arsenic.
+*.

'

'.*''

MURIATIC ACID has scarcely any action on arsenic

while cold ; but when heated it dissolves it readily ; at

the same time a quantity of arsenicated hydrogen gas is

emitted. White oxide of arsenic is also dissolved bjr

this acid with facility, especially if a little nitric acid' be

mixed with it. At a boiling heat the muriatic acid dis-

solves about the third part of its weight of white oxide j

but allows the greater part to precipitate again as the

solution cools. The addition of water precipitates the

*
Except when the arsenic is converted into an add.

f Bergman, ii. 293.
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greatest part of the remainder ; but the muriate of arse- Chap. II
f.^

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 *.

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. Sulphate of Arsenic.

SULPHURIC ACID has no action 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 they emit a white smoke, and melt into a glo-

bule which evaporates slowly f.

Remaining Species.

4. Phosphoric acid does not attack arsenic ; but it dis- Phosphate,

solves its white oxide, and yields crystalline grains of

phosphate, which have not been examined .

* Bergmin, ii. 394. f Ibid, p. 293. $ Ibid, p, 295,

Pol. III. X
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Divisionlll.

Acetate.

Benzoate.

Oxalate and

tartrate.

Arseniate.

5. FJuoric 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 acid has no action on arsenic, but it dis-

solves the white oxide, and forms crystals scarcely solu-

ble in water f.

8. Benzoic acid dissolves the white oxide of arsenic,

and the sofution yields by evaporation very fine feather-

shaped crystals, soluble in water. Their taste is acid

and acrid. Alkalies occasion no precipitate in the so-

lution of this salt. It sublimes in a moderate heat : a

strong heat decomposes it $.

9. Both oxalic and tartaric acid dissolve the white

oxide of arsenic, and yield by evaporation prismatic

crystals, the properties of which have not been exa-

mined .

10. Arsenic acid dissolves the white oxide of arsenic,

and yields crystalline grains scarcely soluble in water
||.

The remaining salts of arsenic are entirely unknown.

GENUS XIX. SALTS OF COBALT.

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 sympathetic

* Bergman, iL 295. Gren, Hi. 390.

t Trommsdorf,

n ibid-.

+ Ibid.

6 bergmanr ii. 395.
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ink ; an appellation given to all liquids, the characters

formed by which are colourless and invisible when

written upon paper, but become visible and coloured by

undergoing certain processes ; and likewise to those li-

quids which forth characters upon paper susceptible of

changing their colour by certain processes* It is probable

that chemists have not hitherto had an opportunity of of-

ten examining the pure salts of cobalt ; for several of

the other metals adhere to cobalt with such persevering

obstinacy, that it is very difficult to obtain it in a sepa-

rate state. The salts of cobalt may be distinguished by
the following properties :

1. The greater number of them are soluble in water, character*

and the solution has a, reddish colour, at least when th6

salts are neutral *.

2. The alkalies, when dropt into these solutions, oc-

casion a blue-coloured precipitate f.

3. Triple prussiate of potash occasions a brownish-

yellow precipitate, often with a shade of blue.

4. Hydrosulphuret of potash occasions a black preci-

pitate, soluble again if the hydrosulphuret be added in

excess. Sulphureted hydrogen gas occasions no preci-

pitate in these solutions |.

5. Gallic acid produces no change ; but the tincture

of nutgalls occasions a yellowish-white precipitate.

6. Cobalt is not precipitated from its solutions in

acids by inc.

* The solution of cobalt in muriatic acid, when concentrated, has a

bluish-green colour as long as there is an excess of acid.

f When the cobalt is contaminated with arsenic acid, or when it i?

dissolved in arsenic acid, the precipitate by ilkalies is reddish brown.

\ ProUSt, Ann. fe Ckim. XXXV. 54.
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Sp.l. Nitrate of Colalt .

NITRIC ACID attacks cobalt when assisted by
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, leaving a deep

red powder.

fy. 2. Muriate of Cobalt.

& '

*

MURIATIC ACID 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
.W:'6M!..

^

r

occasioned by the emission of oxymuriatic acid gas.

The solution, when concentrated, is of a fine green,

and blue if there be no excess of acid, but it becomes

red when diluted with water. This solution, when suf-

ficiently concentrated, yields small deliquescent crystals

of muriate of cobalt. These crystals are blue, but be-

come red when they absorb moisture.

Sympathe- The solution of this salt constitutes the first and best

.known 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 gently heated they acquire 'a

fine green colour, which disappears again when the

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 colour. Klaproth affirms, that this change to

green only takes place when the Cobalt solution is con-

taminated with iron : if the cobalt be pure, the cha-

racters, instead of a green, acquire a blue colour when
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heated *. This sympathetic ink was first made known Chap. HI.

by Waitz in 1705 f ; it was described a second time by

Teichmeyer in 1731 ; and a third time by Hellot in

1737 . The cause of this singular change of colour

has not hitherto been explained in a satisfactory manner.

It takes place equally in close vessels ; so 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.

'

But this supposition is not likely to be verified. The-

uard has observed with justice, that the appearance of

the green colour, when the paper is heated, is owing to

the concentration of the solution ; and its disappearing,

when cold, to its dilution, by absorbing again the mois-

ture it had lost
||.

It is therefore exactly similar to the

change of the solution from green to red when diluted

with water j but the reason of this change remains still

to be assigned.

When this salt is heated to 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 flower*

dissolve with great difficulty in water. At last, how-

ever, a solution of common muriate of cobalt may be

obtained .

*
Klaproth's Observations on the Fossils of Ccrn-wall, p. 64. Eng. Trang>

I See Wicgleb's Geifbitbte
t \. 126. J Commerc. Literamm, p. 91,

Mem. Par. 1737.
||
Ann. de Cbim. xlii, 214.

J Proust, Ann. de dim. IK. 269.
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Division I*II. Sp> 3. Sulphate of Cobalt.

SULPHURIC 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 crystals, consisting 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 alcohol f. 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 t

This salt, according to the analysis of Bucholz, is

composed of.......... 26 acid

30 oxide

44 water

100

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

crystallizes in rhomboidal cubes. It is not so soluble

Ann. de Chin. xlii. ail. f Grcn's Handbucl) iii,

Proust, Ann. de Clim. k. 360. Beitrage, iii. 30.
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in water as sulphate of cobalt, and yields only 26 per t

CHap. 1!I
<

cent, of water when distilled *,

Remaining Species.

4. PHOSPHORIC ACID does not attack cobalt ; bat it
phosphate,

dissolves its oxides, and forms a deep wine-red solu-

tion f.

5. The fixed alkaline carbonates precipitate cobalt Carbonate.

from its solutions in the state of reddish-blue powder.

This insoluble carbonate contains, according to Berg-

man, -J-th
of its weight of carbonic acid

6. Fluoric acid doestiot attack cobalt, but it dissolves Fluate.

its oxide, and forms with it a yellow-coloured gelati-

nous solution .

7. Boracic acid does not act upon cobalt, but it pre- Borate,

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- Acetate,

cility. The solution does not crystallize ; and when

evaporated to dryness, soon deliquesces again. It has a

fine red colour while cold, but becomes blue when heat-

ed ^f. This solution forms a sympathetic ink: the cha-

racters drawn in it are colourless while cold, but become

blue when heated **.

* Proust, Ann. de dim. h. a6o. f Gren's Handtucbt JiL 528.

$ Opusc. n. p. 388. and 392. It contained arsenic acid, as is obvious

from its red colour. Scheele, i. 35.

1|
Wenzel's Verwam/tsc&aft, p. 258. ^ Ibid. p. 150.

* Iheman; Crcll's Annali, 1785, ii. 25,
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Division III.

Oxalate.

Tartratc.

Arseniate.

9. Oxalic acid attacks cobalt, and converts it into a

red powder, which is oxalate of cobalt. This salt is

insoluble in water, but it dissolves in an excess of acid,

and yields crystals. Oxalic acid precipitates an oxalate

of cobalt from the solution of that metal in most a-

cids *.

10. Tartaric acid dissolves the oxide of cobalt, and

forms a red solution which yields crystals f. When
tartrrue of potash is dropt into the solutions of cobalt, it

precipitates the arseniates of iron and bismuth, if they

be present, and they carry with them a portion of the

cobalt. By spontaneous evaporation the liquid yields

large rhomboidal crystals of tartrate of potash-and-cobalt.

11. Arsenic acid, when digested upon cobalt, ac-

quires a red colour, but it does not dissolve the metal

completely. Arsenic acid does not precipitate cobalt

from its solution in acids ; but the alkaline arseniates

occasion a precipitate of a fine red colour, which is ar-

seniate of cobalt This salt is found native ; some

times in the state of a fine red efflorescence, and some-

times crystallized in small four-sided prisms or tables.

When the arseniate of cobalt is heated in a glass tube

it becomes violet, but is not decomposed, nor does it

tinge the glass blue. It dissolves in nitric acid without

effervescence. When its solution in muriatic 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. 170.

\ Scheele, i. iB6.

t Gren, iii. 148.

Proust, Ann. de Cbim. Ix.
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Chap. 111.

Sfl
. 12. 'Nitrate ofAmmonia- 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

qryness, 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

^alt, composed of nitric acid, ammonia, and oxide of co-

balt. They were first observed by Thenard. Their

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 boilecj

with potash, ammonia is disengaged, and the oxide of

cobalt precipitates *.

GENUS 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 all our instru-

ments, was first put into the hands of chemists. The

salts of manganese maybe distinguished by the follow-

ing properties :

1. They are almost all soluble in water ; and the so- Characters,

lution, when treated with fixed alkalies, deposites a

* Thenard, Ann. de Chim. xlii. 245 .
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te or rec^ish coloured precipitate, which very soon

becomes black when exposed to the air.

2. Triple prussiate of potash occasions a yellowish-
white prec pitate when dropt into these solutions.

3- Hydrosulphuret of potash occasions a white preci-

pitate. Sulphnreted hydrogen gas gives the solution a

whit -

colour, but produces no precipitate.

4- Gal.ic cid occasions no precipitate.

5. Manganese is not precipitated from its solution in

the metallic state by any of the other metals.

it 'd" i

$f>.
1. Nitrate of Manganese.

NITRIC ACID 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 is emitted. 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

entirely 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 may 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, i. 43 > 64. ;
and Bergman, ii. 216.
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Sp. 2. Muriate of Manganese.

MURIATIC ACID readily dissolves manganese with

an effervescence, occasioned by the emission of hydrogen

gas. It dissolves the white oxide without 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 rtd 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 oxy muriatic acid

gas is emitted. The oxide becomes white and gradual-

ly dissolves. In this case the acid is divided into 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 gas. From these facts it is

obvious that muriatic acid combines both with the white

and red oxides of manganese ; so that there is both a

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 solution of the oxymuriate is

red, and it seems to be partly decomposed by water*.

Sp. 3. Sulphated Manganese.

SULPHURIC ACID acts with energy on manganese, es-

*
Bergman, ii. ai?. Scheele, i. 46. and 6?
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peciaHy when diluted with two or three times its weight

Division III.
-

'v_v ^ ,* water, and forms with it a colourless solution. It dis-

solve* 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 oxide

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 combining 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 combinations of 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 oxysutyhate 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 crys-

tals of sulphate of manganese. These crystals have a

very bitter taste, and are decomposed by heat, which

drives off their acid. Alkalies precipitate from them

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

af manganese, and washing the residuum in water. A

# Bergman, ii. 210.
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red or rather violet coloured liquor is thus obtained, Chap. ITL

which holds in solution the oxy sulphate of manganese.

This solution is difficultly crystallized, but passes readi-

ly into a gelatinous form. The lew crystals which are

mixed with this jelly are soft, and have but little perma-

nency. When evaporated to dryness, it yields thin red

coloured saline crusts, which precipitate successively

from the surface, and which do not readily deliquesce*

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*.

Sulphurous acid readily dissolves the black oxide of

manganese, and forms with it sulphate of manganese, as

Scheele ascertained f. The theory of this is obvious.

Part of its oxygen is abstracted from the manganese by
the acid ; in consequence of which, the black oxide is

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.

Haussman has 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 up 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 upon the cloth ;

and by the action of oxymuriatic acid, its colour be-

comes yellowish brown :.

* Bergman, p. 315. f Scheele, 5. 43.

i Ann. de Cbim. liii. 408,
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Division 1 1 1. Sp. %. Phosphate of Manganese.

PHOSPHORIC ACID has but little action on manganese

or its oxides, because it forms with them a salt difficult-

ly soluble in water. But phosphate of manganese may
be obtained in the form of a precipitate, by mixing an

alkaline phosphate with the solution of manganese in

any of the three mineral acids *. This salt has riot

been hitherto examined.

Sp. 5. Carbonate of Manganese.

LIQUID CARBONIC ACID attacks manganese 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 forms on its surface, consisting of

white oxide. During the solution of manganese in this

acid, an odour similar to that of burning fat is percep-

tible f.

Sp. 6. and 7. Fluate and Borate of Manganese.

THE fluoric and boracic acids form likewise with the

oxides of manganese salts difficultly soluble in water,

the properties of which have not hitherto been much

examined. These acids have but little action on man-

ganese and its oxides; but the fluate of borate of manga-
nese may be easily formed by pouring the alkaline flu-

ates or borates into sulphate or muriate of manganese.

Remaining Species.

Acetate. 8. ACETIC ACID has butlittle effect upon manganese

* Scheele, i. 48. Bergman, ii. ai$>-

* Bergman, i. 35. ; and Selitek, i $t
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immediately ; but it dissolves a small portion by long Chap. ill.

digestion, as it does also of the black oxide. The solu-

tion does not yield crystals, and when evaporated to

dryness soon deliquesces again *. Vauquelin has em-

ployed acetic acid 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, but abandons

the iron. Water 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 ironf.

P. Benzoic acid dissolves the white oxide of manganese Benzoate.

with facility. The solution yields small crystalline scales

easily soluble in water, but sparingly in alcohol. They
are not altered by exposure to the air^:.

10. Succinate of Manganese. When a succinate of SuccinaM.

potash or soda is dropt into a neutral solution of man-

ganese, no precipitate is thrown down ; but if iron be

present, it falls in combination with succinic acid.

Hence Gehlen has proposed an alkaline saccinate as the

best means of separating iron and manganese from each

other.

11. Oxalic acid attacks manganese, and dissolves the OxaU?*,

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,

nitric, or muriatic acid {.

12. Tartaric acid dissolves black oxide of manganese Tartrate,

* Bergman, ii. 219. t Ann. de Ctim. xli. 349.

\ Trommadorf, Ibid. xi. 317. Bergman, i. 172. and n.
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Division III.

Citrate.

Arseniate.

cold ; but the solution is blackish: When heated, an ef-

fervescence ensues, owing to the decomposition of part
of the oxide and the escape of carbonic acid gas, and the

solution becomes colourless.

13. Citric acid acts upon the black oxide 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 cry-

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. These crystals do not melt when heated
; neither

does arsenic sublime, unless charcoal be mixed with

them f.

15. Tartrate of Potash-and-Manganese . \Vhen tar-

trate of potash is mixed with a solution of manganese,
no immediate change takes place 5

but if the mixture be

set aside, a great number of small prismatic crystals of

a reddish brown colour are deposited, consisting of tar-

trate of potash combined with the oxide of manganese.

They are sparingly soluble in water. Heat decompo-
ses them by destroying the acid. Richter proposed the

formation of this salt as one of the best means' of pro-

curing an oxide of manganese in a state of purity ; but

succinate of potash answers the purpose better, by effec-

tually separating the iron, the only metal with which

manganese is contaminated in common cases.

.

* Bergman, ii. 220. fScheele,!. 188.
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GENUS XXI. SALTS OF CHROMIUM.

THIS genus of salts is still very little known ; the

small quantity of chromium hitherto obtained in the

metallic state not having permitted chemists to examine

the action of acids upon it with much attention. For

the few facts known, we are indebted to Richter * and

Godon f.

The presence of Chromium may be detected by the

following properties :

1. Triple prussiate of potash occasions a brown pre- Characters,

cipitate.

2. The infusion of nutgalls occasions a brown preci-

pitate.

3. The hydrosulphuret of potash occasions a green

precipitate, which a few drops of nitric acid change to

yellow.

When chromium is in the metallic state, the acids

act upon it with great difficulty, neither nitric acid

nor nitromuriatic dissolving it rapidly. The latter by

long digestion dissolves a small portion, and forms a

green coloured solution .

Even the .protoxide of chromium, formed by expo-

sing chromic acid to a strong heat, is but very feebly
attacked by acids. The nitric at last, however, acidi-

fies the greater part ; but if chromic acid thus obtained

be precipitated by nitrate of mercury^ the liquor retains

an amethyst colour, and yields by evaporation octahe-

* Gehkn's four. v. 351. f Ann. de Cblm. liii,

| Richter, Ibid.

Vol. IIL y
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Book IL dral crystals of a fine violet colour, which Godon found
Division III. ,

to be nitrate of chromium *.

GENUS XXII. SALTS OF MOXYBDENUM.

THIS genus is still problematical. Indeed it has been

ascertained that the oxides of molybdenum are incapa-

ble of forming crystallizable salts with acids. But

many acids dissolve them ; and the resulting solutions

are remarkable for the changes of colour to which they
are liable. For the most accurate set of experiments

on this subject we are indebted to Bucholz, who has

lately published an elaborate dissertation on the proper-

ties of molybdenum f.

Nitrate. i. When molybdenum in powder is treated with di-

luted nitric acid, it dissolves very slowly unless the ac-

tion of the acid be assisted by heat. The solution thus

formed has a yellowish brown colour, with a shade of

red. When evaporated to dryness, it leaves a reddish-

brown residue almost all soluble in distilled water.

Its taste is acid and bitter, leaving a metallic flavour in

the mouth. Ammonia throws down a brownish-red

flaky precipitate from the solution, mixed with a few

crystals of molybdic acid.: When more molybdenum
is employed than the acid can dissolve, the solution gra-

dually assumes a blue colour, and lets fall blue oxide of

molybdenum %.

Muriate. 2. Muriatic acid does not attack molybdenum ; but

oxymuriatic dissolves it, and forms a blue-coloured so-

* Godon. Ann. de dim. liii. MI, f Gehlcn's Jour. iv. 6 t

J Bucholz, Ibid. p. 637,
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lution *. Muriatic acid dissolves the oxide of molyb- i

ChaP- III-

<

denum in a boiling heat, and the solution assumes a deep

blue colour, and a blue sediment falls. Muriatic acid

dissolves likewise molybdic acid. The solution is of a

pale yellowish green colour, but becomes blue when

saturated with potash f.

3. Sulphuric acid does not act upon powdered mo- Sulphate,

lybdenum at the temperature of the atmosphere ; but

when it is assisted by heat, sulphurous acid is driven

off, and a yellowish-brown thick solution is formed.

If this solution be allowed to remain upon undissolved

molybdenum, its colour gradually changes to blue, and

blue oxide precipitates^:. When diluted sulphuric a-

cid is digested on molybdic oxide, a solution takes place,

which is green while hot, but becomes blue on cool-

ing . Sulphuric acid dissolves molybdic acid by the

assistance of heat. The solution is colourless while

hot; but on cooling it assumes a deep blue colour, which

is heightened by saturating the solution with soda
||.

4. Phosphoric acid does not act upon molybdenum at
Phosphate,

the temperature of the atmosphere ; but when they are

heated together in an open vessel, a portion of the me-

tal is oxidized at the expence of the acid. When wa-

ter is poured upon the dry mass, a yellowish-brown so-

lution is obtained, containing the oxide of molybdenum
in combination with phosphoric acid. Though this

solution be kept over molybdenum in powder, it does

not change colour like the preceding, and no blue oxide

is precipitated ^.

* Buch. Gehlen's Jour. iv. 640. f Hatchett. | Buch. Ib. p. 636.
Ileman

;
as quoted by Gren, Hanriucb, Hi. 712.

JJ Hatchett, Phil. Iran*. 1795, p. 113.

^ Bucholr-j Gehlen's Jour. iv. 642.
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Book If. 5. Fluoric acid dissolves the oxides of molybdenum,
Division III.

, . ... . m .ti
^ ^ The solution, while hot, is greenish yellow; when con-

F"iate>
centrated by evaporation, it becomes yellow ; and when

reduced to a dry mass, greenish blue. When this mass

is well washed, it assumes a fine green colour: the wa-

ter employed acquires a dirty grass green *.

Borate. Boracic acid appears scarcely to act upon molyb-
denum f. Neither has it any action upon its oxides .

Acetate- 7. Acetic acid does not act upon molybdenum while

cold ; but when assisted by heat, it dissolves a portion

forming a yellowish-brown solution }.

Succinatc. 8. Succinic acid acts very feebly upon molybdenum,
but by heat it forms a greenish-coloured solution

||.

Oxalate. 9. Oxalic acid forms a blue solution with molybdic ox-

ide, which does not change colour by evaporation ; but

when diluted with water, it becomes green : a large

addition renders it brown 5F-

Tartrate. 10. Tartaric acid and citric acid act very feebly,

though when assisted by heat they dissolve a small por-

tion of the metal**.

Molybdate. 11. The oxide of molybdenum is precipitated brown

from acids by triple prussiate of potash, and deep brown

by tincture^ of nutgalls ff,

GENUS XXIII. SALTS OF URANIUM.

THIS genus of salts has been hitherto examined only

* Heyer, Crell's Annals, 1787,
ii.^

lai.

t Bucholz, Gehlen's Jour, iv. 643* J Gren's Handbucbt iii. 7 1 3.

Bucholz, Ibid.
p. 643. ||

Ibid.

q Heyer, Creli's Annati, 1787, ii. UI.

** Bucholz, Gehlen's Jour. iv. 643. \\ Gren's Handlueb^ iii. 713
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by KlaprotlvRichter, and Bucholz. This last chemist
t

chaP- II[
-.

has lately published a very particular description of the

sulphate and nitrate of uranium.

The salts of uranium may be distinguished by the

following properties :

1. The greater number of them are soluble in water, Character*,

and the solution has a yellow colour.

2. The pure alkalies occasion in these solutions a

yellow precipitate; the alkaline carbonates a white pre-

cipitate, soluble in an excess of alkali.

3. Triple prussiate of potash occasions a brownish-

red precipitate, which does not assume the form of

flakes like the prussiate of copper.

4. Hydrosulphuret of potash occasions a brownish-;

yellow precipitate.

5. The infusion of nutgalls occasions a chocolate-co-

loured precipitate.

6. No precipitate is occasioned by zinc, iron, or tin *.

Sp. 1. Nitrated Uranium.

NITRIC ACID readily dissolves uranium with the e-

mission of nitrous gas. The solution has a yellowish

colour f. The oxide of uranium is dissolved by this

acid with still greater facility. From the trials of Bu-

cholz $ it follows, that the acid unites with the oxide

in two proportions, forming a nitrate and subnitrate of

uranium.

1. Nitrate. This salt is best formed, as Klaproth

showed, by dissolving the oxide of uranium in nitric

*
Klaproth, Crcli's Annals, i. 130. ling. Transl. Richter's Katcr*

QegenttanJe. Gren's Handbucb^ in. 741.

f Euchojz, Gehlen's Jour.lv. 36. J Ibid. p. 138.
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acid> and Bringing tne solution to crystallization. The
best method of obtaining regular crystals is to expose
the solution to a very moderate heat. When a satura-

ted hot solution is cooled quickly, crystals likewise are

obtained, but not so regular. The crystallization suc-

ceeds best when there is a slight excess of acid *. The

colour of the crystals varies somewhat according to the

method of crystallizing. When the solution is fully

saturated with oxide, the crystals are of a lemon yel-

low, and greenish at the edges ; but when there is an

excess of acid present, they have all a greenish colour.

The crystals have the form of tables, often hexagonal j

but by cautious management, they may be obtained in

large four-sided rectangular flat prisms f.

They are extremely soluble in water ; 93 parts of

that liquid at the common temperature being capable of

dissolving 200 parts of nitrate of uranium. Boiling

water dissolves any quantity ; the water of crystalliza-

tion being sufficient at that temperature to keep the salt

in solution* They are still more soluble in pure alco-

hol ; one part of that liquid dissolving 3fd parts of the

"nitrate. The solution has a yellow colour, and is of

the consistence of a syrup. Boiling alcohol dissolves

any quantity, but a portion of the salt precipitates again

as the solution cools. By evaporation the solution

yields regular crystals of nitrate of uranium. If it be

kept for a longtime in the temperature of about 112,
the salt is partly decomposed, a yellow powder precipi-

tating ; a portion of which is oxide of uranium, and a

portion of the same oxide, united probably to a vegetable

* Bicholz, Gehlen's Jour. iv. 145. f Ibid. 146-
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acid. When four parts of nitrate of uranium and one Chap. III.

part of alcohol are distilled in a very moderate heat,

the first portion which comes over has the smell of ni-

tric ether j the second contains a portion of acetic acid *.

Sulphuric ether dissolves about ^th of its weight of

this salt ; the solution is lemon yellow ; but when ex-

posed to the sun's rays, it becomes in a few minutes

green, and in some hours a watery portion subsides, of

a green colour, containing uranium. The ether acquires

the smell of nitric ether, and a quantity of black oxide

of uranium precipitates f.

When nitrate of uranium is exposed to the air at the

temperature of about 100, it very soon falls into a

white powder ; but in cold and damp air it very soon

deliquesces into a liquid J.

When heated, it undergoes the watery fusion ; the

water which it contains is gradually dissipated, carrying

along with it a portion of the acid. If the heat be in-

creased, nitrous gas makes its escape, and at last a por-

tion of oxygen gas is disengaged. By this process, not

only the whole of the acid and water is dissipated, but

the metal loses also a considerable portion of its oxy-

gen .

From the experiments of Bucholz, it follows that this

salt is composed of. 61 oxide
Compotv-

25 acid * n -

14 water

100
||

2. Sulnitrate. When nitrate of uranium is heated

Buckolz, Gehlcn's Jour. iv. 151. f Ibid. p. 156.

t Ibid. p. 150. Ibid. p. 149, U Ibid p. 1 48.
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Book II. till its colour becomes orange-yellow, it does not dts-
fcivisionlll.

., ,

v
. > solve completely 111 water, leaving behind a lemon-yel-

low powder. A portion of the same powder likewise

precipitates from the solution before it can be brought

to crystallize. This powder is insoluble in water, and

has been shown by Bucholz to be a subnitrate of ura-

nium*.

$p. 2. Muriate of Uranium.

URANIUM in the metallic state is scarcely attacked by
muriatic acid f ; but it dissolves the oxide, and forms

with it deliquescent crystals of a yellowish-green co-

lour^ having the form of four-sjded tables $.

Sf. 3. Sulphate of Uranium.

SULPHURIC ACID, whether concentrated or diluted,

has but little effect upon uranium in the metallic state }.

By belling the o'xide obtained from nitrate of uranium

by means of heat, with a sufficient quantity of diluted

sulphuric acid, and setting the solution aside in a warm

place, Mr Bucholz obtained needle-form crystals of sul-

phate of uranium. As these crystals contained an ex-

cess of acid, though a portion of the oxide remained

undissolved, Bucholz redissolved them in water, added

a little nitric acid, and boiled them to dryness over a

new portion of oxide of uranium. The mass was dis-

solved again in water, filtered, and set aside. After

some months very small prismatic crystals separated ;'

* Bucholz, Gehlen's Jour. iv. 158. t Ibid. p. 36*

\ Klaproth, CrelPs Annals, i. 130, Engl. Transl.

J' Bucholz, Gehlert's Jour. iv. 36.
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and by continuing the evaporation some crystals were
^Chap.

in.

obtained in the shape of tables.

The colour of these crystals is lemon yellow. They
dissolve in |-ths of their weight of cold water, and in

T̂ .ths of their weight of that liquid when boiling hot.

The solution has the consistency of a syrup, and gradu-

ally yields regular crystals when subjected to spontane-

ous evaporation. Pure alcohol at the common tempe-

rature of the air dissolves T
T

Tth part, and boiling alcohol

T*^th part of its weight of them. When the solution

was exposed to the sun, its colour, at first light yellow,

became green, and the whole of the oxide gradually pre-

cipitated, carrying along with it a portion of sulphuric

acid. At the same time the smell of ether became per-

ceptible in the liquid.

When crystallized sulphate of uranium is exposed to

a red heat, it loses 14 per cent, of its weight ; but in a

white heat it loses the whole of its acid and water. The

residue, which weighs -njths of the original salt, is a

greyish-black powder, consisting of pure oxide of ura-

nium.

This salt, according to the experiments of Bucholz,

to whom we are indebted for the whole of the facts

above enumerated, is composed of

18 acid

70 oxide

12 water

100

* Gchlen's Jour. iv. 134,
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Division HI.

Phosphate.

Fluate.

Acetate.

Tartrate.

Arseniate.

.;;; ;-f:

Remaining Species.

4. Phosphoric acid forms with oxide of uranium yel-

lowish-white flakes, scarcely soluble in water. The

salt may be precipitated by adding phosphoric acid to

the acetate of uranium*.

...,* Fluoric acid dissolves the yellow oxide, and forms

with it crystals which do not deliquesce.

6. Concentrated acetic acid dissolves oxide of ura-

nium by digestion, and yields beautiful yellow crystals

in the form of long, slender, transparent, four- sided

prisms terminated by four- sided pyramids. When
heated gradually, the acid is decomposed and driven off,

but the remaining oxide still retains the form of the

crystal? f.

,
rTj.

Tartaric acid forms with the oxide of uranium a

sajt scarcely soluble in water.

8. When an alkaline arseniate is dropt into nitrate of

uranium, the arseniate of uranium precipitates in the

state of a yellowish- white powder.

9. and 10. The tungstate and molybdate of uranium

may be obtained by a similar process. The first is a

brownish-white powder, insoluble in water ; the second

is whitish-yellow, and difficultly soluble.

Richter formed also the borate, oxalate, citrate, ma-

late, benzoate, succinate, and sebate of uranium ; but

the properties of these salts have not been described.

GENUS XXIV. SALTS OF TUNGSTEN.

This genus of salts is altogether unknown ; the scar-

city of tungsten, and the difficulty of obtaining it in a

*
Klaproth, Crell's Annals, \. i35,Engl. Transl. f Ibid.
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state of purity, having hitherto prevented the possibili- t
Chap. nr-

t

ty of attempting to ascertain the compounds which its

oxides are capable of forming with acids. Indeed it has

not been demonstrated that the oxides of tungsten are

capable of combining with acids and forming salts.

Neither sulphuric nor muriatic acids seem capable

of altering the metal ; but nitromuriatic acid attacks it

at a boiling heat ; and nitrous gas is emitted *.

GENUS XXV. SALTS OF TITANIUM.

FOR all that is at present known respecting this ge-

nus of salts, we are indebted to the experiments of Gre-

gor, Klaproth, Vauquelin, and Hecht. The salts of

titanium may be distinguished by the following pro-

perties :

1. They are in general colourless, and in some de- Characters,

gree soluble in water.

2. The alkaline carbonates occasion in these solutions

a white flaky precipitate.

3. Triple prussiate of potash occasions a grass-green

precipitate mixed with brown. When an alkali is dropt

in after the prussiate, the precipitate becomes purple,

then blue, and at last white.

4. Hydrosulphuret of potash occasions a dirty glass-

green precipitate. Sulphurated hydrogen gas occasions

no precipitate.

5. The infusion of nutgalls occasions a very bulky
reddish-brown precipitate. If the solution is concen-

trated, it assumes the appearance of curdled blood.

* Scheelc, i. 188.
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Book n. o. When a rod of tin is plunged into a solution of
Division HI. .....
^- v f titanium, the liquid around it gradually assumes a fine

red colour. A rod of zinc, on the other hand, occasions

a deep blue colour *.

it
'

'

Nitrate. Sp ! Nitric acid has no action on the red oxide of

titanium, and scarcely any upon the metal ; but it dis-

solves the carbonate, provided heat be applied ; and the

solution yields, by evaporation, transparent crystals, in

the form of elongated rhombs, having two opposite an-

gles truncated, so^s to represent six-sided tables. Ac-

cording to Vauquelin and Hecht, this solution only suc-

ceeds when the metal is combined with a minimum of

oxygen.

Muriate. 2. Muriatic acid dissolves titanium ; but it has no

effect upon its red oxide. The carbonate of titanium is

readily dissolved by this acid ; and the solution, ac-

cording to Klaproth, yields transparent cubic crystals.

According to Vauquelin and Hecht, the solution is yel-

low, and assumes the form of a jelly when evaporated.

Heat occasions the emission of oxymuriatic acid, and

the oxide precipitates, and is no longer soluble in mu-

riatic acid, unless it be boiled in nitric acid. Hence

they conclude, that the muriate contains titanium com-

bined with a maximum of oxygen, and that the prot-

oxide is incapable of uniting with muriatic acid.

Sul hate
3 * Boiling sulphuric acid oxidizes titanium, and dis-

solves a small portion of it ; but on the red oxide of ti-

tanium that acid has no action whatever. It dissolves

the carbonate of that metal with effervescence, occasion-

Kiaproth's Beitrage, i.
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ed by the emission of carbonic acid. The solution, Chap. III.

when evaporated, is converted into a white opaque ge-

latinous mass.

4. and 5. When the phosphoric or arsenic acid is

dropt into the solution of titanium in acids, it occasions'

a white precipitate.

6*. When one part of red oxide of titanium and six

parts of carbonate of potash are melted together in a

crucible, the mass, when washed stifficier.Jy with wa-

ter, leaves a white powder, with a slight red tinge, which

Vauquelin and Hecht have ascertained to be carbonate

of titanium. According to the experiments of these

chemists, it is composed of

T5 white oxide

25 carbonic acid

100

7. and 8. Oxalic and tartaric acids likewise occasion

a white precipitate, but it is redissolved again almost as

soon as formed *.

GENUS XXVI. SALTS OF COLUMBIUM.

THE scarcity of this metal having prevented Mr

Hatchett, the discoverer, from multiplying his experi-

ments on it, -we are not to
expect many facts respect-

ing the combination of its oxides with acids. The salts

of columbium may be distinguished by the following

properties :

1. Their solutions, as far as known, are transparent Characters,

and colourless.

, 3e Afin. No.xv. p. 1,
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Book IT. 2. Alkaline carbonates occasion a white flaky preci-
Division I If. . ."

pitate in these solutions.

3. Triple prussiate of potash changes them to an o-

live green, and occasions a beautiful olive-coloured pre-

cipitate.

4. Hydrosulphuret of ammonia occasions a reddish

chocolate-coloured precipitate.. ^d.^

5. Tincture of nutgalls throws down a very high

orange-coloured precipitate.

6. A rod of zinc throws down a white flaky preci-

pitate.*

Mr Hatchett, to whom we are indebted for all the

facts known belonging to this genus of salts, has ren-

dered it probable that there are several oxides of co-

lumbium ; but nothing has been ascertained respecting

the particular oxides which combine with acids.

Nitfcte. ! Nitric acid is incapable of dissolving the oxides

of eolumbiuai. It seems to have the property of con-

verting the white oxide into columbic acid.

Muriate. 2. Boiling muriatic acid dissolves columbic acid.

The solution is colourless, and may be diluted with wa-

ter without any change being produced. When the so-

lution was evaporated to dryness, it left a pale yellow

substance, insoluble in water, and diificultly soluble in

muriatic acid.

Sulphate. 3. Boiling sulphuric acid dissolves columbic acid,

and forms a transparent colourless solution. When

largely diluted with water, this solution becomes milky,

and deposites a white precipitate. When allowed to

dry, this precipitate cracks, and becomes at first laven-

der-blue, and afterwards brownish grey. It is a sub-

sulphate of columbium, and in a boiling temperature is

slightly soluble in muriatic acid and in potash ley.
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The diluted sulphuric acid solution still retains a super-
chaP- in\

sulphate of columbium.

4. When phosphoric acid is added to the concentra- Phosphate.

ted solution of columbium in sulphuric acid, the whole

assumes the form of an opaque, white, stiff jelly inso-

luble in water. From muriate of columbium phospho-

ric acid throws down a white flocculent powder.

5. Acetic acid has no effect on columbic acid *.

GENUS XXVII. SALTS OF CERIUM.
.

FOR all the facts respecting this genus of salts at pre-

sent known, we are indebted to the labours of Klap-

roth, Hisinger and Berzelius, and Vauquelin. The salts

of cerium possess the following properties :

1. They are either white or yellow coloured, accord- Characters,

ing to the state of oxidizement of the oxide.

2. Their solutions in water have a sweet taste. *

3. Hydrosulphuvet of potash occasions only a white

precipitate consisting of the oxide of cerium. Sulphu-

reted hydrogen occasions no precipitate.

4. Prussiate of potash occasions a milk-white pre-

cipitate, soluble in nitric and muriatic acids.

5. Gallic acid and the infusion of nutgalls occasion no

precipitate.

6. The oxalate of ammonia occasions a white preci-

pitate, which is insoluble in nitric and muriatic acids.

Sjp.
1. Nitrated Cerium.

NITRIC ACID unites with both the oxides of cerium.

Hatchetc on A Mineral Subsrance from North America." Pbil

Trans. 1802.
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With the white oxide it combines most readily, espe-
*

"
>

cially when that oxide is in the state of a carbonate.

The solution is colourless, crystallizes with
difficulty,

retains an excess of acid, and has an austere and sweet

taste.

The red oxide dissolves with difficulty in cold nitric

acid, but readily when the action of the acid is promo-
ted by heat. The solution is yellow ; and when it con.

tains an excess of acid, it yields small white crystals,

which deliquesce when exposed to the air. The satu-

rated solution does not crystallize.

Both the nitrate and oxynitrate of cerium are soluble

in alcohol. Heat decomposes them, leaving a red-co-

loured oxide *.

Sp. 2. Hyperoxymuriate of Cerium.

FROM an experiment of Vauquelin, it does not ap-

pear that the peroxide of cerium is capable of combi-

ning vvith hyperoxymuriatic acid. He caused a current

of oxymuriatic acid gas to pass through water into

which the oxide of cerium had been put. A very
small portion only of the oxide was dissolved. When

precipitated by ammonia it was still in the state of white

oxide. In all probability it was kept in solution by
common muriatic acid f.

Sp. 3 . Muriate of Cerium.

WHEN red oxide of cerium is treated with muriatic

acid, a considerable effervescence is produced, and oxy-

*
Hisinger and Berzelius, Gchlen's Jour. ii. 409. Vauquelin, Ann.

de Clim, liv. 51.

\ Ann. de Ctiim. liv. 54.
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muriatic acid gas escapes; The solution obtained is a Chap. HI.

yellowish red, and the shade is the lighter the longer

the liquid has boiled. By concentration and cooling,

small four-sided prismatic crystals are deposited of a

yellowish white colour. They are soluble in alcohol,

and deliquesce \vhen exposed to the air. Their taste

is astringent and sweet. When the oxymuriate of ce-

rium, thus formed, is exposed to heat, it is completely

decomposed. The water of crystallization and excess

of acid pass over first, and then oxymuriatic acid ; the

residue is a white oxide, difficultly soluble in acids. If

iron be present it is volatilized in the state of muriate.

If too strong a heat has not been applied, a portion of

the salt remains undecomposed. It is white, and forms

a colourless solution in water, being in reality a muriate

of cerium *,

Sp. 4. Sulphate of Cerium*

SULPHURIC ACID dissolves the red oxide of cerium

with difficulty. By digesting the oxide in diluted a-

cid for a sufficient length of time, a solution may be ob-

tained. It is of an orange colour, and yields by eva-

poration small octahedral and needle-form crystals of

oxysulphate of cerium. Their colour is partly lemon

yellow, partly orange. The salt thus obtained is not

soluble in water, except by means of an excess of acid.

Then its taste is acid and sweet. When the crystals are

exposed to the air, they soon fall into a yellow powder.

Sulphuric acid combines very readily with the white

*
Klaproth, Gchleu's Jour. ii. 312. Hisinger and Berzelhu, Ibid

Vauquelin, Ann.de Cbim. liv. 54.

III. 7,
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X^C f cer*um esPec iaNy when it is in the state of a

carbonate. The solution is colourless, has a sweet taste,

and readily yields crystals of sulphate of cerium. When

oxysulphate of cerium is treated with muriatic acid,

oxymuriatic acid gas is disengaged ; the salt loses its co-

lour, and is converted into sulphate of cerium. A mo-
derate heat disengages oxygen, and produces the same

change *.

Sp. 5. Sulphite of Cerium.

SULPHUROUS ACID dissolves the red oxide of cerium,

and the solution yields by evaporation crystals of a pale

amethyst colour f.

; lj! Sp. 6. Phosphate of Cerium.

WHEN a mixture of oxide of cerium and phosphoric

acid is digested in water, a white insoluble powder is

obtained, which is phosphate of cerium. The same

powder is thrown down when the solutions of cerium

are mixed with phosphate of soda. It is soluble in ni-

tric and muriatic acids |.

Sp. 7. Carbonate of Cerium.

CARBONIC AGID combines readily with the white

oxide of cerium. The easiest way of forming the car-

bonate is to precipitate white oxide of cerium from its

solution by means of an alkaline carbonate. The pre-

cipitate is granular, of a silvery whiteness, and insolu-

ble in water acidulated with carbonic acid. Accord-

*
Klaproth, Hisinger and Berzelius, Vauquelin.

| Klaproth, Gehlen's Jour. H, 312. f Klaproth, Hisinger,
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ing to the analysis of Klaproth, carbonate of cerium is
,

chaP nr*

composed of 23 acid

65 oxide

12 water

100
This salt may be formed by causing a current of car-

bonic acid gas to pass through water having the oxide

of cerium suspended in it. So great indeed is the avi-

dity of this oxide for carbonic acid that it absorbs it

even from the air *.

Sp. 8. Acetate of Cerium.

ACETIC ACID readily dissolves the oxide of cerium,

newly precipitated by means of alkalies. The solu-

tion, when saturated, has a sweet taste, and yields by

evaporation small granulated crystals ; readily soluble

in water, but sparingly soluble in alcohol, and not al-

tered by exposure to the airf.

Sp. 9. Succinate of Cerium.

WHEN a few drops of succinate of ammonia are pour-

ed into muriate or nitrate of cerium, a precipitate is

formed which soon disappears. When more of the re-

agent is added, the succinate of cerium is separated in

the state of a white powder. This salt is not wholly
insoluble in water, as a small portion still remains in

solution. Succinate of ammonia does not precipitate

cerium from the acetate. This furnishes us with a

ready means of separating iron from cerium when they

happen to be mixed J.

*
Klaproth, Hi singer and Berzdius, Vauquelin.

*
Hisinger and Berzelius, Gehlen's Jvr. ii, 414. t Ibid.

72
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Divisionin. Sp. 10. Benxoate of Csriu?n.

BENZOIC ACID occasions no precipitate in muriate of

cerium ; but when it is digested on recently precipita-

ted oxide of cerium, a solution takes place. On cooling,

the liquid first lets fall crystals of benzoic acid, then

the benzoate of cerium falls in the state of a white in-

soluble powder*.
:.y:; v>:

Sp. 11. Oxalate of Cerium.

OXALIC ACID and'oxalate of ammonia precipitate ce-

rium from its solutions. The precipitate, with the per-

oxide, is red ; with the protoxide, white. An excess of

acid does not redissolve it j but ammonia readily ef-

fects its solution, giving it a yellow colour f.
.

Sp. 12. Tartrate of Cerium.

WHEN tartaric acid is digested upon recently preci-

pitated oxide of cerium, it forms a salt readily soluble

in water, in consequence of the excess of acid which it

contains. When the solution is mixed with a great

quantity of water, white insoluble flakes of tartrate of

cerium are precipitated. Tartaric acid occasions no

precipitate in the sulphate, nitrate, or muriate of ceri-

um ; but tartrate of potash throws down the tartrate

of cerium in the state of a white powder. It is soft,

light, tasteless* and insoluble in water. It is soluble in

nitric, muriatic, and sulphuric acids, and in pure alka-

T*

*
Hisingcr and Berzelius, Gehlen's Juur. ii. 4*3, f Id. Ibwf.

% Hisinger and Berzelius, Vauquelin.*
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Sp* 13. Citrate of L eriuin .

MURIATE of cerium is not precipitated by citric acid,

By digesting the acid on recently precipitated oxide, an

insoluble compound is formed, which is rendered solu-

ble by an excess of acid. The solution does not crys-

tallize. Alcohol deprives it of its water and of part of

its acid, but does not dissolve it*.

Sp. 14. Arseniate of Cerium*

ARSENIC ACID does not occasion a precipitate when

dropt into muriate of cerium. When digested with

oxide of cerium, an insoluble compound is obtained,

which may be rendered soluble by adding an excess of

acid. The solution does not crystallize ; when evapo-

rated, it deposhes insoluble arseniate, and the residue

dries into a gelatinous colourless mass f.

Sp. 15. Molybdate of Cerium.

MOLYBDATE of ammonia occasions no precipitate in

the supersalts of cerium ; but from the neutral solutions

h precipitates molybdate of cerium in the form of a

white salt not soluble in acids J.

Sp. 16. Sulphate of Potasb-and- Cerium.

WHEN supersulphate or superoxysulphate of cerium

is decomposed by potash, a triple salt is deposited, white

with the first, and yellow with the second salt. This

triple salt melts when heated. Nitric acid dissolves

Hisinger and JBerzelius, Gehlen's Jour. ii. 413. f Id. Ibid,

Id, ibid.
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andt decomPoses ** The same triple salt is deposited

v^ / when muriate of cerium is poured into a solution of

sulphate of potash *.

SECT. III.

REMARKS ON THE SALTS.

OUCH are the properties of all the salts which have

been hitherto examined by chemists, and which amount

to about six hundred. Great as this number is, it can-

not be doubted that the class of salts will be consider-

ably increased hereafter.

Importance Of these bodies, there are some, as alum, copperas,
e sa ts. g^ W j1 jcj1 constitute the basis of different arts and ma-

nufactures, and which therefore are of sufficient im-

portance to deserve an accurate examination even on

their own account. Others, again, are the source from,

which chemists obtain many of the most valuable of

their instruments of analysis ; as nitre, common salt,

phosphate of lime, sal ammoniac, sulphate of barytes,

&c. and therefore naturally claim the particular atten-

tion of all those who cultivate the science. But it musi

be allowed, that by far the greater number of saline bo-

dies are at present of no apparent use whatever, either

I f
in the arts or in chemistry. At first sight it may appear

a very useless piece of labour to be at the the trouble of

examining and describing these : but there are several

*
Hisinger and Berzelius, Gehlen's Jour. ii. 413.
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reasons which render a precise knowledge of all the

salts not only proper but even necessary.

Were we to limit ourselves to the examination of

those things whose usefulness is already known, there

would be an end of all improvement. Every thing must

be useless, as far as regards us, till its properties be

known, and the purposes to which it may be applied

ascertained. Many of those salts which we at present

consider as of no utility, may hereafter be found of the

greatest consequence, when their properties have been

more completely investigated. This remark has been

verified more than once within these few years. The

muriate of lime, for instance, was formerly thrown away,

but is now applied with great advantage to produce ar-

tificial cold ; and the oxymuriates, though a new class

of salts, constitute an essential ingredient in the process

of bleaching. Want of utility therefore is but a mea-

gre reason for neglecting the examination of the salts,

unless it could be demonstrated a priori that they never

can be applied to any use.

But were we even certain that this were the case,

still the examination of a great number of these salts

would be indispensibte : For those salts which are the

most useful are seldom or never found in a state of pu-

rity ; they are constantly mixed and contaminated with

other salts, from which it is necessary to free them be-

fore they will answer the purposes to which they are

usually applied. Now these foreign salts cannot be se-

parated unless we be acquainted with them, at least suf-

ficiently to know the effect of different agents upon
them ; that is, unless we be acquainted with their pro-

perties. Thus we see that it is not possible to obtain

those salts which are really useful, without at the same
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Book Tf. time knowing the nature of many salts which have been

SP -y applied to no use. Thus common salt is always mixed

with muriate of magnesia, and cannot be obtained un-

less we understand the method of separating or decom-

posing that salt.

But it is not strictly true that many of the salts are

altogether useless. It maybe affirmed, with the greaU
est truth, that, even at present, there is not one among
them, the knowledge of whose properties is not of some

advantage. One of the most important and difficult

things in chemistry is to ascertain exactly the nature

and composition of different bodies. Now this can on-

ly be done by observing the changes produced upon
them by other bodies, and the compounds which they
are capable of forming. Thus if, on examining a sub-

Stance, I find, that when combined with sulphuric acid,

it forms a heavy insoluble white powder ; with muria-

tic acid, a very soluble salt, which crystallizes in tables,

and is insoluble in alcohol ; with phosphoric and oxa-

lic acid likewise an insoluble powder, &c, I conclude,

without hesitation, that it is barytes. A substance

which dissolves in sulphuric acid, and forms a salt of a

blue colour, crystallized in rhorhboidal prisms, of an

acrid taste and caustic, which forms with muriatic acid

a green salt, which becomes blue when mixed with am-

monia, and which when mixed with alkalies occasions

a blue or green precipitate I conclude to be copper.

Thus it is the knowledge of the salts which the diffe-

rent alkalies, earths, metals, and acids are capable of

forming, which enables us to discover their presence

when they enter as ingredients into different compounds.

Here, then, is a reason for studying the properties of

the salts, independent of their utility as individual bo-
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dies ;
and it may be affirmed with truth, that chemical

t

Chap.
IH.^

skill is in every case proportional to the extent of this

knowledge.

The great number of saline bodies renders it a diffi-

cult task to remember the properties of each. Indeed

the thing would be impossible, were it not that the salts

naturally arrange themselves into certain groups, the

individuals belonging to which all agree in certain ge-

neral properties which may be remembered with faci-

lity ;
and after these general properties have indicated

the group to which a given salt belongs, it is much ea.*

sier to ascertain the species.

The salts may be divided conveniently into two clas- Salts dm-

ses, under one or other of which every salt is to be
two'daae?,

placed. These two classes constitute the two first Sec-

tions of this Chapter. The first class comprehends un-

der it all the earthy and alkaline salts ; the second class

all the metalline salts.

The first class may be distinguished by the follow- First class,

ing characters : The salts belonging to it are either,

1. Soluble in water ; and in that case the solution is

not precipitated by hydrosulphuret of potash *, triple

prussiate
of potash f, or infusion of nutgalls J : or, 2.

Insoluble in water ; and in that case they are either so-

luble in muriatic acid, or become so when heated to red-

ness, or fused with carbonate of potash ; and the solu-

tion yields a precipitate when sulphuric acid is added,

or if not, at least when potash is added. The insoluble

*
Except salts with base of alumina or zirconia.

f Except salts with base of yttria or zirconia.

| Except suits with base of yttria, glucina, 01 zirconia.
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Book II. salts afford with borax, before the blowpipe, a white
Divisionlll.

glass or enamel.

As the salts belonging to this class are very nume-

rous, it has been divided into two orders. The salts

belonging to the first order are incombustible when sud-

denly heated to redness *
; those belonging to the second

order contain combustible acids, and when suddenly

heated either burn partially, leaving incombustible salts

behind them, or the acid is totally decomposed and dri-

ven off, leaving the base mixed with charcoal. The

first order contains 14 genera, the second contains 18.

The characters by which each of these genera may be

distinguished have been given in the first Section of this

Chapter, and need not be repeated here. Having found

the genus to which any salt belongs, the species is to

be ascertained by a careful examination of the proper-

ties described as belonging to each. But the investiga-

tion will be much facilitated by attending to the fol-

lowing observations :

1. The species may be distinguished into two kinds ;

those whose base is an alkaliy and those which have an

earthy base.

2. 'The alkaline salts are all soluble in water. Pot-

ash occasions no precipitate of a white powder when

added to the solution ; neither does oxalic acid occasion

any precipitate.

3. The salts with an ammoniacal base are all either

dissipated entirely, or converted into an acid when ex-

posed to a red heat.

4. Many .of the earthy salts are insoluble in water ;

*
Except nitrate of ammonia and hyperoxymuriate of ammonia.
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a white powder is precipitated from the soluble salts
t

chaP-

either by the addition of potash or of sulphuric acid.

5. The salts whose base is barytes are all
* insoluble

in water, or nearly so, except five; namely, the nitrate,

muriate, acetate, benzoate, and prussiate ; from the so-

lutions of these, sulphuric acid or sulphate of soda

throws down a white heavy insoluble precipitate.

6. All salts whose base is strontian are nearly inso-

luble in water, as far as they have been examined, ex-

cept six ; namely, nitrate, muriate, hyperoxymuriate,

acetate, tartrate, and citrate. These also yield an inso-

luble white powder with sulphuric acid. But the alka-

lies occasion no precipitate either in the solutions of

barytic or strontian salts.

7. All salts whose base is lime are very sparingly

soluble in water except eight ; namely, nitrate, muriate,

hyperoxymuriate, arseniate, acetate, malate, benzoate,

and prussiate. The lime is precipitated from these so-

lutions by oxalic acid, fixed alkalies, and by sulphuric

acid if the solution be concentrated, but not by ammo-

nia.

8. The magnesian salts are all soluble in water ex-

cept seven j namely, phosphite, fluate, carbonate, oxa-

late, tartrate, saccolate, and camphorate. Their solu-

tion yields a white precipitate with ammonia, which

disappears by adding ammonia in excess, provided there

be an excess of acid present. This precipitate forms

with sulphuric acid a very soluble bitter salt.

9. The alkaline earths form with acids a greater

* Four of them are still unknown ; namely, 'he molybdate, chremate,

gallate, and eebafe.
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i_ YUT kaline properties of the earth diminish. Barytes forms

salts, the greater number of which are insoluble
; stron-

tian seems to form a greater number of soluble salts

than barytes ; lime forms a still greater number; and

almost the whole of the magnesian salts are soluble in

water.

10. Six of the aluminous salts are insoluble in water ;

namely, sulphite, phosphate, borate, arseniate, tungstate,

and saccolate. The aluminous salts are all deprived of

their acid by heat. With potash they yield a precipi-

tate which dissolves in sulphuric acid ; and when sul-

phate of potash is added to the solution, crystals of alum

are gradually obtained. The aluminous salts let fall a

precipitate?when hydrosulphuret of potash is dropt into

their solution, and at the same time sulphureted hydro-

gen gas is exhaled.

11. The salts of yttria are decomposed by heat and

by alkalies ; they have a sweetish astringent taste ; tri-

ple prussiate of potash and infusion of nutgalls occasion

a precipitate when poured into their solutions. The

succinate of potash occasions no precipitate.

12. The salts of glucina are decomposed by heat and

by alkalies ; they have a sweetish taste. The precipi-

tate separated from them by alkalies, redissolved in ni-

tric or muriatic acid, is again precipitated by the infu-

sion of nutgalls, but not by triple prussiate of potash.

It is precipitated also by succinate of potash.

13. The zirconian salts have an austere taste : they

are decomposed by heat and by alkalies. The precipi-

tate separated from them by these last bodies, when re-

dissolved in muriatic acid,, is precipitated by hydrosul-
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phuret of potash, triple prussiate of potash, and by the Chap. Ill,

infusion of nutgalls.

The second class of salts, the metalline, may be dis- Second

tinguished by the following properties : The salts be-

longing to it are either, 1. Soluble in water ; in which

case they afford a precipitate .with hydrosulphuret of

potash, triple prussiate of potash *, and the infusion of

nutgalls f: or, 2. Insoluble in water ; in which case,

when fused with borax by the blow-pipe upon charcoal,

they either afford a button of metal, or form with the

borax a coloured glass.

This class might with propriety enough be divided Divided in*

into two orders. The first order would comprehend
those genera, the salts belonging to which are crystalli-

zable and permanent, indicating a marked Affinity be-

tween the acid and base; the second order would con-

sist of those salts which want permanency, and indicate

a very weak affinity between the acid and base. The

first order would consist of n genera ; namely,

1. Salts of gold 10. Salts of nickel

2 platinum 11. lead

3. ......... silver 12 zinc

4. mercury 13 cobalt

5. palladium 34 manganese
6 rhodium 15 * uranium

1. iridium 16. titanium

8 copper 17 *.... cerium

9 iron

The second order would consist of 10 genera ; namely^,

1. Salts of osmium 2. Salts of tin

*
Except salfs of gold, platinum, antimony, and tellurium.

i Except salts of platinum, zinc, arenic, manganese, and cerium.
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3. Salts of bismuth 7. Salts of tungsten

Division I II.
f

o-v ' 4....... antimony 8....... molybdenum
5. ...... tellurium 9....... chromium

6..... .. arsenic 10....... columbium

The genera may be recognised without much diffi-

culty by the characters given in the second Section of

this Chapter. As the species are very numerous, it

greatly facilitates investigation to subdivide them into

sets. This accordingly has been done in the description

of the genera, whenever the state of our knowledge ren-

dered it practicable. These subdivisions are the five

following : 1. Detonating salts. These detonate when

heated with a combustible, and generally also when

wrapt in a paper with a little phosphorus, and struck

smartly with a hammer. The acids in these salts are

the nitric and hyperoxymuriatic. 2. Incombustible

salts. These often lose their acid or a part of it when

heated ; but they do not burn, nor are they capable of

setting fire to combustibles. The acids in these salts

are the muriatic, sulphuric, sulphurous, phosphoric,

phosphorous, carbonic, fluoric, boracic. The phos-

phates and borates are not decomposed by heat, but

melt readily into a glass. Those sulphates that are so-

luble in water lose a great portion of their acid in a

strong heat ; but the insoluble sulphates scarcely lose

any, unless the base be volatile. The muriates are rea-

dily volatilized when strongly heated. The sulphites

and phosphites are converted by heat partly to sul-

phates and phosphates, and partly to sulphurets and

phosphurets. The carbonates are decomposed by heat.

The fluates undergo a partial decomposition, and usu-

ally melt into a glass. 3. Combustible salts. These
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contain the combustible acids. When heated, they are Chap. III.

decomposed ; the base, usually contaminated with char-

coal, and partially reduced to the metallic state, remains

behind. Most of these salts are but imperfectly known,

4. Metallic salts. These contain both a metallic base

and acid. They are all insoluble in water and alcohol,

and seldom or never completely decomposed by heat.

They often exist native. The analysis of them is usu-

ally difficult. 5. Triple salts. They contain, besides a

metallic base, an alkali or earth. They are very nu-

merous, though but imperfectly examined. In general,

it may be laid down as a rule, that all metallic oxides

soluble in alkalies are capable of forming triple salts

with these alkalies and acids. The metallic triple salts

claim peculiar attention on another account. Alkalies

or earths are seldom capable of throwing down their

metallic base. Unless, then, we be acquainted with all

the triple salts that are liable to be formed, we must be

very apt to fall into mistakes when these salts happen

to occur in the course of our analysis.

The species in the different metallic genera may be

distinguished from each other by the properties of the

different acids which form them ; and these properties

have been enumerated in the first Section as the charac-

teristic marks of the genera of earthy and metallic salts.

The following TABLE, which gives a synoptical view

of the properties of the most important salts, will add

considerably to the facility of distinguishing the diffe-

rent species. ,
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Book II.

Division III.

HYDROSUXPHURET&,

CHAP. IV.

OF KYDROSULPHURETS.

Properties
of sulphu-
reted hy-

drogen

OULPHURETED HYDROGEN GAs possesses the properties

of an acid. It is absorbed by water in considerable

quantities, and the solution reddens vegetable blues ; it

combines also with alkalies and earths, and with several

metallic oxides* The greater number of these proper-

ties were first pointed out with precision by Mr Kir-

wan 5 but they were afterwards much more fully deve-

loped by Berthollet *

Liquid sulphureted hydrogen, or sulphureted hydro-

gen gas dissolved in water, is not decomposed by expo-

sure to the air, but the gas gradually separates with-

out decomposition. When sulphurous acid is mixed

with this solution, both the sulphureted hydrogen and

the acid are in a great measure decomposed ; the hy-

drogen of the one combines with the oxygen of the

other, and forms water ; while the sulphur of both is

precipitated, as was first observed by Fourcroy, and

more fully ascertained by Berthollet. Nitric acid pro-

duces the same effect unless it be too much diluted with

water. Hence the reason that sulphur precipitates

* Sec Vol. I. of this Work, p,
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when that acid is mixed with water holding sulphuret- ^Chap.
IV.

ed hydrogen in solution, as Bergman first observed.

Oxymuriatic acid likewise precipitates sulphur when

used in small quantities ; but when a sufficient propor-

tion is used, the sulphur is redissolvedi and converted

into sulphuric acid.

Sulphureted hydrogen has a strong action on the Precipitate*

greater number of metallic oxides ; its hydrogen ab-

stracts oxygen from these bodies, and thus either brings

them to the metallic state or to a minimum of oxygen ;

while at the same time its sulphur combines with the

metal thus regenerated. Hence the reason of the change

produced upon the solutions of the metallic salts by
the infusion of liquid siilphureted hydrogen. All the

genera of metallic salts are precipitated by this sub-

stance excepting six ; namely, those which contain the

following metals :

1. Iron ; 4. Manganese ;

2. Nickel; 5. Titanium ;

3. Cobalt ; 6. Cerium.

Berthollet and Proust have shown, that the oxides of Nature of

these metals are reduced by sulphureted hydrogen to a

minimum of oxygen ; but as in that state they have

but little affinity for sulphur, they continue combined

with the acids which held them at first in solution. Tin,

on the other hand, which at a minimum of oxidifcement

has a strong affinity for sulphur, is precipitated, though

sulphureted hydrogen only reduces it to a minimum of

oxidizement.

The metallic solutions differ considerably in the fa-

cility with which they afford precipitates with sulphu-
reted hydrogen ; and Mr Proust has shown that, with

a little address, metals may, in many cases, be separa-

A a 2
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Supersul-
phurcted

hydrogen*

ted from each other by means of this agent. For in-

stance, if copper, lead, zinc, and iron, be held in solu-

tion together in nitric acid, sulphureted hydrogen first

separates the copper in the form of a black precipitate,

which may be removed by filtration; next the lead *

and lastly, the zinc j while the iron still continues in

solution *. The different metals may be distinguished

by the colour of the precipitate which their solutions

yield with sulphureted hydrogen. The colours of these

different precipitates may be seen in the following

TABLE :

Gold and Platinum Reduced

Silver Black

Mercury... Black

Palladium Dark brown

Copper Black

Tin Brown .

Lead _ Black

Zinc White

Bismuth Black

Antimony Orange
Arsenic Yellow

Molybdenum... Chocolate

Sulphureted hydrogen has the property of combining

with sulphur, and of forming a compound which has

the appearance of a yellow oil* It was first observed

by Scheele f ; and Berthollet t> who first examined its

nature, has given it the name of bydrogenated sulphur.

When liquid potash and sulphur are boiled together,

* Jour, de Tbys.ll. 174.

f Scheele on Fire, p. 191. Eng. TransL

t Ann. de Chin, MV. 247.
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a brown coloured solution is obtained, formerly known
.
Chap>IVV

by the name of liquid hepar sulphuris. If this liquid be

poured by little and little into muriatic acid, scarcely

any sulphureted hydrogen gas is exhaled, but hydroge-

nated sulphur gradually precipitates to the bottom of

the vessel, under the form of a yellowish brown oil.

This substance, when heated, easily allows the sulphu-

reted hydrogen gas to exhale, and is converted into sul-

phur. The same change takes place when it is expo-

sed to the open air.

The easiest method of procuring this substance, ac-

cording to Proust, is to pour into a phial about fd of

its capacity of muriatic acid, of the specific gravity 1'07,

add about an equal bulk of the liquid hepar, cork the

phial and shake it, the hydrogureted sulphur gradually

separates *.

Thus we see that sulphur and hydrogen a're capable

of combining in two proportions, or, which is the same

thing, that hydrogen combines with two doses of sul-

phur. The first of these constitutes sulphureted hydro-

gen gas or hepatic air ; which, according to Thenard,

is composed of about 29 hydrogen

71 sulphur

100

The addition of another dose of sulphur constitutes

hydrogureted sulphur, which Mr Kirwan has with great

propriety denominated supersulphureted hydrogen ; a

name which certainly ought to be adopted f. Both of

* Jour, de Pbys. lix. 270.

f Kirwan on Mineral W*ter*> p. 1 1 .
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Book II. these substances combine with different b*ses, and con*
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* '

' stitute very peculiar genera ot compounds, which de-

serve a particular examination on account of the import-

ant purposes which they serve in analysis. The com*

binations which sulphureted hydrogen forms with bases

have been called by Berthollet kydrosulphurets, and by
Chenevix sulphureted kydrogurets* The compounds of

supersulphureted hydrogen with bases have been called

by Berthollet hydrogenated sulphurets, and by Chene-

vix hydrogureted sulphurets *. Mr Chenevix's terms

are certainly more precise than those of Berthollet ;

but as the word hydrosulphuret has been long in gene-

ral use, it will be necessary to retain it. Hydrogureted

svlpkuret, however, may be still adopted ; as the com-

pounds denoted by it have been but seldom mentioned

by chemists since the original paper by Berthollet on,

the subject.

f. HtDROSULPHURfTS.

SULPHURETED HYDROGEN combines with alkalies

and earths, and forms with them compounds which may-

be distinguished by the following properties :

Properties.
** ^ey are a^ s lubk *n water>

and the splution is

colourless.

2. When the solution is exposed to the air, it be*

comes green or greenish yellow.

3. After long exposure to the air, the solution be*

comes limpid and colourless ; and on examination is

* On the Chemical Nomenclature, p. 4oi. Mr Kirwan uses the term

Ssjatule instead of iydrosulphvret, and befar for lydrogvreted sutyburet.
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found to contain only the sulphate of the base of the

original hydrosulphuret.

4. The solution of the hydrosulphurets precipitates

All metallic solutions ; iron and lead, black; antimony,

orange ; arsenic, yellow*.
The hydrosulphurets may be formed by dissolving or How form-

mixing the bases respectively with water, and causing

sulphureted hydrogen gas to pass through them till they

refuse to absorb any more. The excess of the gas is

driven off by heating the solution* It is proper to cause

the sulphureted hydrogen gas to pass through a small

vessel of water before it reaches the base with which it

is to combine, in order to separate any impurities with

which it might be mixed. By this method solutions of

the different hydrosulphurets in water may be obtained.

If these compounds be decomposed while they are co-

lourless, by pouring upon them sulphuric acid, muria-

tic acid, or any other acid which does not act upon hy-

drogen, the sulphureted hydrogen gas exhales without

the deposition of a single particle of sulphur ; but if

the hydrosulphuret has become yellow, some sulphur is

always deposited during its decomposition, and the quan-

tity of sulphur is proportioned to the deepness of the

colour*,

The yellow colour, therefore, which hydrosulphurets

acquire by exposure to the atmosphere, is owing to a

commencement of decomposition. Part of the hydro-

gen of the sulphureted hydrogen abandons the sulphur,

* When the hydrosulphurets are kept in glass phials, the inside of

the vessel is gradually coated with a black crust. This, as I am informed

fry Dr William Henry, consists of a portion of the lead from the

to the metallic state, and combined with sulphur.
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coml"ncs w *th the oxygen of the atmosphere, and

forms water. By degrees, however, a portion of the

sulphur is also converted into an acid ; and when the

proportion of sulphureted hydrogen is diminished, and

that of the sulphur increased to a certain point, the

sulphur and the hydrogen combine equally with oxy-

gen.

If sulphuric or muriatic acids be poured upon a hy-

drosulphuret after it has been for some time exposed to

the air, a quantity of sulphureted hydrogen gas exhales^

sulphur is'deposited, and after an interval of time sul-

phurous acid is disengaged. It is therefore sulphurous,

and not sulphuric acid, which' is fornied while the hy-

drosulphuret spontaneously absorbs oxygen. This acid

however, is not perceptible till after a certain interval

of time, when separated from the hydrosulphuret by
means of an acid; because as long as it meets with sul-

phureted hydrogen a reciprocal decomposition takes

place. The oxygen of the acid combines with the hy-

drogen of the gas, and the sulphur 'of both is precipi-

tated.

Sp. 1. Hydrosulphuret of Barytes.

WHEN sulphate of barytes is converted into sulphu.

ret, by mixing it with charcoal and keeping it red hot

in a crucible, if boiling water be poured upon the black

mass, and filtered while hot, the green coloured solu-

tion thus obtained yields by evaporation a great number

of crystals. These crystals are hydrosulphuret of ba-

rytes. They are to be separated immediately by filtra-

tion, and dried between the folds of filtering paper*

* JJerthollet, Ann. de Ctim. xxv. 441,
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They are white, and have a silky lustre. They have
t<?P-

IV.

usually the form of scales, whosfe shape cannot be easi-

ly ascertained. This compound is soluble in water,

and the solution has a very slight tinge of green. Jts

taste is acrid and sulphureous : and when exposed to

the air it is readily decomposed

Sp. 2. Hydrosulphuret of Strontian.

I HAVE procured this compound by the same process

as the hydrosulphuret of barytes, and its properties are

so nearly similar, that it requires no peculiar descrip-

tion.

Sp. 3. Hydrosulphuret of Potash.

THIS compound may be procured by saturating pot-

ash with sulphureted hydrogen; but it is formed also du-

ring the solution of sulphuret of potash, and may be ob-

tained by evaporation. Its properties have been lately

described by Mr Vauquelin. It is transparent and co-

lourless, and crystallizes in large prismatic crystals, not

unlike sulphate x>f soda. They are usually four- sided,

and terminated by four-sided pyramids. Sometimes

both the prisms and terminating pyramids are six-sided.

Its taste is alkaline and extremely bitter. When ex-

posed to the air, it soon deliquesces into a liquid of a

syrupy consistence, tinging green all bodies with which

it happens to be in contact. But this colour is not per-

manent, unless some metallic body happens to be in

contact. The crystals have no smell ; but when they

have deliquesced, they emit a fetid odour. They dis-

solve both in water and alcohol j and during the solu-

tion the temperature of the liquid sinks considerably.

Acids drive off the sulphureted hydrogen with a violent
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Book p. effervescence, and no sulphur is deposited. When
Division III.

i..
v thrown into sulphate of alumina) crystals or alum are

soon deposited. This salt, like the other hydrosulphu-

rets, precipitates all metals from their solutions *.

$p* 4. Hydrosulphurtt of Soda.

THIS compound may be prepared by the same proces-

ses as the last. It is the best known of all the hydro-

sulphurets, as it is usually employed as a reactive. The

properties of its solution in water were first pointed out

by Berthollet, but Vauquelin first obtained it crystal-

lized. Having laid aside a concentrated solution of im-

pure carbonate of soda f to crystallize, crystals of hy-

drosulphuret of soda formed in it spontaneously. The

crystals of this hydrosulphuret are transparent and co

lourless, having the figure of four-sided prisms termina-

ted by quadrangular pyramids, and sometimes of octa-

hedrons. Its taste is alkaline and intensely bitter. It is

very soluble both in water and alcohol ; and during the

solution cold is produced. When exposed to the air it

deliquesces, and assumes a green colour. Acids decom-

pose it, driving off the sulphureted hydrogen. Its other

properties are common to the hycjrosulphurets J.

Though sulphureted hydrogen and sulphurous acid

phureted mutually decompose each other when both are uncom-

bined, this does not appear to be the case when they

are united to a base. When water impregnated with

sulphureted hydrogen gas is mixed with liquid sulphite

*
Vauquelin, Ann. de Ckim. xlii. 40.

f This carbonate had been procured by decomposing rolphate of

by charcoal, and separating sulphur by means of lime.

% Vjuquelin, Ana, de Chief, xli. 190.
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df soda, the smell of the gas is destroyed, and by eva- Chap. IV.

poration a salt is obtained which appears to be a triple

compound of the two gaseous bodies with soda. A
salt similar to this has been described by Vauquelin,

who indeed formed it artificially by the process just de-

tailed. This salt is white and transparent, crystallizes

in four-sided prisms, has no smell, and is not altered by

exposure to the air. Its taste is cooling, bitter, and

slightly alkaline. When heated it melts, then become*

again solid, gives out sulphur, and the residue assumes

a deep red colour, No gas is disengaged *.

Sjp. 5. Hydrosulfluret of Lim?.

Tfiis compound is easily prepared by passing sulphu-

reted hydrogen gas through lime suspended in water.

The lime dissolves and the hydrosulphuret forms. The

solution is colourless, and has an acrid and bitter taste.

Its properties are analogous to the other hydrosulphu-

rets. Np attempts have been yet made to procure this

compound in crystals.

Sp* 6*. Hydrosulphuret of Ammonia.

THIS compound is easily procured by passing a cur-

rent of sulphureted hydrogen through liquid ammonia.

The solution very readily assumes a greenish yellow co-

lour. When equal parts of lime, sal ammoniac, and

sulphur, are distilled in a retort, a yellow liquid is ob-

tained, usually distingushed by the name offuming li+

guor ofBoyle, because first prepared by that philosopher*

This liquid constantly emits white fumes, and has a

Vauquelio, Ann. de Cbiffi. XKXii. 496.
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strong ammoniacal and fetid odour. Berthollet ascer-

Division'III. . . . . r . . r

*_,...^ _i tamed that it owed its property of emitting fumes to a

quantity of uncombined alkali. It consists chiefly of

hydrosulphuret of ammonia holding an excess of sul-

phur. This liquid gradually loses the property of fu-

ming, and deposites likewise its excess of sulphur. It

is then a hydrosulphuret of ammonia nearly pure.

5^. 7 Hydrosulphuret of Magnesifl.

WATER, impregnated with sulphureted hydrogen,

dissolves magnesia, and forms a hydrosulphuret, the

properties of which have not been examined *.

Sp. 8. and 9* Hydrosulfchuret of Glucina and Yttria.

FROM the experiments of Vauquelin and Klaproth;

we know that the hydrosulphurets do not precipitate

those earths from acids. Hence it is likely that they

are capable of combining with sulphureted hydrogen ;

though the compounds have never been examined by
chemists. Neither alumina nor zirconia combine with

sulphureted hydrogen. Hence the hydrosulphurets

precipitate these earths from acids, in consequence of

the affinity of their base for the acid, which holds the

earths in solution ; and at the same time sulphureted hy-

drogen gas is emitted.

II. HYDROGURETED SULPHURETS.

THE different alkaline and earthy bases are capable of

combining with supersulphureted hydrogen, and form-

*
Berthollet, Ann, de Cbim. XXV. 235.
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ing with it compounds which have been longer known Chag.

than the hydrosulphurets, though their properties have

not been examined with the same precision. They How form-

may be formed by boiling the base together with sulphur
c *

in a quantity of pure water, or by dissolving their sul-

phurets in water ; in either case, supersulphureted hy-

drogen is formed, which combines with the base,

These compounds were known formerly by the name

of liquid heparsy or livers of sulphur. They may
be formed also, as Berthollet has shown, by pouring a

liquid hydrosulphuret upon sulphur. A portion of the

sulphur is dissolved without the assistance of heat ; the

liquid becomes dark-coloured, and is converted into hy-

drogureted sulphuret *. When prepared by the first

process, they contain an excess of sulphur, which sepa-

rates when sulphureted hydrogen is made to pass through

them.

The simplest way of considering these compounds is The const!-

to conceive them as combinations of sulphureted hydro-
t

c

ue

n

n

^
vary

gen, sulphur, and the respective base. The relative t>ly

proportions of the s-ulphur and sulphureted hydrogen
seem capable of very considerable variation. A dis-

cussion has taken place upon this subject between Ber-

thollet and Proust, interesting in the highest degree,

ioth from the importance of the point in dispute, aad

the sagacity and profound knowledge of the disputants.

Berthollet endeavoured long ago to demonstrate, that

the alkaline bases are incapable of holding sulphur in

solution, except by means of sulphureted hydrogen ; in

his Statique Cbimiquc he illustrated his former opinion

* Ann, dt Ckim. XXV.
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Book II. at considerable length. Proust admits that sulphureted
DivisionlH.

hydrogen is always present ; but has brought a number

of experiments to show, that in many cases the quanti-

ty is extremely minute, and that therefore it cannot be

the medium of union between the liquid base and the

sulphur. These experiments may be reduced under the

three following heads: 1. Many of the hydrogureted

sulphurets do not effervesce when treated with an acid,

but merely deposite sulphur. 2. When the liquid hy-

drogurets are mixed with muriatic acid, hydrogureted

sulphur is deposited ; but the proportion of this last sub-

stance formed depends upon the proportion of sulphu-

reted hydrogen contained in the hydroguret. Now ma-

ny hydrogureted sulphurets, when treated in this man-

ner, furnish only a few atoms of hydrogureted sulphur^

and of course contain only a minute quantity of sulphur

reted hydrogen. 3. When mercury is agitated with a

colourless hydrosulphuret, no change is produced upon
the metal ; but when it is agitated with a hydrogureted

sulphuret, it combines with the sulphur and forms a black

fculphuret. By this means the whole of the sulphur

may be separated, and nothing remain but a colourless

solution, consisting of the sulphureted hydrogen and the

bases holding a little black sulphuret of mercury in so-

lution. When the solution is sufficiently diluted with

water this black sulphuret falls down, and leaves a pure

hydrosulphuret behind. Now when this method is

taken with some hydrogureted sulphuretSj only a very

minute portion of hydrosulphuret remains. Such are

the proofs which Mr Proust has brought forward in sup-

port of his opinion.

Berthollet allows the accuracy of the two first expei

riments, but explains them in a different manner. He
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formerly shown, that when sulphurous acid and

sulphureted hydrogen came into contact, they mutually

decompose each other, and are converted into water

and sulphur ; that when a hydrosulphuret is exposed to

the air it becomes coloured, in consequence of the de-

composition of a portion of sulphureted hydrogen by
the absorption of oxygen, water being formed, and a

quantity of sulphur disengaged, which enters into com~

bination with the liquid, and converts it into a hydrogu-

reted sulphuret ; and that when the decomposition of

the sulphureted hydrogen had proceeded in this way-

till a certain portion of sulphur was set at liberty, then

the oxygen absorbed began to combine likewise with

the sulphur, converting it into sulphurous acid. Now,

according to him, all those hydrogureted sulphurets

which do not effervesce with acids, and which form but

a minute quantity of hydrogureted sulphur when mixed

with acids, contain both sulphurous acid and sulphure-

ted hydrogen. When an acid is added they are disen-

gaged together, and mutually decompose each other. If

the sulphurous acid exceed, there is no smell of sulphu-

reted hydrogen whatever ; but the odour of burning

sulphur gradually becomes sensible. The contrary hap-

pens if the proportion of hepatic gas be greatest. This

explanation is exceedingly ingenious, and it must be al-

lowed also to be satisfactory, provided it can be shown

that sulphurous acid is actually present in the cases al-

leged. This is very likely to be the case, though it

may be difficult to demonstrate it in every case.

As to the third experiment of Proust, Berthollet de-

nies its precision. Proust lays it down as established,

that when mercury is agitated with a hydrogureted sul-^

phuret, it combines only "with the sulphur, and does aot
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Book II. touch the sulphirreted hydrogen ; while the red oxide of
Division I II.

,

v mercury, on the other hand, decomposes the sulphureted

hydrogen, and combines with its sulphur without touch-

ing the sulphur of the hydroguret. The result of Ber-

thollet's trials was, that both mercury and its red. oxide

acted upon the sulphur and the sulphureted hydrogen,
but that the phenomena varied according to the, propor-

tions of the different substances employed '*. Upon the.

whole, Berthollet's opinion appears to be well founded,

though he has perhaps pushed it a little too far.

Hydrogu- ! When the hydrate of potash and flowers of suL
r<

hurct

U

of P^ur afe mixed together in a phial, they act upon each

potash. other in a very short time, heat is evolved, ,and hydro-

gureted sulphuret formed of a fine red colour, which

exhales sulphureted hydrogen gas when treated with an

acid. Liquid potash of the specific gravity i'26, when

kept for 10 or 12 hoursupon flowers of sulphur, dissolves

it and forms a similar compound. When heat is applied

the combination takes place much sooner. When dry sul-

phuret of potash is dissolved in water, the same kind of

compound is produced f. In all these cases the appear-

ance ofthe hydrogureted sulphuret is the same, though its

properties differ considerably. When it is formed by-

heat, the quantity of sulphureted hydrogen which it

yields by means of acids is always inconsiderable, and

often not perceptible. By trial, I find that this depends
in a great measure upon the care with which it has been

kept from the contact of the air.

Liquid hydrogureted sulphuret of potash or soda, thus

JFormed, is a liquid of a deep red colour verging upon

,

* Jour, de Pbys. lix. 260. ; Ix. 284, and 347,

lemS*Cfc t
* roast, 7*r. </c yt. lix. a 0.
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brown ; sometimes it has no smell ; sometimes, as in- <

Cha

P^

IV-

j

ticed by Proust, it has the smell of radishes ; and by

keeping it acquires the smell of sulphureted hydrogen.

Its taste is acrid, and as it were bitter and cooling. It

stains. the skin of a deep green. When kept in close

vessels, it is said to deposite sulphur and to become co-

lourless, being converted into a hydrosulphuret *. It at-

tacks with great energy every metal, and often re- \

ducesit to the state of a sulphuret. Stahl demonstrated

long ago, that it is capable of dissolving even gold.

The nature of his solution has not been ascertained. By
means of acids the gold is thrown down in the metallic

state, and mixed with sulphur.

2. When ammonia is kept in Contact with the flowers Ammonia,

of sulphur, it gradually dissolves a portion of it, and as-

Sfimes a yellow colour, but does not acquire the odour

of sulphureted hydrogen f. Hydrogureted sulphuret

of ammonia may be obtained by pouring on sulphur the

hydrosulphuret of ammonia. The last portion of the

liquid which passes over during the distillation of the

fuming liquor of Boyle is also a hydrogureted sulphuret.

This compound very readily deposites the excess of

sulphur which it contains, and approaches to the state of

a hydrosulphuret.

3. The hydrogureted sulphurets of bafytes and stron- Barytesand
., . . . strortiaiu

tian may be procured by dissolving their sulphurets in

water, or even by exposing them to the open air. They
have a green colour and acrid taste, but much inferior

* With me this has never happened, though I have kept it in close

vessels for years. It s< on becomes colourless in vessels not closely shsf

being converted into sulphate of potash.

f Proust, Jour, dt Ptyt. lix. 269,

.Vol. III. Bb
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Book IF. in intensity to the fixed alkaline hydrogureted sulohu-
Division II I.

*

~

. rets : neither is their action on other bodies so power-
ful.

Lime. 4. When a mixture of lime and sulphur is boiled in

water, the liquid assumes a beautiful orange colour, and

contains in solution hydrogureted sulphuret of lime.

This liquid has likewise a very bitter taste. It is the

only liquid at present known which is capable of dis-

solving a notable quantity of azotic gas. When kept

in close phials, it gradually deposites sulphur in the*

state of black crust, and becomes perfectly colourless.

Magnesia*
^* ^ne hydrogureted sulphuret of magnesia may be

formed by the same processes as the others. This com-

pound has scarcely been examined. It has but little

permanency.

6. It has not been proved that the earths proper are

capable of combining with supersulphureted hydrogen,

and forming hydrogureted sulphurets.

III. METALLIC HYDROSULPHURETS AND HYDROGU-

RETED SULPHURETS.

The hydrosulphurets and hydrogureted sulphurets

have the property of precipitating all metallic bodies,

except rhodium, from any solution in which they may
be contained. They are therefore very valuable tests

of the presence of metals, as they do not precipitate any

of the earths except alumina and zirconia. The metal-

lic precipitates are occasioned by the combination of

sulphureted hydrogen, supersulphureted hydrogen, or of

sulphur, with the metallic body, which is always de-

prived of a portion or of the whole of its oxygen, while

at the same time the base of the hydrosulphuret com-

bines with the acid which held the oxide in solution.
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The precipitate of alumina and zirconia is occasioned

by the base of the hydrosulphuret, while the sulphu-

reted hydrogen is exhaled in the state of gas, not being

susceptible of combining with these earths. Hydro-

sulphuret, or hydrogureted sulphuret of potash or am r

monia, is usually made choice of for these precipita-

tions ; and the peculiar metal precipitated may in many
cases be ascertained by the colour of the precipitate.

The colour of these different precipitates may be s een

by the following Table :

Chap. IV,

Metals.

Gold

Platinum .,

Silver

Mercury . .

Palladium. .

Copper
Iron

Nickel

Tin ......

Lead

Zinc

Bismuth . . .

Antimony . .

Tellurium . .

Arsenic.. . .

Cobalt

Manganese .

Chromium .

Precipitate by

Hydrosulphuret Hydrogureted Sulphuret

of Potash. of Potash.

Colour of
the precipi-
tates.

Black

Black

Black

Brown black

Black

Black

Black

Black

Black

Black

White

Black

Orange
Black?

Yellow ....

Black......

White.

Green

Black.

Black.

Black.

Brown, becoming black.

Brown.

Black> becoming yellow.

Black.

Black.

White, becoming black.

White.

Black.

Orange-yellow*

Deep brown or black.

Yellow.

Black.

White.

MolybdenumReddish brown

Bb2
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Uranium . .
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rets, the second supersulphurets. The following Table Chap,

exhibits the names and respective colours of all of these

two sets hitherto ascertained to exist :



METALLIC HYDROSULPHURETS

Book II. from metallic solutions. The hydrogen of the gas and
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> in. v ...
> the oxygen of the oxide mutually unite, while the sul-

phur and the metal reduced fall down in combination.

Most of the metallic precipitates are nothing else than

common sulphurets. To this, however, there are seve-

ral exceptions.

^utet'of"
Proust has shown that the red oxide of mercury has

mercury, the property of decomposing the sulphureted hydrogen

of hydrosulphurets *, while Berthollet has ascertained

that the rapidky of the effect depends upon the propor-

tion of the substances employed f, When red oxide

of mercury is agitated in a liquid hydrosulphuret, a

black powder is formed. This black powder^ when

Jieated, passes rapidly into cinnabar. The same change

takes place slowly if it be exposed to the light. From

these facts Berthollet has concluded, that this black

powder consists, at least partly, of oxide of mercury

and sulphureted hydrogen, and that by the action of heat

the mutual decomposition of the gas and oxide is acce-

lerated. If this be correct, the black powder may be

considered as consisting, at least partly, of hydrosulphu-

ret of mercury.

Of tin. When sulphureted hydrogen or a hydrosulphuret is

poured into a salt of tin, a precipitate is produced, vary-

ing in colour according to the state of oxidizement of

the metal. With the peroxide it is a golden yellow ;

with the protoxide, a dark brown. Proust informs us,

that both of these precipitates are hydrosulphurets, o:

combinations of sulphureted hydrogen with the respec-

tive oxides of tin unchanged. When muriatic acid i*

?*:!>

. r : -Vjtv'r. dt Plyt. llx. *68, J
; Ibid. lx. i88.
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poured upon them, the sulphurated hydrogen is driven
L

chaP- 1V
\

off, and muriated tin formed*.

There are five metals known which are not precipi- Metals not

tated from their solution in acids by sulphurated hydro-

gen ; namely, iron, nickel, cobalt, manganese, titanium,

cerium. Hence we are entitled to conclude, that this

substance is unable to reduce the oxides of these me-

tals to the metallic state. It is probable that sul-

phureted hydrogen is capable of uniting with the ox-

ides of these metals, and forming with them hydro-

sulphurets. We know that this is the case with some

of them ; nor is it unreasonable to believe, that several

other metallic protoxides are capable of entering into

similar combinations. The following are the metallic

hydrosulphurets at present known :

Hydros ulphuret of Tin. Both oxides of tin unite with

sulphureted hydrogen : Hydrosulphureted protoxide is

dark brown ; hydrosulphureted peroxide, golden yel-

low.

Hydrosulpkuret of Zinc. Zinc is thrown down from

acids in the state of a yellowish.white mass by the hy-

drosulphuret of potash or ammonia. This mass dis-

solves completely in muriatic acid, and at the same time

a great quantity of sulphureted hydrogen is exhaled.

Hence it is obviously a hydrosulphuret. It may be

formed also by treating the white oxide of zinc with

hydrosulphuret of ammonia f. Vauquelin remarks,
*

that the transparent specimens of native sulphuret of zinc

&r blende often dissolve in the same way, emitting sul-

* Jour, de Pbyt* lix. 336.

* See tferthollet's Table, Ann, de Cblm. xxv.
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J J

...
v

.. .' mens approach the nature of hydrosulphuret of zinc.

In that case there would be three different kinds of mi-

nerals at present confounded under the term blende ,

namely, sulphuret of zinc, sulphureted oxide of zinc,

and hydrosulphuret of zinc. But this must be left for

subsequent investigation.

Hydrosulphuret of Antimony. When hydrosulphu-

ret of potash or ammonia is dropt into an acid solution

of antimony, a beautiful orange- coloured precipitate

falls, which the experiments of Berthollet, Thenard,

and Proust have demonstrated to be a hydrosulphuret
Kermes of antimony. This compound, under the name of fcermes
mineral,

mineral, acquired very great celebrity for its medical

virtues about the beginning of the 18th century. The

method of preparing it was first discovered by Glauber,

and afterwards by Lemery the Elder ; but it was first

brought into vogue in France by a priest called Simon,

who was taught the secret of preparing it by La Ligc-

rie, a surgeon, to whom it had been communicated by
a pupil of Glauber. The French government purcha-

sed the secret from' La Ligerie, and published the pro-

cess in 1720. It was very tedious and ill contrived,

consisting in boiling repeatedly a very diluted solution

of potash on sulphuret of antimony ; a small portion of

kermes precipitated as the solution cooled. The pro-

cess of Lemery was therefore adopted by apothecaries.

It is the following :

Sixteen parts of sulphuret of antimony, eight parts

of potash of commerce, and one part of sulphur, are tri-

* Ann. de Cblm. xxxvii. 66,
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turattd together in a mortar, melted in a crucible, and Chap. IV.

the mass poured into an iron vessel. When cold it is ^

pounded, ar.d boiled in a sufficient quantity of water,

and the solution is filtered while hot. On cooling, it

deposites the kermes abundantly in the state of a yel-

low powder, which is edulcorated with a sufficient

quantity of water, and dried : Or six parts of potash

may be dissolved in twenty parts of water ; and to this

solution, previously made boiling hot, one part of pound-

ed sulphuret of antimony may be added. The solution,

well agitated, boiled "for seven or eight minutes, and

filtered while hot, deposites on cooling abundance of

kermes.

This powder occupied a good deal of the attention of

chemists. Bergman first demonstrated that it contain^

ed sulphureted hydrogen ; but it was Berthollet who

first pointed out its true composition. From the ana-

lysis of Thenard it follows that it is composed of

20-30 sulphureted hydrogen
4' 15 sulphur

72' 76 protoxide of antimony

2*79 water and loss

100-00 *

When this substance is exposed to the air, it graduallj

absorbs oxygen and becomes white, and the sulphure*-

ted hydrogen exhales.

After the mineral kermes has precipitated from its

solution, prepared by either of the formulas above de-

scribed, if an acid be added to the liquid, another pire-

* Ann. de dim. xxxii. j68.
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cipitate is produced of an orange colour ; hence called
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*

v - sulphur auratum. According to the analysis of The*

auwum. nard> it: is composed of

17*87 sulphureted hydrogen
68*30 protoxide

12*00 sulphur

98*17*

Hence it is a hydrosulphuret with excess of sulphur

and a smaller proportion of base. Goettling has pro-

posed the following process for obtaining this com-

pound : Two parts of sulphuret of antimony and three

parts of sulphur, well mixed, are dissolved in a boiling

solution of pure potash ; the solution is then diluted

with water, and precipitated by means of weak sulphu-

ric acid f.

Hydrosulphuret of Manganese. When the black ox-

ide of manganese is treated with sulphureted hydrogen

v water, its black colour disappears ; a portion of the sul-

phureted hydrogen is decomposed at the expence of the

oxygen of the black oxide ; and the white oxide, thus

evolved, is dissolved by the sulphureted hydrogen, and

by evaporation a white mass is obtained, which dis-

solves completely in muriatic acid, while abundance of

sulphureted hydrogen is exhaled. It is therefore a hy-

drosulphuret of manganese \. The same compound is

.

* Ann. de Clim. xxxii. a68.

} Bergman, iii. 172. The experiments of Protwt on these compounds

are highly interesting, but too long for inicrtion here. See Jour, de Pbys.

1*. 3

| Berthoilet, Ann. de Cbim. xxv. ajB.
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obtained when hydrosulphuret of potash is mixed with Chap. IV.

a salt of manganese.

Hydrosulphuret of Arsenic. Sulphureted hydrogen

combines with the white oxide of arsenic dissolved in

water. The liquid assumes a yellow colour, but no

precipitate appears. Hence the hydrosulphuret of ar-

senic, like that of manganese, is soluble in water, at

least by the assistance of an excess of sulphureted hy-

drogen. This hydrosulphuret exactly resembles in ap-

pearance yellow sulphuret of arsenic.

Hydrowlphuret ofIron. Sulphureted hydrogen com-

bines with the green oxide of iron, and the compound
is soluble in water ; but the solution soon lets fall a

black powder, which is a hydrogureted sulphuret of

iron.

. Whether any of the metals or their oxides be ca-

pable of forming the combinations called hydrogureted

sulphurets, has not been ascertained in a
satisfactory

manner, though it is not improbable that they are. But

this important subject requires a much more complete

investigation than it has hitherto received.
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CHAP. V.

OF SOAPS,

A HE fixed oils have the property of combining with

alkalies, earths, and metallic oxides, and of forming

with these bodies a class of compounds which have re-

ceived the name of SOAPS. As these soaps differ from

each other very materially, according as their base ib>

an alkali, an earth, or an oxide, it will be proper to

consider each set separately. This will be the subject

qf the three following Sections.

SECT. I.

OF ALKALINE^ SOAPS.

As there are a great number of fixed oils, all or most

of which are capable of combining with alkalies, earths,

and oxides, it is natural to suppose that there are as

many genera of alkaline soaps as there are oils. That

there are differences in the nature of soaps, correspond-

ing to the oil which enters into their composition, is

certain ; but these differences are not of sufficient im-
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portance to require a particular description. It will
t
Chap. V.

be sufficient therefore to divide the alkaline soaps into

as many species as there are alkalies, and to consider

those soaps which have the same alkaline base, but dif-

fer in their oil, as varieties of the same species,

Sp. 1. Soap of Soda or Hard Soap.

THE word soap (sapo, c-a^v) first occurs in the works History,

of Pliny and Galen, and is evidently derived from the

old German word sepe *. Pliny informs us that soap

was first discovered by the Gauls ; that it was compo-
sed of tallow and ashes ; and that the German soap was

reckoned the best f.

Soap may be prepared by the following process : A Prepara-

quantity of the soda of commerce is pounded and mix-
*

ed in a wooden vessel with about a fifth part of its

weight of lime, which has been slacked and passed

through a sieve immediately before. Upon this mix-

ture a quantity of water is poured, considerably more

than what is sufficient to cover it, and allowed to re-

main on it for several hours. The lime attracts the

carbonic acid from the soda, and the water becomes

strongly impregnated with the pure alkali. This wa-

ter is then drawn off by means of a stop-cock, and call-

ed the Jirst ley. Its specific gravity should be about

1'200.

Another quantity of water is then to be poured up-

on the soda, which, after standing two or three hours,

* Beckmann's History of Inventions , Hi. 239. A timilar word it e*iJl

used by the common people of Scotland,

\ Pliny, lib. xviii. .51.
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*

v called the second ley.

Another portion of water is poured on ; and after

standing a sufficient time, is drawn off like the other

two, and called the third ley .

Another portion of water may still be poured on, in

order to be certain that the whole of the soda is dissol-

ved ; and this weak ley may be put aside, and employ,
ed afterwards in forming the first ley in subsequent ope-

rations.

A quantity of oil, equal to six times the weight of

the soda used, is then to be put into the boiler, toge-

ther with a portion of the third or weakest ley ; and the

mixture must be kept boiling and agitated constantly

by means of a wooden instrument. The whole of the

third ley is to be added at intervals to the mixture ; and

after it is consumed, the second ley must be added in

the same manner. The oil becomes milky, combines

with the alkali, and after some hours it begins to ac-

quire consistence. A little of the^rj* ley is then to be

added, not forgetting to agitate the mixture constantly.

Portions of the first ley are to be added at intervals ;

the soapy substance acquires gradually greater consis-

tency, and at last it begins to separate from the watery

part of the mixture. A quantity of common salt is then

to be added, which renders the separation much more

complete. The boiling is to be continued still for two

hours, and then the fire must be withdrawn, and the li-

quor must be no longer agitated. After some hours

repose, the soap separates completely from the- watery

part, and swims upon the surface of the liquor. The

watery part is then to be drawn off; and as it contains
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a quantity of carbonate of soda, it ought to be reserved .Ch
aP-

v
y

for future use.

The fire is then to be kindled again ; and, in order

to facilitate the melting of the soap, a little water, or

rather weak ley, is to be added to it. As soon as it

boils, the remainder of the first ley is to be added to it

at intervals. When the soap has been brought to the

proper consistence, which is judged of by taking out

small portions of it and allowing it to cool, it is to be

withdrawn from the fire, and the watery part separated

from it as before. It is then to be heated again, and a

little water mixed with it, that it may form a proper

paste. After this let it be poured into the vessels pro-

per for cooling it ; in the bottom of which there ought

to be a little chalk in powder, to prevent the soap from

adhering. In a few days the soap will have acquired

sufficient consistence to be taken out, and formed into

proper cakes *.

The use of the common salt in the above processes

to separate the water from the soap ; for common salt

has a stronger affinity for water than soap has.

Olive oil has been found to answer best for making

soap, and next to it perhaps tallow may be placed: but

a great variety of other oils may be employed for that

purpose, as appears from the experiments of the French

chemists above quoted. They found, however, that lin-

seed oil and whale oil were not proper for making hard

soaps, though they might be employed with advantage

in the manufacture of soft soaps. Whale oil has been

long used by the Dutch for this last purpose.

* See the Memoir of Darcet, Lelievre, an^Pclletier, in the Ann. d*

Cbim. xix. 2,
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> heat ; but in that case a much longer time and a Inrger

proportion of alkali is necessary.

Sophistica- Manufacturers have contrived various methods of so-

phisticating soap, or of adding ingredients which in-

crease its weight without increasing its value. The

most common substance used for that purpose is wa-

ter ; which may be added in considerable quantities,

especially to soap made with tallow (the ingredient

used in this country), without diminishing its consisten-

cy. This fraud may be easily detected, by allowing the

soap to lie for some time exposed to the air. The wa-
"

ter will evaporate from it, and its quantity will be dis-

covered by the diminution of the weight of the soap,

As soap sophisticated in this manner would lose its wa-

ter by being kept, manufacturers, in order to prevent

that, keep their soap in saturated solutions of common

salt ; which do not dissolve the soap, and at the- same

time, by preventing all evaporation, preserve, or rather

increase the weight of the soap. Messrs Darcet, Le-

lievre, and Pelletier, took two pieces equal in weight of

soap sophisticated in this manner, and placed the one

in a dry place in the open air, and the other in a satu-

rated solution of common salt. After a month the first

had lost 0*56 of its weight, the other had gained about

0*10 parts *. Various other methods have been fallen

upon to sophisticate soap ; but as they afe not general-

ly known, it would be doing an injury to the public to

describe them here.

Analysis.
Different chemists have analysed soap, in order to as<-

* Ann. de Cblrn. 3tix. 330,
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certain the proportions of its ingredients ; but the re-

sult of their experiments is various, because they used

soap containing various quantities of water. From the

experiments of Darcet, Lelievre, and Pelletier, it ap-

pears that soap newly made and exposed to sale contains

60*P4 oil

8-56 alkali

30*50 water

100*00

Soap is soluble both in water and in alcohol. Its

properties as a detergent are too well known to require

any description.

Soap made with tallow and soda has a white colour,

and is therefore known by the name of white soap :

but it is usual for soap-makers, in order to lower the

price of the article, to mix a considerable portion of ro-

sin with the tallow ; this mixture forms the common

yellow soap of this country.

Sp. 2. Soap of Potash or Soft Soap.

POTASH may be substituted for soda in making soap, Form4tiortf

and in that case precisely the same process is to be fol-

lowed. It is remarkable, that when potash is used, the

soap does not assume a solid form ; its consistence is

never greater than that of hog's lard. This is what in

this country is called soft soap. Its properties as a de-

tergent do not differ materially from those of hard soap,

but it is not nearly so convenient for use. The alkali

employed by the ancient Gauls and Germans in the for-

mation of soap was potash ; hence we see the reason

that it is described by the Romans as an unguent*

Vol. III. Cc
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Book II. The oil employed for making soft soap in this country i

whale oil. A little tallow is also added, which, by pe-

culiar management, is dispersed through the soap in fine

white spots.

Some persons have affirmed that they knew a method

of making hard soap with potash. Their method is

this : After forming the soap in the manner above de-

scribed, they add to it a large quantity of common salt,

boil it for some time, and the soap becomes solid when

cooled in the usual way. That this method may be

practised with success has been ascertained by Messrs

.Darcet, Lelievre, and Pelletier : but then the hard soap

thus formed does not contain potash but soda ; for when

the common salt (muriate of soda) is added, the potash

of the soap decomposes it, and combines with, its mu-

riatic acid, while at the same time the soda of the salt

combines with the oil, and forms hard.soap : and the

muriate of potash formed by this double decomposition

is dissolved in water, and drawn off along with it
*

Soap of Chaptal has lately proposed to substitute wool in place
w

-
ool> of oil in the making jof soap. The ley is formed in the

usual manner, and made boiling hot, and shreds of wool-

len cloth of any kind are gradually thrown into it
j they

are soon dissolved. New portions are to be added

sparingly, and the mixture is to be constantly agitated.

When no more cloth can be dissolved, the soap is

made f. This soap is said to have been tried with

success. It might doubtles be substituted for soap with

advantage in several manufactures, provided it can be

8* # VnfimcH rj ;: ui I

* Ann. dt Cbim. . 3*3. f Ibid. i. 3?.
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obtained at a cheaper rate than the soaps at present em- Chap. V.

ployed.

Some time ago a proposal was made to substitute the Fish soaP

muscles of fish instead of tallow or oil in the manufac-

ture of soap ; but the experiments of Mr Jameson have

demonstrated that they do not answer the purpose*.

Sp. 3. Soap ofAmmonia.

THIS soap was first particularly attended to by Mr
Berthollet. It may be formed by pouring carbonate o

ammonia on soap of lime. A double decomposition

takes place, and the soap of ammonia swims upon the

surface of the liquor in the form of an oil ; or it may
be formed with still greater ease by pouring a solution

of muriate of ammonia into common soap dissolved in

water.

It has a more pungent taste than common soap.

Water dissolved a very small quantity of it ; but it is

easily dissolved in alcohol. When exposed to the air,

it is gradually decomposed* The substance called vola-

tile liniment, which is employed as an external applica-

tion in rheumatisms, colds, &.c. may be considered as

scarcely any thing else than this soap.

All the alkaline soaps agree in the properties of sold-

bility in water and alcohol, and in being powerful deter-

gents.

Nicholson's Jovr. ill 113.

C C 2
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OF EARTHY SOAPS.

1 HE earthy soaps differ essentially from the alkaline

in their properties. They are insoluble in water, and

incapable of being employed as detergents. They may
be formed very readily by mixing common soap with a

solution of an earthy salt : the alkali of the soap com-

bines with the acid of the salt, while the earth and oil

unite together and form an earthy soap. Hence the

reason that all waters holding an earthy salt are unfit

for washing. They decompose common soap, and form

an earthy soap insoluble in water. These waters are

well known by the name of bard waters. Hitherto the

earthy soaps have been examined by Mr Berthollet

only.

Sp. 1. Soap of Lime.

THIS soap maybe formed by pouring lime-water in-

to a solution of common soap. It is insoluble both ia

water and alcohol. Carbonate of fixed alkali decompo-

ses it by compound affinity *. It melts with difficulty,

and requires a strong heat.

Soap of barytes and of strontian resemble almost ex-

actly the soap of lime.

* Thouvenel.
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$p. 2. Soap of Magnesia.

THIS soap may be formed by mixing together solu-

tions of common soap and sulphate of magnesia. It is

exceedingly white. It is unctuous, dries with difficulty,

and preserves its whiteness after desiccation. It is in-

soluble in boiling water. Alcohol and fixed oil dis-

solve it in considerable quantity. Water renders its so-

lution in alcohol milky. A moderate heat melts it j

a transparent mass is formed, slightly yellow, and very
brittle *.

Sp. 3. Soap ofAlumina.

THIS soap may be formed by mixing together solu-

tions of alum and of common soap. It is a flexible soft

substance, which retains its suppleness and tenacity

when dry. It is insoluble in alcohol, water, and oil.

Heat easily melts it, and reduces it to a beautiful trans-

parent yellowish mass t*

SECT. III.

OF METALLIC SOAPS AND PLASTERS.

METALLIC OXIDES are capable of combining with
oils by two different processes: 1. By mixing together
a solution of common soap with a metallic salt ; 2. By

*
Berthollet, Man. Par. 1780, or Nicholson's Jour, 1 170.

Hbid.
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uniting the metallic oxide with the oil directly, either

cold or by the assistance of heat. The first of these

combinations is called a metallic soap ; the second a

plaster*" Let us consider each of these in their order,

'j'i'tb ,>:..

t: Metallic Soaps.
~il> lio

THESE soaps have been examined by Mr Berthollet,

who has proposed some of them as paints, and others as

varnishes ; but it does not appear that any of them has

been hitherto applied to these purposes.

1. Soap of mercury may be formed by mixing toge-

ther a solution of common soap and of corrosive mu-

riate of mercury. The liquor becomes milky, and the.

soap of mercury is gradually precipitated. This soap

is viscid, not easily dried, loses its white colour when

exposed to the air, and acquires a slate colour, which

gradually becomes deeper, especially if exposed to the

sun or to heat. It dissolves very well in oi), but spa-

ringly in alcohol. It readily becomes soft and fluid

when heated *.
,

2. Soap of zinc may be formed by mixing together a

solution of sulphate of zinc and of soap. It is of a white

colour, inclining to yellow. It dries speedily, and be-

comes friable f.

3. Soap of cobalt, made by mixing nitrate of cobalt

and common soap, is of a dull leaden colour, and dries

with difficulty, though its parts are not connected.

Mr Berthollet observed, that towards the end of the

*
Berthollet, Mem. Par. 1780, or Nicholson's Jcur*al, i.

flbid.

'
'
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precipitation there fell down some green coagula, much Chp. V.
^

more consistent than soap of cobalt. These he suppo^

sed to be a soap of nickel, which is generally mixed

with cobalt *.

4. Soap of tin may be formed by mixing common

soda with a solution of tin in nitro-muriatic acid. It is

white. Heat does not fuse it like other metallic soaps,

but decomposes it f.

5. Soap of iron maybe formed by means of sulphate

of iron. It is of a reddish-brown colour, tenacious,

and easily fusible. When spread upon wood, it sinks

in and dries. It is easily soluble in oil, especially of

turpentine. Berthollet proposes it as a varnish .

6. Soap of copper may be formed by means of sul-

phate of copper. It is of a green colour, has the feel of

a resin, and becomes dry and brittle. Hot alcohol ren-

ders its colour deeper, but scarcely dissolves it. Ether

dissolves it, liqueiies it, and renders its colour deeper

and more beautiful. It is very soluble in oils, and gives

them a pleasant green colour .

7. Soap of lead may be formed by means of acetate of

lead. It is white, tenacious, and very adhesive when

heated. When fused it is transparent, and becomes

somewhat yellow if the heat be increased
]|.

8. Soap of silver may be formed by means of nitrate

of silver. It is at first white, but becomes reddish by

exposure to the air. When fused, its surface becomes

covered with a very brilliant iris
; beneath the surface

it is black
<[[.

Berthollct, Mem. Par. 1 7 So, or Nicholson's Jour. i. 170.

t Ibid. | Ibid. Ibid. !! Ibid. 1 IbM.



408 METALLIC

9 ' ** â f$ ^ ma^ ^e formed kj means of muriate

of gold. It is at first white, and of the consistence of

cream. It gradually assumes a dirty purple colour,

and adheres to the skin, so that it is difficult to efface the

impression *.

10. Soap of manganese may be formed by means of

sulphate of manganese. It is at first white, but it as-

sumes in the air a reddish colour, owing evidently to

the absorption of oxygen. It speedily dries to a hard

brittle substance, and by liquefaction assumes a brown

blackish colour f,

II. Plasters,

Properties. PLASTERS are combinations of oils and metallic ox-

ides destined to be spread upon leather or cloth, and in

that state to be applied as a covering of ulcers, &c.

They ought to be solid bodies, not so hard as to refuse

to spread easily and equally, nor so soft as to run into

oil when heated by the skin, They ought to admit of

being easily kneaded when heated with the hand, to

adhere firmly to the skin, but to be capable of being

removed without leaving behind them any stain. With-

out these properties they do not answer the purpose for

which they are destined, which is chiefly adhesion.

The only chemist who has hitherto examined plas*

ters with attention is Deyeux, to whom we are indebt-

ed for some excellent observations on the method pf pre-

paring them t,

*
Bertholle', Mem. Par. 1780, or Nicholson's Journal, i. 170,

f tyi.cj. | Ana. de Cbim. xxxiii. JO.
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The oxides hitherto employed for making plasters Chap. V.

are those of lead ; and litharge is usually considered as oxides

the best adapted for that purpose ofany of these oxides.
used>

But the oxides of several of the other metals, as bis-

muth and mercury, are also capable of forming plas-

ters, and might perhaps in some cases be employed with

advantage. Some metallic oxides, however, as those

of iron, are not susceptible of that kind of combination

with oils which constitutes plasters *.

All the fixed oils are capable of forming plasters ;
oils>

but they do not all form plasters with the same pro-

perties. The drying oils, linseed oil for instance, form

plasters of a much softer consistency than the fat oils;

but these last acquire the same properties as the drying

oils if they be combined with mucilage. Thus olive

oil, boiled for some time with linseed or fenugrec, forms

with litharge plasters as soft as those composed of lin-

seed oil and litharge. According to Deyeux, olive oil

answers better for plasters than any other.

There are three different ways of forming plasters.
Formation.

The first consists in simply mixing together oil and li-
Ist Process*

tharge in proper proportions, and allowing the mixture

to remain a considerable time in the common tempera-

ture of the atmosphere, agitating it occasionally. The

oxide gradually loses its colour and combines with the

oil, and the mixture acquires consistence. This pro-

cess is tedious, and does not furnish plasters sufficiently

solid to answer the purposes for which they are intend-

ed. It is not therefore employed.

The second method consists in throwing the oxide ac* Process

* Deyeux, Ann. de Clitx, xxxiit. 50,
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Book ir. into the oil while boiling. Plasters formed by this pro-

cess have always a deep colour and a peculiar odour,

occasioned by the decomposition of a portion of the oil.

When this process is followed, it is necessary that the

oxide should be in the state of a fine powder ; and that

by agitation it should be made to combine with the oil

as fast as possible, otherwise the metal will be revived

altogether, in consequence of the strong tendency which

oil has to combine with oxygen when raised to a high

temperature.

The third method is most frequently practised, be-

cause it is not liable to the same inconveniences as the

other two. This method consists in boiling the oil and

the oxide together in a sufficient quantity of water. By
this liquid the heat is moderated at first till the oil and

oxide combine, which prevents the revival of the me-

tal ; and afterwards when the water is dissipated, the

temperature is sufficiently high to give the plaster the

requisite consistency.

Plasters, when long kept, become often too hard to

be fit for use, especially if the requisite proportion of

oil has not been employed at first. This defect is ea-

sily remedied, by melting them with a small portion of

new oil. Plasters, when long kept, likewise change

their colour, and most of their sensible properties : ow-

ing either to the absorption of oxygen, or to some change

produced in their component parts by the action of the

$&$
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Chap VI.

CHAP. VI.

REMAUKS ON THE SECONDARY COMPOUNDS,

JL HE secondary compounds are incomparably more nu-

merous than the primary; because they approach much

nearer the actual component parts of the mineral, vege-

table, and animal kingdoms. Indeed a very consider-

able proportion of them exist native, especially in the

mineral kingdom ; and that number will no doubt in-

crease as the science of chemistry extends its bounds.

Few of the secondary compounds have that activity, Secondary

that violent action upon other bodies, which distinguish

the primary compounds. In this respect they bear a j"ple
bo-

strong resemblance to the simple substances. Sulphur,

for instance, is a body which has scarcely any taste, and

which acts but feebly upon animals, and not at all per-

ceptibly upon vegetables and minerals ; and oxygen,

though it undoubtedly merits the appellation of an ac-

tive body, shows neither in its taste nor in its action on

animals and vegetables any thing which deserves the

name of acrid or caustic ;
but sulphuric acid, though

composed of these two inoffensive bodies, is one of the

most active and corrosive substances known, and burns

and decomposes almost all the animal and vegetable

bodies which are exposed to its influence. Potash is, if

possible, still more corrosive ; even the hardest mine-
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Book II. ral is unable to resist its action. But sulphate of pot*

u -y j ash, though composed of these two formidable bodies, is

not more active than sulphur itself. This singular cor-

respondence between simple substances and secondary

compounds, and the striking contrast between them and

the primary compounds, deserve attention. It demon-

strates to us, that the activity of bodies is not propor-

tional to their simplicity, as has been hitherto suppo-
sed ; and that there is some other cause, besides combi-

nation with other bodies, to bitint their energy.

None of Several of the simple bodies exist commonly in the

seous
ga~ state ^ &as : this is the case also w^ the Pr imary com-

pounds ; but no gaseous body is found among the se-

condary compounds, and only a comparatively small

number of liquid bodies. Almost all of them are so-

lid, and probably every one of them is susceptible of

assuming that form. Hence we see that gaseous bo-

dies have all of them a considerable degree of simplici-

ty ; few of them, as far as is known, containing more

than two component parts, if we omit the consideration

of light and caloric altogether; or three component parts,

if we include these bodies.

Or combus- None of the secondary compounds are, properly speak-

jng? combustible. The soaps, indeed, and the vegetable

acid salts, are susceptible of undergoing a kind of com-

bustion, but not till they have been previously decom-

posed by heat ; and even then their combustion is not

to be compared to that of some of the simple substan-

ces and primary compounds. Two genera of salts, name-

ly, the nitrates and hyperoxymuriates, are supporters of

combustion in a remarkable degree, occasioning violent

detonations when triturated or heated along with com-

feustibles. Many of the metallic salts are doubtless sus*
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ceptible of supporting combustion as well as these ge- ^hap. VI.

nera, though hitherto the experiment has not been tried

except upon a small number.

The scondary compounds have been analysed with Better

more precision than any other class of bodies belonging Jj

1

to chemistry ; and their formation and decomposition bodies.

are more completely in the power of the chemist. The

greater number of them may be formed and decompo-
sed at pleasure ; and approaches have been made to-

wards ascertaining the proportions of the component

parts of several of them. Accordingly it is from them

that almost all our notions of the nature of affinity have

been derived. It is to them that we have always re-

course to illustrate these notions, or to put them to the

test of experiment. What have been called talks of

affinity, are nothing else than lists of the substances by
which certain secondary compounds may be decompo-

sed, or of the precipitations which take place when dif-

ferent secondary compounds are mixed together. It was

necessary therefore to be acquainted with these bodies,

and to know the mutual changes which they are capable

of producing on each other, the decompositions of

which they are susceptible, and the proportions of their

component parts, before entering upon the consideration

of affinity ; which may be considered as constituting in

reality the "whole of the scientific part of chemistry, and

as comprehending under it the general principles to

which the immense mass of facts enumerated in the two

preceding Books may be referred, and under which they

may be arranged. We are now therefore prepared for

entering upon this important subject, which will em-

ploy the whole of the succeeding Book,
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Book UI. IN the two preceding Books the different substances
b""v"fc"

which occupy the attention of chemists have been

enumerated, their properties have been described, and

the changes which they produce on each other have been

fully detailed. We are thus in possession of the im-

mense body of facts of which the science of chemistry

is composed: they have been arranged in that order

which seemed most proper for showing their mutual

dependence on each other ; and referred to a small num-

ber of general heads, that they might be remembered

_. .

T
with facility or consulted without difficulty. It were

to be wished that chemical phenomena could be referred

to a few general laws, and shown to be the necessary

results of these laws. It were to be wished that we

knew the nature of these laws so precisely, as to be

able to foretel beforehand the changes which result

from the mutual action of bodies in every particular cir-

cumstance. This would save us the trouble of learning

in detail an immense number of insulated facts which
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at present arc necessary for the practice of chemistry ;

it would enable us to apply the science with more ef-

fect to the arts and manufactures ; it would enable us

to trace the chemical changes which are going on in the

atmosphere and the earth to their origin, and to fore-

see the future changes to which they are liable ;
and

thus to form, what has hitherto been attempted in vain,

a complete theory of meteorology and geology.

Unfortunately the efforts of philosophers to establish Still imper-

these general principles have not hitherto been attend-

ed with complete success; partly owing to the difficul-

ty of the subject, and partly to the unaccountable negli-

gence of the greater number of chemists, who have

been more anxious to ascertain particular facts tban to

investigate general principles, and who have often seem-

ed to look upon general principles as altogether foreign

to their science. Happily this has not been the case

with all chemists. Several, and these the most illus-

trious, have carefully classified the phenomena, and re*

ferred them under general heads ; and if they have not

succeeded in discovering laws sufficiently comprehen-

sive to include all the chemical phenomena, have at

least pointed out several pretty general ones, from the

knowledge of which the mutual action of many bodies

on each other may, in not a few cases, be foreseen, even

prior to experiment. Among these philosophers, none

stands higher than Bergman, who was not less distin-

guished by his industry and enthusiasm, than by his

enlarged views and the happy acuteness with which he

drew general conclusions. To Black and Lavoisier we

are indebted for two of the most general and most im-

portant laws hitherto discovered in chemistry. Much

has been done by Kirwan, whose profound knowledge,
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Booklir.^ fortunately for the science, almost constantly leads him

to general views. Morveau has been no less distin-

guished in this important career : with a mind capable

of the most comprehensive range, he has classified the

most difficult phenomena, and thrown light upon the

abstrusest part of the science. And Berthollet has late-

ly reviewed the general doctrines of chemistry with a

sagacity peculiar to himself ; and has not only correct-

ed various errors which had passed current without de-

tection, but has new-modelled the whole, and pointed

out several new laws of the greatest importance.

The general principles of chemistry will form the

subject of this third Book, which will be divided into

five Chapters. In the^rj* Chapter, we shall consider

the nature of AFFINITY in general ; in the second, we

shall treat of GASES ; in the thirdy of LIQJJIDS ; in the

fourth, of SOLIDS j and, in the ffih> of DECOMPOSI-

TION.



AFFINITY

CHAP. I.

OF AFFINITY IN GENERAL.

i. ALL the great bodies which constitute the solar

system are urged towards each other by a force which

preserves them in their orbits and regulates their mo-

tions. This force has received the name of attraction. Attract!^

Its nature is unknown : Whether it be inherent in these

bodies themselves, or the consequence of some foreign,

agent, are questions altogether beyond the reach of phi-

losophy, because we have no method of deciding the

point. One would be more inclined to the first suppo-

sition than to the other, as we can conceive no foreign,

agent sufficient to explain the planetory motions unless

an intelligent one ; and for any thing which we know

to the contrary, it was as easy for the Creator to have

bestowed on the planets the power of acting on each,

other at a distance, as the power of being acted on, and

receiving motion from other substances.

2. Sir Isaac Newton demonstrated, that this planetary

attraction is the same with gravitation, or that force by
which a heavy body is urged towards the earth ; that

it is possessed, not only by the planets as wholes, but

by all their component parts also ; that it is mutual ;

that it extends to indefinite distances ; and that all bo*

dies, as far as is known, are possessed of it.

Vol. IIL i> 4
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Book 111. 3, \Vhen two bodies are brought within a certain di$-

lance, they adhere together, and require a considerable

force to separate them. This is the case, for instance,

with two polished pieces of marble or glass. When a

piece of metal, or indeed almost any body whatever, is

plunged into water and di^awn out again, its surface is

moistened, that is to say, part of the water adheres to it.

When a rod of gold is plunged into mercury, it comes

out stained indelibly of a white colour, because it re-

tains and carries with it a portion of the mercury.

Hence it is evident that there is a force which urges

these bodies towards each other and keeps them toge-

ther ^consequently there is an attraction between them.

Bodies, therefore, are not only attracted towards the

earth and the planetary bodies, but towards each other.

Tbe nature of this attraction cannot be assigned any
more than that of gravitation ; but its existence is e-

qually certain, as far at least as regards by far the greaU
er number of bodies.

4. In all cases we find the particles of matter united

together in masses ; differing indeed from each other in

magnitude, but containing all of them a great number

of particles. These particles remain united, and cannot

be separated without the application of a considerable

force ; consequently they are kept together by a force

which urges them towards each other, since it opposes

their separation. Consequently this force is an attrac-

tion.

Thus we see that there is a certain unknown force

which urges bodies towards each other
j
a force which

acts not only upon large masses of matter, as the sun

and the planets, but upon the smaller component parts

of these bodies, and even upon- the particles of which
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trlese bodies are composed. Attraction, therefore, as

far as we know, extends to all matter, and exists mu-

tually between all matter. It is not annihilated at how

great a distance soever we may suppose bodies to be

placed from each other, neither does It disappear,

though they be placed ever so near each other. The

nature of this attraction, or the cause which produces

it, is altogether unknown ; but its existence i$ demon-

strated by all the phenomena of nature.

5. This attraction was long accounted for by sup-
Ascribed tfc

impulsion,

posing that there existed a certain unknown substance

which impelled all bodies towards each other ; a hy*.

pothesis to which philosophers had recourse, from aft

opinion long admitted as a first principle,
" that no bo*.

dy can afct where it is not j" as if it were more difficult to

conceive why a change is produced in a body by ano-

ther which is placed at a great distance, than why it is

produced by one which is situated at a small distance.

It is not only impossible to expliln the phenomena of Butwith-

attraction by impulsion, but it is as difficult to conceive

how bodies should be urged towards each other by the

action of an external substance, as how they should be

urged towards each other by a power inherent in them*

Selves. The* fact isy that we can neither comprehend
the one nor the other ;

nor can any reason be assigned

why the Alrhighty might not as easily bestow upon
matter the power of acting upon matter at a distance,

as the piower of being acted upon and changed by mat-

ter in actual contact.

But farther, we have no reason for supposing that

bodies are ever in any case actually in contact. For all

bodies are diminished in bulk by cold, tHat is to say,

their particles are brought nearer to each other, which

Dd 9
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i
would be impossible, unless they had been at some

distance before the application of the cold. Almost all

bodies are diminished in bulk by pressure, and conse-

quently their particles are brought nearer each other ;

and the diminution of bulk is always proportional to

the pressure. Newton has shown that it required a

force of many pounds to bring two glasses within the

800th part of an inch of each other ; that a much great-

er was necessary to diminish that distance ; and that no

pressure whatever was capable of diminishing it beyond
a certain point. Consequently there is a force which

opposes the actual contact of bodies ; a force which in-

creases inversely as some power or function of the dis-

tance, and which no power whatever is capable of over-

coming. Boscovich has demonstrated, that a body in

motion communicates part of its motion to another bo-

dy before it actually reaches it. Hence we may con.

elude that, as far as we know, there is no such thing as

actual contact in nature, and that bodies of course al-

ways act upon each other at a distance. Even impul-

sion, therefore, or pressure, is an instance of bodies act-

ing on each other at a distance, and therefore is no bet-

ter explanation of attraction than the supposition that

it is an inherent power. We must therefore be satis-

fied with considering attraction as an unknown power,

by which all bodies are urged towards each other. It

is a power which acts constantly and uniformly in all

times and places, and which is always diminishing the

distance between bodies, unless when they are prevent-

ed from approaching each other by some other force

equally powerful.

6. The change which attraction produces on bodies

is a diminution of their distance. Now the distances of

Of two
kind*.
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t>odies from each other are of two kinds, either too Chap. I.
^

small to be perceived by our senses, or great enough to

be easily perceived and estimated. In the first case,

the change of distance produced by attraction must be

insensible; in the second case it must be visible. Hence

the attractions of bodies, as far as regards us, naturally

divide themselves into two classes : 1. Those which act

at sensible distances; 2. Those which act at insensible

distances. The first class obviously applies to bodies

in masses of sensible magnitude ; the second class must

be confined to the particles of bodies, because they alone

are at insensible distances from each other.

7. It has been demonstrated, that the intensity of the T - At sens^
ble disuri-

first class of attractions varies with the mass and the cw.

distance of the attracting bodies. It increases with the

mass of these bodies, bu* diminishes as the distance be-

tween them increases. Hence we see that in this class

of attractions every particle of the attracting bodies acts,

since the sum of the attracting force is always propor-

tional to the number of particles in the attracting bodies.

Why it diminishes as the distance increases, it is im-

possible to say ; but the fact is certain, and is almost

incompatible with the supposition of impulsion as the

cause of attraction. The rate of variation has been de-

monstrated to be inversely as the square of the distance

in all cases of attraction belonging to the first class.

S. The attractions belonging to the first class must

be as numerous as there are bodies situated at sensible

distances; but it has been ascertained that they may be

all reduced to three different kinds; namely, 1. Gravi-

tation ; 2. Electricity ; 3. Magnetism. The first of

these has been shown by Newton to belong to all mat-

ter, as far as we have an opportunity of examining, and
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Book III, therefore to t?e universal. The other two are partial,

being confined to certain sets of bodies, while the rest

of matter is destitute of them ; for it is well known

that all bodies are not electric, and that scarcely any

bodies are magnetic, except iron, cobalt, nickel, and

chromium.

The intensity of these three attractions increases as

the mass of the attracting bodies, and diminishes as the

square of the distance increases. The first extends to

the greatest distance at which bodies are known to be

separated from each other. How far electricity extends

has not been ascertained ; but magnetism extends at

least as far as the semidiameter of the earth. All bo-

dies possess gravity ; but it has been supposed that the

other two attractions are confined to two or three sub-

tile fluids, which constitute a part of all those bodies

which exhibit the attractions of electricity or magne-

tism. This may be so ; but it has not, and scarcely

can be demonstrated.

9. The absolute force of these attractions in given

bodies can only be measured by the force necessary to

counteract the e&ect of these attractions, or by the space

which given bodies, acted on merely by these attrac-

tions, traverse in a given time. If we compare the dif-

ferent bodies acted on by gravitation, we shall find that

the absolute force of their gravitation towards each

other is in all cases the same, provided their distances

from each other and their mass be the same; but this

is by no me^ans the case with electrical and magnetic

bodies. In them the forces by which they are attract-

ed towards each other, called electricity and magnetism,

are exceedingly various, even when the mass and the

distance are the same. Sometimes these forces disap-
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pear almost entirely ; at other times they are exceed-

ingly intense. Gravity, therefore, is a force inherent in

bodies ; electricity and magnetism not so : a circum*

stance which renders the opinion of their depending

upon peculiar fluids exceedingly probable. If we com*

pare the absolute force of these three powers with each

other, it would appear that the intensity of the two last,

every thing else being equal, is greater than that of the

first ; but their relative intensity cannot be compared,

and is therefore unknown. Hence it follows that these

different attractions, though they follow the same laws

of variation, are not the same in kind.

10. The attractions between bodies at insensible di- a. Affinity*

stances, and which of course are confined to the parti,

cles of matter, have been distinguished by the name of

affinity, while the term attraction has been more com-

monly confined to cases of sensible distance. Now the

particles of matter are of two kinds, either homogeneous

or heterogeneous. By homogeneous particles, I mean

particles which compose the same body ; thus all par*

tides of iron are homogeneous. By heterogeneous par.

tides are meant those which compose different bodies j

thus a particle of iron and a particle of lead are hetero-

geneous.

Homogeneous affinity urges the homogeneous parti-

cles towards each other, and keeps them at insensible di-

stances from each other ; and consequently is the cause

why bodies almost always exist united together, so as

to constitute masses of sensible magnitude. This affinity

is usually denoted by the term cohesion, and sometimes

by adhesion when the surfaces of bodies are only refer-

red to. Homogeneous affinity is nearly universal ; as far

S is known, caloric aud light only are destitute of it.
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^ Heterogeneous affinity urges heterogeneous particles

towards each other, and keeps them at insensible dis-

tances from each other, and of course is the cause of the

formation of new integrant particles composed of a cer-

tain number of heterogeneous particles. These new in-

tegrant particles afterwards unite by cohesion, and form

masses of compound bodies. Thus an integrant parti-

cle of water is composed of particles of hydrogen and

oxygen, urged towards each other, and kept at an in-

sensible distance by heterogeneous affinity ; and a mass

of water is composed of an indefinite number of inte-

grant particles of that fluid, urged towards each other

by homogeneous affinity. Heterogeneous affinity is

universal, as far as is known ; that is to say, there is no

body whose particles are not attracted by the particles

of some other body ; but whether the particles of all

bodies have an affinity for the particles of all other bo-

dies, i a point which we have no means of ascertaining.

It is, however, exceedingly probable, and has been ge-

nerally taken for granted ; though it is certainly assu-

ming more than even analogy can warrant.

Increases n. Affinity, like sensible attraction, varies with the
ivith tlic

mass and the distance of the attracting bodies. That

cohesion varies with the mass, cannot indeed be ascer-

tained ; because we have no method of varying the

mass without at the same time altering the distance.

But in cases of the adhesion of the surfaces of homo-

geneous bodies, which is undoubtedly an instance of

homogeneous affinity, it has been demonstrated, that

the force of adhesion increases with the surface, that is

to say, with the mass ; for the number of adhering par-f

tides must increase with the surface.

TThat heterogeneous affinity increases with the mass.



AFFINITY. 524

has been observed long ago in particular instances, and
t

chaP*

has been lately demonstrated by Berthollet to hold in

every case ; thus a given portion of water is retained

more obstinately by a large quantity of sulphuric acid

than by a small quantity. Oxygen is more easily ab-

stracted from those oxides which are oxidized to a

maximum, than from those which are oxidized to a mi-

nimum ; that is to say, that a large mass of metal re*

tains a given quantity of oxygen more violently than a

small mass. Lime deprives potash of only a portion of

its carbonic acid, and sulphuric acid deprives phospho-

ric acid of only a portion of the lime with which it is

united in phosphate of lime. In these, and many other

instances that might be enumerated, a small portion of

one body is retained by a given quantity of another

more strongly than a large quantity. And Berthollet

Jias shown, that in all cases a large quantity of a body
is capable of abstracting a portion of another from a/

small portion of a third ; how weak soever the affinity

between the first and second of these bodies is, and how

strong soever the affinity between the second and the

third. Thus when equal quantities of the following

bodies were boiled together,

r Sulphate of barytes C Oxalate of lime

Potash
"

C Potash

f Sulphate of potash r C Phosphate of lime

(.Soda C Potash

C Sulphate of potash f Carbonate of lime

C Lime C Potash

the uncombined base abstracted part of the acid from

the base with which it was previously combined ; tho*

in every one of these instances it was retained by that

base by an affinity considered as stronger. The same



rnrersely
as the dis-

tapce.

AFFINITY.

Book in. division of the base took place when equal quantities of

oxalate of lime and nitric acid were boiled together.

That the force of affinity increases as the distance di*

minishes, and the contrary, is obvious ; for it becomes

insensible whenever the distance is sensible, and, on the

other hand, becomes exceedingly great when the dis-

tance is exceedingly diminished. But the particular

rate which this variation follows is still unknown, as

we have no method of measuring either the distances at

which it acts, or its relative intensity at these distances.

Some have supposed that it follows a greater ratio than

,
and that it diminishes at least as , if not at some

rf* d*

greater rate. But their reasoning has depended alto-

gether upon the supposition, that the particles of bodies

united by affinity are in actual contact, and loses its

force, or at least a considerable part of it, if we suppose,

what seems actually to be the case, that even then these

particles are at a distance. Others have supposed that

the intensity of affinity varies inversely as the square

of the distance, resting chiefly upon the analogy of sen-

sible attraction, which follows that law. This is cer

tainly a kind of presumption in favour of the opinion,

and it must be allowed that no sufficient arguments

have been advanced to prove that this law is incompa-

tible with the phenomena of affinity. But neither, on

the other hand, has any thing like proof been advan*,

ced to show that affinity actually varies according to

that law. The truth is, that at present the subject is

beyond the reach of philosophy. We must therefore

suspend our judgment altogether till future discoveries

put it in our power to determine the point.

12. Affinity, then, agrees with sensible attraction ia
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every point which it has been hitherto possible to &v
.

C!lup*

*'*

termine. Like sensible attraction, it increases with the

mass, and diminishes as the distance augments ; conse-

quently we must conclude that attraction, whether it

be sensible or insensible, is in all cases the same kind of

force, and regulated by precisely the same general

laws.

We have seen that sensible attraction, though in all '

cases the same kind offeree, is not always the very same

force ; for though the mass and the distance of two bo*

dies be equal, the absolute force by which they are at-

tracted towards each other by gravitation is not equal

to the force by which they are attracted towards each

other by magnetism. The forces of sensible attraction

are three in number, namely, gravitation, magnetism,

and electricity ; the first is always the same when the

mass and distance are the same, but the two last vary
even when the mass and distance continue unaltered.

The forces of affinity, though also the same in kind, Affinity v*.

are still more numerous than those of sensible attrac-
"'

tensity.

tion; for instead of three, they amount to as many as

there are heterogeneous bodies. The rate, indeed, at

which they vary when the distance of the attracting

bodies increases or diminishes, is probably the same in

all, and so is also their variation as far as it regards the

mass. But even when both of these circumstances, as

far as we can estimate them, are the same, the affinity of

two bodies for a third is not the same. Thus barytes

has a stronger affinity for sulphuric acid than potash has :

for if equal quantities of each be mixed with a small

portion of sulphuric acid, the barytes seizes a much

greater proportion of the acid than the potash does.

This difference in intensity extends to particles of al!
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Bcokm bodies ; for there are scarcely any two bodies whose

particles have precisely the same affinity for a third,

and scarcely any two bodies, the particles of each of

which cohere together with exactly the same force.

It is this difference in intensity which constitutes the

most important characteristic mark of affinity, and which

explains the different decompositions and changes which

one body occasions in others.

Thus it appears at first sight, that there are as many
different affinities as there are bodies ; and that affinity,

instead of being one force like gravitation, which is al-

ways the same when the circumstances are the same,

consists of a variety of different forces, regulated, in-

deed, by the same kind of laws, but all of them diffe-

rent from each other. These affinities do not vary like

magnetism and electricity, though the mass continues

the same, but are always of equal intensity when other

circumstances are equal. Hence it is reasonable to con-

clude, that these affinities cannot, like magnetism and

electricity, depend upon peculiar fluids, the quantity of

which may vary j but that they are permanent forces,

inherent in every atom of the attracting bodies.

13. It is very possible that this variation of intensity,

which forms so remarkable a distinction between affi-

nity and gravitation, may be only apparent and not real.

For even in gravitation the intensity varies with the

distance and the mass, and the same variation holds in

affinity. But as the attraction of affinity acts upon bo-

dies situated at insensible distances from each other, it

is evident that, strictly speaking, we have no means of

ascertaining that distance, and consequently that it may

vary without our discovering the variation. But every

variation in distance must occasion a correspond-*
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ing variation in the intensity of the attracting force. It

may be, then, that barytes attracts sulphuric acid with

greater intensity than potash, because the particles of

barytes, when they act upon the acid, are at a smaller

distance from it than the particles of the potash are.

But it may be asked, Why, if barytes, potash, and Owing per-

sulphuric acid, are all mixed together in water, the par- figureofth

tides of potash do not approach as near the acid as

those of the barytes, since they are both at liberty to

act ? To this it may be answered, that in all probabi-

lity they do approach each of them to the same appa-
rent distance, (if the expression be allowable), but that,

notwithstanding, their real distance may continue diffe-

rent. The particles of bodies, how minute soever we

suppose them to be, cannot be destitute of magnitude.

They must have a certain length, breadth, and thick-

ness, and therefore must always possess some particular

figure or other. These particles, indeed, are a great

deal too minute for us to detect their shape j but still it

is certain that they must have some shape. Now it is

very conceivable that the particles of every particular

body may have a shape peculiar to themselves, and

differing from the shape of the particles of every other

body. Thus the particles of sulphuric acid may have

one shape, those of barytes another, and those of potash

a third.

But if the particles of bodies have length, breadth,

and thickness, we cannot avoid conceiving them as com-

posed of an indeterminate number of still more minute

particles or atoms. Now the affinity of two integrant

particles for each other must be the sum of the attrac-

tions of all the atoms in each of these particles for all

the atoms in the other : But the sum of these attractions



must depend upon the number of attracting atoms, and

upon the distance of these atoms from each other re-

spectively ;
and this distance must depend upon thfc

figure of the particles. For it is obvious, that if two

particles, one of which is a tetrahedron and the other a

Cube, and which contain the same number of atoms, be

placed at the same relative distance from a third par-

ticle, the sum of the distances of all the atoms of the first

particle from all the atoms of the third particle, will be

less than the sum of the distances of all the atoms of

the second particle from those of the third. Conse-

quently, in this case, though the apparent distance of the

particles be the same, their real distance is different ;

and of course the cube will attract the third particle

more strongly than the tetrahedron ; that is, it will have

a greater affinity for it than the tetrahedron;

But if the particles of bodies differ from ea'eh other

in figure, they may differ also in density and in size :

and this must also alter the absolute force of affinity9

even when the distances and the figure of thfc attracting

particles are the same. The first of these two circum-

stances indeed may be considered as a difference in the

mass of the attracting bodies, and therefore may be de-

tected by the weight of the aggregate ; but the second,

though also no less a variation in the mass, Cannot be

detected by any such method, though its effect upon the

Strength of affinity may be very considerable.

There is no doubt that^ upon the supposition that

such differences in the figure, density, and size of the

attracting particles, really existy and it is in the highest

degree probable that they do exist, the variation in in-

tensity which characterises chemical affinity may be

Accounted for, without supposing that the intensity df
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affinity, as a force inherent in the ultimate particles or

atoms of bodies, is really different. The same thing

may be applied to electricity and magnetism. It is cer-

tainly possible, therefore, that attraction, both sensible

and insensible, may not only vary at the same rate, and May be the

. . .
,

same with

according to the same laws, but be absolutely the same
gravitation,

force inherent in the atoms of matter, modified merely

by the number and situation of the attracting atoms.

This is certainly possible ; and it must be allowed that

it corresponds well with those notions of the simplicity

of Nature in which we are accustomed to indulge our-

selves. But the truth is, that we are by no means good

judges of the simplicity of Nature ; we have but an im-

perfect glimpse here and there through the veil with

which her operations are covered ; and from the few

points which we see, we are constantly forming conjec-

tures concerning the whole of the machinery by which

these operations are carried on. Superior beings smile

at our theories as we smile at the reasonings of an in-

fant ; and were the veil which conceals the machine

from our view to be suddenly withdrawn, we ourselves,

in all probability, would be equally astonished and con-

founded at the wide difference between our theories and

conjectures, and the real powers by which the machinery
of the universe is moved. Let us not therefore be too

precipitate in drawing general conclusions ; but let us

rather wait with patience till future discoveries enable

us to advance farther ; and satisfy ourselves in the

mean time with arranging those laws of affinity which

have been ascertained, without deciding whether it be

the same force with gravitation, or a different one.

14. The characteristic marks of affinity may be re*

duced to the three following j
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^
Book III. I. It acts only at insensible distances, and of course

Its charac- affects only the particles of bodies.

II. This force is always the same in the same parti-

cles, but it is different in different particles.

III. This difference is modified considerably by the

mass. Thus though A have a greater affinity for C
than B has, if the mass of B be considerably increased

while that of A remains unchanged, B becomes capable

of taking a part of G from A.

But in the present state of chemistry general reason-

ing can lead us but a very little way. It will be of

more importance to take a particular view of the diffe-

rent combinations which the different substances de-

scribed in the preceding part of this Work are capable

of forming, arranged according to the three great classes

of gases, liquids, and solids. This will be the subject

of the three following Chapters*

-
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CHAP. II.

OF GASESe

1 HE gases are a very numerous class of bodies, dif*

fering greatly from each other in their chemical proper*

ties i some are acid, as carbonic acid ; some alkalies,

as ammonia; some are combustible, as hydrogen; somfe

supporters of combustion, as oxygen, &,c. : but how-

ever different in other respects, they all agree in that

aerial form, in that peculiar kind of elasticity, which

constitutes them gases. We shall, in this Chapter, con-

sider how far this aerial form affects and modifies the

combinations into which they enter with each other, and

with the remaining classes of bodies. But this inquiry

presupposes a knowledge of the constitution of gaseous

bodies, a subject which we must therefore discuss in the

first place. We shall afterwards consider the mixture

of gases with each other, and their combinations with,

gases, with liquids, and with solids. The subject, of

course, naturally divides itself into five heads ; namely,
1. The constitution of gases.

2. The mixture of gases with each other.

3. The combination of gases with each other*

4. The combioation of gases with liquids.

5. The combination of gases with solids.

These shall be the subject of the five following Sections*

Vol. III. E e



CONSTITUTION

SECT. I.

Gasca clas-

tic.

OF THE CONSTITUTION OF GASES.

.

IT has been proved by mechanical philosophers, tha":

gaseous bodies arefluids ; that they yield to the smallest

impression, and have their parts easily moved ; that be-

sides the properties which they have in common with

liquids, they possess one peculiar to themselves, naipe-

ly, elasticity > in consequence of which, they may be

forced to assume a smaller bulk by pressure, but as soon

as the force which confined them is removed, they again

resume their former volume. If from a vessel filled

with water one-half of the liquid be taken, the remain*

ing portion will fill only one-half of the vessel ; but

this is not the case with air. If, by any contrivance, we

take away one-half of the air contained in a vessel, the

other half immediately expands, and still continues to

fill the vessel. The same thing happens if we take a-

way ^ths, ^ths, ^th parts, &c. of the air ; the small

portion which remains always expands so as to fill the

vessel. Nor has any limit to this expansion been hi-

therto discovered. A good air-pump will easily rarefy

air to 300 times its former bulk ; while, on the other

hand, we may readily, by means of a condenser, reduce

air to -rc-th of its usual bulk. Thus the bulk of ait-

may be easily increased or diminished 3000 times. In-

deed the experiment is said to have been carried as far

as 3,000,000 of times. I am not acquainted with any

accurate set of trials hitherto made which warrant that
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conclusion, though there does not appear to be any rea-
t
Chap. I

son for doubting the possibility of it *.

This unlimited change of bulk which gaseous bodies

are capable of undergoing, has led mechanical philoso-

phers to conceive them as composed of particles or a-

toms which do not touch each other, which mutually

repel each other, and which, therefore, unless prevented

by the pressure of the surrounding bodies, would recede

from each other to an indefinite distance.

Boyle ascertained by experiment, that the diminution
Elasticity as

of bulk in air is always proportional to the pressure,
tle Pr *

and the increase of bulk to the diminution of pressure;

or, in general, that the bulk of air is inversely as the

pressure which it sustains. Thus air at the earth's sur-

face sustains a pressure equal to the weight of the incum-

bent atmosphere, which is nearly equivalent to a co-

lumn of mercury 30 inches in height. If we double

this pressure, we reduce the bulk of the air to one-half;

if we triple it, to one- third ; and so on. If we remove

one-half of the pressure, we double the bulk of the air ;

if we remove nine-tenths of the pressure, we increase

the bulk ten times f. The same result was obtained

by Mariotte and by other philosophers.

Sir Isaac Newton, demonstrated, that if this law be Repulsion

correct, then the force by which the particles of air re- j^"^
cede from each other, increases or diminishes at the same ga> a

fate that the distance between the centres of the parti-

cles or atoms of which it is composed diminishes or in*

The older philosophers were misled in their calculationi on this

subject by not attending to the effect of moisture,

f Shaw's Beyle ,
ii. 671.

Ee 2
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creases ; or, which is the same thing, that the repuls om

between the particles of gaseous bodies is always in*

versely as the distance of their centres from each other*.

Distance in- Now the distance between. rhe centres of the atoms

The'clbe*
of elast*c ^u^ s aiways varies as the cube root of their

toot of the
density, taking the word in its common acceptation.

Thus, if the density of air under the mean pressure of

the atmosphere be supposed 1 ; if it be forced into
-J-th

of its bulk, its density becomes 8. In these two cases

we have the distance between the atoms of air inverse-

ly as the cube root of 1 to the cube root of 8, or as 1

to 2. So that if air be compressed into ^-th of its bulk,

the distance between its particles is reduced to one-half,

and of course the repulsion between them is doubled*

If air be rarefied 300 times, we have its density reduced

to y^^th of that of common air. Here we have the

distance between the atoms of common and the rarefied

air as 3
\/l :

3 V300, or nearly as 1 : 7. So that when

air is rarefied 300 times, the distance between its parti-

cles become almost seven times greater, and of course

their repulsion is diminished almost sevenfold.

Some gases 2. Such is the opinion at present entertained respect-

^enTture
^ng tne constitution of gaseous bodies. The-experi-

pf vapours, ments on which it is founded were made almost exclu-

sively on atmospherical air, .and they have been extend-

ed from analogy to other gaseous bodies. This analogy

holds in many instances exactly, as has been ascertained

by recent experiments; but in some few gases it fails to

a certain extent.

No degree of compression has been found capable of

*
Principia t Lib, ii. Prop, 23,
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producing any change in the constitution of air ; as soon

as it is removed, the air resumes its original bulk, and

has lost nothing of its elasticity. But upon some gases

the effect of violent compression is to reduce them to

the state of liquids, or even of solids. These gases are

of course intermediate between vapours and airs, strictly

so called.

Heat, as has been explained in a preceding part of

this Work, has the property of increasing the elasticity

of gases, while, on the contrary, cold diminishes their

elasticity. No degree of cold hitherto applied has

any effect in altering the constitution of air ; but up-

on some of the other gases it acts so powerfully as to

reduce them to the state of liquids, or even of solids.

These gases are the same that are affected by compres-

sion, and doubtless for the same reason.

3. The gases are probably very numerous ; but those

hitherto examined with accuracy amount only to 21.

Of these, five are still undecompounded ; the rest are

known to be compounds. The following Table exhi- Lt of ga-

bits a list of all the gases known, arranged according

to their composition. I include among them the vapour
of water, of alcohol, and of ether ; three vapours which

deserve attention, and which will assist us in examining
the nature of various bodies considered as gaseous.

I. SIMPLE GASES,

1. Oxygen 4. Muriatic acid

2. Hydrogen 5. Fluoric acid

3. Azote

II. COMPOUND GASES.

a. Simpk gases combined.

. Steam 7. Nitrous oxide
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8. Ni'rousgas 11. Oxymuriatic acid

0. Nitric acid 12. Hyperoxymuriatic acid

10. Ammonia , , . ,

. Oxygen and a solid base.

13. Carbonic oxide 15. Sulphurous acid

14. Carbonic acid

c. Hydrogen and a solid base.

16. Carbureted hydrogen 19. Sulphureted hydrogen
17. Olefiant gas

' 20. Arsenical hydrogen
'

18. Phosphureted hydrogen
.:* ki .. '.

-
.

.-

d. Triple or quadruple compounds.

21. Prussic acid 23. Vapour of alcohol

22. Vapour of ether - -
<

r.v r !

4. The gaseous bodies are all invisible, or transparent

and incapable of reflecting the rays of light, excepttwo :

1

namely, oxymuriatic acid and hyperoxymuriatic acid^

which have a yellowish green colour. But these two

approach very nearly to the nature of vapour ; a mode-

rate pressure and a cold not greater than 36 being suf-

ficient to convert the first, and probably also the second,

into a solid or liquid. When gases very different irt

specific gravity are mixed together, they become visible,

pretty much in the same way as when liquids of differ,

ent specific gravities are mixed together. Thus When

a great quantity of carbonic acid is poured at once into

air, it becomes vary visible.

5. The difference between the specific gravity of the

gases under the same pressure, and at the same tempe-

rature, is much greater than that which exists between

most liquid bodies. The following Table exhibits the
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density and the weight of 100 cubic inches of all the ^P-";
gases at the temperature of 60, and when the baro-

meter stands at 30 inches ; supposing the specific gra-

vity of common air 1*000, and the weight' of 100 inches

of it 31 grains troy *.

GASfl. Specific

Gravity.

Weight
of too

Inches.

* The experiments en which this Table is founded have been

in the preceding part of this Work,

f According to the recent experiments of Mr Daltoc.

t By the late experiments of Allert and Pepys^

Air... i.... 1*000 31-00

Oxymuriatic acid 2*766 85*84 fie gravity

Nitric acid 2*427 75*25 gl

Sulphurous acid 2*265 70*21

Vapour of ether f 2*250 69*75

Vapour of alcohol f .2*100 .65*10

Muriatic acid 1*929 59*80

Hyperoxymuriatic acid

Fluoric acid

Nitrous oxide.. ...1*603 .49*69

C 1-500 46-50
Carbonic acid <

C 1*524 47-26 t

C 1*106 34*29
Sulphureted hydrogen....,, -J

C 1*236 38*32

C 1-103 34*19
Oxygen. .. <

C 1-090 33'82 i

Nitrous gas 1-094. .. .33-92

Azote 0*978.... 30'34

Carbonic oxide 0'956 .... 29*64

Olefiantgas 0*909. .. .28*18
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B** 1
"*. Weight

GASES. Specific of iop

Gravity. Inches.

Steam. . . , . , 0*700. . . .21*7

Ammonia .............. ,.o602, . ..18-67

Carbureted hydrogen ........ 0*600 . . . . 1 8*60

Arsenical hydrogen . . . . . . . ..0*529 .... 16*40

Phosphureted hydrogen ....

frussic acid ....

Hydrogen ........ ...... ..0*084.. .. 2*6|

JsTitric acid, in the state of vapour, is no less than

times heavier than hydrogen gas.

6.
%

This difference between the density of the gases,

while their elasticity is the same, must be owing to one

of two causes : Juther the repulsiveforce, or the weight

of the atoms, differs in different gases. The first suppo-

sition is by no means provable, supposing the size and

weight of the particles of different gases the sarnie, and

indeed would but ill agree with the analogy of nature;

but the second is very likely to be the true cause. And
if we suppose the size and weight of the atoms of dif-

ferent gases to differ, this in reality includes the first

cause likewise ; for every variation in size and weight

roust necessarily occasion a corresponding variation in

the repulsive force, even supposing that force abstract-

edly considered to be the same in all.

We have no direct means of ascertaining the weight

of the atoms of bodies ; but Mr Dalton, to whose un-

common ingenuity and sagacity the philosophic world

is no stranger, lias lately contrived an hypothesis which,

if it prove correct, will furnish us with a very simple

method of ascertaining that weight with great precision.

Though the author has not yet thought fit to publish

the wei

toms of"
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his hypothesis, yet as the notions of which it consists
t

Chap. II.

are original and extremely interesting, and as they are

intimately connected with some of the most intricate

parts of the doctrine of affinity, I have ventured, with

Mr Dalton's permission, to enrich this Work with a

short sketch of it*.

The hypothesis upon which the whole of Mr Dal-

ton's notions respecting chemical elements is founded, is

this : When two elements unite to form a third sub-

stance, it is to be presumed that one atom of one joins to

one atom of the other, unless when some reason can be

assigned for supposing the contrary. Thus oxygen and

hydrogen unite together and form water. We are to

presume that a particle of water is formed by the com-

bination of one atom of oxygen with one atom of hydro-

gen. If we represent an atom of oxygen, hydrogen,

and azote, by the following symbols,

Oxygen . . . . Q
Hydrogen. . .Q
Azote Q

Then a particle of water will be represented by the fol-

lowing symbol :

Water .... QQ
But if this hypothesis be allowed, it furnishes us with a

ready method of ascertaining the relative weight of

those atoms that enter into such combinations ; for it

* Mr Dalton has not yet published a detailed account of his hypothesis,

though he has noticed it in the ist Volume of his N"ew Systsm of Chemi-

cal Philosophy, published in j8o8. The full explanation is reserved for

the second volume of that Work, which has not yet made its appear-

ance,
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been proved by analysis, that water is composed of

85f of oxygen and 14T of hydrogen. A particle of

water of course is composed of 85y parts by weight of

oxygen and 14y parts of bydrogen. Now, if it consist

of one atom of oxygen united to one atom of hydrogen,.

it follows that the weight of one atom of hydrogen is

to that of one atom of oxygen as 14f to 85T, or as 1 te

6 very nearly. Thus we have obtained the following

relative weights of these two elementary bodies.

Hydrogen . . . . l

Oxygen. ..... 6

To find out the weight of an atom of azote, we may
examine its combinations with oxygen. But azote and

oxygen unite in various proportions, forming nitrous

oxide, nitrous gas, and nitric acid, besides some other

compounds which need not be enumerated. The pre-

ceding hypothesis will not apply to all these compounds;
Mr Dalton, therefore, extends it farther. Whenever

more than one compound is formed by the combination

of two elements, then the next simple combination must,

he supposes, arise from the union of one atom of the

one with two atoms of the other. If we suppose nitrous

gas9 for example, to be composed of one atom of azote

and one of oxygen, we shall have two new compounds,

by uniting an atom of nitrous gas to an atom of azote,

and to an atom of oxygen, respectively. Jfwe suppose,

farther, that nitrous oxide is composed of an atom of ni-

trous gas and an atom of azote, while nitric acid con-

sists of nitrous gas and oxygen, united atom to atom ;

then the following will be the symbols and constitu

ents of these three bodies :

Nitrous gas ........QQ)
Nitrous oxide QXXD
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Nitric acid OQX) .

chaP' TT-

The first gas consists only of two atoms, or is a binary

compound, but the two others consist of three atoms,

or are ternary compounds; nitrous oxide contains two

atoms of azote united to One of oxygen, while nitric a-

cid consists of two atoms of oxygen united to one of a-

zote.

When the atoms of two elastic fluids join together to

orm one atom of a new elastic fluid, the density of this

new compound is always greater than the mean. Thus

the density of nitrous gas, by calculation, ought only to

be 1*045 ; but its real density is I
1 094. Now as both

nitrous oxide and nitric acid are specifically heavier

than nitrous gas, though the one contains more of the

lighter ingredient and the other more of the heavier in-

gredient than that compound does, it is reasonable to

Conclude, that they are combinations of nitrous gas with

azote and oxygen respectively, and that this is the rea-

son of the increased specific gravity of each ; whereas,

were not this the Case, nitrous oxide ought to be speci-

fically lighter than nitrous gas. Supposing, then, the

constituents of these gases to be as represented in the

preceding table, let us see how far this analysis will

correspond with the weight of their elements as deduced

from the hypothesis.

Nitrous gas is composed of 1*00 azote and 1*36 oxy-

gen, or of 6 oxygen and 4*41 azote. This would make

the weight of an atom of azote about 4|.

Nitrous oxide is composed of 2 azote and 1'174 oxy-

gen, or of 6 oxygen and 5*11+ 5'li azote.

Nitric acid of 1 azote and 2*36 oxygen, or of 6 -f- 6

oxygen and 5*08 azote.

'These three give us the relative weights of oxygen and
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Book ill. azote as follows, reckoning the weight of oxygen 6 as

before :

Oxygen. A/ote.

6 : 4'41

: 5-11

: 5'08

The weight of an atom of azote, as deduced from the

analysis of these three bodies, does not come out exactly

the same for each. Yet the difference is not great, and

surely not greater than might have been expected from

the difficulty of making such minute experiments with

precision. The mean of the whole gives the weight

of an atom of azote 4'S7. We may therefore take

5 as a convenient whole number without deviating far

from the truth.

On the supposition that the hypothesis of Mr Dalton

IS well founded, the following Table exhibits the weight

of the atoms of the simple gases, and of those which are

Tableofthc composed of elastic fluids, together with the symbols of

an?weight the composition of these compound atoms :

of thegase*. Q Hydrogen 1

Azote 5

O Oxygen 6

^ Muriatic acid 18

0Q Water 7

QJ) Nitrous gas ll

(DOG) Nitrous oxide 16

ODO Nitric acid 17

The weight of the remaining gases, into the composi-

tion of which the atoms of solid bodies enter, will

come under our consideration in a subsequent Section.

I have purposely omitted the consideration of am-r r J
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tnonia, because its composition has not been ascertained -Chap. IT.
^

with sufficient precision to admit of calculation. It was

considered as composed of 80 parts azote and 20 hy-

drogen, and of course as binary compound of one atom

of azote and one atom of hydrogen. But the late expe-

riments of Davy and Berzelius have shown that oxygen
is also one of its constituents. But the proportion of this

last ingredient is so small, that in order to make the weight
of the constituents of ammonia tally with the numbers

deduced above, it would be necessary to consider it as a

compound of a considerable number of atoms. The

subject is still very obscure, and not yet ripe for inves-

tigation. It may probably lead to views that will over-

turn a great part of our presently received Chemical

Philosophy. But as it does not materially affect the

hypothesis of Mr Dalton, it is not necessary to enter up-

on the subject here.

7. Philosophers have speculated a good deal concern- t^as-s
*

ing the cause of the elasticity of gaseous bodies. The ascribed to

. .
foat.

opinion which seems at present most prevalent is, that

repulsion resides in the substance called heat ; that the

gases are combinations of this substance with a base ;

and that they owe the permanency of their elastic form

to the intimacy of the union between the atoms of the

base and this heat, the particles of which, though they

repel each other, are conceived to have a strong affinity

for the atoms of other bodies. This opinion can be con*

sidered in no other view than that of a plausible hypo*

thesis, as it is by no means susceptible of direct proof.

Were it well founded, we might conclude from it, that

the elasticity of gases ought not to increase precisely at

the same rate as their diminution of bulk j for when

air is compressed forcibly, a considerable quantity of



heat is evolved. From the experiments of Dajton,

described in a preceding part of this work *, we learn

that the heat evolved, when air is suddenly condensed

to half its bulk, is at least equal to 50 ; but the more

recent experiments of Biot demonstrate, that the heat

evolved in cases of sudden compression of gaseous bodies

is often much greater than this. When a mixture of

oxygen and hydrogen gases is suddenly condensed, the

heat generated is sufficient to set them on fire, and con-

vert them into water. The experiment was made by

forcibly compressing them by means of a piston in the

barrel of an air-gun. The barrel, though iron and

very stout, was torn by the violence of the explosion f.

So great an extrication of heat ought to diminish the

elasticity sensibly, provided the compression be con-

tinued till the condensed gas has time td cool. On the

other hand, when gaseous bodies are rarefied, the di-

minution of elasticity ought not to follow so great a rate

as the increase of bulk ; for when air is dilated, it abr

sorbs heat probably in the same ratio as it parts with

it when condensed.

Quantity of 8. There has been a good deal of discussion lifcc-

w * se respecting the constitution of gaseous bodies with

respect to water. According to some philosophers, the

presence of a portion of this liquid is essential to the

elastic state of the gases ; nay, some have even gone so

far as to affirm that the whole of the ponderous mat-

ter contained in gases Was water, and that gases consist

only of water combined with some body not possessed

of sensible weight, as the magnetic fluid, the electric

* Vol. I. p. 612. f Phil. Mag. xxi. 362.
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fluid, &.c. It would be needless to enter particularly Chap. II.

into these opinions, as they are not susceptible of proof,

and have been proposed merely as ingenious specula-

tionsj or as the means of avoiding some difficulty.

From the experiments of Saussure we learn, that

when common air is left in contact with water for a suf-

ficient time, at the temperature of 5 "7, dry alkalies are

capable of extracting from every 100 cubic inches of it

0*35 of a grain troy of water. The experiments of Mr
Dalton give almost exactly the same result ; but De-

sormes and Clement, at the temperature of 54Q , only

obtained 0'236 of a grain of water from 100 inches of

air, by passing it through muriate of lime *.

Saussure ascertained that equal bulks of common air,

hydrogen gas, and carbonic acid, left a sufficient time

in contact with water, at the same temperature and

height of the barometer, afterwards deposited the very

same weight of moisture if treated with dry alkali.

Clement and Desormes tried a similar experiment with

air, oxygen, hydrogen, azotic and carbonic acid gases,

and obtained exactly the same result f. From these

experiments we may conclude that the quantity of mois-

ture contained in gases depends upon their bulk, and

not upon their density ; that 100 inches of all gases at

the same temperature, and under the same pressure, if

left in contact with water, mix or combine with the ve-

ry same weight of it, or at least are disposed to part

with the very same weight. This accords completely

with Mr Dalton's experiments on the subject.

All gases in common cases contain moisture ; for

* Ann. de dim tlii. 12J, f Ibid,
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they all give out a little when kept in contact with cfry

alkalies, muriate of lime, sulphuric acid, lime, and si-

milar substances, which have a strong affinity for wa-

ter ; but when these substances cease to act upon them,

are we to consider the gases as completely freed from

water, or do they still retain a portion upon which these

bodies have no longer any effect? The experiments

of Dr William Henry have demonstrated that the lat-

ter is the case. He has pointed out a method of depri-

ving gases of a considerable portion of water after they

have been rendered as dry as possible by means of al-

kaline salts. When electric explosions were made to

pass through muriatic acid gas, dried by means of mu-

riate of lime, and confined over mercury, the bulk of

the gas diminished, muriate of mercury was formed ;

and when the gas was absorbed by a liquid, there re-

mained 6 per cent, of hydrogen gas. When the expe-

riment was made in close glass vessels, oxymuriatic acid

was formed, and hydrogen equally evolved. This evo-

lution of hydrogen, and formation of oxymuriatic acid,

doubtless took place in both cases, and was owing to

the decomposition of water which the dry gas contained.

It had a limit beyond which electric explosions pro-

duced no farther effect *. The quantity of hydrogen,

evolved in this case, indicates rather more than one

grain of water as existing in 100 cubic inches of muri-

atic acid gas, previously made as dry as possible. Now
this is considerably more than can be detected in gase$

by means of saline substances. Dr Henry found that

carbureted hydrogen gas from acetate of potash, after

* Henry, Nicholson's Quarto Jour, ii,
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being dried thoroughly by means of alkalies, under-
t

chaP- l

went a dilatation from electricity, amounting to about

th of the whole bulk of the gas. This increase he

showed to be occasioned by the evolution of hydrogen

gas from the decomposition of water still retained in the

carbureted hydrogen *. Were we to ascribe the whole

increase rigidly to hydrogen, it would indicate the pre-

sence of nearly three grains of moisture in the dry car-

bureted hydrogen. Some of the late experiments of

Mr Davy indicate a still greater proportion of water in

the dry gases.

Thus it appears that the moisture abstracted from ga-

seous bodies by means of dry salts, constitutes but a

small portion of what they contain ; since electricity

afterwards separates a much greater portion by decom-

posing it. Whether by this last method gases may be

deprived of all their moisture, or whether a portion still

continues to adhere, we have no means of ascertaining.

It is certain that water has considerable influence in fa-

cilitating the combination of carbonic acid gas with bo-

dies, and its separation from them. Perfectly dry lime

and magnesia do not absorb it, but slacked lime absorbs

it readily. On the other hand, Dr Priestley showed

that the separation of carbonic acid gas from the native

carbonate is facilitated by the vapour of water. Cle-

ment and Desormes have endeavoured to show, that the

experiments of Priestley are erroneous, that water does

not facilitate the separation of the gas, that heat sepa-

rates the whole of the gas from the carbonate, and that

carbonic acid thus obtained is perfectly free from mois-

* Nicholson's Quarto Jovr. ii. 144.

Vol. 111. Ff
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1^ ture 5 bat Berthollet has shown that their consequences
have been pushed rather too far* The native carbo-

nate of barytes may, and probably does, contain mois-

.ture, though it adheres too obstinately to be separated,

except along with the carbonic acid. Upon the whole,

we are not perhaps a*t present in possession of any me-

thod of obtaining gases perfectly free from moisture -

9

though it does not appear that there is any .reason

for believing that they may not exist in that state. There

is nothing either in the nature of gaseous bodies or of

water, that should induce us to believe that the pressure

of the latter body is essential to the elastic state of the

former. Indeed, when the water is separated by Dr
William Henry *s method, we have every reason to be-

lieve that the quantity of moisture which remains is

small, and that it may be safely neglected without pro-

ducing any considerable error.

The presence of moisture produces a considerable ef-

fect updn the specific gravity of gases, especially those

that are light* When hydrogen gas, for instance, is

kept in contact with water, at least half its Weight may
be safely ascribed to moisture. Hence, when gases are

weighed in order to obtain their specific gravity, they

ought to be as nearly as possible in the same relative

state with respect to moisture and dryness. The pre-

sence or the absence of moisture will also have a consir

derable effect in our calculations respecting the propor-

tions in which gaseous bodies combine ; though the ob-

servations of Dalton prove that the effect of it is not

nearly so great as has been alleged by some.

When gases stand over water, it is obvious that they
will be as moist as possible* In that case the propor-

tion of water whieh they eontairv will depend upon the
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temperature. The lower the temperature, the smaller Chap. II

a proportion of moisture will be present j and if the

temperature be very low, the gas will be almost per-

fectly free from moisture.

9. Such is the present state of our knowledge respect- Nature of

ing the constitution of gaseous bodies. Vapours bear a

considerable resemblance to them, and have thrown,

considerable light on their properties, though they dif-

fer in some essential particulars. Vapours are elastic

fluids, which may be made at pleasure to assume the

form of liquids. In this they differ from the gases.

When a vapour is compressed, a portion of it loses

the elastic form, and is condensed into a liquid. The

consequence of this condensation is, that the remaining

portion continues of the same elasticity as before the

compression. Hence the elasticity ofvapours does not

increase as the pressure, like that of gases.

When vapours are heated, their elasticity is not only

increased, but a new portion of liquid, if any be present,

is converted into vapour. Hence the elasticity dppa-

rently increases at a much greater rate than that of

gases. ,

On these two circumstances depend all the differences

between vapours and gases. If allowance be made for

them, then it is true that the elasticity of vapours in-

creases by compression and by heat, precisely as that

of the gases does. The higher the temperature- of va-

pours, the greater is the pressure which they can sup-

port without assuming a liquid form.

There are some vapours, as those of mercury and

sulphuric acid, that do not become sensibly elastic, ex-

cept at a temperature considerably higher than that of

the medium h'eat of the atmosphere, or when the or-

Ff 2
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dinary pressure of the atmosphere is removed. Others,

as those of water, alcohol, and ether, have a very sensi-

ble elasticity even in-low temperatures, and can bear a

certain degree of pressure without assuming the liquid

form. Among those bodies commonly considered as

gases there are some which, in very low temperatures,

arid when Subjected to strong pressure, assume the li-

quid form. This is the case with ammonia and with

oxymuriatic acid ; and it is extremely probable that it

is the case also with hyperoxymuriatic acid, muriatic

acid, fluoric acid, and all those gases that are absorbed

in great quantities by water. The other gases cannot

be made to assume a liquid form by any degree of com-

pression or cold hitherto applied. These facts strong-

ly corroborate the opinion at present most generally re-*

ceived, that the elastic fluids owe their elasticity to

beat, that they are combinations of heat and a base, and

that they owe their permanency to the strength of the

affinity by which the heat and the base are united to-

gether. When the affinity is not sufficient to resist the

forces usually applied, the elastic fluids are called va-

pours ; when it is, they are called gases. But in each

of these classes the affinity has various degrees of

strength. In some vapours the elasticity does not be-

come sensible, except at temperatures higher than those

usually applied ; in others, it becomes sensible at the

Common temperature : in some gases degrees of com-

pression or of cold, which, though not common, are

still within our reach, destroy the elasticity, while in

others it continues however cold we make them, or how-

ever forcibly we compress them.
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SECT. II.

OF THE MIXTURE OF GASES.

CTASEOUS bodies, may be mixed together like other

fluids. Now when such mixtures are made, there are

some gases which unite together and form a new com-

pound, very different in its properties from the gases

which enter into its composition. Thus muriatic acid Gases mix,

and ammoniacal gas form sal ammoniac, and nitrous gas
and oxygen form nitric acid. There are others which

xnix together without any apparent change, as oxygen
and hydrogen gases, hydrogen and azote, &c. In the

first case a combination manifestly takes place ; in the

second, there is more the appearance of a mechanical

mixture. We shall consider the second case in the pre-

sent Section, and the first in the succeeding Section.

1. The following Table exhibits a list of the gases Table ofthe

which maybe mixed together without any apparent g*sesthat
.,

change in their state. v

I. Gases that mix9 but never combine intimately.

Oxygen with fluoric and carbonic acids.

Hydrogen with muriatic acid, fluoric acid, carbonic

oxide, olefiant gas, carbureted hydrogen, phos-

phureted hydrogen, arsenical hydrogen, sulpha-

reted hydrogen, ammonia.

Azote with almost all the other gases.

Muriatic acid with all gases except oxygen, and a

few of the gaseous combinations of oxygen and

azfcte.

Fluoric acid with all gases. &c.
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II. Gases which mix without any change, but which9

by peculiar treatment, may be made to combine.

Oxygen with hydrogen, azote, muriatic acid, carbo-

nic oxide, sulphurous acid, nitrous oxide, oxy-

muriatic acid.

* Hydrogen and azote.

.

III. Gases which mix without change , but by peculiar

treatment may be made to decompose each other.

Oxygen with carbureted hydrogen, olefiant gas, ar-

senical hydrogen, sulphurated hydrogen, ammo-

nia.

Hydrogen with carbonic acid^ nitrous gas, nitrous

oxide, oxymuriatic acid, sulphurous acid. &c.

All gases 2* When any two or more of the gases contained in

7
the preceding list are put into the same vessel, each of

them diffuses itself equally through the whole4

space so

as to be equally dense in every part of it. Every por-

tion of the mixture contains exactly the same propor-

tion of each of the gases. 'When the gases have once

diffused themselves equally through the vessel, the mix-

ture always continues sensibly uniform, notwithstanding

any difference that may exist between the specific gra-

vity of the mixed gases. The heaviest gas does not

fall to the bottom of the vessel, nor the lightest gas rise

to the top.

The first set of experiments on this subject was made

by Dr Priestley. He put into the same cylindrical

vessel common air and carbonic acid, hydrogen and ni-

trous gas, nitrous gas and carbonic acid, oxygen and

hydrogen, sulphurous acid and fluoric acid ; and allow-

ing- them to remain at rest for a whole day> he careful-
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iy separated a portion of the mixture at the top and at Chap. II.

the bottom of the vessel, but they \vere always very

nearly the same in every respect *.

It remained to examine, whether two gases, when when

merely brought into contact, the lightest being placed

uppermost, and the heaviest lowest, will mix together

of their own accord without any agitation. This has

been lately done by Mr Dal ton. The gases tried were

introduced each into a phial fitted with a perforated cork
?

which were afterwards connected together by a glass

tube, 10 inches long and ^Vtn of an
'

inc^ *n bore. He
first filled the lowest phial with carbonic acid gas, and

put into the upper successively common air, hydrogen,

azotic, and nitrous gases. The effect in all these trials

was the same- After standing an hour, the upper phial,

when examined, was found to contain no sensible por-

tion of carbonic acid, but in three hours it contained it

abundantly. It was examined afterwards every half

hour, and never failed to exhibit signs of the presence

of carbonic acid. He then filled the upper phial with

hydrogen gas, and the lowest part with common air,

and afterwards with oxygen gas. The result was the

same ; after a day or two the gases were found diffused

through both phiajs. Nitrous gas and hydrogen, azote

and hydrogen, azote and oxygen, were tried with the

same success f.

From these experiments we may safely conclude*

that all gases mix intimately when brought into contact,

independent of agitation, and when once mixed they

never afterwards separate again.

*,fnestley On Air, if. 441- f ftil.
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3. When two or more gases are mixed together, the

The bulk is bulk is not sensibly altered. If two gases, each two
not altered, cvfo\c inches, be mixed, the bulk after mixture will

still continue to be four cubic inches ; each gas ap-

pearing to occupy just the same space as when sepa-

rate. The truth of this observation is too well known

to practical chemists to require any particular illustra-

tion.

Northespe- 4. The specific gravity of such mixtures is precisely

ty.
the mean of that of the gases mixed, allowance being

made for the proportions of each that enter into the

mixture. This obviously follows from the last propo-

sition, and is well known to all experimental chemists.

5. Such are the phenomena of the mixture of gase-

ous substances with each other. Two different expla-

nations have been given of them.

Supposed to According to the first, which is the common explana-

each other, kon, all the gases have an affinity for each other, and

they mix, and continue mixed or united, in consequence

of this affinity. The supposed mixture is in reality 2

combination^ and may be compared to the combination

of alcohol and water, alcohol and ether, which unite

slowly when brought into contact, but when once united

never afterwards separate. The force of this affinity is

very weak ; it therefore produces no sensible change in

the bulk or specific gravity of the compound. For that

reason, Berthollet, who has considered this subject at

great length, and treated it with his usual address, has

given the combination the name of dissolution *.

Supposedto The second explanation was first proposed by Mr
mix mecha-

nically.

*
Stttigue Cbimiqve, 1. 274 and 487.
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Dalton, who published a most ingenious dissertation on Chap. II.

the subject in the fifth volume of the Manchester Me-
moires. According to him, the particles of one elastic

fluid possess no repulsive nor attractive power, or are

perfectly inelastic with regard to an other ;
and con-

sequently the mutual action of the fluids is subject to

the laws of inelastic bodies *.

The first of these opinions, though commonly re-

ceived, presents, it must be acknowledged, several diffi-

culties when closely examined. In all other cases of

chemical combination, some change takes place in the

density of the compound ; but in the gases under con-

sideration no such change ever happens, the specific

gravity is always the mean of that of the gases before

mixture. Besides, several of the gases that thus mix

or combine, without any change in their density or

other properties, are capable of entering into a still more

intimate combination, in which they constitute a new

substance possessed of very different properties. Thus

oxygen and hydrogen form water, oxygen and azote

form nitric acid. These, and several other phenomena,

have induced Dalton to consider the notion of combi-

nation, in those cases in which the density and elasticity

are not altered, as absurd.

It must be allowed, that Mr Dalton's hypothesis ac- And not to

cords very well with the phenomena, and explains, in
eiac.

a satisfactory manner, oiany circumstances which do

Dot so well tally with the notion of combinations. Ac-

cording to this hypothesis, if m measures of A be mixed

n measures of , the two will occupy m-\-n mea-

* Munebeiter Mem. v. 543.
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pulsion from those of B further than that repulsion which

as obstacles in the way they may exert, would instantly

recede from each other as far as possible in their cir-

cumstances, and consequently arrange themselves just

the same as in a void space ; their density, considered

abstractedly, becoming
m

, (that of the compound
m+n

ileing supposed unity). In like manner the particles

of B must recede from each other, till they become of

the density. . Thus the two gases become rarefied

m+n
to such a degree that their united forces only amount

to the pressure of the atmosphere. Here the particles

of one fluid not pressing at all upon those of the other,

the consideration of specific gravity does not enter.

That part of the atmospheric pressure which the fluid

^4 sustains will be 1 ; and the remainder, , is

m-\-n m-\-n

the part that the' fluid B sustains. The weight or pres-

sure upon any one particle of any fluid mixture of this

sort will arise solely from the particles of its own kind*.

According to this statement, it follows, that when two

gases are mixed, each occupies the whole space which

constitutes the bulk of the whole ; that the elasticity of

the mixture is the sum of the elasticities of the two

gases, supposing each to retain its new bulk ; and that

the bulk after mixture is the sum of the bulk of each

before mixture.

Mr Palton has not brought any evidence in support

* Manetetter Memoir , v. 453.
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of this very ingenious hypothesis, except its convenient Chap. I r.

cy in accounting for the phenomena. It has been op-

posed by Mr Gough and Mr Berthollet with much

keenness, but upon different grounds ; the former con-

ceiving it as inconsistent with the mechanical properties

of elastic fluids* ; the latter, as not according with their

Chemical properties f .

6. After considering the matter with attention, there

Still appear to me to be several circumstances incon-

sistent with the ingenious hypothesis of Dalton.

It is certainly conceivable that the particles of one Objections
J

.

r
to the last

elastic fluid may not repel another, just as a magnet hypothesis,

does not repel an electric body, though both magnetic

and electric bodies are elastic towards each other ; but

if this non-elasticity exists, there can be nothing to

hinder the particles of a gas from rushing into the space

occupied by another when the two are brought into

contact, except the mechanical resistance opposed by the

particles against which those of either gas may im-

pinge : but if we consider the great degree of compres-

sion which gases may be made to undergo, we cannot

but allow that, under the common pressure of the at-

mosphere, the distance between their particles must be

many times greater than their bulk. Of course, the

resistance to the expansion from this impinging of one

against another must be comparatively small. They

ought therefore to rush into the space occupied by other

gases almost with the velocity with which they rush in-

to a vacuum. Neither ought the difference of specific

gravity to produce so great a difference in the time of

* Phil. Mag. xxiy. 103. f Statiquc Gbimiqus, i. 485, &O.
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mixture as we find it does. These, and some other

circumstances of a similar nature, do not seem to agree

with the notion of non-elasticity ; at least they have not

been shown to agree with it.

If gases were mutually non-elastic, and if the slow-

ness of their mixture were to be ascribed to their im-

pinging against each other, it is impossible to conceive

any reason why, in such a case, they should not com-

bine together. Suppose oxygen and hydrogen gases in

contact and mixing, why should the atoms of oxygen
not unite with the atoms of hydrogen, against which

they impinge and form water ? We know that they

have an affinity for each other ; they are supposed by
the hypothesis to come into contact ; what then, if they

have no repulsion, prevents them from uniting ? In

like manner, azote and hydrogen should form ammo-

nia ; azote and oxygen, nitrous gas, &c. Now, as this

never happens except when one of the constitutents is

destitute of elasticity, there is every reason to believe

that it is this elasticity which prevents the union ; and

if so, the different gases must be mutually elastic.

But if we consider this mechanical obstacle which the

particles of one gas oppose to the dilatation of another,

it will be difficult to distinguish it from elasticity. Sup-

pose a given bulk of one gas to be brought in contact

with a given bulk of another, they remain for some con-

siderable time before they begin to mix, the surface of

the one presenting an obstacle to the expansion of the

other. But this surface is kept in its place by the elas-

ticity of the whole gas of which it constitutes a part.

The gases cannot mix till this obstacle be removed.

Now this appears to be allowing, in unequivocal terms,

that the gases are mutually elastic.

Thus it does not appear that the phenomena of th
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mixture of the gases accord with the hypothesis of Dal-
t

Chap. ir.

ton, that the atoms of different elastic fluids are mu-

tually non-elastic. But if Dalton's hypothesis be con-

sidered as not proved, and if on that account we refuse

to admit it, then we must admit, however problemati-

cal it may appear at first view, that the gases not only

mutually repel each other, but likewise mutually at-

tract ; and that all gases, as Berthollet states it, have

the property of dissolving the other elastic fluids. For

without supposing an attraction, it is impossible to ac-

count for their constantly mixing, notwithstanding their

difference in specific gravity, remaining mixed, and

presenting all the properties of a homogeneous com*

pound *.

* Mr Dalton, in his New System of Chemical Philosophy, (p. 175.)

bserves, upon this statement of mine, that he has no doubt, chat if I

bad taken due time to consider this conclusion, I would with him have

pronounced it absurd. I must acknowledge, that the objections which

he has brought against it appear to me very forcible indeed ; and I would

abandon it with pleasure for any other hypothesis not liable to objections

equally forcible. His own hypothesis seems to me, after the most pa-

tient reflection, liable to objections which cannot be answered. Some of

these I have stated in the text, and others which have since struck me

might have been added. But this is not necessary, as the hypotheses has

been abandoned by Mr Dalton himself ; and has not, as far as I know,
been adopted by any other person. Mr Dalton now admits, that atmos-

pheres of heat, surrounding the particles of gases, are the cause of their re-

pulsion ; he even admits, as indeed follows as a consequence from the first

admission, that the different gases are mutually elastic (p. 189.) He
now accounts for their mutual diffusion through each other when mixed

by the different size of the particles of each. The consequence of this

inequality of size, he says, will be an intestine motion, which will continue

till the gases are equally diffused. If Mr Dalton can demonstrate the

truth of this consequence, there will be little hesitation in adopting this

new explanation ;
for that the particles of the different gases differ in

size, will not, I presume, be disputed. But the consequence is surely not

self-evident. To ascertain the motions which will be produced when gases.
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^a jv to the contrary) all vapours mix with gases precisely
mix with jn the same way as gases mix with each other. We
Jaine rnwv are indebted to Mr Dalton for the most complete set of

Sga8 **

experiments on this subject. The following is the ge-

neral conclusion which he was enabled to draw from his

numerous trials. Let 1 represent the space occupied

by any kind of gas of a given temperature, and free

from moisture ; p, the given pressure upon it in inches

of mercury ; f9 the force of vapour from any liquid at

that temperature in a vacuum : then the liquid being

admitted to the air, an expansion ensues, and the space

bccupied by the air becomes i -f-
J

, or, (which is

p P~~J
the same thing) =. A Thus let the temperature be

ISO ,/) 30 inches, and let the liquid be water ; then

/= 1 5 inches >. Then P = 1^= 2. So that

p f 3015
the bulk of the air in this case is doubled f.

Thus it appears that when a vapour and a gas are

mixed, the elasticity of the mixture is the sum of the

elasticities which the two constituents would have, sup-

whose particles differ in size, are brought into contact, is a problem o

some difficulty. It is very possible that Mr ftalton's conclusion may be

correct ; but I ovvn I have some doubts on the subject. If Mr Dalton

will produce a mathematical demonstration of his position, all doubts will-

be removed, and the mutual mixture of gases explained in a satisfactory

manner.

* Mr Dalton's Table of the force of vapour at different temperatures

has been given in Vol. I. p. 537. of this Work^

\ Manchester Memoires, Y. 572.
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posing each to occupy the bulks of the whole ; and that
t

Chap. II.

the volume of the mixture is equal to the sum of the

volumes of the two constituents, supposing both sepa-

rately subjected to the same pressure which the com-

pound sustains after mixture. Now this is precisely

what happens when two gases are mixed.

No less than three opinions have been, advanced re- Opinions

specting the nature of the mixture of gases and vapour.

According to the two first, the ingredients are chemical- of ^ie ma-

ty combined ; according to the last, they are mechanical-

ly mixed.

According to the first opinion, the gas combines with

the liquid and dissolves it, not in the state of a vapour,

but of a liquid. The phenomena do not well accord

with this hypothesis. Indeed the experiments of Dal-*

ton, just recited, are incompatible with its truth. It

cannot therefore be admitted.

According to the second opinion, the gas dissolves the

vapour precisely as one gas does another : or the va-

pour exists in a gaseous state, forming the same imper-

fect combination with the gas as mixed gases do with

each other. This is the opinion which has been most

commonly received ever since the hygrometical expe-

riments of Saussure and De Luc.

The third opinion is that of Mr Dalton. According
to him, the particles of gases and vapours are not mu-

tually elastic to each other. When they are mixed,

the elasticity of the vapour frees the gas from part of

the pressure which it sustained. The gas of course di-

lates, in consequence of the excess of its elasticity, till its*

elasticity) when joined with that of the vapour, just ba-

lances the pressure. The two fluids are mixed, but do

not act upon each other. Each of them supports a part
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taining
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of the pressure. If either of them be destroyed, and

the other be made to sustain only its own part of the

pressure, the bulk will not be altered. The reader will

perceive that this is precisely the hypothesis respecting

the mixture of gases which was stated above. Indeed

it seems to have been the phenomena of the vapours,

when mixed with gases, which first led Dalton to form

that hypothesis.

This hypothesis explains the phenomena remarkably
well. We see from it, why, other things being the same,

the quantity of vapour is always proportional to the

bulk of the gas, why all gases contain the same propor-

tion of it, and why the bulk of the mixture is equal to

the previous bulk of the two ingredients. But it is li-

able to the same difficulties, as stated above, when con-

sidering the mixture of gases.

The second hypothesis, that vapours are in the elas-

tic state, and that they are dissolved by gases precisely

as one gas is by another, will account equally well for

the phenomena as that of Dalton ; and it furnishes us

with a reason why vapour is not reduced to the liquid

state by the incumbent pressure of the atmosphere.

The combination of the gas enables it to sustain a pres-

sure which it could not otherwise have supported.

8. Mr Dalton has applied his hypothesis to the ex-

planation x>f a very curious set of experiments made by
Dr Priestley ; a short account of which has been given

in the first volume of this Work *. He found that

when moist earthenware retorts are heated, the vapour

of water passes outwards through the pores of the ves-

* P. 114.
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sl, while at the same time the external air makes its Chap. II.

way inwards through the same pores, and may be col-

lected in considerable quantities*. He afterwards ex-

tended his experiments to different kinds of gases, and

found, that if the earthenware vessel be filled with one

species of gas, and surrounded with another, if heat be

applied, a portion of the gas makes its escape through
the pores of the vessel, while an equal quantity of the

external gas enters through the same pores f. The

same thing takes place in bladders without the applica-

tion of heat. If a bladder be filled with hydrogen gas

and suspended in the air, it soon acquires the property
of detonating, in consequence of the external air with

which it is mixed, Mr Dalton has shown that these cu-

rious experiments are easily explained by means of his

hypothesis. The heat increases the size of the pores,

which furnish a communication between the air without

the vessel and the vapour or gas within. The two mix

by means of these pores, for the same reason that they
would mix if brought into contact in two vessels com-

municating with each other |. But it is not necessary

to suppose the truth of Dalton's hypothesis to explain

these phenomena : the same mixture ought to take place

even though the two gases be mutually elastic, provid-

ed they have an affinity for each other.

9. Fontana made a set of experiments on distillation, Distillation

and published them in 1779. These experiments show
gels fuTl of

that air is not passive in cases of evaporation, as it must a
.

ir ' i

be according to Dalton's hypothesis. He united two

*
Priestley On Air, ii. 407. -f

American PLil. Tram. v. 14.

\ Phil. Mag. xxiv. 14.

Vol. III. G g
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Book Hi. matrasses together by means of a glass tube, and sealed

the joinings hermetically. One of the matrasses con-

tained water, the other was empty. He made the wa-

ter boiling hot, and kept it in that state, while the other

matrass was kept cool ; but the water did not distil

over into the empty matrass. In like manner, ether ex-

posed to a heat of above 140 in the one matrass, while

the other was surrounded with ice, refused equally to

distil over *. These experiments, if we allow them to

be correct, show very decisively that air is not passive ;

for had the matrass been previously deprived of air,

we know that the liquids would have distilled over

very readily. Nothing can prove more decisively that

gases and vapours are mutually elastic ; for it can be

the elasticity of the enclosed air alone, greatly increased

by the heat, which not only retards, but prevents the

distillation.

Thus notwithstanding the ingenuity of Mr Dalton's

hypothesis, and the elegant way in which it explains

most of the facts, there are several circumstances which

render it hazardous for us to adopt it. We must then

conclude, that when gases and vapours are mixed to-

gether, they are retained together by a species of affini-

ty not sufficiently strong to produce sensible condensa-

tion, or any of those other phenomena which common-

ly mark chemical combination ; but sufficient to cause

these elastic bodies to mix intimately and uniformly,

and to keep them united. This weak species of affi-

nity we may distinguish, with Mr Berthollet, by the

name of dissolution. In the next Section, we shall con-

* Bertholiet, Statiqus Cltimiqae, i. 498.
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sider those gaseous bodies which combine in a much

more marked manner with each other.

SECT. III.

.

OF THE COMBINATION OF GASES.
'

JNMHI

JL HERE are various elastic fluids which have the pro-

perty of uniting together, and of forming a new com-

pound, either gaseous or not, and which possesses very

different properties from the constituents of it whea

merely mixed, or in a state of dissolution. Now these

gaseous bodies may be divided into two classes ; some

combine in all circumstances by mere mixture ; others

only unite in particular sta'tes.

I. The following Table exhibits a list of the gases i. Gases

that unite by mere mixture, and of the products which

they form.

Products.

... C Nitrous acid
Oxygen with nitrous gas....... \

C Nitric acid

Ammonia with vapour ............Liquid ammonia

muriatic acid .....Muriate of ammonia

fluoric acid .......Fluate of ammonia

carbonic acid .....Carbonate of ammonia

sulphurous acid . Sulphite of ammonia

sulphuret. hyd. Hydrosulph. of amm.

1. As far aswe know at present, none of the compounds

produced by the combination of the gases contained in

the preceding table are entitled to the name of gases.

Gg2
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The two first, nitric and nitrous acids, seem to be va-

pours ; the compound of ammonia and the vapour ot

Products water is a liquid ; all the rest are solid bodies. Indeed,

lidt?
y $<

scarcely any of the elastic fluids that combine when-

ever they come into contact, are entitled to the name of

gases, in the strict sense of the word, except oxygen and

nitrous gas ; the rest approach to the state of vapours.

Otypen 2. Oxygen and nitrous gas, when brought into con-
and nitrous . - * - r

gas unite in tact, immediately unite and form a yellow-coloured va-

tio
pr0p<>r

"

Pour ' From the experiments of Dalton, it appears that

these gases are capable of uniting in two different pro-

portions. One hundred measures of common air, when

added to 36 measures of nitrous gas in a narrow tube

over water, leave a residue of 79, inches j and one

hundred measures of common air, admitted to 72 mea-

sures of nitrous gas in a wide glass vessel over water,

leave* likewise a. residue of 79 measures *. According

to these experiments, 21 cubic inches of -oxygen gas is

capable of uniting with 36 and with 7,2 cubic inches of

nitrous gas ; or 1OO inches of oxygen unites with 171*4
7u SOuj ^^^^ -

.
-T *

nun and with 342'8 inches of nitrous gas. Jf we apply Mr
Dalton's hypothesis, stated in a former Section, to these

combinations, we shall have the first composed of one

atom of oxygen united to one atom of nitrous gas ; the

second, of one atom of oxygen united to two atoms of

nitrous gas. The first appears to be the substance usually

distinguished by the name of nitric acid ; the second is

nitrous vapour^ or nitric acid saturated with nitrous gas.

The following will be the symbols denoting the com-

position of an atom of each, and the weight of that atom,

ft:

* Pkll. Mag. iil 351.
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obtained by adding together the numbers denoting the Chap. II.

weight of each of the constituent atoms.

Density.

O(DO Nitric acid 17

OCDCXDO Nitrous vapour 28

The first is a triple compound, and can only be resolved

into nitrous gas and oxygen, or into azote and oxygen ;

but the second is a quintuple compound, and may be

Tesolved into nitrous oxide and oxygen, nitrous gas and

oxygen, nitric acid and nitrous gas, oxygen and azote.

But though these are the extreme proportions in which

these two gases unite, we know from daily experience,

that they are capable likewise of uniting in all the in,

termediate proportions ; constituting, no doubt, nitric a-

cid, holding various doses of nitrous gas in solution.

Thus, in Mr Davy's experiments on the composition of

nitric acid, the acid which he formed for examination

was composed of 100 measures of oxygen united to 218

measures of nitrous gas *.

3. As no set of experiments has been hitherto made

on the combination of ammoriiacal gas and vapour, we

do not know in what proportion they combine ; but

merely, that whenever they come into contact, they are

mutually condensed into a liquid.

4. When muriatic acid gas and ammonia are brought Muriate

into contact, they mutually condense each other into a
ami

solid, a white powder called muriate of ammonia, From

my trials, it follows, that the txvo gases disappear when

nearly the same bulk of each is present. Were we to

suppose that the compound in that case 13 neutral and

*
Rfsc*rcl>ft,ip. 1 6.
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free from water, and that the specific gravity of the two

gases, as given in a preceding table, is correct, then sal

ammoniac would be composed of rather more than three

parts of muriatic acid by weight, united to one part of

ammonia.

5. We are not in possession of an accurate set of ex-

periments on the combination of ammonia with fluoric,

carbonic, and sulphurous acids. We know only that

these gases mutually condense each other and form so-

lids.

6. The combination of these gases is obviously at-

tended with a considerable condensation, though it is

Difficult to estimate it correctly in every instance, on ac-

count of the change of state which takes place. The

specific gravity of nitric acid vapour ought, by calcula-

tion, to be 1'097, supposing no condensation to have ta-

ken place *. But its specific gravity, as ascertained by

Davy, is 2'427 at least f. So that the density has

more than doubled by the combination. But when the

compound becomes solid, the condensation is of course

enormously increased. Thus the specific gravity of sal

ammoniac, supposing it to retain the gaseous state,

ought, by calculation, to be 1*241, whereas it is in re-

ality 1'4X816, or 1142, being reduced to rather less

* Let P be the specific gravity of the nitrous gas, f its quantity ; H
the specific gravity of the oxygen, and b its quantity. The specific gra-

P PJ lt>

vity ofthe compound, supposing no condensation, would be-

Now, in the present case, we have ^=1-094, H=i-iO3,/>;=58, and 1=--

34; which gives us the
specific gravity

= - =1-097 nearly.

f I say at least, because Mr Davy's acid vapour obviously contained

a superabundance < f nitrous gas.
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than cfth part of its calculated bulk. A similar con-
t
Chap. II.

densation no doubt takes place in the other compounds
of ammonia and the acid gases, though the degree of it

has not been ascertained by experiment.

7. The facility with which these last bodies combine,

the enormous condensation which they undergo, the lit-

tle heat which is evolved, and the difficulty of separat-

ing them again, are strong presumptions against their

being gases in the same sense of the word as the o-

ther permanently elastic fluids. As to nitric acid, the

condensation which it undergoes is much inferior; and

we know from numerous experiments, that there is still

retained by that acid an enormous quantity of heat, and

that it is in reality a powerful supporter of combus-

tion.

8 The rapidity with which the gaseous bodies which

we have been considering combine, whenever they come

into contact, seems to have been one of the strongest of

Mr Dalton's reasons for supposing that gases are not

mutually elastic: and it certainly does appear at first

view as a very strong objection to the common doc-

trine. We must suppose that the affinity by which the

particles are attracted is much more powerful than the

repulsion. The imperfectly gaseous state of most of

them seems also to facilitate the union ; though this

does not apply to the combination of nitrous gas and

oxygen .

II. The gases which may be mixed without any a. Gases
r

which corn-

striking combination, though they are capable of unit- bine in par-
ticular cir-

cumstance?,ing in certain circumstances, are by no means nume- ticularcir-

rotis. The following Table exhibits a list of them, and

of the products which they form when united.
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and liquids,

Combina-
tion produ-
ced by heat

andelcctn-.

Manner in

which this

Products

Oxygen with hydrogen .........Water

carbonic oxide... Carbonic acid

azote........... .. .Nitric acid

Oxygen with muriatic acid.....Oxymuriatic acid

oxymuriatic acid .Hyperoxymuriatic

sulphurous acid..Sulphuric acid

nitrous oxide ?... Nitric acid

! The greater number of these products are perma-

nentbr clastic fluids, belonging to that class which pos-

sess the gaseous properties less completely, or which ap-

proach to the state of vapours ; the rest are liquids. Thus

it appears that these gaseous bodies, by combination,

lose a portion of their elasticity.

2. Oxygen combines with hydrogen and with carbo-
. ., f , .. . .

me oxide by combustion, while it unites with azote by
means of electricity, or at the temperature at which hy-

drogen burns. Thus these bodies, though they do not

unite spontaneously, may combine, while the two in-

gredients which enter into union are both in a gaseous

state. It is highly probable that heat and electricity in

these cases act precisely in the same way.

Now, if the common opinion be true, that gases are

compounds of bases and heat, and that when they com-

bine they lose a great quantity of caloric, it may seem

at first sight difficult to conceive how heat causes them

to unite together. That a body which increases the

repulsion of the gases should, by its accumulation, oc-

casion their union or the destruction of that repulsion,

seems, at first sight, a contradiction. Monge, long ago,

offered a very ingenious solution of this difficulty, which

has been generally received as the true one. Repulsion
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is a force which occasions motion. If, by any means, ^Chap.
n.

the repulsive force of one atom of a gas be increased,

this atom will act with increased energy upon all the

neighbouring atoms ; it will set them in motion, and

they in their turn will act upon those in their neigh-

bourhood, and thus the motion will be propagated

through the whole fluid. Suppose, in a mixture of oxy-

gen and hydrogen gas, that an atom of oxygen were

suddenly heated, it would act with increased energy on

the atom next to it : and drive it against the atom next

farthest off. The rapidity of the motion of the repelled

atom will increase with the temperature of the repelling

atom. Now we may conceive the heat of this repell-

ing atom to be increased to such a pitch as to drive off

the neighbouring atoms with such velocity that they

shall approach indefinitely near other atoms before they

have time to remove. But when an atom of oxygen

approaches indefinitely near an atom of hydrogen, they
will combine and form water. The combination is at-

tended with the disengagement of heat, which repels the

atoms in the neighbourhood, and thus propagates the

combination. According to this explanation, caloric

occasions the union of two gases, not by dilating, but

by compressing their atoms, and forcing them indefinite-

ly near each other ; and electricity confessedly acts in

the same way.

According to this notion, heat acts only indirectly

when itoccasions the combination of gaseous bodies : by

forcibly expanding one portion of the gas, a sudden

compression is produced in the portion in the neigh-

bourhood. This compression causes the atoms to

combine ; and if the combination is attended with the e-

volution of heat in sufficient quantity, the same thing is
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^ constantly renewed till the whole gaseous mixture has

combined. Hence those gases only combine when set

on fire which give out a great deal of heat in the act of

tmion, as oxygen and hydrogen, oxygen and carbonic

oxide. Others, which combine without the evolution of

much heat, as oxygen and azote, require constant re-

newals of the external agent, and after all, it is difficult

to unite a whole mixture of these gases ; a great part

usually escapes untouched. Hence the reason why a-

zote and oxygen combine only when exposed to the re-

peated shocks of electrical explosions, or when assisted

by the constant heat of burning hydrogen. That com-

pression has the property of causing oxygen and hydro-

gen to combine, has been proved by the experiments of

Biot. It has the same effect upon all those bodies that

give out much heat when they unite. Hence the rea-

son why so many substances detonate when suddenly
struck upon an anvil, or when smartly rubbed between

two hard bodies.

Though this explanation is certainly ingenious and

very plausible, it is not beyond the reach of objection.

How comes it that neither heat nor electricity cause any

gases to combine, except one of the gases be oxygen or

contains it ?

Oxygen and 3 * ^ am not certa^n tnan anv attempt has been made
muriatic a-

jo unite oxygen gas and muriatic acid by means of elec-

tricity. It is extremely probable from analogy that the

combination would take place, and that oxymuriatic a-

cid would be the result. They combine readily when

the oxygen is nascent and the muriatic acid in solution

in water. Oxygen and oxymuriatic acid combine only in

consequence of a pretty complicated action of affinities.

From the greater difficulty which takes place in sepa-
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rating the oxygen from hyperoxymuriatic acid than Chap. II.

from oxymuriatic, it is probable that the former com-

pound is more intimate than the latter. But the expe-

riments hitherto made upon these bodies are not suffi-

ciently numerous to enable chemists to consider them

with precision.

4. It is extremely probable, that when sulphurous a- Sulphurous
, i acid and ox

cid gas and oxygen are mixed together, they combine
ygwK

and form sulphuric acid : But, as the experiment has

not been made in a decisive manner, and as no remark-

able appearance takes place when the two gases arc

mixed together, I have not venture.d to arrange them a-

mong those which combine spontaneously. Dr Priest-

ley left a mixture of sulphurous acid gas and common
air standing over mercury for two days in a jar. On

absorbing the gas, and examining the common air, he

found that it had been deprived of i portion of its oxy-

gen *. The two are known to combine in a red heat ;

but whether a portion of sulphur be first separated, and

then enters into combustion, has not been ascertained.

5. All the gaseous bodies contained in the preceding These gases

table can be made, by any of the methods with which
i^n/pro-

we are acquainted, to unite in one proportion only ; and Portion-

if we apply Dalton's hypothesis to the compounds form-

ed, we shall find that the gases unite, either atom to a-

tom, or two atoms of one to one atom of the other.

Whenever oxygen and hydrogen gas combine, the

product is water ; oxygen and carbonic oxide gas pro-

duce carbonic acid, and oxygen and azotic gas always
nitric acid. This is the more remarkable, because the

#
Priestley On Air, 11.316.
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bases in the last case are capable of uniting in various

proportions. What fixes them down to this particular

compound, nitric acid, when both are gaseous ?

$. All these gases experience a marked condensation

when they combine. The degree of this can be ascer-

tained with more accuracy than in the first set of gases,

because few of them change their form. It may be

seen in the following Table. The first column exhibits

the constituents which enter into combination ; the se-

cond, the proportions ofthese by weight which combine ;

the third, the specific gravity of each of these constitu-

ents * ; the fourth, the name of the compound formed ;

the fifth, its specific gravity, calculated from the second

and third columns, on the supposition that no condensa-

tion took place j
the sixth, the actual specific gravity of

the compound ; the seventh, the bulk of the compound,

reckoning its bulk at JOO, on the supposition that no

condensation had taken place. The last column gives

the condensation per cent, the numbers in it being the

complements of those in the preceding column.

* At the temperature of 60, except in the first compound, when the

specific gravity is taken at a.
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i^ as these two gases have not hitherto been combined

artificially.

III. Besides the two sets of gases described in the

preceding part ofx this Section, there are two others

which deserve attention, because, though they do not

combine together, yet they have a marked action upon
each other. The first set mutually decompose each

. other whenever they are mixed, and produce new com-

pounds of a different nature ; the second set do not act
" -U-l- - Tn_ iMMMtod

on each other spontaneously, but they may be made to

decompose each other in peculiar circumstances.

wh?ch
e

de-"
*' Tirc following Table exhibits a list of the princi-

compose nal erases, which mutually decompose each other when
each other .

on mixture, mixed together. __J_1

Oxygen with phosphureted hydrogen

Oxyrnuriatic acid with . .ammonia

phosphureted hydrogen
'

hydrogen
carbureted hydrogen
carbonic oxide

olefiant gas

sulphureted hydrogen .

sulphurous acid

nitrous gas

Sulphureted hydrogen with nitrons gas

sulphurous acid

From this table it appears, that when the gases mutual-

ly decompose each other, both of them are generally

compounds. Two instances only occur in the table in

which one of the gases mixed is simple, namely, oxygen

with phosphureted hydrogen, and hydrogen with oxy-

muriatic acid.

2. The decompositions in the first three cases in the

table are attended with combustion ; for phosphureted
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hydrogen gas immediately takes fire when mixed with Chnp. II.

oxygen gas or oxymuriatic acid, as does ammonia when
Decomposi-

mixed with the same acid as. The other decomposi-
t

o times ac-

tions take place without any sensible combustion ;
and companied

by combus-

yet, what is singular, some of the new substances form- tion.

ed seem in every case to be products of combustion.

3 . Phosphureted hydrogen is a compound of a eas and a Phosphure-
... . ted hydro-

solid or non-elastic body. We may consider it as phos- genand ox-

phorus dissolved in hydrogen, and of course deprived of >'S
en *

its cohesion. This increases the facility with which ox-

ygen acts upon it, and enables it gradually to combine

with that principle at the temperature of the atmosphere,

precisely as happens when it is dissolved in azotic gas:

But when the proportion of phosphorus held in solution

is considerable, the temperature produced is sufficient to

set fire to the hydrogen, or to cause it to combine with

oxygen. This accounts for the brilliancy with which

phosphureted hydrogen burns : it accounts also for the

deposite of phosphorus sometimes observable when the

quantity of oxygen gas is not sufficiently great. Hy-

drogen has a stronger affinity for oxygen than phospho- .

rus ;
but its elasticity prevents the combination. The

phosphorus being neither restrained by elasticity nor

cohesion, begins the combination, and supplies the re-

quisite temperature. The hydrogen then burns rapid-

ly, or combines with oxygen in preference to the phos-

phorus ;
which of course must remain only partially

combined with oxygen, unless there be a sufficient sup-

ply of that principle. The products when the com-

bustion is complete, are water and phosphoric acid ;

when the combustion is incomplete, water, phosphoric

acid, and phosphorus, probably in the state of an oxide*.

* See Berthollet, Statiquc Climique, ii. no.
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<
4. The spontaneous combustion of ammonia in oxy-

Oxymuria- muriatic acid gas appears at first sight singular, as it

tic acid and -i i

ammonia. does not Durn ln common ir r oxygen gas, except when

a heat is applied sufficiently high to decompose the am-

monia. It doubtless depends, partly upon the weakness

of the affinity with which the constituents of each are

held together, the condensation, as appears from the

preceding table, being less considerable than in most

other instances ; and partly on the diminution of elas-

ticity which the oxygen experiences from its combina-

tion with the muriatic acid ; a diminution by no means

counterbalanced by the intimacy of the combination.

In hyperoxymuriatic acid the oxygen and acid appear

to be much more ck>sely united. Hence, in all proba-

bility, it would neither decompose nor burn ammonia.

The product of the combustion of ammonia by oxy-

muriatic acid seems only to be water. Fourcroy af-

firms, that during the combustion drops of water attach

themselves to the sides of the vessel *. Whether the

azote of the ammonia enters into any combination with

oxygen^ has not been ascertained. It does not seem

likely. Fourcroy, indeed, affirms that the whole of the

azote remains f,

5. As phosphorus, even in the solid state, rapidly

melts, and burns with a pale white flame in oxymuria-

tic acid gas, we need not be surprised that phosphuret-

ed hydrogen gas, in which the phosphorus is in a much

more favourable state for combustion, should exhibit

the same phenomenon. The flame is more lively than

Ann. de Clim. iv. 155.

f Eourcroy's Conneii. Cbim. ii. 338, Engl. Trans.
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\vhen the gas burns in common air. Although the ex-
t
Chap. IL

periment has not been made with much care, there is

reason to believe that both the ingredients of the gas

combine with oxygen, and that the products are water

and phosphoric acid, while common muriatic acid is

evolved.

6. Oxymuriatic acid acts in a different manner upon Oxymuna-
, . ,

tic acid and

hydrogen, carbureted hydrogen, and carbonic oxide,
heavy in-

With none of these does it occasion combustion, but

they all decompose it slowly and imperceptibly ; the

respective constituents of each gas uniting to oxygen,

and being converted into a product of combustion, pro-

vided the quantity of oxymuriatic acid be sufficient.

This curious process can be considered in no other light

than as a combustion, so extremely slow that neither the

emission of heat nor light is perceptible ; for otherwise

the formation of products is altogether inconceivable.

It is in reality, then, the same phenomenon as takes

place in the preceding gases, differing only in rapidity.

It is to Mr Cruikshanks that we are indebted for the

first accurate set of experiments on the action of these

gases on each other. The oxymuriatic acid gas which

he employed was obtained by heating a mixture of li-

quid muriatic acid and hyperoxymuriate of potash, and

contained a much greater proportion of oxygen ; but it

is probable that the same phenomena would recur with

common oxymuriatic acid gas, supposing that a suffi-

cient dose of it were employed.
When one measure of pure hydrogen gas, and two

measures of oxymuriatic acid gas, are mixed together in

a phial previously filled with water, a slightly whitish

cloud appears, but no perceptible diminution takes

place. If the phial be stopped, and kept for 24 hours

III. H h
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under water, upon taking out the stopper, water rushes

in, and completely fills the phial *. If three measures

of hydrogen gas, and 3^ measures of oxymuriatic acid,

be mixed in a detonating tube over mercury, and an

electric spark passed through them, a feeble explosion

takes place ; the mercury rises ; and, on letting in a little

water, completely fills the tube f. Here the very same

effect is produced instantly by means of combustion,

and slowly, without any perceptible inflammation. The

hydrogen unites to the oxygen of the acid gas, and is

converted into water ; while the muriatic acid, set at li-

berty, is absorbed by the liquid .

The carbureted hydrogen gas used by Cruikshanks

was obtained by passing camphor or ether through a

hot tube. He remarked that its properties were alter-

ed by washing it with water. Dr Henry has pointed

out the reason of this. In their recent state these bo-

dies contain a mixture of olefiant gas, which the water

removes J. When one measure of well-washed carbu-

reted hydrogen gas is mixed in a phial with two mea-

sures of oxymuriatic acid, no immediate diminution of

bulk takes place; but if the phial be left stopped for 24

hours, two-thirds of the mixture immediately disap-

pear : the residue consists partly of carbonic acid, part-

ly of carbonic oxide. But if the gases be mixed in the?

proportion of one measure of carbureted hydrogen, and

3' 8 measures of oxymuriatic acid, then the whole of

the residue is carbonic acid .

__

* Nicholson's Quarto Jour. v. 204. r,^
, f Ibid. p. 286,.

\ Nicholson's Jour. xi. 70.

Gruikshanks, Nicholsons, Quarto Jour. v. 204.
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When these gases are fired by means of electricity, a Chap. II.

small portion of inflammable elastic fluid always re-

mains, however great a proportion of oxymuriatic acid

be employed^ If the proportion of dcid gas be too

small, a quantity of charcoal is deposited at thfe time of

the -explosion ; but if it be largej there is no deposite,

the. whole charcoal being converted into carbonic acid.

One measure of carbureted hydrogen, and two of oxy-

muriatic acid, when fired, deposited charcoal ; but one

of the inflammable gas, and four of the acid gas, deto-

nated feebly ; no deposite took place* carbonic acid be-

ing left mixed with some inflammable air *.

These phenomena are very remarkable, and not ea-

sily explained. We see from them, that in all cases it

is the hydrogen, as might be expected, which burns in

preference to the carbon, in consequence of its stronger

affinity for oxygen. Indeed the whole phenomena are

precisely similar to what happens when phosphureted

hydrogen is mixed with oxygen gas; If the gaseous

supporter be present in too small a proportion, the hy-

drogen is burnt, while the phosphorus is partly burnt

and partly oxidized
; but if the oxygen be in sufficient

quantity^ the whole of the phosphojrus is converted into

an acid. In like manner, in this case the hydrogen is

converted into water, and the carbon partly into carbo-

nic acid, and partly into carbonic oxide; if the oxymu-
riatic acid gas be deficient, or wholly into carbonic acid

if it be in sufficient quantity. The deposite of char-

coal; when the mixture is fired, is obviously owing to

the suddenness of the combustion of the hydrogen.

Cruikshanks, Nicholson's Quarto Jour. v. 204.

H h 2
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Book HI. When equal bulks of carbonic oxide and oxyiriun*

atic acid are mixed, no immediate change takes place 5

but if water be admitted after 24 hours, a rapid absorp-

tion is produced, and lime water absorbs the whole re-

sidue, except ^th of the original bulk, which is still in-

flammable ; but when one measure ot the oxide is mix-

ed with 1-f measures of the acid gas, the whole is gra-

dually changed into carbonic acid. These mixtures

cannot be fired by means of electricity *. The reason

is obviously because the inflammable gas contains no

hydrogen ; for it is the combustion of the hydrogen
that occasions that of the carbon, as is obvious from the

deposition of charcoal when there is a deficiency of

oxygen.

7. The action of oxy muriatic acid upon olefiant gas

oiefiant gas. is a good deal different from its action on the preceding.

When three measures of the acid gas are mixed with

24- of the olefiant gas over water, a rapid condensation

takes place, accompanied by the evolution of heat ; a

watery vapour trickles down the sides of the vessel ;

and a white opaque fluid, having the appearance of oil,

floats upon the surface of the water. If the two gases

be pure they disappear completely f. The nature of

thismutualaction, first observed by the Dutch chemists*

has not hitherto been accurately examined. It is ob-

viously very different from combustion. The oily

matter is very combustible. Whether this oily, or ra-

ther ether! al fluid, be merely the whole olefiant ga*$

combined with oxygen, or whether it be that gas cot*-

Oyynnifia
tic acid and

* Nicholson's Quarto Jour. v. 304,

f Henry, Nicholson's Jour, xi, 70.
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densed fey the separation of a portion of its hydrogen, .

chaP- n

and the conversion of it into water, is unknown. The

phenomena correspond pretty well with the latter sup-

position. When an electric spark is passed through

this mixture before it has time to condense, a detona-

tion takes place, water and carbonic acid are formed,

and abundance of charcoal deposited, as was first ob-

served by the Dutch chemists *. It is not improbable

that the deposition of charcoal, observed by Cruik-

shanks, when a mixture of carbureted hydrogen and

oxymuriatic acid was fired by electricity, was owing to

the presence of some olefiant gas ; for the quantity de-

posited was greatly diminished by washing the gas in

water.

The following little Table exhibits the proportion of

oxymuriatic acid gas necessary to be mixed with one

measure of the four gases last examined, in order to

pbtain a complete decomposition :

One measure of Measures of Acid Gas.

Hydrogen gas ....... ...l*16

Carbureted hydrogen 3*00

Carbonic oxide ....1*33

Olefiant gas.. 1*20

8. The effect of oxymuriatic acid upon sulphureted

hydrogen and sulphurous acid gas has not hitherto been

examined with much precision. The latter is no doubt

converted into sulphuric acid. In the former the hy-

drogen is converted into water, and the sulphur proba-

bly deposited in the state of an oxide. They would

doubtless burn by means of electricity, and the pheno-

Tableofthe
bulk of gag

nece*eary to

produce de-

composi-
tion.

* Ann, Je Ckitn* xxi. 49.
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^ mena, in all probability, would nearly coincide jwith the

combustion of carbureted hydrogen in the same way.

pxymuria- 9. When nitrous gas and oxy muriatic acid are mix-
tic acid and

gas.
ed together, rlumboldt has shown that the former gas

combines with oxygen, and is converted into nitric acid,

while the latter is reduced to the state of common mu-

riatic acid. Hence both are completely absorbed by

water, supposing them pure, and ipixed in the requisite

proportions. He states these proportions at equal bulks

of each *. This property, which nitrous gas has of

absorbing oxygen from oxy muriatic acid, will appear

at first view rather inconsistent with a fact well known

to all practical chemists. When nitric and muriatic

acids arc mixed, oxymuriatic acid is formed, and may
be expelled in considerable quantity by a moderate

heat ; but the decomposition of the nitric acid is a com-

plicated case, and is the result of two forces acting con-

jointly ; namely, the affinity of muriatic acid for oxy-

gen, and that of nitric acid for nitrous gas. For a great

part of the nitric acid remains undecomposed, and be-

comes in part saturated with that gas.

s gas 10. The spontaneous decomposition produced when

d h
nitrous gas and sulphureted hydrogen gas are mixed to-

gether, was first observed by Mr Kirwan. The gases

ought to be dry, otherwise their mutual action is great-

ly impeded. This mutual action -of these two gases

was also ascertained by Austin f, and has since been

more minutely examined by Mr Davy $, who confirmed

the fact previously asserted, that no sulphurous or sul-

* Ann. de Cbim. XXviii. 14*. f Phil. Trans. 1788, p. 384.

\ Researches, p. 103.
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phuric aeid Is formed ; and showed that the new com-
t

chaP- ll-
t

pounds are nitrous oxide, ammonia, and water ; and

that the nitrous gas suffers a diminution in bulk, vary-

ing from 4 55 to 0*7. During the decomposition a

quantity of sulphur is deposited. This spontaneous de-

composition appears at first sight altogether unaccount-

able ; nor do I see how it can be rendered intelligible*

upon any principle, if we suppose that the ultimate pro-

ducts are the only ones formed : but it is highly proba-

ble that the first thing which happens is the mutual de-

composition of an atom of nitrous gas by an atom of

sulphureted hydrogen, and the formation of an atom of

ammonia, and another of sulphurous acid j but sulphu-

rous acid and sulphureted hydrogen gas mutually de- -

compose each other, as has been shown by Berthollet.

The next step, then, is the action of the new atom of sul-

phurous acid upon an atom of sulphureted hydrogen.

This action is modified in such a manner by the super-

abundance of sulphureted hydrogen, that the products

are an atom of oxide of sulphur and an atom of hydro*

gen ; this atom of hydrogen acts in its turn upon two

atoms of nitrous gas, combines with an atom of oxygen,
and thus forms water, while the two atoms of nitrous

gas, deprived of a portion of oxygen, remain in the

state of nitrous oxide.

Such are the phenomena of the action of those gases

on each other, which mutually decompose each other

spontaneously. Almost the whole of them consist in

the action of a supporter on a compound combustible ;

the new compounds are usually products of combus-

tion ; of course the process is similar to combustion, and

heat we may presume is evolved. The action is faci.

Jitated by the diminished elasticity and loose state of
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combination of one of the ingredients. The products

in some of these mixtures are constant ; but in others

they vary with the proportion of the ingredients of the

decomposing gases.

IV. The gases which mix without spontaneous de-

^ composition, but which may be made to decompose
each other in particular circumstances, as on the ap-

proach of an ignited body, when electric explosions are

passed through them, &c. are more numerous than the

preceding.

4. Gates 1. The following Table exhibits a list of the most re-

compose

"

markable of these mixtures :

taincircum" Oxygen ***& sulphureted hydrogen
arsenical hydrogen
carbureted hydrogen
olefiant gas

vapour ofether

alcohol

Nitrous oxide with hydrogen

phosphureted hydrogen

sulphureted hydrogen
carbonic oxide

carbureted hydrogen
olefiant gas

vapour of ether

Nitrous oxide with vapour of alcohol

sulphurous acid

Nitric acid with hydrogen, and probably all the prece-

ding combustible gases and vapours

sulphurous acid

XT' 1. t- J
Nitrous gas with hydrogen

sulphurous acid

Hydrogen with sulphurous acid
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Hydrogen with carbonic acid
t

c - haP-

Vapour of water with carbureted hydrogen

defiant gas

muriatic acid

These decompositions are of two kinds: some are ac-

companied or produced by combustion, and are of course

instantaneous ; others take place without combustion,

and are of course very slow. The first kind supposes

the mixture of a gaseous supporter of combustion with

a combustible gas : the second supposes either the ab-

sence of a supporter, or the presence of one which can-

not be decomposed by the combustible base, or, finally,

the absence of a combustible base. The list of the com-

pound gases capable of decomposing each other without

combustion is probably very incomplete. ,

2. Sulphureted hydrogen gas may be kept mixed Sulphuret-
. ,

. ed hydro-
with common air or oxygen without undergoing any gen an <j

change ; but if the mixture be made to approach an ig- oxygen,

nited body, combustion immediately takes place, and the

products vary according to the proportion of the gases

mixed. If the oxygen be small, or (which is the same

thing) if it be admitted slowly, as by setting fire to a

phial full of sulphureted hydrogen gas standing in the

open air, in that case a great proportion of the sulphur

is deposited unaltered, and some sulphurous acid is

formed. In this case we see that it is the hydrogen

which burns. The combustion is precisely the same as

that of pure hydrogen. The heat produced is sufficient

to set fire to a portion of the sulphur, but the greatest

part escapes unaffected. If sulphur were combustible

at as low a temperature as phosphorus, snlphureted hy-

drogen would burn spontaneously as well as phosphu-

feted hydrogen. It is this circumstance which distin
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t **kJH guishes them : The phenomena of the combustion are

absolutely the same. It is the hydrogen which unites

with oxygen, and not the solid which it holds in solu-

tion. But the heat evolved is sufficient to maintain the

combustion of this solid ; accordingly it also combines

with oxygen, if the proportion of that principle be suf-

ficient.

3. The combustion of arsenical hydrogen is precisely

similar to that of the preceding. It is the hydrogen
which burns while the arsenic is deposited, if the sup-

ply of oxygen be small. When two parts of the com-

bustible gas are exploded with three of oxygen, the

metal is oxidized. Probably, were the proportion of

oxygen sufficient, the arsenic would be acidified *.

Oxygen 4- The phenomena of the combustion of carbureted

?nd heavy hydrogen and olenant gas with oxygen have been exa-

Weair. mined by Cruickshanks, Berthollet, and Henry. They
are extremely curious, and not easily shown to be ana-

logous to what happens in other cases. The decompo-

sitions to which they bear the greatest resemblance, are

those of the same gases when fired with oxymuriatic

acid. When this acid gas is deficient in quantity, there

is always formed a portion of inflammable gas, which

possessed the properties of carbonic oxide, while a quan-

tity of charcoal is deposited. In the same manner, when

defiant gas or carbureted hydrogen is mixed with an

under proportion of oxygen, charcoal is deposited, and

the residue is inflammable, Berthollet mixed four mea-

sures of olenant gas with three ofoxygen, and fired them

by means of electricity. After the explosion the bulk

was no less than 11 measures : or the gases had ex*

* See T rommsdorf, Nicholson's Journal, vi. 306.
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panded rather more than one-half their original bulk.
t

Chap. II.

Of course the specific gravity must have diminished in

the same proportion, The residue was inflammable

gas, containing a little carbonic acid. Some water,

too, appears to have been formed. The residual gas,

when mixed with a sufficient dose of oxygen, exploded a-

gain, and the residue was completely absorbed by lime-

water *. This experiment cannot be explained with-

out supposing the gas formed by the first explosion dif-

ferent from any at present known. Berthollet endeavours

to show that it is carbonic oxide ; but the specific gra-r

vity of this gas is greater than that of plefiant gas, and

its formation ought to have been accompanied by a con-

densation instead of expansion. The fact, too, that a

great portion of the oxygen must combine with the in-

gredients of the olefiant gas without combustion, while

another portion actually mixed with it is undergoing

combustion, is sufficiently puzzling. Clement and De-

sormes have got rid of the difficulty by Supposing that

hydrogen gas is evolved ; but the evolution of pure

hydrogen gas by combustion, while oxygen gas is pre-

sent, and the combination of this oxygen in preference

with carbon, are absolutely inconceivable, and cannot

therefore be admitted. Mr Cruickshanks mixed six

measures of what he considered as pure carbureted hy-

drogen with ,4f of oxygen f. After the explosion the

residual gas amounted to about IT 75 measures. Of
these 2j yrere carbonic acid gas ; the remaining lOf

*
Berthollet, StatlqutCLimique, ii. 71.

}
This is in the same proportion as in Berthollet'a experiments ; vjjr.

four measures carbureted hydrogen and three oxygen : the :-

would have been 8-j, had he used these measures.
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Book III, were inflammable, and required for complete combus*-

tion 5^ measures of oxygen gas *. In this experiment
the first explosion obviously produced the combustion

of a portion of the gas. The rest undoubtedly united

with oxygen. The inflammable residue agrees with

carbonic oxide in the quantity of oxygen necessary to

burn it completely ; but it differs essentially from that

gas, both in specific gravity, as is obvious from the ex-

pansion, and in the quantity of carbonic acid formed,

for carbonic oxide yields nearly its bulk of carbonic a-

cid, whereas this gas yields only half its bulk. These

facts, as well as the preceding, are incompatible with

the supposition that this gas agrees with any of those

at present known. They demonstrate, I think, the truth

of Berthollet's notion, that there really exists a gas en~

titled to the name of oxycarbureted hydrogen ; for it is

not possible to doubt the existence of hydrogen in this

residual gas* But this illustrious chemist has not per-

ceived that it differs essentially in its properties from

carbonic oxide. We may presume, therefore, with

Berthollet, that when carbureted hydrogen or olefiant

gas is exploded with an under proportion of oxygen gas?

there are formed water and carbonic acid by the com-

bustion, and, besides, a notable proportion of oxycarbu-

reted hydrogen. It is not unlikely, from the experi-

ments ofDr William Henry, that oxycarbureted hydro-

gen is formed during the distillation of peat and wood f .

On the supposition that the residual gas is oxycarbu-

reted hydrogen, the mutual decompositions and combi-

Oxycarbu-<
rcted hy-

drogen

produced.

* Nicholson's Quarto Jour. v. 7.

t Nicholson's Jour. xi. 66. When peat is distilled a gas is obtained,

also possesses the characters of oxycarbureted hydrogen.



OF GASES. 493

nations may be represented by symbols according to
.

chaP- Ir
-.

Dalton's hypothesis. Let(^ be the symbol of carbon,

and let us suppose with Dalton, that olefiant gas is com-

posed of an atom of hydrogen and an atom of carbon,

then its symbol will beQQ) ; the symbol for oxycar-

bureted hydrogen will be OQ- To burn olefiant

gas completely, three atoms of oxygen would be ne-

cessary for every atom of the combuj^ble gas ; for the

products would be

QO Water

QBO Carbonic acid.

Now let us suppose that instead of three atoms of oxy-

gen for every atom of olefiant gas, there are present on-

ly five atoms for every three of the combustible gas, in

that case only one-third of the atoms of olefiant gas

would be completely burnt by combining with three

atoms of oxygen each ; the remaining two thirds of the

atoms would combine each with one atom of oxygen,

and thus be converted into oxycarbureted hydrogen. In,

the case of carbureted hydrogen, the results would be

explicable on a similar hypothesis.

When the quantity of oxygen is sufficient, both car-

bureted hydrogen and olefiant gas burn completely, the

products being water and carbonic acid. From the ex-

periments of Cruikshanks, Henry, and Dalton, we
learn that pure carbureted hydrogen, in order to under-

go complete combustion, requires twice its bulk of oxy-

gen gas, and olefiant gas three times its bulk. The car-

bonic acid yielded by the first is just equivalent to its

wn bulk j that yielded by the second is twice its bulk **

* Cruikshank's, Nicholson's Quarto four, v. 6. Henry, Ibid. xi. 66,
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Ether and

cxygen.

5. Dr Ingenhousz first discovered that the vapour of

ether has the property of detonating with common air

and oxygen gas. Cruikshanks discovered that the de-

tonation takes place only when a certain proportion of

the elastic fluids are mixed, and that in that case the de-

composition is complete.* The same remarks apply to

the vapours of alcohol. These two vapours, then, a-

gree exactly with carbureted hydrogen and olefiant gas

in the nature of the decompositions which they undergo

when fired with oxygen gas, as they correspond with

them in the elements of which they are composed.

Cruikshanks found, that when one measure of the

Vapour of ether is mixed with seven measures (or

more precisely 6*8) of oxygen, the mixture explodes

by electricity with prodigious violence j that the de-

composition is complete, the residual gas, amounting
to 5 (or rather 4*6) measures, being carbonic acid. Mr
Dalton hit upon a very simple and ingenious method

of producing this detonation and decomposition at plea-

sure. He puts into a detonating tube any quantity of

oxygen gas, and lets up into it (standing over water) a

little ether. Its bulk immediately increases, in conse-

quence of the conversion of a portion of the ether into

Vapour ; so much so as to be sometimes doubled. By

agitating the tube a little, a portion of this vapour is

dissolved in the water^ and of course the bulk of the gas

diminishes. By repeating these agitations, the propor-

tion of ether left may be diminished at pleasure. We
have only to continue them till the bulk is 4th more

than before the admission of the ether ;
for then we

know that the vapour of the ether amounts just to
-J-tfr

of the whole. Now if the specific gravity of the va-

pour of ether be 2'25, a cubic inch of it should weigh
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O*7 grains. The 6' 8 inches of oxygen weigh 2' 3 grains, Chap. II.

which makes a total of 3 grains. The products were

4*6 inches of carbonic acid and water : 4*6 inches of

carbonic acid contain 4*6 inches of the oxygen gas,

weighing 1*6 grains, and combined with about *6 grains

of carbon. The remaining 2*2 inches of oxygen must Constitit*

have combined with hydrogen ; and we know that they

must have combined with what is nearly equivalent to

4*4 inches, or about O'l grain of hydrogen. Hence

ether is composed of

0*1 hydrogen
06 carbon

0-7

which corresponds with the weight of the vapour of

ether *. When the vapour of alcohol is fired in the

same way, a much greater proportion of carbonic acid

is produced. Cruikshanks, from his experiments on

this vapour, concludes that it is a compound of eight

|>arts carbon and one hydrogen, and that it contains no

oxygen ; but Mr Dalton, who repeated the same expe-

riments, and who considers the gas produced when al-

cohol is passed through a red hot tube as a mixture of

olefiant gas and carbonic oxide, considers an atom of

alcohol as composed of three atoms of carbon, two of

hydrogen, and one of oxygen*

Such are the phenomena of the decomposition of the

compound combustible gases when fired with oxygen

* In this reasoning no correction has been introduced for the tempe-

rature. When it is attended to, the proportion of carbon will b*

mcwhat greater than that stated in the text,
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Book n either deficient in quantity or sufficient to saturate them

completely. The following little Table exhibits the

bulk of oxygen necessary to decompose completely, and

saturate with oxygen, 100 inches of each of these bo-

dies.

Measures
xoo Measures of of Oxygen.

Eulkofm- Sulphureted hydrogen 75
ygen which
saturates Arsenical hydrogen 150-f-
thesegaKs. Carbureted hydrogen 200

Olefiant gas ..300

Vapour of ether .......680

Nitrous ox- 6. The phenomena which take place when the com-
^c> tustible gases are fired with nitrous oxide, are similar

to those that happen when they are fired with oxygen.

The products vary with the proportion of the ingredi-

ents ; but they are always constant when the quantity

of nitrous oxide is sufficiently great to produce complete

decomposition. As this supporter of combustion is it-

self a compound, it is always decomposed^by its action

on the other gas, and this adds greatly to the complex-

ness of the result. It is to Mr Davy that we are in-

debted for the most exact set of experiments on these

decompositions.

It appears from the experiments of Davy, that when
And hydro- . ,

gen.
nitrous oxide and hydrogen are mixed together in the

proportion of 100 measures of the latter gas to 9T5
measures of the former, an electric spark occasions the

complete combustiop of the hydrogen and'decomposi-

tion of the nitrous oxide. The products are water and

azote, amounting to 102*5 measures. . In this case no-

thing else happens than a complete combustion of the
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hydrogen : the phenomenon is exactly the same as when Chap. II.

oxygen and hydrogen are exploded by electricity. It

shows us the superior affinity of hydrogen over azote.

When the proportion of nitrous oxide greatly exceeds

what is requisite for burning the whole of the hydro-

gen, in that case the surplus is decomposed and convert-

ed into nitric acid, and a gas which possesses the pro-

perties of common air. The same decomposition hap-

pens when the nitrous oxide is passed through a red hor

tube. We must ascribe it therefore solely to the heat

evolved by the combustion of the hydrogen *. Thus

it does not appear that the nature of the decomposition

is altered, in the case of hydrogen and nitrous oxide, by

varying the proportion of the ingredients.

7. \Vhen one measure of phosphureted hydrogen is Nitrous ox-

mixed with 2^ measures of nitrous oxide, electricity '^5"^^
produces an explosion, accompanied by a complete de- ed hydro-

composition. The new products are water and phos-

phoricacid, and the residual gas, amounting to 2f mea-

sures, is pure azote. This combustion is precisely si-

milar to that of the same gas in pure oxygen ; so that

the azote in nitrous oxide acts merely by retarding the

combination of the oxygen a little, and thus renders a

greater degree of heat necessary. When there is an ex-

cess of nitrous oxide, as five measures of it to one of

the combustible gas, the same complete decomposition

of the gas takes place, and the residue of nitrous oxide

is decomposed by the heat of the combustion into nitric

acid and common air, precisely as when passed through

a red hot tube. The phenomena are not so easily ex-

* Davy's Raearibes, p. a86.

Vol. III. I i
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^ plained when the phosphureted hydrogen is in excess.

Thus, one measure of that gas with half a measure of

nitrous gas do not explode at all. In that case, WTC must

suppose that the atoms of nitrous oxide are at too great

a distance from each other to be affected by the conden-

sation. Probably the combustion takes place, however,

at the place where the spark passes ; and by the long

continued action of electricity, the two gases would pro-

bably decompose each other, as far as their proportions

would admit. When one measure of phosphureted hy-

drogen is mixed with 1^- measure of nitrous oxide, de-

tonation is produced. Dense white fumes fill the ves-

sel j
and the residual gas, just equal in bulk to the ori-

ginal mixture, was found by Mr Davy to consist of a

mixture of azote and hydrogen. This result is truly

anomalous ; for in all other cases we have found that

hydrogen burns in preference to phosphorus. The heat

produced must have been sufficient to set fire to hydro-

gen ; for we know, from Davy's experiments, that

phosphorus will not burn in nitrous oxide except when

exposed to a white heat *.

Nitrous ox- 8. Sulphureted hydrogen gas, like phosphureted hy-

phureted

SU "

drogen, will not detonate with nitrous oxide, unless the

hydrogen, proportion of the latter gas be sufficient to unite with

both of its constituents. Thus one measure of the

combustible gas, with 1^ or 1*4 measures, do not act

upon each other ; but when one measure of it is mix-

ed with l-l, or with 3| measures of nitrous oxide, both

gases are completely decomposed. In the first case,

the products are water, sulphurous acid, and azote ; in

* Davy's Researches, p. 300,
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the second, water, sulphuric acid, and azote* In both
t

Chap,

cases the azote is simply separated; so that the combus-

tion is the same as that of sulphureted hydrogen in oxy-

gen gas. The combination of the sulphur depends upon
the proportion of oxygen present. When the quantity

is sufficient, the whole is converted into sulphuric acid ;

but when it is deficient, sulphurous acid is the product.

In this respect the combustion of sulphureted hydrogen

in nitrous oxide resembles that of carbureted hydrogen

in oxy muriatic acid *.

9. Olefiant gas detonates with various proportions of Nitrous 01-
. . ide and ole-

nitrous oxide. When the quantity ot the latter gas is fiantgas.

sufficient, the constituents of the inflammable gas are

both saturated with oxygen ; the products being water,

carbonic acid, and azote, mixed apparently with a little

oxygen : but when the proportion of nitrous oxide is

small, an inflammable gas remains, just as when it is de-

tonated with oxygen. In all cases the residual gas is

more bulky than the original mixture. Thus one mea-

sure of olefiant gas with 1*2 of nitrous oxide leave a re-

sidue of 2*25 measures ; of which 0'7 measure is car-

bonic acid, the rest a mixture of azote and an inflam-

mable gas, which detonates with nitrous oxide. One

measure of olefiant gas with 2-f measures of nitrous ox-

ide leave a residue of four measures, of which ly are

carbonic acid, the rest azote with a little oxygen. In

these cases, besides water and carbonic acid, it is not

unlikely that some ammonia may be formed when the

proportion of nitrous oxide is small, and some nitric

*
Davy's, F.^airlcs, p. 306.

I i
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acid when it is large. On no other hypothesis can the

small residue of azote be accounted for *.

The effect of nitrous oxide upon carbureted hydrogen
and carbonic oxide has not yet been examined with care j

but analogy would lead us to suppose it pretty much
the same as that of oxygen, only that a higher tempera-

ture is requisite to begin' the mutual action. The va-

pour of ether and of alcohol may be exploded in it pre-

cisely as in oxygen, and doubtless with a similar re-

sult f.

Thus the phenomena of the combustion of gases in

nitrous oxide are very analogous to their combustion in

oxygen. The azote seems to be nearly passive, or to

act only by diminishing the activity of the oxygen. The

changes which happen in the residue of nitrous oxide

when it is used in excess, are rather to be ascribed to

the heat evolved, than to the action of the rest of the;

mixture. The following Table exhibits the bulk of

nitrous oxide requisite to produce complete combustion

and saturation with oxygen in 100 measures of the va-

rious gases hitherto tried.

Measures of

1 06 Measures Nitrous Oxide.

Bulkofni- Hydrogen 9T5
trou. oxide Olefiant gas 233'3
which satu-

rates the*c Phosphureted hydrogen..... 250
ga$cl>

Sulphureted hydrogen 350

NI
'

c'd
10 * ^tr *c ac^ sets ^re to a^ tnese combustible gases

when passed along with them through a red-hot tube.

No accurate set of experiments has hitherto been made

Davy's Retcercbet, p. 313. flbid.
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upon the subject ; but it is extremely probable that the
,

chaP-

products are analogous to those produced by nitrous

oxide, and that, like it, the whole may be referred to

the combustion of the gases in oxygen. Indeed, as ni~

trie acid is decomposed by a red heat, and oxygerj

evolved, this must of necessity be the case,

11. It is not a little singular, that though the consti? Nitrous gac

tuents of nitrous gas be the same as those of nitrous

oxide, it neither detonates with, nor decomposes, any of

the combustible gases whose action upon the support-

ers we have been just considering ; at least Mr Davy
could not succeed in firing mixtures of nitrous gas with

hydrogen and phosphureted hydrogen, the two which

are most combustible *. This can only be accounted

for by the very great intimacy of the combination of

the constituents of this gas. However, as this gas has

been shown to be a supporter of combustion, as both

charcoal and phosphorus burn in it at a high tempera-

ture, it is by no means improbable that it would set

fire to most of them if mixed in some proportion or

other.

There is a decomposition of nitrous gas by nascent Nitrous gat
and nascent

hydrogen extremely difficult to explain. It was first hydrogen.

observed by Priestley and Austin, and afterwards exa-

mined by Davy f. It takes place when moist iron is

placed in contact with nitrous gas. The iron is oxi-

dized at the expence of the water, hydrogen is evolved,

the nitrous gas is converted into nitrous oxide, and some

ammonia is formed. 100 Measures of nitrous gas, by

* Researches , p. 136.

f Priestley, ii. 41, and 54; Austin, Pbil. Trant, 17*8, p. 383.; Pavy
. 206.
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'^ this process, are reduced to about 41y measures of ni-

trous oxide, indicating a loss of 58{ per cent.

Now 100 inches of nitrous gas weigh. ..33*92 grains

41* inches of nitrous oxide 20*60

j

There is therefore a loss of 13*32

which is more than fd of the whole.

Azote. Oxygen.

The nitrous gas is composed of 14*37 gr. and 19'55

The nitrous oxide of...., ...13* 7*60

Hence there is a deficit of 1*37, and 11*95

The 1*37 grains azote, to be converted into ammonia, re-

quire *27 hydrogen, and the 11*P5 grains of oxygen re-

quire 1*31 of hydrogen to convert them into water. Ac-

cording to this statement, no less than 19 grains of wa-

ter must have been decomposed, and nearly 40 inches

of hydrogen evolved. It is extremely difficult to ac-

count for the formation of ammonia in this case, unless

we suppose a small portion of nitric acid to be formed,

and afterwards to be decomposed by the iron.

12. In the remaining examples of decomposition ex-

hibited in the table no combustion takes place ; the

change is slowly produced by the continued action of

electricity, and is in several instances not a little com-

plicated.

One of the most remarkable of these decompositions
Hydrogen ^-
;\nd carbo- is what happens when a mixture of hydrogen and car-

bonic acid are subjected to electric explosions, or pas-

sed through a red-hot tube. In both cases water is

formed, and carbonic oxide evolved. Indeed, from the

observations of Saussure, it is probable that this decom-

position takes place spontaneously. This change can
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be ascribed only to the superior affinity of hydrogen for
t

chaP- 1T-

oxygen* It is curious that the elasticity of the hydro-

gen does not prevent its combination with oxygen, es-

pecially as that oxygen is intimately combined with

another principle *. It is extremely probable that ma-

ny similar ^decompositions are going on in the atmos-

phere.

When electric sparks are taken in carbureted hydro- Vapour and

gen containing the vapour of water, the bulk is increa-

sed, and carbonic acid formed. Henry has shown that

in this case water is decomposed, its hydrogen set at

liberty in the elastic state, while its oxygen combines

witK the portion of the carbon of the gas, and forms

carbonic acid. This decomposition seems at first sight

incompatible with the well-known greater affinity of

oxygen for hydrogen than for carbon. It appears di-

rectly the reverse of the last example, in which hydro-

gen decomposed carbonic acid by the same means. Nor
does it seem possible to explain it without having re-

course to the doctrine of Berthollet, of the great effect of

mass in chemical action. In the first case, the hydro-

gen bears a considerable proportion to the carbon ; but

in the second, the proportion of carbon is much greater

than that of the hydrogen.

The same doctrine is equally necessary to explain the
Vapour an<

decomposition of vapour when electric sparks are pas-
nwiatic a_

sed through muriatic acid gas, likewise ascertained by
the same chemist. Hydrogen gas is evolved as in the

former case, and the muriatic acid combines with oxy-

* See the experiments of Saussure, Jour, de P&ys. liv. ; and of

fnent and Desoime*, Ann. de Chi, xxxix.
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gcn . Xhe affinity of muriatic acid for oxygen is still

weaker than that of carbon, yet we see that, assisted by
a great mass, it is capable, in certain circumstances, of

decomposing it.

- tin

SECT. IV.

OF THE COMBINATION OF GASES WITH LIQJJIDS.

As liquids and gases are in a different state, and as the

particles of the latter must be brought into a more con-

densed state by their union with liquids in any notable

proportion, the elasticity of the gases must oppose a re-

sistance to this kind of combination, and regulate the

proportion of elastic fluid which any liquid is capable of

absorbing. Below this proportion, it is obvious that a

liquid will unite with any quantity, indefinitely, of a gas

for which it has an affinity. Thus the only fixed point

iti these combinations is when the elasticity of the gas

is just balanced by the affinity. The liquid is then said

to be saturated with the elastic fluid, because it will not

absorb any more of it.

Action of Though the number of liquid bodies is pretty consi-

gaies. derable, the action of one only, namely water, upon
the gases, has hitherto occupied almost exclusively the

attention of chemists. To it, therefore, we must con-

fine oursdves in the present Section. A few observa-

tions only can be offered on the other liquids.

That water has the property of absorbing a certain

portion of air, which may be again separated by boiling,

has been known ever since the discovery of the air
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pump : That if previously freed from air,
l

it will take Chap. II.

up some part of every gaseous fluid whatever, was ear-

ly perceived by Dr Priestley, who directed a good deal

of his attention to the effect which water produced upon

nifferent kinds of air. Mr Cavendish ascertained the

proportion of carbonic acid gas absorbed by air in dif-

ferent circumstances. Priestley made similar experi-

ments upon a variety of other gases. The subject

was prosecuted by Delametherie, Senebier, and other

foreign chemists ; but it is to the recent experiments of

Dr William Henry and of Mr Dalton, that we are in-

debted for almost all the precise notions which we pos-

sess respecting this curious subject.

The eases, if considered with reference to their ab-o *

sorption by water, may be divided into two classes j

those that are absorbed in a small proportion, and those

that are absorbed in a great. Almost all the gases be-

long to the first class ; ammonia, muriatic acid gas, and

a few other acid gases, are the only ones known at pre-

sent which belong to the second. We shall consider,

in the first place, the union of the first class of gases,

and afterwards those of the second class.

I. The following Table exhibits a list of all the gases

which are but little absorbable by water, placing them

in the order of their absorption, and beginning with the

least absorbable :

Azotic gas Oxygen gas Tatle of

Hydrogen gas Nitrous gas i^i^kf
Arsenical hydrogen Olefiant gas sorbableby

Carbonic oxide Nitrous oxide
ratcr'

Carbureted hydrogen Sulphureted hydrogen

Phosphureted hydrogen Carbonic acid
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The gas se-

parates in a

vacuum.

tts quan-

tity regula-
ted by the

tempera-
ture

And purity
of the wa-
ter.

1. Wherr water, impregnated with any of these gases,

is placed under the exhausted receiver of an air pump,
the gas separates from the water and assumed its elastic

form. Hence it follows, that the force by which these

gases are retained by water is inferior to that of their

elasticity. They continue in the water only as long as

they are subjected to an external pressure, equal to that

which they sustained when the water was impregnated
with them. If this pressure be increased, the propor-

tion of them which water is capable of taking up in-

creases ; if the pressure be diminished, the proportion

taken up by water diminishes in like manner. Hence,

in making experiments, similar results can be obtained

only when the pressure is the same, or when the baro-

meter stands at the same height.

The quantity of gas taken up by water is likewise

affected by the temperature, because the temperature

increases the elasticity. The quantity of gas absorbed

diminishes as the temperature increases, and increases as

the temperature diminishes. Similar results, therefore,

can be obtained only when the thermometer stands at

the same point.

Common water always contains a certain quantity of

air, which varies in its nature and proportion apcording

to circumstances. This air affects the power pf water

to absorb gases. Similar results can only be obtained

when it is removed. This is done by subjecting
the

water to long boiling, or by placing it under the ex-

hausted receiver of an air pump.

2. When the pressure, temperature, and purity of the

water are the same, then water absorbs a determinate

quantity of every individual gas. This has been de-

cisively demonstrated by the experiments of different
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chemists, especially by those of Dr William Henry t

Cb?p

and Mr Dalton. It is by no means an easy matter to

determine with accuracy the absolute quantity or bulk

of gas which water will take up, because that is af- Dalton.

fected by a variety of circumstances that cannot always

be appreciated. The experiments of the two chemists

iust mentioned are most to be depended on. Those of

Dr Henry were made with much precision, and with

an apparatus well calculated to ensure accuracy ;
while

that of Dalton is distinguished by that simplicity which

characterizes all his experiments. Dr Henry employ-

ed a glass syphon, one of the legs of which was long

and narrow, the other was a cylindrical glass much

wider, and terminating both above and below in a stop-

cock. This vessel was accurately graduated, as well

as the narrow leg of the syphon. The horizontal por-

tion of this syphon consisted partly of a tube of caout-

chouc, which made it flexible, and enabled the opera-

tor to agitate the glass cylinder, or wide leg of the sy-

phon, without risking the fracture of the whole. The

cylindrical vessel was first filled with mercury. The

requisite portion of water was introduced by the upper

stop-cock, while the same bulk of mercury escaped by

the lowermost stop-cock. The requisite portion of gas

was introduced over the water in the same way. Thus

the surface of the mercury was made horizontal in both

legs of the syphon. The wide leg was agitated. The

subsidence of the mercury in the narrow leg marked

the absorption, and the quantity of mercury, added to

restore the horizontal level, gave correctly the bulk of

the gas which was taken up by the water *. Mr Dal-

* See Phil. Trans. 1803, and Nicholson's Jour. vi. 219 The only
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Table of

the bulk of

gases ab-

sorbed by
water.

ton employed a phial provided with a very accurate

ground-stopper for the less absorbable gases, and for

the more absorbable, a glass tube accurately graduated.

It was filled with the gas, a small portion was expelled

Under water, and a little water admitted ; it was then

agitated, the mouth being shut with the finger. The

linger being removed occasionally under water, the

quantity of that liquid which entered marked the pro-

portion
of gas absorbed *.

The following Table exhibits the bulk of each gai

absorbed by 100 cubic inches of water at the tempera-

ture of 60, according to the experiments of these phi-

losophers :

GASES.
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The difference between these two columns is not great- Chap. ir.

erthan might be expected in experiments of such deli-

cacy. Indeed, in several instances, this difFerence may
be explained in a satisfactory manner. But it is neces-

sary to mention, in the first place, that Mr Dalton's

numbers are not the direct results of his experiments,

but these results corrected by the application of a theory
which he invented ; whereas Dr Henry's, except in a

few cases, are without any such correction.

Mr Cavendish found, that at 55 Fahrenheit 100

inches of water absorbed in some cases 11G inches of

carbonic acid, or nearly If times its bulk. Dr Henry
likewise found the quantity exceed the bulk of the wa-

ter. Now it is difficult to see, from his experiments on

the absorption of this gas, how the error, at least of Ca-

vendish, should be on the side of excess. We may pre-

sume, therefore, that Mr Dalton's numberis rather small.

The same reasoning applies to sulphureted hydrogen.

Mr Dalton informs us, that he has succeeded in ma-

king water absorb very nearly its own bulk of nitrous

oxide*. In Dr Henry's first experiments, he found the

absorption of this gas only 50 f ; while Mr Dayy sta-

ted it at 54 t- It has been since ascertained, that this

deficiency was owing to the impuriry of the gases ex-

amined. We may consider Mr Dalton's number as

pretty nearly correct.

The quantity of nitrous gas absorbed by water is usu-

ally greater than it ought to be, because water contains

a little oxygen gas ;
this gas combines with and converts a

* Pl.il. Mag. ixiv. 15. 4 Nicholson's 7r/;*/, v*. 431,
*
Rettarthtt, p. 140.
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portion of the nitrous gas into nitrous acid. For this

reason we may consider Mr Dalton's statement respect-

ing this gas as nearly correct. f

The carbureted hydrogen gas examined by Dalton

was from marshes, and of course pure. Dr Henry does

hot mention the source from which he procured his. If

it was from moist charcoal, as is not unlikely, the great-

est part of it must have been carbonic oxide, which

would account for the difference between his statement

of the absorbability of carbureted hydrogen and that of

Dalton. Upon the whole, Dalton's numbers do not

deviate far from the truth.

Thesegases
3. But if we consider Dalton's statement as correct,

f^fourlets"
then '* f llows tnat *M tnese gases may t)e arranged un-

der four sets. Water absorbs its own bulk of the first

set,-J-th of its bulk of the second set, ^Vtn f lts bulk of

the third set, and ^th of its bulk of the fourth set. But

these fractions are the cubes of the reciprocals of the na-

JL. -'- -

1
_?..

turalnumbers ; thus ^ *, 2 3
> s 3

, 4 3 Now this very un-

expected consequence follows from this, that the distance

between the particles of each gas, when contained in the

water, is always either the same as before its absorp-

tion, or some multiple of it. In *he first series of gases

it is the same. The density of carbonic acid, sulphu-

reted hydrogen, and nitrous oxide, and the distance be-

tween their particles, is the same in water as when they

constitute an elastic atmosphere. The density of olefi-

ant gas is fth, and the distance between its particles

twice as great as when constituting an elastic atmos-

phere. The density of oxygen, and the other gases

which constitute the third series, is Vyth, and the dis-

tance between their particles three times as great when

in water as when constituting an elastic atmosphere.
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The density of azote and the fourth series of gases is Chap, n.

^th, and the distance between their particles four times

as great as when elastic.

4. From the experiments of Dr William Henry upon Effect of

gases subjected to different degrees of pressure, from that prc

of one to that of two or three atmospheres, and thus re-

duced to double or triple their usual density, that phi-

losopher has deduced the following very important ge-

neral law : Water, of the same temperature, always

takes up the same bulk of each gas, whatever be its den-

sity. Thus, if we suppose that water at <30
9 absorbs

just its bulk of carbonic acid gas in its ordinary state of

density, it will still continue to absorb its own bulk,

though that gas be condensed into half its usual space,

or 4-d its usual space, and so on. Hence it follows, that

by increasing the pressure sufficiently, we may cause

water to absorb any quantity of gas we please. To
cause water to absorb what is equivalent to twice its

bulk of carbonic acid, we must make it absorb the gas

under an additional pressure of 30 inches of mercury ;

to make it absorb what is equal to thrice its bulk, we
must subject it to a pressure of 30 inches ; and so on.

To cause water to absorb what is equal to -fd of its

bulk of oxygen gas, there would be required a pressure

of about tO-atmospheres, or a column of mercury 270

inches, or 22| feet long.

On the other hand, if we diminish the usual atmo-

spheric pressure, and thus expand gases to twice, thrice,

Stc. their usual bulk, water at the same temperature

will still absorb exactly the same number of cubic in-

ches, and of course only one-half or one-third the weight
of gas which is taken up under the usual pressure of

thr atmosphere Hence we see the, effect of placing
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ceiver of an air-pump. The same bulk of gas will still

continue in the water, but its density will be diminish-

ed according to the exhaustion. If the exhaustion be

carried to 300 times, the quantity remaining in the wa-

ter will be only y^th of the original quantity.

Absorbed 5; If the quantity of gas absorbed by water depends
gases retain . . .

their elasti- entirely upon the pressure, it it increases and diminishes

Clty*

precisely as the pressure does, we cannot hesitate to al-

low that the gases still retain their elasticity after they

have been absorbed by the water. The combination (if

the absorption of gases by water be entitled to that name),
seems at first sight scarcely comparable with chemical

affinity ; for the water takes up any quantity ofgas what-

ever, provided the bulk be the same. The proportion of

the ingredients in this case is entirely regulated by the

bulk, whereas in chemical combinations it is regulated

by the weight.

Herej then, we have a species of combination seeming-

ly different from every other ; the law of which is, that

there must always exist a constant ratio between the

density of the portions of gas within and without the

Gases sup-
water. Mr Dalton conceives that the absorption of the

posed only gases is merely mechanical ; that they do not really com-

cally mixed bine with the water^ but are forced into its. pores; that
*ratcr*

the gas contained in the water does not press upon that

liquid, but merely on the containing vessel ; and that it

is precisely in the same state with regard to the water

as if it were diffused in a Vacuum. But there are two

circumstances which appear to me to be incompatible

with this notion; The first is, that heat is evolved

when carbonic acid gas and sulphureted hydrogen are

absorbed by water. Dr Henry observed that a ther-
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mometer plunged in the liquid rose from to |ths of a
t

cha
P'."',

degree *. The second is, that the bulk of the water is

increased by the impregnation ; for the specific gravi-

ty of water impregnated with carbonic acid gas is less

than it ought to be. Thus Bergman found the specific

gravity of water, saturated with carbonic acid at the

temperature of 36, to be 1*0015 f, compared with that

of water of the same temperature ; whereas it ought to

have been 1-0019, even on the supposition that it had

taken up onjy its own bulk of acid gas, while Bergman

expressly assures us, that the water took up more than

its bulk. Thus it appears that water suffers an ex-

pansion by absorbing carbonic acid gas ; which would

be impossible unless the gas acted upon iti For surely

it will not be contended, that any supposed elasticity in

the water itself is equivalent to so great a change of

bulk as that above mentioned. There must then be an

action between the atoms of the gas absorbed and the

water. Farther, the evolution of heat, notwithstanding

this expansion, is altogether inconsistent with what hap-

pens in every case, unless we suppose that a species of

combination takes place between the particles of gas

and the water, and that the evolution is the consequence

of this combination.

If the mixture of gas and water were merely media- Reasons for

nical, no good reason could be assigned why the very SS^dSLl*
same bulk of each should not be forced by the same Yed m **

pressure into the pores of water. It is this circum-

stance, apparently so puzzling, that serves as a key to

the whole, and enables us to reduce the absorption of

* Nicholson's Jovr. v. ajj. t Oputt, I.

Vol. IIL K k
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the gases by water to the simple principles of chemical

affinity. Iris, in reality, only a peculiar case of chemical

dissolution, as Berthollet has termed it. Gaseous bodies

dissolve each other in all proportions, because they are

both in the same state, and not restrained by the cohesion

of their particles; but when a liquid dissolves a gas, the

proportion is limited by the difference of the state. The

elasticity of the gas, as Berthollet has shown, opposes

its union with bodies that are none- elastic, and limits

the quantity of gas which can combine ; for when the

attraction between the liquid and gas is just balanced

by that elasticity, no more gas can be absorbed. Were

it not for this elasticity, the proportion of gas that

might be dissolved by a
litjuid

would be indefinite.

Let us suppose the pressure of the atmosphere to be

Completely annihilated. In that case the gaseous bo-

dies would expand indefinitely till their atoms exercised

no sensible repulsion. Let us now suppose a quantity'

of such a gas to be exposed to the action of water. The

liquid would absorb it, and the particles of gas thus

taken up would arrange themselves in regular order at

determinate distances from each other. These distances

would regulate the quantity of each gas taken up, while

the distances themselves would be regulated by the affi-

nity between the gas and the water. The greater the affi-

nity, the nearer might the atoms of gas approach each

other before their elasticity balanced the affinity between

them and the water. In such a supposed case we have

no means of determining what the bulk of each gas ab-

sorbed would be ; though we are certain that it would

bear some proportion to the affinity between it and wa-

ter. The quantity absorbed, estimated by weight.,

would be altogether inappreciable.
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Now let us suppose that the gases are subjected to a ctiaP- IL
i

certain pressure, as that of 30 inches of mercury, equi-

valent to an atmosphere. In that case they undergo a

great augmentation of density, and a proportional aug-^

mentation of elasticity ; but this increase of elasticity

being just balanced by the pressure, it is the same

thing with respect to their absorption by water as if

there was no augmentation ; or, in other words, the gas^

notwithstanding its increase of density, presents no great-

er obstacle to its absorption by water than before j for

whatever the density of gases may be, in as far as that

density is produced by pressure, it is balanced by the

pressure. Hence whatever the density of a gas may be

from pressure, water ought to absorb always the same

bulk of it j and the knowledge that this is in reality

the case, we owe to the experiments of Dr William

Henry. This law, so far from being a demonstration

that the absorption of gases by water is merely a me-

chanical effect of the pressure, ought to hold even on

the supposition that the combination is chemical ; while

the determinate proportions of each gas absorbed is a de-

monstration that the combination is chemical, and that

it is regulated by the proportion which exists between

the repulsion of the particles of gas and the attraction

of water for these particles. The water will absorb

such a portion of each, that the repulsion between the

particles absorbed just balances the affinity of water for

them. If the affinity be double, the repulsion may be

double ; if the affinity be one-half, the repulsion must

be one half ; and so on.

From the experiments of Henry and Dalton we learn,

that the affinity between water and carbonic acid is

such as nearly to balance the elasticity. Hence that

Kk2
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gas combines with water with but little or no change in

its density ; but' the affinity between water and olefiant

gas being only half as great as the elasticity, the dis-

tance between its particles when it combines with wa-

ter must be double, and of course water will only

combine with fth of the bulk of this gas that it does

of carbonic acid, supposing both gases before absorption

to be under the same pressure. For that portion of ole-

fiant gas when it combines with water, must expand
when in the water so as to occupy eight times its for*

mer bulk. In like manner, the affinity of oxygen gas

being only ^d that of the elasticity, water will take up
27 times as much in bulk of carbonic acid as it will ot

oxygen ; because, when the atoms of oxygen combine

i* with the water, they must separate to triple their for-

mer distance, that the affinity and elasticity may balance

each other. The affinity of azote for water being only

^th of its elasticity, water will absorb 64- times as much

of carbonic acid as of it ; because, when the atoms of

azote combine with the liquid, they must separate to

four times their former distance before the affinity is

capable of balancing the elasticity.

Thus there is nothing in the absorption of gases by

water that does not agree well with the notion of their

combining with that liquid in consequence of an affinity

for it. We learn from the experiments of Dalton, that

the cube root of the bulk absorbed is proportional to

that affinity. Hence the affinities of the four sets of

gases for water are in the following proportions :

Affinity,

1. Carbonic acid, sulphureted hydrogen, nitrous

oxide ...,.,.... = 4

2. Olefiant gas .... = 3
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Affinity. Chap. If.

3. Oxygen, nitrous gas, carbureted hydrogen,

phosphureted hydrogen
~ 2

4. Azote,, hydrogen, carbonic oxide =r 1

In considering the absorption of gases by water, the

external pressure ought to be kept out of view, as it

does not at all affect the bulk of the elastic fluid ab-

sorbed. We ought to consider the gases in such a

state of expansion that their atoms exercise no sensible

repulsion on each other, but cannot approach any near-

er without occasioning sensible repulsion. Let us sup-

pose, that in that state the affinity between water and

azote, and the other gases in the fourth class, is so

weak that it is balanced by the smallest elasticity. In

that case water would absorb exactly its bulk of these

gases. The affinity between water and oxygen, and

the other gases constituting the third series, being

double, water will absorb eight times its bulk of them,

because the atoms must approach to half their former

distance before the elasticity balances the
affinity. For

the same reason, water will absorb 27 times its bulk

of olefiant gas, and 64 times its bulk of carbonic acid

and all the gases constituting the first series.

6. From the experiments of Dr William Henry, Proportion

amply confirmed by those of Mr Dalton, we learn, sorbcd^le-

that the proportion of any gas absorbed by water depends p
^
nd3 "Pon

greatly upon the nature of the gaseous residue. Thus,

if we take 100 cubic inches of water, and agitate them

in 200 cubic inches of carbonic acid at the common

temperature, at least JOO inches of the gas will be ab-

sorbed. In this case the residue is pure carbonic acid ;

but if we mix together 200 inches of carbonic acid, and

100 inches of common air, and agitate 100 inches of
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Book III. water in them, in that case the residue will not be pure

carbonic acid, but a mixture of carbonic acid and air.

The quantity of acid gas taken up from such a mixture

will not be 100 inches as before, but only 60 inches *.

Here, when the residue was pure carbonic acid, a much

greater proportion of gas was absorbed than when it

was. a mixture of carbonic acid and air. This holds ge-

nerally when the residue contains a foreign gas; the

quantity absorbed is less than usual, and it diminishes

in proportion to the quantity of foreign gas present.
Gases sepa- j a quantity of water fully impregnated with any
waterwhen gas be put into a vessel containing any other gas, a

contact

*'

portion of the gas makes its escape out of the water,

and mixes with the superincumbent elastic fluid. The

quantity which thus escapes is proportional to the bulk

of the superincumbent gas compared with the bulk of

the water. Hence if water, impregnated with carbonic

acid, be exposed to the open air, almost the whole of

the acid makes its escape, and the water becomes insi-

pid. If a little water impregnated with sulphureted hy-

drogen, or nitrous oxide, be let into a large jar full of

oxygen or any; other gas, the sulphureted hydrogen,

or nitrous oxid, makes its escape in a great measure,

aod mingles with the oxygen. To preserve the impreg-

nation entire, the water must either be kept in close

vessels, or pressed upon by an atmosphere of the very

same gas which it contains.

This curious law was first discovered by Dr Wil-,

liam Henry, who announced it as a demonstration of

the truth of Mr Dalton's peculiar theory of the non-*

ac&i

Henry, Nicholson's Jour. V.
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elasticity of gases to each other *. For if gas can be
t

Ch3p. IL

retained in water by the pressure of an atmosphere of

its own gas, and not by that of any other, it was infer-

red that, gases do not mutually press upon each other.

It must be obvious, that the effect of a residue of a

foreign gas upon the quantity absorbed, and a foreign

atmosphere in separating the gas from water, both de-

pend upon the very same cause. They admit of a ve-

ry satisfactory explanation upon Mr Dalton's hypothe-
sis ; but they may be explained equally well without

having recourse to it. They afford, therefore, no rea-

son for adopting that hypothesis, unless its truth can be

otherwise established by satisfactory experiments.

All gases we have seen have a species of affinity for Reason of

each other, and are capable of dissolving each other.
thl8*

This dissolving power is unlimited, because the gases
are all in the same state. Liquids also are capable of

dissolving gases ; but their solvent power is limited b^
the elasticity of the elastic fluids dissolved. As gases

act without restraint, and as the action of liquids is re-

strained by the opposing force of elasticity, the action

of the gases will be more powerful than that of liquids,

unless the force of affinity in the latter be so consider-

able as to produce a combination too intimate to be

merely entitled to the name of dissolution ; but no such

degrge of affinity exists between the water and the gases

which we are considering. Hence every gas will ex-

ert a certain dissolving power upon every other gas ,

this power will oppose the absorption of the gas by wa-

ter, and of course diminish that absorption j but the

* Nicholson's Jour. viii. 298.



520 COMBINATION OF GASES

t

Book in. power will be proportional to the relative bulk of the

opposing gas. Hence the quantity of any gas absorb-

ed by water ought to diminish as the bulk of any fo-

reign gas in the residue increases, as Dr Henry found to

be the case. For the very same reason, when water

impregnated with any gas is brought into contact with

a different gas, a portion of the dissolved gas ought to

Jeave the water, and combine with the elastic fluid j
and

this proportion ought to be such, that the force exerted

by the water upon the portion of gas retained just ba-

lances the force exerted by the elastic fluid on the quan-

tity absorbed.
'

Thus^the separation of almost the whole, or of a part

of the gas from the water, is not the consequence of an

increase of elasticity from diminished pressure, but of

an increase of elasticity from the attraction of the su-

perincumbent gas.

Let us suppose that two gases, equalJy absorbable

by water, are mixed in equal proportions, and that wa-

ter is impregnated with them. As their solubility is

equal, sp bf consequence is their affinity. Hence the

same proportion of each will be absorbed j for we have

no reason to sqppose that the solvent power of water

for one gas is altered by its having dissolved another

gas. It will therefore absorb its own bulk, of each of

them ; but as each of them, in consequence of the mu-

tual mixture, is reduced to half the usual density, this

is precisely the same thing as if water absorbed half its

bulk of each of them separately. If water impregna-

ted with its own bulk of one gas be brought into con-

tact with its own bulk of another equally absorbable,

half the impregnating gas will escape, and half the su-

perincumbent gas will be absorbed, because the action
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of such gases on water and on each other, supposing the
^
Chap. IT.

bulks equal, is the same.

If we suppose equal bulks of two gases not equally

absorbable to be brought into contact with water, the

liquid will absorb the same bulk of each as it would

do separately. Thus, if the gases be carbonic acid and

defiant gas, it will absorb its own bulk of the first, and

|th of its bulk of the second ; but as the density of each

of these gases is reduced to one-half, this is the same

thing as if the liquid were to absorb nearly half its

bulk of carbonic acid of the usual density, and ^th of

its bulk of olefiant ^gas. If water impregnated with

its own bulk of carbonic acid be brought into contact

with its own bulk of olefiant gas, then half the carbo-

nic acid will escape, while only -^th part of the olefi-

ant gas will be absorbed : because the olefiant gas ex-

erts the same power upon the carbonic acid as the wa-

ter, while the water exerts but half of the power upon
olefiant gas that the escaped portion of carbonic acid

does.
*
This reasoning might easily be applied to mixtures

of all the gases in any proportion whatever. To find

how much of each gas will be absorbed by water when

two gases are mixed together, we have only to conceive

that water absorbs its usual bulk of each, and then to

consider what is the relative density of each gas in wa-

ter, to know correctly the quantity of each really taken

up. Thus, suppose a mixture of 80 parts azote and

20 oxygen, water will absorb -^th of its bulk of the

first and ^ih of its bulk of the second; but the densi-

ty of azote in this case is only T
8

^%th parts, cr T~ths of

its usual density, and that of oxygen -j^th parts, or

I
th. Therefore, to find the bulk of each really absorb-



522 COMBINATION OF GASES

Book II f.
ed, supposing it taken at the usual density, we must re-

duce T
'

Tth to Tyhs, and ^\th to fth of its bulk. The
result would be nearly T̂ th of azote and TTT^ f oxv-

gen.

But if we know the proportion of each gas absorb-

ed, we have only to subtract that portion in order to

find the nature of the residue.

Proportion

'

7. The proportion of gases absorbed by water is con-

sorbetUe- siderably influenced by the temperature. Dr William

pends upon Henry found, that 100 inches of water at 55 absorbed
tempera- f ,

ture. 108 inches of carbonic acid j but the same quantity of

water at 85 absorbed only 84 inches. One hundred

cubic inches of water ai^ 55 absorbed 106 inches Of

sulphureted hydrogen, while at 85 it absorbed only

95 inches*. We are not to consider these numbers as

correct, because Dr Henry did not attend to the purity

of the residue j but they are sufficient to show us that

the proportion of gas absorbed is affected by the tempe-

rature.

The reason of this is quite obvious. The elasticity

of gases increases with their temperature j but the pro-

portion of them absorbed by water must of course di-

minish at the same rate as their elasticity increases.

That this is the true explanation has been shown by an

experiment of Dalton. If water impregnated with gas,

and having an atmosphere of the same gas over it, be

confined in a well-stopped phial, it may be exposed to

any change of temperature between 32 and 212 with-

out any change in the proportion of the gas contained in

* Nichobpn's Jour. p. 235.
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the water*. In this case the superincumbent gas suf-

fers the same change of its elasticity as the portion con-

tained in the water, and consequently balances that

change. The gas and the water continue exactly in

the same situation with respect to each other as if no

change whatever had taken place.

8. If a sufficient quantity of pure water be agitated

with any pure gas whatever, the whole of that gas will

be absorbed without leaving any residue j but if the wa-

ter is not absolutely pure, then there will always re-

main a residue, and that residue will consist partly of

the gas absorbed, and partly of the gas previously con-

tained in the water.

A great number of experiments have been made on Water sup-

this subject by different chemists, especially by Dr

Priestley f and Mr Berger J ; but as they neglected to vert gases

c
*

.
, ,

.
,

intoazoto*
notice the nature and quantity of gas with which the

water used was impregnated, and likewise (in many

cases) the purity of the gas used, no satisfactory con-

clusions can be drawn from their experiments,

Berger found that when commcn air was allowed to

stand over water till it hsd lost ith of its bulk, the resi-

duum consisted wholly of azotic gas, for phosphorus

produced no sensible change in its bulk. Dr Priestley

found the same change produced when the bulk of the

air was reduced to 0*7 or to '75. This change is ob-

viously connected with some particular change which

takes place in stagnant water ;. probably a species of

putrefaction.
Some substances contained in the

Pi/7. Mag. xxiv. 16. f Amer. Trans, v. ^l.

) Jour, de Pbys. Ivii. J.
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more ab-

sorbable ga
M.

ter, and taken up from the vessel, seem to acquire

the property of uniting with oxygen, and thus with-

drawing it from the water as rapidly as it dissolves.

Thus Mr Dalton found, that water .kept in a wooden

trough very soon lost the whole of its oxygen *. It is

not so easy to explain the result obtained by these phi-

losophers when nitrous gas and hydrogen gas were

left standing over water. Bergman found that both gases,

by long standing, lost ^ths of their bulk ; the residue

was azote.

Such are the phenomena of the absorption of gases

by water. They all admit an easy explanation, on the

supposition that there exists an affinity between the

gases and water, and that the proportion of each gas

which is absorbed is regulated by its
a-ffinity for the

water and by its elasticity. Let us now consider the

more absorbable gases.

II. All the very absorbable gases belong to the class

of acids and alkalies. The following is a list of such

of them as have been hitherto examined, placed in the

inverse order of their absorbability :

1. Oxymuriatic acid gas

2. Sulphurous acid

3. Fluoric acid

4. Muriatic acid

5. Ammoniacal

Probably both the hyperoxymuriatic acid and the prus-

sic acid ought to be classed with the preceding elastic

fluids ;
but no exact experiments relative to their ab-

sorbability have been hitherto made.

* Pbil. Mag. xxiv. 17.
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1. The following Table exhibits the number of mea- ^hap^
sures of each of these gases absorbed by one measure of Bulk of

yure water.
tafc

Oxjmuriatic acid 1'5-f watcr'

Sulphurous acid 33

Fluoric acid 175+
Muriatic acid 516

Ammoniacal ...ISO

The absorption of oxymuriatic acid, as stated in this ta-

ble, is certainly greatly under the truth ; at least if we

can judge from the rapidity with which the absorption

of this gas takes place. It is stated from an experiment

of Berthollet, made long ago, that a cubic inch of water

absorbs about 1-Jd grain troy of this gas. The remain-

ing numbers contained in the table are the result of my
own experiments. I did not succeed in ascertaining the

quantity of fluoric acid absorbed by water. A cubic

inch of water, after it had absorbed 175 inches of that

gas, was become a solid jelly, and could not be made to

absorb any more. The gas was extricated in glass ves-

sels, and of course contained silica, to which the jelly

was owing.

2. When a cubic inch of water is saturated with the Expansion

r , ,, ,*, ofthewa-

preceding gases, it undergoes an increase 01 bulk. |ne tcr.

following Table exhibits the bulk of the waterwhen thus

saturated, supposing the original bulk to have been 1.

Saturated with Cubic Inches.

Oxymuriatic acid 1*002+

Sulphurous acid 1'040

Fluoric acid~

Muriatic acid 1*500

Ammoniacal... 1*666

Thus the particles of the water, by this impregnation
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Quantity

ofthewa-
ter.

Combine

witlTthe
^

watcr.

are seParated farther from each other than they were at

first. Hence the density of the gas absorbed is not so

great as it would appear to be at first sight from the

bulk of it absorbed. Thus, though one cubic inch of

water absorbs 516 cubic inches of muriatic acid gas,

yet as the cubic inch expands during the absorption so

as to become 1^ cubic inches it is obvious that only

Tds of the 516 inches of gas are contained in a cubic

inch ; the remaining third is necessary for the additional

half inch produced by the expansion of the water.

Hence the density of the muriatic acid gas in the mix-

ture is just yds of 516 or 344. That is to say, that

every cubic inch of such saturated water contains 344

cubic inches of muriatic acid. By a similar method

may the density of each of the gases in water saturated

with them be ascertained. The following Table ex-

hibits these densities :

Oxymuriatic acid ....... ... 1*5

Sulphurous ............... 31-7 = 3' nearly
**' Muriatic...^ ............. 344'0 = 7 J

Ammonia ................ 468*0 8 J

From this table it appears that the atoms of sulphurous

acid gas in water saturated with it are nearly three

times nearer each other than in their usual state ; those

of muriatic acid seven times nearer, and those of ammo-

nia are almost eight times nearer.

3. It will not surely be denied that the absorption of

these gases by water is the consequence of an affinity

between them and that liquid ; for it is impossible on

any other supposition to expl'ain the enormous conden-

sation which they experience, notwithstanding their e-

lasticity. Yet the phenomena are in every respect the

same, except in degree, with those of the gases cohsider-
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cd in the preceding part of this Section. Not only the
t

chaP- n -

1

rapidity of absorption, but even the quantity absorbed,

is materially affected by the mixture of them with other

gases. They only expel each other partially from wa- ,

ter, as happens to the other gases. When liquid am- ^

monia is thrown up into a barometer tube, the mercu-

ry immediately sinks ten inches. The other gaseous

solutions produce a similar effect. They are expelled

likewise when the impregnated liquid is placed under

the receiver of an air-pump, and when it is exposed to

a boiling heat. In short, it is impossible to point out a

single circumstance in which the absorption of these ga-

seous bodies by water differs from that of the first class

of gases, excepting merely the bulk of them absorbed.

In most of the gases belonging to the first class, the ga-

ses experience an expansion whqn absorbed ; while in

all those' of the second they undergo a condensation.

The condensation demonstrates that the affinity of th.

gases for water is greater than their elasticity ; while

the expansion Indicates just the contrary.

If the affinity be measured by the cube root of the re-

lative condensation, then it will follow that the affinity

of muriatic acid for water is 28*times greater than that

of azote, and the affinity of ammonia 32 times greater ;

that the affinity of muriatic acid is seven times greater

than that of carbonic acid ; and so on.

III. With respect to the absorption of gases by other
Absorption

liquids, we are not in possession of many experiments

of tt decisive nature. Dr Priestley tried the absorption quids.

of various gases by alcohol, ether, and different kinds of

oils. Mr Dalton has likewise made some experiments

on the subject, but he has only announced the result of

hem in general terms.
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^Bookin^ Alcohol seems to bear a strong resemblance to water

in the power of absorbing gases. Oils also absorb se-

veral gases precisely as water ; but upon others they act

with more energy. Dr Priestley found that both oil of

turpentine and olive oil absorb nitrous gas in consider-

able quantity, and decompose it. They have also the

property of absorbing and condensing the oxygen of

common air. Nitric acid absorbs an enormous quanti-

ty of nitrous gas, for which it has a strong affinity, and

is gradually converted into nitrous vapour, while the o-

ther acids act upon it nearly as water does. The same

gas is absorbed in considerable quantities by sulphate,

nitrate, and muriate of iron ; in small quantities by sul-

phate of tin, sulphate of zinc, muriate of zinc*, and se-

veral of the salts of copper.

SECT. V.

OF THE COMBINATON OF GASES WITH SOLIDS.

As gases and solids are in a state still more different

from each other than gases and liquids, their combina-

tions must be attended with still greater difficulties. It

will be opposed on the one hand by the
elasticity of the

gases, and on the other by the force of cohesion, which

unites together th^ particles of the solid ; and no combi-

nation can take place unless the affinity be sufficiently

*
Priestley On Air, i. 373 ; ii. 3*9. Davy's Retearctet, p, i6e.
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strong to evercome the one or the other of these forces.
t
Chap. IT.

^

The new compound will be either gaseous, solid or li-

quid, according to the proportion of the constituents

combined, and the intimacy of their union. Let us ex-

amine, in the first place, the combination of the simple

gases with solids, and afterwards turn our attention to

the compound gases.

I. The simple gases are in number five ; but two of Simple

them, muriatic acid and fluoric acid, have scarcely been

observed to combine with any solids except alkalies,

earths, and metallic oxides. With these they form com-

binations of a complicated nature called salts, the exa-

mination of which belongs to a subsequent chapter.

Oxygen, hydrogen, and a*ote are the only simple gasei

which at present claim our attention.

1 . The only simple solid bodies known are carbon,

phosphorus, sulphur, and the metals. Now oxygen is

capable of combining with them all.

With carbon it unites only in three proportions, as

far at least as we know at present, and forms the three
JJJJ^

caw

compounds called carbonic acid, carbonic oxide, and car-

bonous oxide. The two first are well known ; they are

gaseous fluids. The third has not been examined ; but

it is presumed to exist, from the phenomena which ap-

pear during the combustion of the diamond. It is a so-

lid substance. Of these compounds the carbonic acid

has been analysed with the greatest care. If we con-

clude, from the experiments of Lavoisier and Tennant,

as confirmed by Allen and Pepys, that it is composed
of 28 carbon and 72 oxygen, and suppose with Dalton

that a particle of it is composed of one atom of carbon

and two of oxygen, we can easily find the relative

weight of an atom of carbon : for one atom of carbon

Vol. III. Li
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must be to two atoms of oxygen as 28 : 72 ; or to one

atom of oxygen as 28 : 36, or as 7 to 9. But we found

before, that an atom of oxygen was 6 ; we must there-

fore diminish the numbers 7 and 9, each by yd, in order

to convert 9 into 6, and preserve the same proportion

between them. This gives us 4yds instead of 7. Ac-

cording to this hypothesis, 4yds is the weight of an

3(q-i:.
atom of carbon, provided that of oxygen be 6.

Let us now compare the weight thus found with the

analysis of the other two compounds of oxygen and car-

bon. As carbonic oxide contains less oxygen than car-

bonic acid, we must, according to Mr Dalton's hypo-

thesis, consider it as composed of one atom of oxygen
and one atom of carbon : and for a similar reason, car-

bonous oxide must consist of two atoms of carbon united

to one of oxygen.

From the experiments of Cruikshanks, we learn that

carbonic oxide is composed of 41 parts, by weight, of

oxygen, and 23 of carbon. Therefore we have an atom

of oxygen to an atom of carbon as 41 : 28, or as 6 : 4*1

nearly. This does not differ very much from the pre-

ceding. A very small error in the two experiments on

which the composition of these bodies is founded would

reconcile them. The mean of both is nearly 4~9 which

we may consider as indicating nearly the weight of an

atom of carbon. The following will be the symbols

for the composition of an atom of each of the compounds

of cacbon and oxygen, together with their weight ac-

cording to the numbers thus adopted.

Density.

Constitu- Q0 Carbonic oxide. 10-5

ffiC Carbonous oxide ...15'0

QO Carbonic acid ..16'5
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It is remarkable that carbonic oxide cannot be formed c
.

h
?p'.!

r
*.

directly by the union of oxygen and carbon or charcoal.

It is only obtained by the decomposition of a product of

combustion by means of a combustible. The products

thus decomposed are carbonic acid by metallic oxides,

and hydrogen and water by charcoal. There is still an

ambiguity about this compound ;
the circumstance of

its being lighter than oxygen, although it consists of

oxygen holding carbon in solution, is an anomaly point-

ed out by Berthollet> which has not yet been accounted

for in a satisfactory manner. If carbon were an elastic

fluid, its specific gravity, according to the above state-

ment, might be supposed to be *809t that of air being

1*00. In that case the specific gravity of carbonic ox-

ide, supposing that no condensation took place, ought
to be exactly 0*956, which it is in reality. But these

suppositions appear to me inadmissible, unless we take

into view another circumstance, which Berthollet has

overlooked : I mean the difference between the states

of carbonic oxide and carbonic acid. The first is a

combustible, the second a product ; hence the oxygen
in the first must contain a portion of caloric of which

the second is destitute. This dose probably prevents

the condensation,&nd preserves to the compound all the

elasticity that it would have had, supposing the carbon

gaseous.

In cases of combustion, the first change of the carbon

seems to be into carbonous oxide ;
a combination proba-

bly as little intimate as carbonic oxide, but not gaseous,

on account of the great proportion of carbon. The ul-

timate compound is carbonic acid, the most intimate of

all, as is obvious from its great density and difficult de*

composition.

LI 2
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Oxygen
\vith phos-

jphoros.

Constitu-

ents.

2. Oxygen is capable of uniting likewise with at least

three proportions of phosphorus, forming the compounds
called phosphoric oxide, phosphorous acid, and phos-

phoric acid. They are all solid substances. In this

respect they differ extremely from the combinations of

oxygen and carbon, which are chiefly gaseous. This

is directly the reverse of what one would have expected

a priori ; carbon is the least disposed to assume the e-

lastic form of all the solid bodies known : for no de-

gree of heat is capable of melting it, far less of volati-

lizing it ; whereas phosphorus may be converted into

vapour with comparative ease, since the heat of our

fires is capable of boiling it very readily. The differ-

ence seems to depend upon the density of the atoms of

phosphorus, and upon the comparatively small quantity

of oxygen with which they unite.

As phosphoric acid has been analysed with accuracy,

it will enable us, by the application of Dalton's hypo-

thesis, to ascertain the comparative weight of an atom

of phosphorus, and thence to deduce the composition of

the other compounds. This acid is composed of 115

parts by weight of oxygen and 100 of phosphorus. If

we suppose with Dalton that it is formed by the union

of one atom of phosphorus with two of<6xygen, then we

have an atom of phosphorus to two atoms of oxygen,

as 100 : 115, and to one atom of oxygen as 100 : 5T5.

Hence, if the weight of an atom of oxygen be 6, that of

an atom of phosphorus must be 10-4. Let the symbol

for phosphorus be
(J),

then the symbols for the three

compounds of oxygen and phosphorus, and the weight

of an atom of each, will be as follows :

Density.

Phosphorous acid 16*4
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Density.

Oxide of phosphorus ...... 26*8

Phosphoric acid 22'4

As phosphoric acid is the result of a complete combus-

tion, while phosphorous acid is still partially, and oxide

of phosphorus completely combustible, its density ought

to be greater than that of the rest, which is the case.

The specific gravity of melted phosphoric acid is 2*85,

while that of phosphorus is not more than 1*8. Thus

phosphorus, when united to oxygen, undergoes a con-

densation. The density of the oxygen is increased

more than 1000 times. This very great augmentation

of density accounts for the permanency of this com-

pound, and the extreme difficulty of decomposing it.

3. Oxygen unites also to sulphur in three propor- Oxygen

tions, and forms compounds with it different from those
JJhur.

SU

which it forms with carbon and phosphorus ; for one of

them is a gas, another is a liquid, and the third is a so-

lid. These compounds are oxide of sulphur, sulphu
rous acid, and sulphuric acid. The last has been ana-

lysed with care. The analysis will enable us, by means

of Dalton's hypothesis, to estimate the relative weight
of an atom of sulphur. This acid is composed of 136*5

parts by weight of oxygen and 100 of sulphur. If we

suppose with Dalton that it is formed by the union of

an atom of sulphur to three atoms of oxygen, then we
have three atoms of oxygen to one atom of sulphur as

136*5: 100 ; and one atom of oxygen to one atom of

sulphur as 45.5 : J00,or as 6 to 13. Hence the weight
of an atom of sulphur would be 13. If we compare
this with my analysis of sulphurous acid, and suppose

it composed of two atoms of oxygen and one atom of

sulphur, we obtain nearly the same weight of an atom
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Df sulPhur - The following are the symbols and den-

sity of the atoms of these different compounds :

ponstitu- OQO Sulphurous acid . . * .' 25

Oxide of sulphur .....32

Sulphuric acid 31

O

There is a very striking resemblance between the

combinations of oxygen with phosphorus and sulphur.

A certain elevation of temperature is necessary to begin

the combination. This heat probably acts by diminish-

ing the cohesion of the atoms of the solid bodies. The

first compound in both is solid and combustible. This

combination is far from intimate, but it disposes the

solid bodies to a closer union. Thus, to a certain,

extent, the oxygen loses its elastic form, and is conden-

sed into the solids. When the combustion is complete,

both of them form products of combustion. The in-

termediate compound seems to be the result of an im-

perfect combustion, and to be less intimate than the ul-

timate compound : for when sulphurous acid and phos-

phorous acid are exposed to a sufficiently strong hear,

they are decomposed ; sulphur and sulphuric acid being

separated in the one case, and phosphorus and phospho-

ric acid in the other. Water, however, seems to be

a necessary agent in these decompositions.

m
But notwithstanding the great similarity between

fcnt*?

'

phosphorus and sulphur, and between the compounds

which they form with oxygen, the differences between

these compounds are considerable. The union between

phosphorus and oxygen is much more intimate than that

between oxygen and sulphur. Hence the oxygen in the

former is in a much more condensed state, and the de-

Composition is much more difficult than in the latter
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There is much less difference between phosphoric and
t

-Chap. n

phosphorous acids than between sulphurous and sulphu-

ric. These differences are probably owing to the great-

er affinity of phosphorus for oxygen. The constitu-

ents of sulphurous acid are much more loosely united

than of sulphuric. Hence the reason of the comparative

ease with which it .may be decomposed by many sub-

stances which do not act upon sulphuric acid. Hence

perhaps the reason why it. retains an elastic form. It

deserves attention, that many substances, as phosphorus,

mercury, &c. have the property of converting sulphu-

ric acid into sulphurous, and that the compounds form-

ed are of the very same nature as if they had been form-

ed by a supporter of combustion ; but much heat is re-

quired to produce the action.

4. Oxygen has the property of uniting in various Oxygen

doses with all the metals ; but the compounds formed w
j

t m**

are always solids. In these combinations, then, it is the

solid body which retains its state, while the oxygen
loses it. We must ascribe this to the very great cohe-

sive Force by which all the metallic particles are uni-

ted ; a force weakened no doubt by the combination of

oxygen, but not overcome. The atoms of the metals

are probably incomparably mere dense than those of

other bodies.

The investigation of the composition of the metallic

oxides is not far enough advanced to enable us to apply

to them the hypothesis of Dalton with much advan-

tage. It would be easy indeed, by taking the atoms of

oxygen capable of uniting with an atom of metal at

pleasure, to find numbers which would correspond with

our table of the composition of these oxides given in a
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Troportion
of oxygen.

COMBINATION OF OASES.

preceding part of this Work *
; for in all those me-

tallic oxides which have been analysed with care,

the proportion of oxygen increases pretty regularly.

This will appear from the following Table, in which

the proportion of oxygen which unites with a given

weight of metal is stated numerically :

Proportion of

PLATINUM. Oxygen.

Protoxide 1

Peroxide .2

MERCURY.

Protoxide 1

Peroxide 2

COPPER.

Protoxide 1

Peroxide 2

IRON.

Protoxide 1

Black oxide 2

Peroxide 5

TIN.

prey oxide 2

Peroxide 3

LEAD,

Yellow oxide 2

Red oxide 3

Peroxide. . 6

* Vol. I. p. 391.
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Proportion of

ZlNC. Oxygen.

Protoxide 1

Peroxide 2

ANTIMONY.

White oxide 3

Peroxide 4

ARSENIC.

White oxide 3

Arsenic acid . . .5

MANGANESE.

White oxide 2

Red oxide 3

Peroxide 5

TITANIUM.

Protoxide *1

Red oxide 2

White 3

Of all the metallic oxides those are by far the most

Intimate compounds, and the most difficult to decom-

pose, which are formed by combustion. They are per-

fect products of combustion, and resemble the products

of the simple -jorrbustibles in many respects. Were we

to suppose these oxides compounds of one atom of the

m?--al with two atoms of oxygen, as is the case with the

products of the simple combustibles, we might in that

case ascertain the weight of an atom of each of the

metals. All those oxides in the preceding Table which

have the number 2 after them are formed by com-

bustion. Were that supposition to be admitted, the

numbers which follow the other oxides would indicate
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Book III. the number of atoms of oxygen in them united to an

atom of the metal. The following would be the weight
of an atom of each metal, according to this hypothesis,

supposing that of oxygen 6.

Metals. Density. Metals. Density.

L-d ........-...-...150 Tin..... ....... 48

Mercury .....WAV. 120 Zinc-.. .......... 48

Antimony ........ .. 80 Manganese....... 48

Platinum........... 80 Arsenic ... ....... 54'5

........ ..,. 48 Iron...... ....... 32'4

The metals differ from the simple combustibles in

the property which they have of uniting with additional

doses of oxygen, 'after they have formed -with it their

most intimate combination. These new compounds re-

tain the oxygen with much less energy than those which

we have been considering, . Jn this respect they agree

with azote, whicb combines with more oxygen than is

contained in nitrous, gas, the compound.which is of

most difficult decomposition. All these new metallic

combinations contain the oxygen in a slate capable of

supporting combustion. It is from them that we usu-

ally obtain oxygen gas. Whether all the metals possess

this property, has not been ascertained. Iron, manga-

nese, and tin, possess it in the most remarkable degree.

They absorb oxygen even from the atmosphere. Lead

also possesses it to a considerable extent, and so like-

wise does arsetiic^ and probably also antimony.
'

Many of the metals are capable also of uniting with

smaller doses of oxygen than that which they absorb

during combustion. These combinations are less inti-

Ihate, their character is not so well marked, they have a

much weaker tendency to unite with other bodies, and
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are of a less permanent nature, than the compounds from Chap. n.

combustion. In what state the oxide which they con-

tain is, has not been ascertained ; but it is not unlikely

that they bear a certain resemblance to the combustible

oxides.

5. Though there exists a considerable affinity be- Hydrogen

tween hydrogen and the three simple combustibles, ^u^
they do not unite when brought into contact, unless ei-

ther the cohesion of the solid bodies be removed, or the

elastic fluid be exhibited in a nascent state. This shows

us that it is the force of cohesion of the solids, and the

elasticity of the gas, which prevents the combination,

Heat does not destroy the cohesion of carbon ; there,

fore it cannot be united to hydrogen by heat: But Gen-

gembre found that when sulphur and phosphorus were

kept melted in hydrogen gas, a combination took place.

It is chiefly, however, by the decomposition of water

that these combinations are accomplished.

All the known combinations of hydrogen with a

simple combustible are gases except one, namely, su-

persulphureted hydrogen, which is liquid, but readily

converted into vapour. This is the consequence of the

great elasticity of hydrogen gas. None of the other

elastic fluids are to be compared with it in this respect.

The atoms of which it is composed must be smaller,

and their distances from each other greater, than in any
other gas. Hence it will oppose a greater resistance to

those affinities which would condense it into a solid or

liquid state, and will always be disposed to resume a-

gain its elasticity.

Hydrogen combines with two proportions of carbon

and sulphur, and probably likewise with two of phos-

phorus. At least no other satisfactory accpunt can be
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t
**''^ ^ given of the great difference between the properties of

phosphureted hydrogen at different times. If we ap-

ply the hypothesis of Dalton to these compounds, we

may consider them as composed of one and two atoms

of the hydrogen united to one atom of the solid. The

following will be the symbols for these compounds, and

thje weight of an atom of each according to this hypo-
thesis :

3#.l 10. :. -VPV
Comtitu- G Olcfiantgas ..................... 5*5

QQ30 Carbureted hydrogen .......... f>*5

HSftfMf QGD Superphosphureted hydrogen 11*4

GXBQ Phosphureted hydrogen ...... 12.4

Q0 Supersulphureted hydrogen ..14

Q@Q Sulphureted hydrogen ......... 15

Let us compare this hypothesis with the analysis of

such of these compounds as we are acquainted with.

By the analyses of Messrs Henry and Cruikshanks,

carbureted hydrogen contains at most 13*4 by weight

of carbon and 5*2 of hydrogen. According to this

Statement, we have the weight of two atoms of hydro-

gen to that of an atom of carbon as 51 : 134, or as 1 to

2*5 ; and that of one atom of hydrogen to one of car-

bon as 1 to 5 ;- a result which does not differ much

from the weight of carbon found from the analysis of

carbonic acid.

According to the experiments of the Dutch chemists

and Henry, olefiant gas contains at most 23 '3 of carbon

by weight and 5*48 of hydrogen. According to this

statement, we have an atom of hydrogen to an atom of

carbon as 548 : 2330, or as 1 to 4^, which is still near-

er the weight of carbon from carbonic acid than the pre-
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ceding. The mean of the whole would be 4/6, which
t

Chap.

is probably very near the truth.

Our knowledge of the combinations of sulphur and

phosphorus with hydrogen, is still too imperfect to ad-

mit of comparison with the results obtained from the.

analysis of sulphuric and phosphoric acids. Thenard's

analysis of sulphureted hydrogen by no means corres-

ponds with the notion, that this gas contains two atoms

of hydrogen and one of sulphur, provided the weight of

sulphur be estimated from the constitution of sulphuric

acid ;
but many circumstances render this analysis sus-

picious. It is difficult to see how sulphureted hydro-

gen could be completely decomposed by an acid, and

its sulphur acidified without some loss ; and all this loss

being ascribed to hydrogen would greatly increase the

proportion of it obtained from such an analysis. Be-

sides, from an experiment of Davy, it appears that the

proportion of hydrogen in sulphureted hydrogen is in-

significant
when compared with the sulphur j for he

found that just double the quantity of nitrous gas was

necessary to convert the constituents of sulphureted hy-

drogen into sulphuric acid and water, that were requi-

red to convert them into sulphurous acid and water *.

Ether, from the analysis of Cruikshanks, we found Composl-

to be a compound of hydrogen and carbon, as well as

the gases which we have just been considering. As it

contains more carbon than olefiant gas, we must consi-

der it according to Dalton's hypothesis, as composed of

two atoms of carbon and one of hydrogen. Its sym-

bol will be Q5O' The analysis of it, as stated in a

* See Section III- of this Chapter, p. 499.
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preceding page of this Chapter*, does not agree with

this statement ; but in that statement no correction was

introduced for the temperature, because Cruikshanks

did not specify the temperature in which his experi-
ments were made. Mr Dalton has since repeated the

experiments, and according to his account, when the

proper corrections are introduced, the analysis agrees

very nearly with the supposition of its being composed
of two atoms of carbon and one of hydrogen. We
must therefore consider it as composed of more than eight

parts by weight of carbon to one of hydrogen. The

weight of an atom of it will be 10. But the analysis of

Saussure does not agree with this conclusion.

Thus hydrogen and carbon unite in three proportions^

constituting one binary compound, namely olefant gas,

and two ternary compounds^ namely, carbureted hydro-

gen,) composed of two atoms of hydrogen and one of

carbon ; and ether, composed of two atoms of carbon

and one of hydrogen. We see in them the gradual ef-

fect of the carbon ; as its quantity increases, the specific

gravity of the compound increases, and its elasticity di-

minishes, till in the last of them we find that the com-

pound is no longer a gas but a vapour. Olefiant gas

seems to be the most intimate compound of the three.

A red heat decomposes ether, and converts it into olefi-

ant gas, carbureted hydrogen, and charcoal ; but upon
the two others it has no effect whatever.

Sulphureted hydrogen is the most intimate of the

combinations of sulphur and hydrogen. A red heat

does not decompose it. Supersulphureted hydrogen is

formed directly by the combination of sulphureted hy-

495-
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dfogen on sulphur. The last, however, must be de- .

*?' '

.

prived of the cohesion which usually joins its particles

together, otherwise the combination cannot take place.

When sulphur and sulphureted hydrogen are united

with an alkali, and suddenly disengaged by an acid,

they unite at the instant of their evolution. This is the

method which succeeds best in obtaining it.

It is during the decomposition of water by the com- Formation

pound agency of an acid and a metal united to sulphur,

that sulphureted hydrogen is usually formed. In this

case every thing concurs to facilitate the combination.

The hydrogen is nascent, and the sulphur, just separated

from the metal is not restrained from uniting with the

hydrogen by the cohesion of its particles ; but in some

rare instances the sulphur appears to have the property

of decomposing water, and forming at the same time

sulphureted hydrogen and sulphuric acid. Thus, whem

nitric acid is poured upon the sulphureted oxide of man-

ganese, sulphureted hydrogen gas exhales, and sulphu-

ric acid is formed, as has been shown by Klaproth and

Vauquelin. The nitric acid in this case seems merely
to dissolve the metallic oxide and disengage the sul-j

phur. Two particles of sulphur must act at once up-

on two atoms of water, one of them combining with all

the hydrogen, and the other with all the oxygen. Thus,

8
@O OO Sulphureted hydrogenwO * OSO Sulphurous acid

The formation of phosphureted hydrogen is quite ana- Of phos-

logous. We obtain it when phosphorus is boiled with

a liquid alkali. Water is decomposed, and phosphoric

acid and phosphureted hydrogen formed at once. The
alkali seems only to act by retaining the phosphorus
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Q
O

Book in. in a heat sufficiently high to enable it to decompose wa-

ter. The symbols of this decomposition will be

-OOXD Phosphureted hydrogen

QDO Phosphoric acid

Carbureted hydrogen is disengaged spontaneously

from stagnated water, and is obviously produced by the

putrefaction of vegetable matter. Mr Dalton has very

ingeniously explained its formation, when the carbon

is disengaged, two particles of it decompose at once two

atoms of water precisely as in the former examples ;

one unites with all the hydrogen, and the other with all

the oxygen ; so that both carbonic acid and carbureted

hydrogen are formed together. The following will be

the symbols representing this decomposition :

8mQ
......OffiO Carbureted hydrogen

O ......OO Carbonic acid

Oils. Oils have a very strong resemblance to olefiant gas j

indeed they may be said to differ only in the state. By
the analysis of Lavoisier they ought to consist, like that

gas, of an atom of hydrogen joined to an atom of car-

bon. Like olefiant gas, they deposite charcoal when

burned with an under proportion of oxygen. But not-

withstanding that analysis, it is extremely probable that

they are of a more complex nature. Their little vola-

tility would indicate a much greater proportion of car-

bon j while the tendency which they have to absorb

oxygen would indicate the presence of that principle.

All the compounds of hydrogen and the solid bases

are combustible. Those which contain carbon give the

greatest proportion of light during combustion, and in

these the quantity of light increases with the carbon.

Carbureted hydrogen gives the least, olefiant gas still

more, and ether the most of all. This deserves atten-
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lion, because in some other vapours and gases which
t

P' ar-

contain carbon, the combustion is but feeble ; as in car-

bonic oxide and alcohol, both of which only burn with

a blue flame, In these there is also oxygen present. It

is not unlikely that there is an union between the oxy-

gen and carbon, and that this is the cause of the com-

paratively little light emitted ; the carbon having un-

dergone a kind of semi-combustion before. These re-

marks are not contrary to a position given in a former

part of this Work, that the light emitted is proportional

to the quantity of oxygen consumed; for this will be

found to hold accurately in these gases and vapours.

6. Azote has the property of combining with carbon,

phosphorus, and sulphur, and of forming gaseous com-

pounds not yet sufficiently known to admit of exami-

nation. Neither can any remarks be offered on the

combinations of hydrogen with the metallic bodies.

II. Though the compound gases be more numerous Action of

than the simple, we are acquainted with fewer combi- comPounc* .

pases on so?

nations into which they enter with solids ; at least if we lids,

except the salts which the acid gases and nitrous oxide

form with the alkalies, earths, and metallic oxides, and

which ammonia forms with the solid acids.

In most cases, when solids act upon compound gases,

the result is a decomposition, and the elements of the

gas combine in a different manner. Thus, nitrous ox-

ide, nitric acid, oxymuriatic acid, and hyperoxymuria-

tic acid, are decomposed by carbon, phosphorus, and

Sulphur, and by many of the metals. Nitrous gas is

decomposed by carbon and phosphorus when assisted by
a sufficient heat. Sulphurous acid is decomposed by
5ome of the metals, and probably by carbon. Garbon-

J'oL 711. M m
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Carbonic

acid and
charcoal.

Ammonia
and char-

coal.

ic acid is decomposed in certain circumstances by phos"

phorus.

But very frequently solids have no action whatever

upon compound gases ; as is the case with most of the

gaseous compounds of carbon, and several others. I

recollect at present only four instance of the direct com-

bination of a compound gas with a solid base ; these are

the following :

It has been shown by the experiments of Cruikshanks,

and by those of Clement and Desormes, that when car.

bonic acid is passed through red hot charcoal, it is con-

verted into carbonic oxide. But carbonic acid being a

compound of two atoms of oxygen with one atom of

carbon, and carbonic oxide of one of oxygen with one of

carbon, it is obvious, that in this case an atom of car-

bon must have combined with every atom of carbonic

acid. The experiment is of difficult explanation. The

acid is a product of combustion, while the oxide is a

combustible. This would lead us to suppose that the

superinduced carbon alone is susceptible of combustion,

were not the diminished specific gravity inexplicable

upon any other supposition than the union of a new

dose of heat.

The second example is nearly similar. It was ascer-

tained by Scheele, and afterwards by the experiments of

Clouet and other French chemists, that when ammoni-

acal gas is passed through red hot charcoal, prussic acid

is" formed ; and Berthollet showed that this acid is a

compound of azote, hydrogen, and carbon. It must

therefore be formed by the direct union of ammonia

with carbon. A red heat indeed decomposes ammonia;

but it seems the presence of carbon prevents the decom-

position, and enables it to enter into a combination of a
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more intimate nature. It has been supposed by Some,
t
Chap* H

that prussic acid contains oxygen as a constituent ; but Prussia a-

the very high temperature in which the union takes
Cld*

place renders this unlikely. For in such a temperature'

oxygen always unites with carbon or hydrogen sepa-

rately by combustion ; unless we are to suppose that

the oxygen, before its union, was in that state of com-

bination which constitutes a product. But in the present

case there is no product. Water cannot be suspected, be-

cause the experiments of Richter and Bucholz hav

shown that water prevents the formation of prussic acid,

and even occasions its decomposition. Prossic acid,

then, seems to be a triple compound of one atom of hy-

drogen, one of azote, and one of carbon. Its symbol will

and the density of an atom of it 10'5.

Bertholiet has shown, that when prussic acid is treat- Oxyprunfc

ed with oxymuriatic acid, it combines with oxygen,
*

and is formed into a new compound, which he has call-

ed oxyprussic acid. The least heat resolves this new
acid into ammonia and carbonic acid. Hence its com-

position is obvious : Two atoms of oxygen must have

combined with every atom of prussic acid, and render-

ed it a quintenary compound. Its symbol will be

These elements seem to be loosely combi-

ned ; hut heat makes them combine intimately into am-

monia and carbonic acid, which mutually unite. The
most singular circumstance attending this combination

is the change from a. combustible oxide to carbonic acid

without any combustion.

The third example consists in the combination of

sulpjiureted hydrogen and sulphur, afnd tbe formation

M m 2
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of supersulphureted hydrogen, when both are disenga-

ged together from an alkali.

Sulphureted hydrogen gas has the property of dissol-

ving phosphorus. This constitutes the fourth example.

Alcohol. Alcohol is a liquid which is known to be composed
of oxygen, hydrogen, and carbon. The combustion of

its vapour proves that the proportion of carbon is very
considerable. It is usually formed by the mutual ac-

tion of gluten, and what is called saccharine matter, upon

each other. By heat it may be resolved into various

compound elastic fluids, though it has never yet been

. formed artificially by uniting them together. Various

opinions have been entertained respecting the composi-

tion of this fluid. Mr Dalton considers it as composed
of three atoms of carbon^ two of hydrogen, and one of

oxygen, and represents its composition thus
*VjSf7?-

His reason is, that by passing it through a red hot tube,

it may be converted into carbonic oxide and olefiant gas.

With me this has never been the case ; there has al-

ways been a deposite of a fetid oil.

No conjectures in the present state of the science can

be offered on the composition of the combustible acids,

, and far less of the animal and vegetable substances in

general. Many of these, however, are not now beyond
the reach of chemical analysis.
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CHAP. III.

OF LIQUIDS.

IT has been sufficiently ascertained that the state of

most bodies depends upon temperature; that solids may
be converted into liquids by heating them, and liquids

into solids by cooling them. This state of solidity or

liquidity has a considerable effect upon the combination

of bodies with each other. At the medium temperature

of the atmosphere some bodies are always solid 5 others

always liquid. As it is usually in that temperature that

they are employed, they have received from it their

characteristic name; those bodies only being called

liquids which are liquid under the medium temperature

of the air. We shall, in this Chapter, after a few intro-

ductory remarks on the constitution of liquids, consider

how far the state of liquidity affects the union of these

bodies with each other, and with solids. The subject

thus divides itself into three heads.

1. The constitution of liquids.

2. The combination of liquids with each other.

3. The combination of liquids with solids.

These are treated of in the three following Sections.
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SCT. 1.

OF THE CONSTITUTION OF LIQUIDS.

Definition. WEWTON has defined afluid to be a body whose parts

yield to any force impressed upon them, however small,

and which thus move easily among each other*. Ob-

jections have been made to this definition, but no bet-

ter has been Substituted in its place. Fluids have been

divided into two classes ; namely, 1. Those which are

elastic^ or diminish in bulk according to the pressure,

but recover it again when the pressure is removed; and,

2. The non-elastic, or those which do not sensibly di-

minish in bulk when pressed upon. The first class are

called airs or gases ,-
the second, liquids.

1. A liquid, then, is a fluid not sensibly elastic, the

parts of which yield to the smallest impression, and

move upon each other ; but we are not acquainted with

any perfect liquid. The particles of all of them oppose

a sensible resistance to an impressing force, or have a

certain degree of viscidity.

Cause of Very little progress has been made in ascertaining

the formal cause of fluidity. Some have supposed that

the atoms of liquids consist of very minute spheres fine-

ly polished. But this hypothesis alone would not ex-

plain the mechanical properties of liquids. Others have

* Fluidum est corpus omnes cujus partes ccdunt vi cuicunque illat oe,

dedendo facile moventur inter se. Princlpia. Lib. ii. Sect, 5.
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concluded that the difference between solids and liquids
ChaP T

depends upon the particles of the latter being constant-

ly in motion, while those of the former are at rest.

But this hypothesis is equally inconsistent with the

phenomena.
It is very evident, from the facility with which the

particles of liquids move among each other, that they

must meet with little or no resistance from their own

particles ; while the property which they all have of

collecting into drops, shows that they all act upon and

attract each other. Hence it follows, that the particles

of liquids must have such a figure that they may move

freely among each other without altering their mutual

action, or, which is the same thing, their relative distan-

ces from each other. Mathematicians have demonstra-

ted that this property belongs to spheres. Hence it has

been concluded, that the particles of liquids are spheri-

cal ; and that viscidity is owing to the want of perfect

sphericity.

2. The most important mechanical properties of li-

quids depend upon this mobility of their particles, in

consequence of which they propagate pressure in all di-

rections. But the consideration of these properties be-

longs to the sciences of hydrostatics and hydraulics.

3. The particles of liquids cohere together, as well as
Liquids

those of solids, and there is a considerable difference be- coherCt

tween this force in different liquids. Thus the cohe-

sion of mercury is much greater than that of water.

The reason why this cohesion does not prevent the par-

ticles of liquids from separating like those of solids, is

the mobility of those particles without changing their

relative distances. Hence they obey the action of gra-

vitation, sliding upon each other, so that the number of
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Book III. particles which support the cohesion is continually di-

minishing till it becomes too weak to resist the oppo-

sing force. As the cohesion of liquids does not prevent

the motion of the particles of which they are composed,

it offers no resistance to their combination with other

bodies ; excepting in as far as that combination may tend

to alter the relative distances of the particles of the li-

quid, or the form of these particles.

Cnmpres- ^ Though liquids are not sensibly compressed by the

application of an external force, or by their own weights,

like gases, it has been ascertained that they experience

a certain diminution of bulk, which may be made sen-

sible by a proper apparatus. Mr Canton found, in a

set of experiments which he made on the subject, that

when liquids were freed from the pressure of the atmo-

gphere, they underwent a certain expansion, and were

proportionally compressed when the pressure of the at-

mosphere was doubled. The following Table exhibits

the increase of bulk experienced by the several liquids

tried by that philosopher, when the pressure of the at-

mosphere is removed by placing them in the vacuum of

an air-pump, or the diminution of bulk when subjected

|o the pressure of a double atmosphere *.

Mercury .....0*000003

Sea water 0-000040

Rain water... ...0'000046

Oil of olives 0*000048

Spirit of wine 0*000066

Jt must be owned, that these experiments are liable to

* Phil. Trans, vols. lii. and liv. Not having these volumes at

i have quoted the table from Cavallo's Natural Phihtopby, ii. 23,
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objections; but, all things considered, it would be Chap. Ill-

difficult to explain them without supposing the com-

pressibility of liquids, especially as Zimmerman repeat-

ed some of the experiments in a different way, and ob-

tained a similar result.

5. The liquids taken individually are numerous; but

as many of them constitute classes of bodies possessed

of similar properties, they may be taken collectively,

and in that point of view the number is not great. The

following Table exhibits a list of almost the whole of

them, arranged according to their composition.

I. SIMPLE.

J. Mercury.
quids.

II. COMPOUND.

a. Simple gases combined.

2. Water.

3. Nitric acid.

/ I. Gases with a solid base.

4. Sulphuric acid.

5. Alcohol.

6. Ethers.

7. Volatile oils.

8. Fixed oils.

9. Petroleum.

10. Supersulphuret of hydrogen,

jl. Oxymuriate of tin.

c. Solids combined.

12. Phosphuret of sulphur.
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Book III. 6. If we were to exclude mercury from the preceding

list, then all the known liquids would be compounds.
The differencesamong their specific gravities, also, would

be very small when compared with that which exists

among gases and solids. The following Table exhibits

a view of their specific gravities respectively, at the

temperature of60, that of water being supposed 1*000.

Their speci-
fic gravity.

Density of

their atoms,

Liqaids. Specific Gravity.

Water 1*000

Ethers 0-632 to 0-900

Petroleum 0-730 ... 0*878

Volatile oils 0*792 ... 1*094

Alcohol 0*794 ...

Fixed oils 0'913 ... 0'968

Supersulphureted hydrogen

Nitric acid 1*583

Sulphuric acid 1-885

Phosphuret of Sulphur

Oxymuriate of tin

Mercury 13*568

7. This difference in the specific gravity of liquids

must be either owing to a difference in the density of

the atoms of which they are composed, or to a difference

in the distance of the atoms which constitute each liquid

from one anoiher. Probably both causes contribute j

but the last in the most powerful manner.

By the application of Dalton's hypothesis respecting

the combination of atoms, we deduced, in the preceding

Chapter, the weight of the atoms of several of these [li-

quids. The following are the symbols of their com-

position, and the numbers representing the weight of

=~ach, according tojhat hypothesis j
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Constituent*. Density. Chap. III.

GO Water .............. . . 7

Ether (sulphuric) ......... 10

Alcohol ................ 21-5

Supersulphureted hydrogen ... 14

OCDO Nitric acid .............. 17

Sulphuric acid ............ 31

8. It has been demonstrated, that the particles of li-

quids owe their liquid form to their combination with

heat ; that they are all compounds of heat with a solid

base. They differ essentially from those of gases in

wanting that elasticity which is produced by the mutu-

al repulsion existing between the particles of gases,

The particles of liquids, instead of repelling, cohere to-

gether, and oppose a certain force to their farther sepa-

ration. This cohesive force bears a relation to the den-

sity of liquids, and to the ci.fficulty of converting them

into steam or vapour ; and indeed seems to depend upon
these two things. We may conceive with Boscovich,

that the atoms of liquids are placed in the limit between

attraction and repulsion. TheSr atoms cannot be forced

nearer each other without experiencing a repulsion from

the increased action of the combined heat ; they cannot

fye separated farther without experiencing an attraction

from the diminished action of the combined heat, com-

pared with that of the attracting particles. The di-

stances of the atoms are so regulated, that the attraction

and repulsion by which they are at once actuated just

balance one another ; while their form is such, that they

can move freely among each other without altering these



55<5 CONSTITUTION OF LIQJJIDS.

^ Booking
distances. It is this which seems to constitute the real

cause of
fluidity.

The greater number of liquids contain water as an

ingredient : it gives liquidity to a vast number of solid

bodies. But it has not been contended that the pre-

sence of water is essential to liquidity, as it has been re-

specting the gaseous state of bodies.

SECT. II.

OF THE ACTION OF LIQJJIDS ON EACH OTHER

Liquids
which may
be mixed
in any pro-

portion.

HEN liquid bodies are mixed together, they act in

various ways according to the nature of the substances

employed. 1. Some dissolve each other in any propor-

tion, as happens when most of the gases are mixed ;

2. Some unite in certain determinate proportions ; 3.

Some do not act sensibly upon each other at all, se-

parating again, though mixed ever so carefully ; 4.

While some decompose each other. We shall, in this

Section, take a view of these different modes of action.

I. The following Table exhibits a list of the liquids

which may be mixed together in any proportion, and

which, when once mixed, do not afterwards separate

spontaneously.

Water with alcohol

nitric acid

sulphuric acid

Alcohol with ether

Sulphuric acid with nitric acid
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Fixed oils with petroleum

volatile oils

fixed oils

Volatile oils with petroleum

volatile oils

2. When the liquids contained in the preceding list

are brought into contact, they gradually and slowly pe-

netrate each o^her, and each at length distributes itself

equally through the mixture : so that if any portion

whatever of the compound be taken, it will contain e-

qual proportions ofboth ingredients. The difference of

specific gravity does not prevent this uniform mixture,

though it has considerable influence upon the time which

elapses before it is completed. If the densest liquid be

uppermost, the mixture is very rapid ; but if it be un-

dermost, the combination is exceedingly slow : weeks

or even months elapsing in many cases before it is

completed. Agitation produces a sensibly equal mix-

ture in a few minutes ; though there is reason to be-

lieve that it is not so intimate at first as it becomes af-

terwards. The partial opacity or muddiness which

takes place when water and alcohol, water and sulphuric

acid, are first mixed, is a proof of this. It is even said

by some that the density of a mixture of sulphuric acid

and water increased somewhat by keeping it for some

days. But when the two liquids are well agitated, I

have not been able to perceive any such increase, though

my balance was sufficiently delicate to have detected an

increase not exceeding ^--'-^th part.

3. When the two liquids have been once thoroughly F6nn a g

mixed either by agitation or long contact, they present mogene6--
'

r 1 j i , compound,
all the appearances ot a homogeneous compound, and do

not afterwards separate from each other. To this ge-
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Book III. neral law, however, there are some exceptions ; though

I presume only apparent ones. When common spirits

are kept in tall vessels, it is well known that the por-

tion at the top of the vessel is often specifically lighter

than that at the bottom. If a glass bubble, nearly of the

specific gravity of such spirits be thrown into the ves-

sel, it always rests at a particular part. Hence the por-

tion of liquid above is lighter, while that below is hea-

vier than the bubble. It has not been correctly ascer-

tained that this difference in specific gravity takes place

in spirits that havre been thoroughly agitated. I have

not observed such a separation when the alcohol is

strong. If it always takes place in weak alcohol, it in-

dicates a disposition in that liquid to unite with water

only in certain proportions. Sulphuric acid is said to

have exhibited the same separation. I presume it must

have been the sulphuric acid of commerce, in which

some saline bodies are always dissolved, or rather sus-

pended, and these collect often in sensible quantities in

the bottom of a tall vessel filled with that acid.

The union 4. The union of liquids with each other is accompa-

edTTieat"
n *ed ^7 the evolution of heat, and by a certain degree

and conden- of condensation ; for the specific gravity is always great-

er than the mean. The heat evolved is very consider-

able when water is mixed with sulphuric or nitric acid,

and likewise when sulphuric and nitric acids are mixed

together. It is very sensible when alcohol and water

are mixed ;
but in the other cases it has not been ob-

served. The condensation seems to keep pace with the

evolution of the heat, though from the experiments hi-

therto made, the two do not seem to be proportional to

each other. Both vary with the proportions of the li-

quids mixed j
but the condensation seems always great-
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est when the liquids are mixed in equal quantities, ^hap.
III.

whereas this is not always the case with the heat evol-

ved. Thus the mixture of sulphuric acid and water

becomes hottest when one part of the water is poured

into four parts of acid.

The following Table exhibits the increase of density

which takes place when sulphuric acid of the specific

gravity 2*00 is mixed with various proportions of wa-

ter by weight, calculated by Mr Kirwan from his own

experiments :

Increase Condensa-'

Sulph. Acid. Water. of Density.
tion of sul-

phuric acid
5 95 C'0252 and water,

10 90 0-0679

15 85 0-0679

20 80 0-0856

25 75 0-0999

30 70 0-1119

35 65 0-1213

40 60 0-1279

45 55. 0*1319

50 50..., 0'1333

From this Table we see, that when equal parts of sul-

phuric acid and water are mixed, the density is increa-

sed by 13 per cent. Mr Kirwan likewise ascertained,

that when equal parts of water and nitric acid of the

specific gravity 1-5543 are mixed together, the increase

of density is equal to ~^ih of the whole weight. From

the experiments of Lowitz, we learn that the specific

gravity of a mixture of equal weights of water and pure

alcohol is *917. It ought to be only *886, being an

increase of density of more tfran -^th of the whole.

The increase of density is probably still greater when
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JL-iqmds dis-

solve each

ether

Like gases.

alcohol and ether are united together ; but no exact set

of experiments has been made, either to ascertain the

condensation in this case, or when the oils are mixed

with each other and with the petroleum, or when nitric

and sulphuric acids are mixed together.

5. Thus it appears that the union of these liquids

with each other presents every thing which character-

izes a chemical combination. The density increases,

heat is evolved, the mixture becomes perfectly uniform

in every part, the liquids do not separate spontaneously,

and the separation can only be accomplished by means

purely chemical. We must therefore consider it as a

case of chemical affinity. As the change of the pro-

perties is much less remarkable when liquids unite with

each other than in many other compounds, as the com-

bination takes place but slowly, and as the constituents

may in general be separated again by a distilling heat,

it is obvious that the affinity which unites them is much

feebler than in many other combinations. Hence Ber-

thollet has given it the name of dissolution ; a term un-

der which he has classed a variety of feeble combina-

tions.

This dissolution of liquids by each other is exactly

similar to the mutual dissolution of the gases. It may
seem at first sight remarkable that it i? not as general

among liquids as among gases : but there is this great

difference between the state of gases and liquids, that

the particles of the latter cohere, and therefore oppose

the admission of foreign bodies among them ; whereas

this is not the case with the gases. It seems to be this

cohesion chiefly that occasions the difference. Hence,

probably the reason why those liquids that approacli



ON EACH OTHER. 5<51

nearest to each other in their properties ""dissolve each ^Chap.
tl

other most readily.

II. The following Table exhibits a list of the liquids

that unite with each other only in certain proportions :

Water with ether Liquids
. .. ., which diV

volatile oils solvc fixed

sulphuret of carbon quantities
fcf others,

oxymuriate of tin

Alcohol with volatile oils

petroleum

supersulphureted hydrogen ?

phosphuret of sulphur ?

Ether with volatile oils

petroleum

Volatile oils with petroleum

1. The experiments hitherto made upon the solutions

of liquids by water, alcohol, ether, and volatile oils, are

not sufficiently numerous nor precise to enable us to

state the exact proportions taken up. We know, how-

ever, that they are limited, and that every substance

has a degree of solubility peculiar to itself.

Water, from the experiments of Lauraguais, dissolves

T^th of its bulk of sulphuric ether. There is reason to

believe that the proportion is not so great. The ether

tried must have contained alcohol
; as chemists, at the

time Lauraguais' experiments were made, were not in

possession of a method of separating the two liquids.

Now, whenever ether containing alcohol is mi*ed with

\vater, a very considerable proportion of the alcohol is

taken up wiihout injuring the solubility of the ether.

Volatile oils are soluble in very minute quantities'

Nn
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Book ill.
^ only by water. They communicate their odour to that

liquid, but scarcely any other of their properties.
Wafer and It may appear perhaps, at first sight, needless to have
oxymunate . .

ef tin. included oxymunate of tin in the table, as the liquid

state of this salt may be ascribed to water. But there

is reason to believe that tue fuming liquor of Libavius

contains very little water, and that, like phosphuret of

sulphur, it owes its liquid state to the nature of the com-

bination of its constituents with each other. There is

no other salt which exactly resembles it in this respect;

but several other oxymuriates approach it, as the butter

ofantimony9 &c Oxymuriate of tin is capable of uni-

ting with any portion whatever of water ; but water

unites only with a determinate portion of the salt. Adet

ascertained, that when 22 parts by weight of the fuming

oxymuriate are mixed with 7 of water, the two liquids

combine and form a solid mass. These we iriay con-

sider as the proportions which constitute the most inti-

mate combination of these bodies. We have here an

instance of water diminishing the solubility of bodies

in consequence of the increase of condensation which it

produces ; for the liquid oxymuriate is not nearly so

volatile as the fuming liquor. There are many instan-

ces of the same kind : Thus very strong nitric acid is

more volatile than what is moderately strong.

2. Alcohol dissolves a considerable proportion of the

volatile oils ; but the quantity of each is limited and pe-

culiar. The quantity of petroleum which it dissolves

is small. I do not know the effect of this liquid upon

the two other substances contained in the table ; they

have been placed here merely from analogy.

The action of ether on volatile oils and petroleum is

considerable.
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3. The affinity of this second set of liquids for each Chap. HI.

other seems to be weaker than that which exists be-

tween the liquids which unite in all proportions, for the

latter generally decompose the former. Thus, if alco-

hol, holding a volatile oil in solution, be poured into

water, the greatest part of the oil separates, while the

alcohol unites with the water.

It seems to be the weakness of the affinity, together

with the difference between the cohesion of the particles

of the two liquids, which limits the combination to cer-

tain proportions.

III. The liquids which do not sensibly combine in
J

. acting sens-

any proportion are not numerous. The following list bly on each

comprehends the most remarkable of them :

Water with petroleum

fixed oils

supersulphureted hydrogen

Fixed oils with alcohol

ether

Mercury with water

alcohol

ether

volatile oils

petroleurn

The action of liquids upon each other has been explain-

ed by Berthollet in a very satisfactory manner. When
the affinity of two liquids is not sufficient to counterba-

lance the cohesion between the particles, or the differ-

ence in the specific gravity of each, then they cannot

combine. In these cases, however, they sometimes ex-

hibit a degree of affinity, though not sufficiently strong

to produce combination. Thus oil spreads itself upon
Nn2
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the surface of water, and adheres to it as water does ta

a solid *.

IV. When a liquid has a marked affinity for one or

Book II I.

Liquids de-

composing
each other, more of the constituents of a liquid in a separate state,

but not for the liquid itself, it often happens, if the

density of the liquid be not very great, that it decom-

poses it, and forms new compounds with its constituents.

The following Table contains a list of the principal li-

quids which decompose each other,

Water by phosphuret of sulphur

Nitric acid by all the liquids, except water and sul-

phuric acid

Sulphuric acid by all the liquids, except water and

nitric acid

Phosphuret of sulphur gradually decomposes water ;

sulphureted and phosphureted hydrogen exhale, and nx>

doubt sulphuric and phosphoric acids are formed. The

decomposition is greatly facilitated by a high tempera-

ture. This curious decomposition seems to be the effect

of the action of a particle of the phosphuret upon two

atoms of water at once.

The decompositions produced by nitric and sulphu-

ric acids are very curious ; but they are all too compli-

cated to admit of a satisfactory explanation in the pre-

sent state of the science.

V. When solid bodies are brought into a liquid state,

either by heat or any other means, their action upon
Action of each other is similar to that of common liquids. It is

fed.* modified by the degree of affinity : some such liquids

uniting in all proportions, as most of the metals, the so-

*
Statique CLimiquf:, i, 41.
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iid oils, resins, <kc. ; some only in certain proportions, Chap. III.

as tin and iron, lead and iron, and different salts ; some

refusing to combine, as zinc and cobalt, bismuth and co-

balt
;
and some decomposing each other, as nitre and

sulphur, nitre and phosphorus.

The proportion of the ingredients which enter into

combination is in these cases affected not only by the

affinity, but by the tendency of the new compound, or

any of its parts, to assume the solid state.

SECT. III.

0F THE COMBINATION OF LIQJJIDS WITH SOLIDb.

IN treating of the combination of liquids with solids,

we may exclude three, on account of their circumscribed

action, and the want of correct experiments respecting

them. These are supersulphureted hydrogen, pLosphuret

of sulphur, and oxymuriate of tin. Upon these liquids

I have no remarks to offer. There are two others

which act with great energy upon many solids ; but as

their mode of action is precisely similar to a class of

bodies which will come under our consideration in the

next Chapter, we shall defer the examination of them

till we come to treat particularly of the action of the

acids. These two are sulphuric and nitric acids.

Squids only remain, namely,
Water Eiiie:

Alcohol Petroleum
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Volatile oils Mercury
Fixed oils

Of these seven, the action of the first is by far the most

general, and has been most closely examined. We shall

consider the action of this liquid in the first place : A
few observations will suffice for the rest.

Water. I. Water has an
affinity for a very great number of

bodies, and its presence in general greatly facilitates the

action of substances on one another. Hence it is almost

always indispensable when artificial combinations or de-

compositions are to be produced.

Unites with i. Water, as has been already observed in a former
solids in r , . TTr . -

two states. Par * ot tnis Work, has the property or entering into two

different kinds of combinations with solid bodies. In

the one species the compound continues solid, in the

other it becomes liquid. In the first species the propor-

tion of the solid ingredient is greater than that of the

liquid : Hence the cohesion of its particles is not de-

stroyed* In the second, the proportion of the liquid

exceeds the proportion of the solid : Hence it gives its

peculiar state to the compound.

i. Hydrate.
To the first species of combinations Proust has given

the name of hydrate. A hydrate is a compound of a

solid body and water, still retaining the solid state. The

following solid bodies are capable of entering into this

combination with water.

Tableofh j. Sulphur. The hydrate is a very pale sulphur yel-
dratcs> low powder, usually called lac sutyburis. Native

sulphur is often in this state.

2. Metallic oxides. The hydrates of these bodies arc

powders remarkable for the intensity of their co-

lours. They have usually a strong taste, and are

easily acted upon by acid or alkaline solutionSo
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3. The earths. These hydrates are powders, and in

some cases crystals.

4. The fixed alkalies. The hydrates of these bodies

are what are usually termed the crystals of alkalies.

5. All the acids which may be exhibited in a solid state ;

which is the case with the whole of that class of

bodies except 13. The hydrates of these bodies

are what are usually called the crystallized acids.

6. All the class of salts. I do not know that any ex-

ception exists : every salt, as far as known, is capa-

ble of uniting with water in a solid state. The hy-

drates of the salts are the saline crystals in those salts

capable of assuming that form, and powders or soiid

masses in those which are not.

*?. All the hydrosulphurets capable of assuming a solid

form. The hydrates of these bodies are the cry-

stallized hydrosulphurets.

6. Many earthy combinations. Water exists as a con-

stituent in many combinations of earths found na-

tive. But the examination of these bodies has not

hitherto been conducted in such a manner as to war-

rant us to venture upon a list of such native hy-

drates.

9. Soaps. All soaps contain water as a constituent.

It is not, then, quite correct to say that soap combines

with water and forms a hydrate. The soap is itself

a hydrate ; but we have no name for soap free from

water, if such a compound be possible.

10. Tannin and many animal and vegetable solids.

In the first eight classes of hydrates contained in the

preceding list, the quantity of water seems to be deter-

minate, or nearly so ; but this does not appear to be the

case in the two last classes.
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Explana-
tion cf the

action i>f

water on

solids.

The second species of combination into which wate.tr

a. Solution, enters with solid bodies has been usually termed the so-

lution of these bodies in that liquid. The bodies which

it dissolves are not so numerous as those with which it

forms hydrates. They are those which are contained

in the preceding list, excepting sulphur, most of the me-

tallic oxides, most of the earths, many salts, and almost

all the earthy combinations. In these combinations

there is a minimum of water pecessary to dissolve the

solid ; but beyond this proportion the quantity of liquid

may be increased at pleasure.

2. The action of water upon solid bodies has been

explained in a very luminous manner by Bertholletf.

This liquid has obviously an affinity for all those bo-

dies with which it is capable of combining. But affi-

nity is mutual. We may say with as much propriety,

that the solid acts upon the liquid, as that the liquid acts

upon the solid. Both act upon each other reciprocally,

and at the same time ; but the force exerted by each

will be proportional to its mass. Now there is this pe-

culiarity in the action of liquids upon solids, that they

can only act at the point of contact, or, at least near it.

Hence, as far as the mass is concerned, it is quite the

same thing whether a solid be acted upon by a large

quantity of liquid or a small quantity ; since the points

of contact, and of course the sphere of the liquid *s acti-

vity, must in both cases be the same.

When a solid body, then, is plunged into a liquid for

which it has an affinity, whatever the quantity of liquid

may be, the action is always limited to a very small por-

tion. Hence the liquid is not capable at first of de-

Statique C&imigue, i. 35.



WITH SOLIDS. 5ti9

SUroying the cohesion of the solid 5
which imbibes it, Chap, in,

and combines with it, while new portions of liquid corne

into contact, and begin to exert their action. If the af-

finity between the solid and liquid be weak, the combi-,

nation proceeds only till the force of affinity is so far

\yeakened by the quantity of water united, that it is no

longer able to overcome the cohesion of the particles of

the solid, and then it necessarily stops. The compound
continues solid. With such solids water it capable on-

ly of forming a hydrate ,- it does not dissolve them.

If the affinity be strong, new doses of water continue

to combine with the atoms of the solid, and thus these

atoms are separated farther and farther from each other j

but as this distance increases, the force of cohesion con-

tinually diminishes, while the liquid, by its increased

mass, is enabled to a.ct with greater and greater energy.

Hence the cohesion of the solid is gradually destroyed ;

the particles of it arc separated to too great a distance,

and are dispersed equally through the liquid. This is

what is termed solution,

If we continue to add more of the solid after a por-

tion has been dissolved in this manner by the liquid, it

will be dissolved in the same way. But by this new

portion the particles of tfce dissolved solid are brought

nearer each ofcher in the liquid ; their mass is increased

in proportion to that of the liquid. Hence they exert 3,

greater force upon it, and of course the liquid isenable^

IP exert only a smaller force upon new portions pf the

solid. If we continue to add new portions of the solid,

a time will come when the action of the liquid will be

so much weakened, that it will nq longer be able to o-

vercome the cohesion of the solid ; it will then refuse

to dissolve any more qf it. When a liquid has come to
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Combina-
tion chemi-
cal.

this state, it is said to be saturated with the solid.

Were we to suppose the solution to go on, the panicles

of the solid in solution would be brought so near one

another, that their force of cohesion would overbalance

the affinity of the liquid for them
; they would, in part,

cohere and form again a new portion of the solid. The

saturation of a fluid, then, does not mean that its affinity

for the solid is satisfied, but that it is not greater than

the tendency of the combined particles to cohere. Now,
when a liquid is saturated with a solid, if by any means

we can abstract part of that liquid, the cohesive force of

the particles of the solid must gain the superiority ; and

the consequence will be, that they will unite and form

solid bodies anew, till their number be so much dimi-

nished that their mutual attraction is again counterba-

lanced by the affinity of the liquid. Hence the reason

that evaporation occasions the crystallization of those

bodies which are held in solution by liquids.

If the affinity between water and the solid be not suf-

ficiently great to enable it to overcome any part of the

cohesion of the particles of the solid, in that case none

of it combines with that body ; it only moistens its sur-

face. If the affinity is even weaker than the cohesion

between the particles of the liquid, in that case the sur-

face of the solid is not even wetted. Such is a sketch

of Mr Berthollet's explanation of the mutual action of

water and solids upon each other.

3. The combination of water with solid bodies is ac-

companied by the usual phenomena of chemical combi-

nations. The density is considerably increased, while

heat is usually evolved. The hydrates seem to be the

most intimate combination ; in them the density is great-

est, and the heat evolved during their formation is con-
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siderable. The solution of the hydrates in water is oft-
^Chap.

in.

en accompanied by an expansion rather than condensa-

tion 5 of course cold is produced, and the new compound

is much less intimate than the old.

Many experiments have been made to determine the

density of the solutions of solids in water ; but as the di-

stinction was not always observed between the pure so-

lids and the hydrates, the results are not so satisfac-

tory as they otherwise would have been. The most

valuable experiments by far on this subject, which I

have had an opportunity of seeing, are those by Dr

Watson* and Mr Hassenfra-z f. Dr Watson first set

the subject in a clear point of view, by explaining the

real nature of the solution, and the changes of density

which accompany it. His experiments show very clear-

ly the difference between the hydrates and the pure so-

lids in the density produced by their solution in water.

To Hassenfratz we owe by far the most copious set of

facts hitherto offered to the public. His experiments

were made upon pure substances in a determinate state,

so as to be susceptible of comparison. He generally

employed hydrates.} but he has pointed out very clear-

ly the difference between hydrates and pure solids when

dissolved in water. The following are the most im-

portant facts ascertained by these philosophers.

4. When solid bodies unite with water and form a ,

Hydrate 01

hydrate, the increase of density is sometimes very great ;
lime,

in such cases there is a vast quantity of heat evolved.

Mr Hassenfratz united water in different proportions to

* P.'//. 'Trans. 1770, and Chemical Essays > v. 43.

Ann. de Cb'm. xxvii, 116 ; xxviii. 3, and 282; xxxi. 284*
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Book m. lime, and ascertained the specific gravity after each ad-

dition. The following Table exhibits the result of

these curious experiments on three different specimens
of lime varying in their specific gravity. The weight
of lime used was always 10000.

Quantify
of Water
added to

the Lime.

1st.

2d.

Spec. Grav.
of the Com-
pound.

J'5949 .

1'6137 .

, 1-4877 .

0-7852 .

,1-4558 .

, 1-4819 .

, 1-4737 ,

1-4000 .

0-8983 .

Spec. Grav.

by Calcula-

tion.

1-5841

1-5123

1-4449

1*4292

1-3941

1-3648

1-3038

{0

.... 1-3715 . , . .

312 .... 1*4506 ....]
937 , ... 1-4781 ....!
1875 .... 0-9727 . . . . 1'

3602

3397

3128

Differ-

ence.

+296
246

--6597

+527
+796
+354
4053

+904
+1318

3401

These experiments were made by weighing the com-

pound, first separately, and then in a phial which was

filled with mercury. The weight of mercury displaced

gave the bulk of the compound. The first numbers in

each series give the specific gravity of the lime em-

ployed. From these tables ii appears that the first ad-

ditions of water actually increased the specific gravity

of the lime, and of course the bulk must have diminish-

ed by combination. The third column gives the speci-

fic gravity which would have resulted if the lime and

water had combined without any change of density
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whatever. The last column gives us the excess of the Clap, ill.

real over the calculated specific gravity, or its diminu-

tion. Thus it appears that the hydrate of lime is spe-

cifically heavier than pure lime. The density dimini-

shes as the proportion of water increases, till at last the

compound now reduced to the state of a fine powder, and

moist, becomes lighter than water*.

Alum furnishes another good example of the intensi* Hydrate of

ty of that species of combination to which the name of

hydrate has been given. The hydrate of alum is no-

thing else than the salt in the state of crystals. In that

state its specific gravity, as taken by Hassenfratz, is

1'7065 ; but when the salt is deprived of its water by

calcination, its specific gravity is reduced to 0*4229.

Here the density is quadrupled by the combination of

water. The following Table exhibits the increase of

density which takes place when this salt is combined

with water up to the state of hydrate. The quantity

of calcined alum used was always 1000.

Proportion
of Water.
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EookllL but when the proportion is increased, the condensa*

tion becomes extremely great.

The crystals, or hydrate of nitre, are of the specific

gravity T9639 ; but nitre deprived of its water, and in

the state of a dry powder, has the specific gravity

1-7269*.
Solution of 5. When solid bodies are dissolved in water, the bulk
bodies m
water. of the liquid is increased. The density of the solution

appears to be always greater than the mean when the

pure solids are employed ; but when it is the hydrates

which are dissolved, the specific gravity is more fre-

quently less than the mean. This will appear very

clearly from the following Table, exhibiting the result

of the experiments of Hassenfratz on the solution of va-

rious salts in water. They were all used in the state of

hydrates, or crystallized, except a small number which

could not be conveniently used in that state. The first

column contains the names of the salts; the second their

specific gravity ;
the third, the specific gravity of water

saturated with each of them at the temperature of 55 ;

the fourth, the weight of salt contained in 1000 parts,

by weight, of the saturated solution ; the fifth gives the

density of the salts, supposing the specific gravity of the

saturated solution exactly the mean. - When the density

of the salts thus found is less than the real, it indicates

a condensation; when greater, it indicates an expansion.

* Hassenfratz, Ann, de Cbim* xxxi. 387,
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Book III. G. As a knowledge of the quantity of salt contained

in saline solutions is of considerable importance, both to

chemists and manufacturers, I shall insert here the fol-

lowing Table of Hassenfrptz, which exhibits the spe-

cific gravity of saline solutions, differently impregnated

at the temperature of 55. The first column gives

the quantity of salt contained in 100 parts, by weight,

of the solution : the others, the specific gravity of each

solution so impregnated. The column belonging to

each salt terminates when water is saturated with it at

the temperature of 55. The salts were in general cry-

stallized. The fundamental experiments from which

the table was calculated appear to have been made with

precision ; the results in general agree very nearly with

those obtained by Dr Watson. For a minute account

of the method employed in constructing this table, the

reader is referred to Mr Hassenfratz's Dissertation OP

the subject*.

* Ann. deCbim.xnvii. 118 ; and xxviii. a8z.



iVITH SOLIDS* 577

TABLE OF SALINE SOLUTIONS.

Weight



COMBINATION OF LIQJJIIfe

TABLE of Saline Solutions , continued-

'

Weight
of Salt in

100 Parts

of tht So-

lut on.
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TABLE of Saline Solutions, continued.

Weight
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of Saline Solutionsi continued.

Weight
of Salt it

roo Part

of the

Solution.
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TABLE of Saline Solutions, continued.

Chap. III.

Weight
of S.-.U in

i oo Parts

of the

Solution.
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TABLE of Saline Solutions, continued.

Weight
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This Table is so simple as scarcely to require any Chap. IIL

explanation. Suppose we have a solution of nitrate of

zinc, of the specific gravity 1*4050, at the temperature

of 55 ; by inspecting the Table, we see immediately

that such a solution contains half its weight of crystal*

lized nitrate of zinc.

When the specific gravity of our solution is not to
Explanation

be found exactly in the preceding table, we may obtain of lhe table*

the quantity of salt which it contains pretty nearly by

the following method : Suppose we have a solution of

American potash of the specific gravity 1/1900, at the

temperature 55. By inspecting the table, we find that

the quantity of salt which our solution contains lies be-

tween 30 and 32 per cent. Now the specific gravity

of a solution containing 30 per cent, is 1*1840, and that

of one containing 32 per cent, is 1'1989. If we can

find a number such that it will have the same ratio to

30 and 32, as 1'IPOO has to 1'1$-10, and 1'1989, that

number will give us very nearly the quantity of salt

per cent, which our solution contains. The following

operation gives us a number x, which, when added to

80, makes the number required :

32 30 : 1-1989 1'1S40 : : x : 1900 1840;

Or, which is the same thing,

2 : 149 : : x : 60, and* ..

2X6 = o-81
149

The number required of course is 30*81.

Suppose we have a saturated saline solution of any

salt, and that we wish to reduce it by the addition of

water till it contains only a given quantity of salt per

cent, the quantity of water to be added may be found

by the following operation. Let D be the weight of a



COMBINATION OF LIQUIDS

Book IIT.

Effect of

tempera-
ture.

Action of

water on
differci t

solids at

pnce.

saturated solution which we wish to dilute, S the quaru

tity of salt which it contains, x the quantity of water

to be added, S' the quantity of salt contained in 100

parts of the new mixture ; then we have . JL_^Z1
:

;

o D'

Hence x
SD- S'D

S'
Suppose the solution which

we have to be nitre and D = 100. From the table we

see that a saturated solution of nitre contains 24*88 per

cent, of salt } therefore S =: 24*88. Let it be required

to reduce it so that it shall contain only 10 per cent* of

I TT C" TIT" 1. 1. r 2488 1000
salt. Here S = 10. We have therefore tf ,

10

= 148*8. So that to 100 parts of the saturated solution

if we add 148*8 parts of water by weight, we shall form

a new solution, containing only 10 per cent, of salt*.

7. The quantity of salt soluble in water in most cases

increases with the temperature. Hence both the pro-

portions and the specific gravity must vary with every

temperature. The preceding table applies only to the

temperature of 55. Hitherto no exact set of experi-

ments has been made to enable us to ascertain what

allowance is to be made for changes of temperature.

Hassenfratz has promised to publish a treatise on the

subject, but hitherto he has not fulfilled that promise.

8. Water has the property of dissolving more than

one solid body at a time ; we may present to a satura-

ted aqueous solution of one substance another substance

soluble in water. In that case, the result varies exceed-

ingly according to the substances used ; but the differ-

ent cases may be reduced to three : 1. Sometimes none

HassenfratZj Ann. de Cbitr. xxvi;. 132 .
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of the solid is dissolved : thus, a saturated solution of Chap. in.

muriate of lime is incapable, at the temperature of 60,
of dissolving any common salt. In that case the tempera-

ture of the liquid suffers no change. 3. Sometimes the

saturated solution dissolves the whole or a part of the

new solid, without losing any part of the solid with

which it is already combined. Thus a saturated solution

of nitrate of potash, in the temperature of 51, dissolves

a considerable quantity of common salt, and thus has

its density greatly increased. In that case the tempera-

ture of the solution always sinks when the new solid is

in the state of a hydrate. 3. Sometimes the saturated

solution dissolves the new solid, but at the same time

lets go a portion or the whole of the substance with

which it was formerly combined. Thus when a satu-

rated solution of sal ammoniac, in the temperature of

61, is mixed with a sufficient quantity of common salt,

this last substance is dissolved, but at the same time the

whole of the muriate of ammonia precipitates. In this

case the temperature of the solution often rises.

We are indebted to Mr Vauquelin for the most curi- Actit.n of

ous set of experiments on this subject which has hither-
^JJ^J, ^,

to appeared, I shall present the result of them under line sola-

the form of a table. They were made by mixing mu-

riate of soda in powder with saturated solutions of va-

rious salts. The portion of liquid used in each experi-

ment was 2304 grains (4 oz. French), and the quanti-

ty of common salt mixed with it was always 576 grains,

or -th of the weight of the liquid. The first column

of the following Table gives the temperature of the sa-

line solution employed ; the second, the name of the

solution ; the third, its specific gravity, wherever that

Jias been noted by Mr Vauquelin ; the fourth columq
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Book in. gives the weight of common salt in grains, taken up by
the solution ; the fifth, the quantity of the salt previous-

ly in solution, which precipitated when the common salt

dissolved ; the sixth column gives the temperature of

the liquid immediately after the solution of the com-

mon salt ; and the seventh the amount of the change of

temperature *.

Tenipera-
ture be-

Fore Mix-
ture.
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Tempera-
tnre be-

fore Mix-
ture.
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Book III. These curious phenomena obviously depend upon
the mutual action which certain salts exert upon each

other, which by diminishing the cohesion of each, ena-

bles the water to act upon them with more energy ;

and upon their relative affinity for water. This affini-

ty we know varies with the temperature, and every salt

follows a particular law of its own. Hence it happens,

that the phenomena above described succeed only at the

temperature in which the experiments were made. In

high temperatures, the affinity of muriate of soda for

water is much feebler than that of roost of the salts,

At a boiling heat, therefore, it is separated by those ve-

ry salts which it throws down at a low temperature.

The heat evolved, even when the quantity of salt

precipitated was much less than of the common salt dis-

solved, shows us that muriate of soda absorbs but little

heat during its solution in water. A circumstance pro-

bably connected with the small quantity of water of

crystallization which it contains.

9. When a portion of the water holding a solid body
in solution is removed by 'evaporation, the particles of

the solid being brought nearer each other, their tenden-

cy to cohesion increases, and more than counterbalances

their affinity for the liquid. Hence a portion separates

and assumes the solid form. If different bodies be in

solution at once, that substance separates first which

has the greatest tendency to cohesion. But in general,

the different substances dissolved act upon each other

to a certain extent, and prevent or retard their return-

ing to the solid form. Hence the mother liquor, as it is

called, which almost always remains when compound

saline liquors are evaporated, ,

By evaporation, a saturated solution of a solid may
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be concentrated to a considerable degree, without depo- t
Chap. III.

siting any of the dissolved solid ; because the cohesion

being now destroyed, cannot resist the action of the wa-

ter on account of the equilibrium of the particles, un-

less some cause intervene to destroy that equilibrium.

Thus if a crystal of the substance dissolved be introdu-

ced into the solution, immediately the particles in solu-

tion begin to deposite themselves *.

II. The action of alcohol upon solids is more limited Action of

alcohol on
than that of water. There are, however, a consider- solids.

able number of bodies on which it acts. We are not

acquainted with any solid combinations into which al-

cohol enters similar to the hydrates. The following is

a list of the solid substances which it is capable of dis-

solving :

1. Sulphur.

2. Phosphorus, and several compounds into which it

enters.

3. Fixed alkalies.

4. Some of the alkaline earths in minute proportions,

5. Most of the solid acids.

6. Many salts^

T. Alkaline sulphurets.

8. Alkaline soaps.

9. Tannin, and many vegetable substances.

Water and alcohol together appear to act upon several

solids with more energy than either of them separately.

III. The action of ether seems still more circumscrib-

ed than that of alcohol ; but the experiments hitherto

* Berthollet has explained this subject at great length, and with his

usual sagacity. See Stjtiyue Gltimi$ue t
i. 34 and 35,.
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Book
IfT.^

ma(je upon the action of ether, petroleum, volatile oik,

and fixed oils upon solids, are neither sufficiently nume-

rous nor precise to warrant any general deduction.

Action of IV. The action of mercury is confined entirely to the
l

metals. With these it forms compounds called amal~

gams. The energy of the action depends obviously

upon the strength of its affinity, and upon the cohesive

force of the particles of the metal with which it is to

combine.

There are seven metals upon which mercury acts

spontaneously; and if applied in sufficient quantity, dis-

solves them completely. These are

Gold, Bismuth,

Silver, Zinc,

Lead, Osmium.

Tin,

Upon five metals it may be made to act either by tritu-

ration or by destroying the cohesion of the metal by
means of heat. These are

Platinum, Arsenic,

Copper, Antimony.

Tellurium,

With iron it may be made to combine ; but its affinity

for that metal being very weak, the iron must be pre-

sented in a particular state.

There are five metals with which mercury cannot be

made to combine. These are

Nickel, Manganese

Cobalt, Molybdenum.

Rhodium,

Its action upon the other metals has not been tried.

When several of the metals are dipt into mercury,

they come out moistened with it just as a piece of wood
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does when plunged into water. The adhering portion Chap. Hi.

has obviously begun a combination. Hence the mer- Adhesion of

cury adheres to the metal with a considerable force.
Iietalsto

J
mercury.We learn from the experiments of Morveau, that this

force varies in different metals. He constructed cylin-

ders of different metals, perfectly round, an inch in dia-

meter and the same in thickness, and having a small

ring in their upper surface, by which they might be

hung exactly in equilibrium. He suspended these cy-

linders, one after another, to the beam of a balance ;

and after counterpoising them exactly, applied them to

a quantity of mercury placed about two lines belovr

them, making them slide along its surface, to prevent

any air from lodging between them and the mercury.

He then marked exactly the weight necessary to over-

come their adhesion, taking care to change the mercury

after every experiment. The Table of the results is as

follows :

Gold adheres to mercury with a force of 446 gr.

Silver 429

Tin .418

Lead 39T

Bismuth 372

Platinum , .. , 282*

Zinc , 204

Copper 142

Antimony 126

Iron ..*. 115

Cobalt 8

These numbers may be considered as proportional to

* Morvcau, Ann, de Cbim. xxv. ia
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Book III. the affinity of each metal for mercury. They obvious-

ly depend upon the quantity of mercury that adhered

to each surface ; and that of course would be regulated

by the affinity. But' the supposition that the numbers

in the table are proportional to the affinity is altogether

gratuitous*
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CHAP. IV.

OF SOLIDS*

bodies are much more numerous than either li-

quids or elastic fluids. Many of them when heated be-

come liquids, while others are decomposed before they

acquire the temperature necessary to produce fluidity.

In this Chapter we shall consider, in the first place, the

constitution of solid bodies, and afterwards their combi-

nations with each other. Solid bodies consist of an in-

definite number of homogeneous particles aggregated

together in masses, and so constituted that they cannot,

like liquids, move among themselves. In considering the

constitution of solid bodies, there are two things which

claim particular attention. The first is the iorce by
means of which the panicles are united together. It is

called cohesion. The second is the way in which these

particles arrange themselves with regard to each other.

It produces those regular shapes in solid bodies well

known by the rjame of crystals. \W shall treat of each

of these separately : this Cnapter, then, will be divided

into three Sections ; treating respectively,

1. Of Cohesion.

2. Ot Crystallization.

3. Of the Combination of Solids with each other.

Vol. ILL P p
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SECT. I.

OF COHESION.

Cohesion
varies in

different

bodies,

i HE force called cohesion is inherent in all the parti-

cles of solid bodies ; for all solid bodies exist in masses

composed of an indefinite number of particles united to-

gether.

1. It acts only at insensible distances ; for whenever

xve remove the particles of a body to a perceptible dis-

tance from each other, they cease to cohere altoge-

ther.

2. Cohesion is exceedingly various in different bo-

dies ; though in the same body, if other things be equal,

it is always the same. Thus an iron rod is composed

of particles of iron cohering so strongly, that it requires

an enormous force to separate them. A smaller force

is necessary to overcome the cohesion of lead, and a still

smaller to separate the particles of chalk from each

other. In short, there are scarcely two bodies whose

particles cohere with the same force. The force of co-

hesion in solid bodies is measured by the weight neces-

sary to break them, or rather to pull them asunder.

Thus if a rod of glass be suspended in a perpendicular

direction, and weights be attached to its lower extre-

mity till the rod is broken by them, the weight attach-

ed to the rod just before it broke is the measure of the

cohesive force of the rod. We are indebted to Muschen-

broeck for the most complete set of experiments hither-

to made upon the cohesive force of solid bodies. Sick-
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engen has also examined the cohesion of several of the ChaP- *v -

metals with much accuracy. The results of the la-

bours of the first of these philosophers may be seen in

the following Table *
:

I. METALS.

Steel, bar 135,000

Iron, bar 74,500

Iron, cast 50,100

Copper, cast 28,600

Silver, cast 41,500

Gold, cast 22,000

Tin, cast 4,440

Bismuth 2,QOO

Zinc 2,600

Antimony 1,000

Lead, cast 860

II. ALLOYS.

Gold 2 parts, silver l part,28,OQO

Gold 5, copper l 50,000

Silver 5, copper 1 48,500

Silver 4, tin J 41,000

Copper 6, tin l 55,000

Brass '. 51,000

Tin 3, lead 1 10,200

Tin 8, zinc 1 10,000

Tin 4, antimony 1 12,000

Xefed 8, zinc 1 4,5UG

Tin. 4, lead 1, zinc 1...... 13,000

* In this Table the numbers denote the pounds avoirdupois which are

just sufficient to tear asunder a rod of each of the bodies whose base is?

an inch square.

Pp 2
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tg
ok111 - III. WOODS.'

" '

Locust tree 20,100

Jujeb 18,50O

Beech, oak 17,300

Orange 15,500

Alder 13,900

Elm.. .......... 13,200

Mulberry 12,500

Willow 12,500

Ash .12,000

Plum 11,800

Elder 10,000

Pomegranate 9,150

Lemon 9,250

Tamarind 3,750

Fir 8,330

Walnut 8,130

Pitch pine 7,656

Quince 6,750

Cypress 6,000

Poplar . 5,500

Cedar 4,880-

IV. BONES.

Ivory 16,270

Bone,... ..15,250

Horn..*. 8,750

Whalebone 7,500

Tooth of sea calf 4,075

3. The nature of cohesion has been more happily ex-

fcy Bwco- plained by Boscovich than by any other philosopher,
vich. Indeed it forms the most beautiful and satisfactory part
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of his theory. According to him, the particles of bo- Chap. IV.

dies cohere together when they are placed in the limit

of repulsion and attraction. Two particles, when si-

tuated at a certain distance from each other, repel each

other mutually ; this repulsion gradually diminishes as

the distance between the particles increases, till at last,

when the distance reaches a certain magnitude, the re-

pulsion ceases altogether. If the distance be increased

ever so little, the particles now, instead of repelling, at-

tract each other ; and this attraction increases with the

distance, till at last it reaches its maximum. From

this point it gradually diminishes, till at last, when

the particles have acquired a certain distance, it va-

nishes altogether. If the distance be increased ever

so little beyond that distance, the particles now again

repel each other. He supposes that the insensible di-

stance between two particles is divided into an indefi-

nite number of portions of alternate repulsions and at-

tractions.

Let the line AH (fig. 14.) represent the insensible

distance between two particles ; and let the ordinates of

the curve IQ^ q q' q" represent the attracting and repel-

ling forces of the two particles, as the second moves a-

long the line AB while the first remains in the point A.

The ordinate of the curves situated above the line AH
represent repulsive forces, and those below the line re-

present attracting forces. The points B, C, D, E, F,

G, H, wherfe the curve cuts the axis, represent the li-

mits between repulsion and attraction. While the se-

cond particle is in any part of the line AB it is repel-

led : the repulsion increases as the particle approaches

A ; and at the point A it is infinite, because the line

A a is to be considered as an asymptote to the curve,
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Book III. At the point B the second particle is neither repelled

nor attracted. In every part of the line BG it is at-

tr<ted j and the attraction is a maximum at P, because

there the ordinate PQ^is a maximum. At the point

C it is neither attracted nor repelled. In every part of

CD it is repelled ; in D it is neither attracted nor re-

pelled ; in DE it is attracted ; and so on.

Now the points B, D, F, and H, are called by Bos-

covich limits of cohesion, because particles placed in

these points remain unaltered, and even resist any force

which endeavours to displace them. If they are driven

nearer each other, they are again repelled to their for-

mer limit : on the other hand, if they are driven to a

greater distance, they are again attracted to their for-

mer situation.

Boscovich supposes, that in all cases of cohesion the

particles of the cohering body are so situated as to be

in these limits of cohesion with respect to each other.

According to this very ingenious theory, cohesion is

not, properly speaking, a force, but the interval be-

tween two forces. And even if we were to modify the

theory a little, still we must consider cohesion as the

balancing of two opposite forces, either of which be-

comes prevalent according as the cohering particles are

urged nearer each other or forced to a greater distance.

Consequently, if we were to speak with precision, co-

hesion is not itself a force, but the absence of a force.

What has been hitherto called the force of cohesion, is

the attraction which prevents the cohering particles

from separating from each other, and which begins to

act, or, more precisely, which becomes prevalent, when

the particles are urged to a greater distance from each

other.
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4s Boscovich has shown, in a very satisfactory man- Chap. iv.

ner, how all the varieties of cohesion may be produced

by the differences in the size, figure, and density, of the

cohering particles *, It deserves attention, that in most

cases the cohesive force of undecompounded solid bodies

is very considerable. All the metals cohere very

strongly ; the diamond probably coheres with no less

force, if we can judge from its hardness; and the co-

hesion of sulphur is also great. The sapphire or crys-

tallized alumina, and rock crystal or crystallized silica,

are always very hard. In the metals the cohesion is

very often increased considerably by alloying them to-

gether. Thus the cohesion of copper is doubled by al-

loying it with one-sixth of its weight of tin, though the

cohesion of the tin is scarcely one-sixth of that of the

copper. The cohesion of metals is greatly increased by

forging them, and by drawing them out into wire. By
this last operation gold, silver, and brass, have their

cohesion nearly tripled ; copper and iron more than

doubled.

SECT. II.

OF CRYSTALLIZATION.

THE word crystal (*? v<ria\\o?) originally signified ice ;

but it was afterwards applied by the ancients to crystal-

lized silica, or rock crystal ; because, as Pliny informs

hia Tteoria PLilotopbi* Natural!*, P^rt Hi. Sect. 4O6 p. i8.r
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us> they considered that body as'nothing else tha i wa-

ter congealed :by the action of cold. Chemists after-

wards applied the word to all transparent bodies of a

regular shape ; and at present it is employed to denote,

in general, the regular figures which bodies assume

when their particles have full liberty to combine ac-

cording to the laws of cohesion. These regular bodies

occur very frequently in the mineral kingdom, and

have long attracted attention on account of their great

beauty and regularity. By far the greater number of

the salts assume likewise a crystalline form ;
and as

these substances are mostly soluble in water, we have

it in our power to give the regular shape of crystals in

some measure at pleasure.

1. Most solid bodies either occur in the state of crystals,

or are capable ofbeing made to assume that form. Now
it has long been observed by chemists and mineralogists,

that ihere is a particular form which every individual

substance always affects when it crystallizes: this in-

deed is considered as one of the best marks for distin-

guishing one substance from another. Thus common

salt is observed to assume the shape of a cube, and a-

lum that of an octahedron, consisting of two four- sided

pyramids, applied base to base. Saltpetre affects the

form of a six- sided prism; and sulphate of magnesia

that of a four- sided prism ; and carbonate of lime is of-

ten found in the state of a rhomboid. Not that every

individual substance always uniformly crystallizes in

the same form ; for this is liable to considerable varia-

tions according to the circumstances of the case : but

there are a certain number of forms peculiar to every

substance, and the crystals of that substance, in every

case, adopt one or other of these forms, and no other ;
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and thus common salt, when crystallized, frtsalw

cither the figure of a cube or octahedron, or 3 me figure

reducible to hese.

2. As the particles of bodies must be at liberty to

move before they crystallize, it is obvious that we can-

not reduce any bodies to the state of crystals, except

th< se which we are able to make fluid. Now there
c talg

are two ways of rendeiing bodies fluid, namely, solu- formed by

tion in a liquid, and fusion by heat. These of course

arc the only methods of forming crystals in our power.

Solution is the common method of crystallizing salts.
Soiutjon

They are dissolved in the water : the water is slowly

evaporated, the saline particles gradually approach each

other, combine together, and form small crystals ; which

become constantly larger by the addition of other parti-

cles, till at last they fall by their gravity to the bottom

of the vessel. It ought to be remarked, however, that

there are two kinds of solution, each of which presents

different phenomena of crystallization. Some salts

dissolve in rery small proportions in cold water, but

are very soluble in hot water ; that is to say, water at

the common temperature has little effect upon them,

but water combined with caloric dissolves them readily.

When hot water saturated with any of these salts cools,

it becomes incapable of holding them in solution : the

consequence of which is, that the saline particles gra-

dually approach each other and crystallize. Sulphate

of soda is*a salt of this kind. To crystallize such salts,

nothing more is necessary than to saturate hot water

with them, and set it by to cool. But were we to at-

tempt to crystallize them by evaporating the hot water,

we should not succeed ; nothing would be procured but

a shapeless mass. Many of tile-salts which follow this
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law of crystallization combine with a great deal of wa-

ter ; or, which is the same thing, many crystals formed

in this manner contain a great deal of water of crystal-

lization.

There are other salts again which are nearly equally

soluble in hot and cold water ; common salt for instance.

It is evident that such salts cannot be crystallized by

cooling j but they crystallize very well by evaporating

their solution while hot. These salts generally contain

but little water of crystallization.

Fusion.
There are many substances, however, neither soluble

in water nor other liquids, which, notwithstanding, are

capable of assuming a crystalline form. This is the

case with the metals, with glass, and some other bodies.

The method employed to crystallize them i* fusiont

which is a solution by means of caloric. By this me-

thod the particles are separated from one another ; and

if the cooling goes on gradually, they are at liberty to

arrange themselves in regular crystals.

3. To obtain large artificial crystals of a regular

shape, requires considerable address and much patient

attention. This curious branch of practical chemistry

has been much improved by Mr Leblanc ; who has not

only succeeded in obtaining regular crystals of almost

any size at pleasure, but has made many interesting ob-

servations on crystallization in general ?. fjis method

is as follows : The salt to be crystallized is to be dis-

solved in water, and evaporated to such a consistency

that it shall crystallize on cooling. Set it by, and when

quite cold pour the liquid part off the mass of crystals
'

Jour. & Pbyt. Iv. JOC
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at the bottom, and put it into a fiat-bottomed vessel. Chap. IV.

Solitary crystals form at some distance from each other,

and these may be observed gradually increasing. Pick

out the most regular of these, and put them into a flat-

bottomed vessel at some distance from each other, and

pour over them a quantity of liquid obtained in the

same way, by evaporating a solution of the salt till it

crystallizes on cooling. Alter the position of every

crystal once at least every day with a glass rod, that all

the faces may be alternately exposed to the action of the

liquid : for the face on which the crystal rests never

receives any increment. By this process the crystals

gradually increase in size. When they have acquired

such a magnitude that their form can easily be distin-

guished, the most regular are to be chosen, or those

having the exact shape which we wish to obtain ; and

each of them is to be put separately in a vessel filled

with a portion of the same liquid, and turned in the

same manner several times a-day. By this treatment

they may be obtained of almost any size we think pro-

per. After the crystal has continued in the liquid for

a certain time, the quantity of salt held in solution be-

comes so much diminished, that the liquid begins to act

upon the crystal and redissolve it. This action is first

perceptible on the angles and edges of the crystal. They
become blunted, and gradually lose their shape alto-

gether. Whenever this begins to be perceived, the li-

quid mus* be poured off, and a portion of new liquid put

in its place ; otherwise the crystal is infallibly destroy-

ed. Mr Leblanc has observed, that this singular change

begins first at the surface of the liquid, and extends

gradually to the bottom ; so that a crystal, if large, may
be often perceived in a state of increase at its lower
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en(^ while it is disappearing at its upper extremity. Mr
Leblanc even affirms that saline solutions almost always
increase in density according to their depth from the

surface.

Nature of. 5. The phenomena of crystallization seem to have at-

tioo,

ta
tracted but little of the attention of the ancient philoso-

phers. Their theory, indeed, that the elements of bo-

dies possess certain regular geometrical figures, may
have been suggested by these phenomena ; but we are

ignorant of their having made any regular attempt to

explain them. The schoolmen ascribed the regular fi-

gure of crystals to their substantial forms ; without gi-

ving themselves much trouble about explaining the mean-

ing of the term. This notion was attacked by Boyle j

who proved, that crystals are formed by the mere ag-

gregation of particles *. But it still remained to explain,

why that aggregation took place ; and why the parti-

cles united in such a manner as to form regular figures?

The aggregation is evidently the consequence of that

attractive force which has been examined in the last

Section. But to explain the cause of the regular figures

is a more difficult task. Newton has remarked, that

the particles of bodies, while in a state of solution, are

arranged in the solvent in regular order and at regular

distances; the consequence of which must be, that when

the force of cohesion becomes sufficiently strong to se-

parate them from the solvent, they will naturally com-

bine in groups, composed of those particles which are

nearest each other. Now all the particles of the same

body must be supposed to have the same figure ; and

r'.
/
- /'

* Treatise on tie 'Origin of Farms and &ualitiet.
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the combination of a determinate number of similar bo-
^Chap.

iv.

dies must produce similar figures. Hauy has made it

exceedingly probable that these integrant particles al-

ways combine in the same body in the same way, that

is to say, that the same faces, or the same edges, always

attach themselves together j but that these differ in dif-

ferent crystals. This can scarcely be accounted for,

without supposing that the particles of bodies are en-

dowed with a certain polarity which makes them at*

tract one part of another particle and repel the other

parts. This polarity would explain the regularity of

crystallization ; but it is itself inexplicable.

It is remarkable that crystals not only assume regu-

lar figures, but are always bounded by plane surfaces.

It is very rarely indeed that curve surfaces are obser-

ved in these bodies ; and when they are, the crystals

always give unequivocal proofs of imperfection. But

this constant tendency towards plane surfaces is incon-

ceivable, unless the particles of which the crystals are

composed are themselves regular figures, and bounded

by plane surfaces.

6. If the figure of crystals depends upon the figure

of their integrant particles, and upon the manner in

which they combine, it is reasonable to suppose that

the same particles, when at full liberty, will always
combine in the same way, and consequently that the

crystals of every particular body will be always the

same. Nothing at first sight can appear farther from

the truth than this. The different forms which the
*' All crystals

crystals of the same body assume are often very nume- have a pri-

rous, and exceedingly different from each other. Car- form.

bonate of lime, for instance, has been observed crystalli-

sed in no fewer than forty different forms, fluate of lime
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Jn C1VU difflereri t forms, and sulphate of lime in nearly
an equal number.

But this inconsistency is not so great as might at first

sight appear. Rome de Lisle has shown that every-

body susceptible of crystallization has a particular form

which it most frequently assumes, or at least to which

it most frequently approaches. Bergman has demon.

Strated, that this primitive form, as Hatiy has called it,

very often lies concealed in those very crystals which

appear to deviate farthest from it. And Hauy has de-

monstrated, that all crystals either have this primitive
* form, or at least contain it as a nucleus within them ;

for it may be extracted out of all of them by a skilful

mechanical division.

Happening to take up a hexangular prism of calcare-

ous spar, or carbonate oflime, which had been detached

from a group of the same kind of crystals, he observed

that a small portion of the crystal was wanting, and that

the fracture presented a very smooth surface* Let .

abed efg h
(fig. 15.) be the crystal ; the fracture lay

obliquely as the trapazium p s u t, and made an angle

of 135, both with the remainder of the base a b c s p I

and with t u eft the remainder of the side i n ef. Ob-

serving that the segment p s u t i n thus cut off had for

its vertex I n, one of the edges of the base a b c n i b of

the prisrn, he attempted to detach a similar segment in

the part to which the next edge c n belonged ; employ-
ed for that purpose the blade of a knife, directed in the

same degree of obliquity as the trapezium p s u t, and

assisted by the strokes of a hammer. He could not

succeed : But upon making the attempt upon the next

edge b c, he detached another segment, precisely similar

to the first, and which had for its vertex the edge b c
>
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He could produce no effect on the next edge a u ; but
t

cha i
Tv ;

from the next following, a h, he cut a segment similar

to the other two. The sixth edge likewise proved re-

fractory. He then went to the other base of the prism
d f fg h r, and found, that the edges which admitted

sections similar to the preceding ones were not the

edges ef, d r, g &, corresponding with those which had

been found divisible at the opposite base, but the inter-

mediate edges d e, k r, g f. The trapezium I q y v re-

presents the section of the segment which had k r for

its vertex. This section was evidently parallel to the

section p s u t ; and the other four sections were also pa-

rallel two and two. These sections were, without

doubt, the natural joinings of the layers of the crystal 5

and he easily succeeded in making others parallel to

them, without its being possible for him to divide the

crystal in any other direction. In this manner he de-

tached layer after layer, approaching always nearer and

nearer the axis of the prism, till at last the bases dis-

appeared altogether, and the prism was converted into

a solid OX (fig. 16.), terminated by twelve pentagons,

parallel two and two : of which those at the extremi-

ties, that is to say, ASRIO, IGEDO, BAODC at one

end, andFKNP, MNPXU, ZQPXY at the other,

were the results of mechanical division, and had their

common vertices O, P situated at the entrance of the

bases of the original prism. The six lateral pentagons

RSUXY, ZYRIG, .See. ivere the remains of the six

sides of the original prism.

By continuing sections parallel to the former ones,

the lateral pentagons diminished in length ; and at last,

the points R, G coinciding with the points Y, Z, the

points S. R vrith the points U, Y* 8tc. there remained
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Integrant

three

C

fi-

gures.

nothing of th$ lateral pentagons but the triangles YIZ,
UXY, &c. (fig. n.) By continuing the same sections,

these triangles at last disappeared, and the prism was

converted into the rhomboid a c
(fig. i8.)

So unexpected a result induced him to make the same

attempt upon more of these crystals ; and he found that

all of them could be reduced to similar rhomboids. He
found also, that the crystals of other substances could

be reduced in the same manner to certain primitive

forms ; always the same in the same substances, but

every substance having its own peculiar form. The

primitive form of fluate of lime, for instance, was an oc-

tahedron ; of sulphate of barytcs, a prism with rhomboi-

dal bases; of felspar, an oblique angled parallelepiped,

but not rhomboidal ; of adamantine spar, a rhomboid,

somewhat acute ; of blende, a dodecahedron, with rhom-

boidal sides; and so on.

These primitive forms must depend upon the figure

of the integrant particles composing these crystals, and

uppn the manner in which they combine with each

other. Now, by continuing the mechanical division of

the crystal, by cutting off slices parallel to each of its

faces, we must at Jast reduce it to so small a size that it

shall contain only a single integrant particle. Conse-

quent^7 tn ^ s ultimate figure of the crystal must be the

figure of the integrant particles of which it is compo-

sed. The mechanical division, indeed, cannot be conti-

nued so far, but it may be continued till it can be de-

monstrated that no subsequent- division can alter its fi-

gure. Consequently it c.m be continued till the figure

which it assumes is similar to ihat of its integrant par-

ticles.

Hauy has found that the figure of the integrant par-
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tides of bodies, as far as experiment has gone, may be Chap. IV.

reduced to three ; namely,

1. The parallelepiped, the simplest of the solids,

whose faces are six in number, and parallel two and

wo.

2. The triangular prism, the simplest of prisms.

3. The tetrahedron, the simplest of pyramids. Even

this small number of primitive forms, if we consider

the almost endless diversity of size, proportion, and

density, to which particles of different bodies, though

they have the same figure, may still be liable, will be

found fully sufficient to account for all the differences

in cohesion and heterogeneous affinity, without having

recourse to different absolute forces.

These integrant particles, when they unite to form

the primitive crystals, do
;

not always join together in

the same way. Sometimes they unite by their faces,

and at other times by their edges, leaving considerable

vacuities between each. This explains why integrant

particles, though they have the same form, may com-

pose primitive crystals of different figures.

Mr Hauy has ascertained that the primitive forms Primitive

of crystals are six in number ; namely, hlmt tit

1. The parallelepiped, which includes the cube, the

rhomboid, and all solids terminated by six faces, paral-

lel two and two.

2. The regular tetrahedron.
,

3. The octahedron with triangular faces.

4. The six-sided prism.

5. The dodecahedron, terminated by rhombs.

6. The dodecahedron, with isosceles triangular faces.

Each of these may be supposed to occur as the pri-

mitive form or the nucleus in a variety of bodies j but

Vol. III.
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those only which arc regular, as the cube and the octa-

hedron, have hitherto been found in any considerable

cumber.

But bodies, when crystallized, do not always appear

in the primitive form ; some of th.-m ii deed very sel-

don affect that form ; and all of th6m have a certain

latitude and a certain number of forms which they as-

Secondary sume occasionally as well as the primitive form. Thus

ing to the primitive form of fluate of lime is the octahedron ;

but that salt is often found cry stall' Zed in cubes, in

rhomboidal dodecahedrons, and in other forms. All

these different forms which a body assumes, the primi-

tive excepted, have been denominated by Hauy secon-

dary forms. Now what is the reason of this latitude

in crystallizing ? why do bodies assume so often these

secondary forniJ ?

7. To t'ris it may be answered :

Difference* Uf, That these secondary forms are sometimes ow~

position**" ing to variations in the ingredients which compose the

integrant particles of any particular body. Alum, for

instance, crystallizes in octahedrons; but when a quan-

tity of alumina is added, it crystallizes in cubes ; and

when there is an excess of alumina, it does not crystal-

lize at all. If the proportion of alumina varies between

that which produces octahedrons and what produces

cubic crystals, the crystals become figures with four-

teen sides ; six of which are parallel to those of the

cube, and eight to those of the octahedron ; and accord-

ing as the proportions approach nearer to those which

form cubes or octahedrons, the crystals assume more or

less of the form of cubes or octahedrons. What is still

more, if a cubic crystal of alum be put into a solution

that would afford octahedral crystals, it passes into an
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octahedron : and, on the other hand, an octahedral cry-
char r

stal put into a solution that would afford cubic crystals

becomes itself a cube *. Now, how difficult a matter

it is to proportion the different ingredients with abso-

lute exactness must appear evident to all.

2d, The secondary forms are sometimes owing to *n

the solvent in which the crystals are formed. Thus if

common salt be dissolved in water, and then crystalli-

zed, it assumes the form, of cubes ; but when crystalli-

zed in urine, it assumes the form, not of cubes, but of

regular octahedrons. On the other hand, muriate of am-

monia, when crystallized in water, assumes the octa-

hedral form, but in urine it crystallizes in cubes f.

3d, But even when the solvent is the same, and the

proportion of ingredients, as far as can be ascertained,

exactly the same, still there are a variety of secondary

forms which usually make their appearance. These

secondary forms have been happily explained by the

theory of crystallization, for which we are indebted to

the sagacity of Mr Hauy ; a theory which, for its in-

genuity, clearness, and importance, must ever rank high,

and which must be considered as one of the greatest ac-

quisitions which mineralogy, and even chemisrry, have

hitherto attained.

According to this theory, the additional matter which TO the dif-

envelopes the primitive nucleus consists of thin slices
ferent ^e'

crements of
or layers of particles laid one above another upon the the crystal-

faces of that nucleus, and each layer decreasing in size,

in consequence of the abstraction of one or more rows

of integrant particles from its edges or angles.

* Lcblanc, Ann. de Cbim. xiv. 149.

t Fourcroy and Vauquelin, Ibid. xiv.
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Book III. Let us SUppose that ARFG (fig. 19.) is a cube com-

posed of 729 small cubes : each of its sides will consist

of 81 squares, being the external sides of as many cu-

bic particles, which together constitute the cube. Up-
on ABCD, one of the sides of this cube, let us apply a

square lamina, composed of cubes equal to those of

which the primitive crystal consists, but which has on

each side a row of cubes less than the outermost layer

of the primitive cube. It will of course be composed

of 49 cubes, 7 on each side ; so that its lower base o nfg

(fig. 20.) will fall exactly on the square marked with

the same letters in fig. 19.

Above this lamina let us apply a second / m p it (fig.

21.), composed of 25 cubes ; it will be situated exactly-

above the square marked with the same letters (fig. 19.).

Upon this second let us apply a third lamina v x y

(fig. 22.), consisting only ot 9 cubes ; so that its base

shall rest upon the letter v x y x (fig. 19.) Lastly, on

the middle square r let us place the small cube r (fig.

23.), which will represent the last lamina.

It is evident that by this process a quadrangular py-

ramid has been formed upon the face ABCD (fig. 19.)

the base of which is this face, and the vertex the cube

r (fig. 23.) By continuing the same operation on the

other five sides of the cube, as many similar pyramids

will be formed ; which will envelope the cube on every

side.

It is evident^ however, that the sides of these pyra-

mids will not form continued planes, but that, owing to

the gradual diminution of the laminae of the cubes which

compose them, these sides will resemble the steps, of a

stair. We can suppose, however (what must certainly

be the case), that the cubes of which the nucleus is
jf
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formed are exceedingly small, alrrost imperceptible ;

that therefore a vast number of larnirae are required to

form the pyramids, and consequently that the channels

which they form are imperceptible. Now DCBE (fig.

24.) being the pyramid lesting upon the tace ABCD
(fig. 19. ), and CBOG (fi^. 24.) the pyramid applied

to the next face BCGH (fig. 19.), if we consider that

every thing is uniform from E to O (fig. 24.), in the

manner in which the edges of the lamina of superposi-

tion (as the Abbe Hauy calls the laminae which compose

the pyramids) mutually project beyond each other, it

will readily be conceived thar the fact CEB of the first

pyramid ought to be exactly in the same plane with the

face COB of the adjacent pyramid 9 and that therefore

the two faces together will form one rhomb ECOB.
But all the sides of the six pyramids amount to 24

triangles similar to CEB ; consequently they will form

12 rhombs, and the figure of the whole crystal will be

a dodecahedron.

Thus we see that a body which has the cube for the

primitive form of its crystals, may have a dodecahedron

for its secondary form. The formation of secondary

crystals, by the superposition of laminae gradually de-

creasing in size, was first pointed out by Bergman.
But Hauy has carried the subject much farther : He has

not only ascertained all the aiff, rent ways by which

these decrements of the laminae may take place, but

pointed out the method of calculating ail the possible

variety of secondary forms which can result from a gi-

ven primitive torm j and consequently of
ascertaining

whether or not any given crystal can be the secondary-

form of a given species.

The decrements of the laminae which cover the
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Book III.

These of

four kinds.

i. Decre-

ments on

the edges.

primitive nucleus in secondary crystals are of foui

kinds.

1. Decrements on the edges , that is, on the edges of

the slices which correspond with the edges of the pri-

mitive nucleus.

2. Decrements on the angles ; that is to say, parallel to

the diagonals of the faces of the primitive nucleus.

3. Intermediate decrements ; that is to say, parallel to

lines situated obliquely between the diagonals and edges

of the faces of the primitive nucleus.

4. Mixed decrements. In these the superincumbent

slices, instead of having only the thickness of one inte-

grant panicle, have the thickness of two or more inte-

grant particles ; and the decrement, whether parallel to

the edges or angles, consists not of the abstraction of

one row of particles, but of two or more. Hauy de-

notes these decrements by fractions, in which the nu-

merator indicates the number of rows of particles which

constitutes the decrement, and the denominator repre-

sents the thickness of the laminse. Thus
5-
denotes la-

minse of the thickness of three integrant particles, de-

creasing by two rows of particles.

An example of the first law of decrement, or of de-

crement on the edges, has been given above in the conver-

sion of the cubic nucleus to a rhomboidal dodecahedron.

In that example the decrement consisted of one row of

particles, and it took place on all the edges. But these

decrements may be more rapid ; instead of one, they

may consist of two, three, four, or more rows : and in-

stead of taking place on all the edges, they may be con-

fined to one or two of them, while no decrement at all

takes place on the others. Each of these different mo-

difications must produce a different secondary crystal.
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Besides this, the laminae may cease to be added before Ch a
P- T

they have reached their smallest possible size ; the Con-

sequence of which mast be a different secondary form.

Thus, in the example given above, if the superposition

of laminae had ceased before the pyramids were com-

pleted, the crystal would have consisted of 16 faces, #

squares parallel to the faces of the primitive nucleus,

and 12 hexahedrons parallel to the faces of the seconda-

ry dodecahedron. This is the figure of the borate of

magnesia found at Luneburg.

The second law in which the decrement is on the *

ments on

angles, or parallel to the diagonals of the faces of the the angk

primitive nucleus, will be understood from the follow-

ing example : Let it be proposed to construct around

the cube ABGF (fig. 25-), considered as a nucleus, a

secondary solid, in which the laminae of superposition

shall decrease on all sides by single rows of cubes, but

in a direction parallel to the diagonals. Let ABCt)

(fig. 26.), the superior base of the nucleus, be divided

into 91 squares, representing the faces of the small

cubes of which it is composed. Fig. 27. represents the

superior surface of the first lamina of superposition,

which must be placed above ABCD (fig. 26.) in such

a manner, that the points a'9 b't c'9 (f, (fig. 21.) answer

to the points a, , c, d (fig. 26.) By this disposition

the squares Aa, B, O, Dd (fig. 25.) which compose
the four outermost rows of squares parallel to the dia-

gonals AC, BD, remain uncovered. It is evident also,

that the borders QV, ON, IL, GF, (fig. 27) project

by one range beyond the borders AB, AD, CD, BC

(fig. 26.), which is necessary, that the nucleus may be

enveloped towards these edges : For if this were not

the case, re-entering angles would be formed tow^
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Book in. the parts AB, BC, CD, DA of the crystal; which

angles appear to be excluded by the laws which deter-

mine the formation of simple crystals, or, which comes

to the same thing, no such angles are ever observed in

any crystal. The solid must increase, then, in those

parts to which the decrement does not extend. But as

this decrement is alone sufficient to determine the form

of the secondary crystal, we may set aside all the other

variations which intervene only in a subsidiary manner,

except when it is wished, as in the present case, to con-

struct artificially a solid representation of a crystal, and

to exhibit all the details which relate to its structure.
c^U'**" ****

The superior face of the second lamina will be A'G'

L'K' (fig. 28.). It must be placed so that the points

a' b" c"9 d" correspond to the points a, b'
9 c'

9 rf, (fig.

27.), which will leave uncovered a second row of cubes

at each angle, parallel to the diagonals AC and BD.

The solid still increases towards the sides. The large

faces of the laminae of superposition, which in fig. 27.

were octagons, in
fig. 28. arrive at that of a square ;

and when they pass that term they decrease on all sides ;

so that the next lamina has for its superior face the

square B'M'L'S' (fig. 29.), less by one range in every

direction than the preceding lamina (fig. 28.). This

square must be placed so that the points J9 f',g-,h'

(fig. 29.) correspond to the points e,f, g, h (fig. 28.)

Figures 30, 31, 32, and 33, represent the four laminae

which ought to iLe successively above the preceding j

the manner of plating them being pointed out by cor-

responding letters, as was done with respect to the three

first laminae. The last laminae z (fig. 34.) is a single

cube, which ought to be placed upon the square (fig.

33. ).
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The laminae of superposition, thus applied upon the
,
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side ABCD (fig. 26.), evidently produce four faces,

which correspond to the points A, B, C, D, and form

a pyramid. These faces having been formed by la-

minae, which began by increasing, and afterwards de-

creased, must be quadrilaterals of the figure represented

in
fig. 35 ; in which the inferior angle C is the same

point with the angle C of the nucleus (fig. 25. and 26.) ;

and the diagonal LQ^ represents L'G' of the lamina

A'G'L'K' (fig. 28.). And as the number of -laminae

composing the triangle LQG (fig. 35.) is much smaller

than that of the laminae forming the triangle ZLQ it

is evident that the latter triangle will have a much great-

er height than the former.

The surface, then, of the secondary crystal, thus pro-

duced, must evidently consist of 24 quadrilaterals (for

pyramids are raised on the other five sides of the pri-

mary cube exactly in the same manner), disposed three

and three around each solid angle of the nucleus. But

in consequence of the decrement by one range, the three

quadrilaterals which belong to each solid angle, as C

(fig. 25.), vill be in the same plane, and will form an

equilateral triangle ZIN (fig. 36.). The 24 quadrila-

terals, then, will produce eight equilateral triangles j

and consequently the secondary crystals will be a regu-

lar octahedron. This is the structure of the octahedral,

sulphuret of lead and of muriate of soda.

The third law is occasioned by the abstraction of Third and

double, triple, &c. particles. Fig. 37. exhibits an in. cremems,

Stance of the subtractions in question ; and it is seen

that the molecuiae which compose the range represent-

ed by that iigure are assorted in such a manner as if of

two there were formed only one ; so that we need only
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Modifica-

whTchthese
decrements
arc subject.

to conceive the crystal composed of parallelopipedons

having their bases equal to the small rectangles a b c dy

e dfgy h g i /, &c. to reduce this case under that of

the common decrements on the angles.

This particular decrement, as well as the fourth law,

which requires no farther explanation, is uncommon.

Indeed H^uy has only met with mixed decrements in

some metallic crystals.

These different laws of decrement account for all the

different forms of secondary crystals. Bur in order to

see the vast number of secondary forms which may re-

sult from them, it is necessary to attend to the different

modifications which result from their acting separately

or together. These modifications may be reduced to

seven.

1 The decrements take place sometimes on all the

^S68'
r a11 the SnSleS>

at ORCe '

2. Sometimes only on certain edges, or certain afl~

gles.

3. Sometimes they are uniform, and consist of one >

two, or more rows.

4. Sometimes they vary from one edge to another,

ot from one angle to another.

5. Sometimes decrements on the edges and angles

take place at the same time.

6. Sometimes the same edge or angle is subjected

successively to different laws of decrement.

7. Sometimes the secondary crystal has faces parallel

to those of the primitive nucleus, from the superposi-

tion of laminae not going beyond a certain extent.

Hence Mr Hauy has divided secondary forms into

two kinds, namely, simple and compound. Simple se-

condary crystals are those which result from a single
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law of decrement, and which entirely conceal the pri-

mitive nucleus. Compound secondary crystals are those

which result from several laws of decrement at once, or

from a single law which has not reached its limit, and

which of course has left in the secondary crystal faces

parallel to those of the primitive nucleus.

" If amidst this diversity of laws (observes Mr

Hauy), sometimes insulated, sometimes united by com-

binations more or less complex, the number of the

ranges subtracted were itself extremely variable ; for

example, were these decrements by 12, 20, 30, or 40

ranges, or more, as might absolutely be possible, the

multitude of the forms which might exist in each kind of

mineral would be immense, and exceed what could be

imagined. But the power which affects the subtrac-

tions seems to have a very limited action. These sub-

tractions, for the most part, take place by one or two

ranges of molecules. I have found none which exceed-

ed four ranges, except in a variety of calcareous spar,

forming part of the collection of Gillet Laumont,

the structure of which depends on a decrement by six

ranges ; so that if there exist laws which exceed the

decrements by four ranges, there is reason to believe

that they rarely take place in nature. Yet, notwith-

standing these narrow limits by which the laws of crys-

tallization are circumscribed, I have found, by confining

myself to two of the simplest laws, that is to say, those

which produce subtractions by one or two ranges, that

calcareous spar is susceptible of 2044 different forms r

a number which exceeds more than 50 times that of the

forms already known ; and if we admit into the combi-

nation decrements by three and four ranges, calculation

will give 8,388,604 possible forms in regard to the samr
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Bof)k m substance. This number may be still very much aug-

mented, in consequence of decrements either mixed or

intermediary.
" The striae remarked on the surface of a multitude of

crystals afford a new proof in favour of theory, as they

always have directions parallel to the projecting edges

of the laminae of superposition, which mutually go be-

yond each other, unless they arise from some particular

want of regularity. Not that the inequalities resulting

from the decrements must be always sensible, suppo-

sing the form of the crystals had always that degree of

finishing of which it is susceptible ; for, on account of

the extreme minuteness of the molecules, the suiface

would appear of a beautiful polish, and the striae would

elude our senses. There are therefore secondary cry-

stals where they are not at all observed, while they are

very visible in other crystals of the same nature and

form. In the latter case, the action of the causes

which produce crystallization not having fully enjoyed

all the conditions necessary for perfecting that so deli-

cate operation of nature, there have been starts and in-

terruptions in their progress ; so that, the law of conti-

nuity not having been exactly observed, there have re-

mained on the surface of the crystal vacancies apparent

to our eyes. These small deviations are attended with

this advantage, that they point out the direction accord-

ing to which the striae are arranged in lines on the per-

fect forms where they escape our organs, and thus con-

tribute to unfold to us the real mechanism of the struc-

ture.

" The small vacuities which the edges of the laminse

of superposition leave on the surface of even the most

perfect secondary crystals, by their re-entering and sa-
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lient angles, thus afford a satisfactory solution of the Chap. IV.

difficulty a little before mentioned ; which is, that the

fragments obtained by division, the external sides of

which form part of the faces of the secondary crystal,

are not like those drawn from the anterior part. For

this diversity, which is only apparent, arises from the

sides in question being composed of a multitude of small

planes really inclined to one another, but which, on ac-

count of their smallness, present the appearance of one

plane ; so that if the division could reach its utmost

bounds, all these fragments would be resolved into

molecules similar to each othtr, and to those situated

towards the centre.

" The fecundity of the laws on which the variations of

crystalline forms depend, is not confined to the produ-

cing of a multitude of very different forms with the

same molecules. It often happens also, that molecules

of different figures arrange themselves in such a man-

ner as gives rise to like polyhedra in different kinds of

minerals. Thus the dodecahedron with rhombuses for

its planes, which we obtained by combining cubic mole-

cules, exists in the garnet with a structure composed
of small tetrahedra, having isosceles triangular faces;

and I have found it in sparry fluor (ftuate of time),

where there is also an assemblage of tetrahedra, but re-

gular : that is to say, the faces of which are equilateral

triangles. Nay more, it is possible that similar mole-

cules may produce the same crystalline form by diffe-

rent laws of decrement. In short, calculation has con-

ducted me to another result, which appeared to me still

more remarkable, which is, that in consequence of a

simple law of decrement, there may exist a crystal

which externally has a perfect resemblance to the nu-
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cleus, that is to say, to a solid that does not arise from

any law of decrement *."

, ,' SUCH is a general view of Hauy's theory of crystal-

lization, which has led already to several very import-

ant discoveries in mineralogy, and may be expected to

lead to still more important ones hereafter. The evi-

dence for its truth is the complete manner in which it

explains the phenomena, and the exact coincidence of

matter of fact, in every instance, with the result of cal-

culation. But as it cannot be shown that the secondary

forms are actually crystallized according to the theory,

we must consider it in the light of a mathematical hy-

pothesis ; an hypothesis, however, of very great im-

portance, because it serves to link together a vast num-

ber of otherwise unconnected facts ; because it enables

us to subject all the forms of crystals to calculation ;

and because it puts it in our power to ascertain the na-

ture of a body with the utmost certainty, from an accu-

rate examination of the figure of its crystals. Such hy-

potheses may be considered as the clues which lead us

through the otherwise impenetrable mazes of error, and

conduct us at last, though after a tedious journey, to

the goal of certainty and truth.

* Ann. de Cblm. xvli. 215. For a-niore complete account of this theory,

;h.e reader is referred to Hauy's Mineralogy, vols. 1st and ad. A larger

detail would have been inconsistent with the plan of this Work.
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SECT. III.

gF THE COMBINATION OF SOLIDS WITH EACH OTHER.

X. I HE following Table exhibits a list of the princi-

pal solids, arranged according to their composition :

I. UNDECOMPOUNDED,

Sulphur Metals

Phosphorus Earths

Carbon

II. COMPOUNDS,

f I. Oxide of sulphur

phosphorus
Charcoal

Metallic oxides

2. Sulphurets of metals

fixed alkalies

earths

3. Phosphurets of carbon

rnetals

earths

4. Carburets of iron

5. Alloys

G. Solid acids

1. Earths with earths

metallic oxides

fixed alkalies
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8. Salts and hydrosulphurets

Metallic oxides with alkalies

9. Bitumens, solid oik, tannin

10. Soaps

11. Most vegetable substances

12. Many animal substances.

Their numbers are very great ; for if all the individuals

were reckoned they would amount to many thousands.

Specific 2. Their specific gravity varies more than either that

of liquids or elastic fluids, as will appear from the fol-

lowing Table, in which they are arranged according to

their density.

Specific Gravity.

Charcoals 0'223 to 1*526

Vegetable bodies 0-240 to 1*354

Salts. 0-273 to 7'176

Earths 0-346 to 4'842

Solid acids.. , 0-667 to 3-391

Earths with earths 0'680 to 4'815

Bitumens and solid oils.. ..0*892 to 1*357

Fixed alkalies 1-336 to 1'708

Phosphorus 1-770

Carburets of iron 1'987 to 7*840

Sulphur i'v;"^. i'.f 1-990

Earths with alkalies 2- 73 2 to 3*329

Carbon .3-518 to 3-531

Metallic sulphurets 3-225 to 10-000

Metals and alloys ....... .0*600 to 23*000

The specific gravity of hammered platinum, which is

the heaviest of the solid bodies, is nearly 100 times

greater than that of common cork, which is one of the

lightest.

3. Solid bodies, as far as regards their combinations
.
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with each other, may be divided into three classes : Chap. IV.

namely, those which unite in any proportion ; those

which unite in certain determinate proportions ; and

those which cannot be nvade to combine with each

other at all. Let us examine the action of each of these

classes separately.

1. The action of solids upon each other has been so Solids that

imperfectly examined, that it is not possible to give

more than a partial view of the subject. The follow-

ing Table comprehends the principal solids hitherto as-

certained to be capable of uniting in any proportion.

1. Sulphur with phosphorus.

2. Carbon with iron ?

3. Metals with most metals.

4. Protoxide of antimony with sulphuret of anti-

mony.
5. Earths with earths.

6. Earths with some metallic oxides.

7. Some earths with fixed alkalies.

8. Fixed alkalies with solid oils.

9. Solid oils with each other and with bitumen.

All the products produced by these mutual combina-

tions are solids, except those formed by the union of

sulphur and phosphorus in certain proportions, which

are liquid.

2. As far as is known at present, none of the solids

contained in the preceding list combine spontaneously,

even though placed in contact* The cohesion of their

particles presents a resisting force which their
affinity

for each other cannot overcome. The usual method

employed is, to mix the two substances to be united in

the intended proportions, and to apply a degree of heat

capable of melting one or both of them. Thus they

Vol. III. R r
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Solids that

unite only
in certain

propor-
tions.

One of the

bodies must
lie fluid.

are enabled to act upon each other in the same way as

liquids, and of course the same explanation applies to

their combinations. These combinations obviously be-

long to that class which have been distinguished by the

name of dissolutions, and accordingly do not differ much

in their properties from their constituents, except the

compounds of carbon and iron, and some of the earths

with each other, which possibly may be found hereaf-

ter to belong to that class of solids which combine only

in certain proportions.

3. The combination is usually accompanied by a

change of density. This is most apparent in the metal-

lic alloys, most of which are either above or below the

mean.

II. The foliowing Table exhibits the principal solids

which have hitherto been observed to unite only in de-

terminate proportions.

Sulphur with metals

some metallic oxides

earths

fixed alkalies ?

Phosphorus with carbon

metals

some earths

Acids with alkalies

earths

metallic oxides, &c.

These combinations are more intimate than the prece-

ding ; they have been more closely examined, and are

better known.

1. As far as is known at present, none of these bo-

dies act upon each other while both continue in the so-
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lid state, except sulphur and the fixed alkaline hydrates, ,
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some acids, and a few hydrates of metallic oxides, and

perhaps some of the acids and the fixed alkaline hy-

drates. With these exceptions, it may be laid down as

a general rule, that in all cases of the combination of

these bodies with each other, one at least of the two

which combine must have its cohesion destroyed, or at

least diminished, by being reduced to a liquid state*

Now there are two ways of bringing these solids to

this state : 1. Fusion by means of fire. In this way
sulphur is made to combine with metals, earths, and

fixed alkalies, and phosphorus with metals. Some-

times the affinity is so weak, that it is necessary, in the

first place, to reduce one of the constituents to the state

of vapour. Thus phosphorus combines with lime, ba-

rytes, and strontian, only at a red heat. 2. Solution in

water or some other liquid menstruum. In this way
the acids are combined with the alkalies, earths, and

metallic oxides, and in this way may sulphur and phos-

phorus be combined with metals.

2. As the union of these bodies with each other re-

sembles that of liquids with solids in every respect, it

would be unnecessary, after the details contained in the

preceding Chapter, to enter into any farther particulars

respecting the theory of the combination. The points

of most importance are, the proportions in which they

unite, and the change of density which they undergo.

3. Though the combinations of sulphur with the me-
Sulphur

tals have been examined with very parricular attention with th

by chemists, there are many things connected with them

that require elucidation. Mr Bertholiet is still of opi-

nion that sulphur is capable of uniting indefinitely to

the metals, and he has brought a number of examples

Rr 2
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Of native sulphurets of lead, copper, and iron, analysed

by the most accurate chemists, in which the proportion

of sulphur varied indefinitely *. It is very likely that

various doses of sulphur are capable of uniting with

most metals : but the experiments hitherto made upon
the artificial union of these bodies do not warrant us to

conclude that they unite indefinitely ; for when sulphur

and a metal are fused together, we obtain always the

two bodies combined in determinate proportions. If

we apply the hypothesis of Dal ton, and compare the

analysis of the artificial metallic sulphurets with the

weight of an atom of sulphur, and of each individual

metal, it would appear that the most intimate combina-

tion consists of one atom of the metal united with one

atom of sulphur ; that very frequently (probably in-

deed in all cases) two atoms of sulphur unite with one

of metal ; and that the different sulphurets are capa-

ble of dissolving each other, and forming a kind of al-

loy. It is to this combination that the variety in the

composition of native sulphurets is chiefly to be ascribed.

The following Table will enable the reader to com-

pare the results of analysis with the calculation found-

ed on the supposition that the metals and sulphur unite

atom to atom ; that the weight of an atom of sulphur is

13 ; and that the weight of an atom of the respective

metals is as represented in the first column of the table.

The second column gives the weight of sulphur united

to an hundred parts of the metal by calculation ; the

third by analysis.

* Jour, dt fbyt. 1*. 349.
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Sulphurets of Density. Density.

Silver 7*2 9'22

Mercury 10 11-83

Iron, 1st .... 4-518 5'62

2d. . . . . 4-830 4-73

Lead 7 10'06

Bismuth 6-131 8'65

Antimony. . . . 4*368 5*53

Arsenic, 1st . . 3'225

Molybdennmc . 4*73 ....... 5*97

Jn some of these examples the expansion is more than

a fifth of the whole, fy rites is the only instance known

of a combination of sulphur and a metal, the specific

gravity of which is greater than the mean.

5. The remaining compounds into which sulphur en-

ters with solid bodies have not been sufficiently exami-

ned to admit of any additional observations. Neither

do we know any thing precise respecting the combina-

tions of phosphorus and solid bodies.

6. The case is very different with the acids ; the

compounds which they form with the alkalies, earths,

and metallic oxides, have been examined with much at-

tention, and have furnished chemists with most of the

opinions which they entertain respecting affinity. The

great facility with which these compounds are formed,

the striking difference between their properties and those

of their constituents, and the beautiful forms which

many of them assume, were circumstances which exci-

ted the general interest of chemists.

Neutrali- 7. \\ we take a given quantity of sulphuric acid di-
aation ex-

plained.
luted with water, and add it slowly to the solution of

soda by little at a time, and examine the mixture after

every addition, we shall find that for a considerable time
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It will exhibit the properties of an acid, reddening ve- Chap. IV.

getable blues, and having a taste perceptibly sour : but

these acid properties gradually diminish after every ad-

dition of the alkaline solution, and at last disappear al-

together. If we still continue to add the soda, the mix-

ture gradually acquires alkaline properties, converting

vegetable blues to green, and manifesting an urinous

taste. These properties become stronger and stronger

the greater the quantity of the soda is which is added.

Thus it appears that when sulphuric acid and soda are

mixed together, the properties either of the one or the

other preponderate according to the proportions of each;

but that there are certain proportions, according to

which, when they are combined, they mutually destroy

or disguise the properties of each other, so that neither

predominates, or rather so that both disappear.

When substances thus mutually disguise each other's

properties, they are said to neutralize one another.

This property is common to a great number of bodies ;

but it manifests itself most strongly, and was first ob-

served in the acids, alkalies, and earths. Hence the

salts which are combinations of these different bodies

received long ago the name of neutral salts. When,

bodies are combined in the proportion which produces

neutralization, they are often said to be saturated ,-
but

in this case the term is used improperly. It would be

much better to confine the word saturation to the mtau-

ing assigned it in a former Section, and to employ the

term neutralization to denote the state in which the pe-

culiaf properties of the component parts mutually disap-

pear ; for very frequently neutralization and saturation

by no means coincide. Thus in tartrate ofpotasb the

acid and alkali neutralize each other : yet it cannot be

said that the potash is saturated ; for it is still capable
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of combining with more tartaric acid, and of forming

siipertartrate of potash, a compound in which the ingre

dients do not neutralize each other; for the salt has ma-

nifestly a preponderance of the properties of the acid.

8. It cannot but be obvious, that the same quantity

of acid or alkali must be always employed to neutra-

lize a given weight of alkali or acid, and that therefore

the proportion in which these bodies unite to form neu-

tral salts is fixed and determined. The acids and alka-

line bases, indeed, may be capable of uniting with each

other in various proportions ;
but the neutral combina-

tion must be constant : it must likewise be the most inti-

mate. We may therefore suppose, that in it the acid

and base unite atom to atom. If we apply Dalton's

hypothesis, we may find the relative weight of the con-

stituents of those neutral salts which have been analy-

sed. This will afford a test of considerable importance

of the degree of confidence to be put in the hypothesis ;

the subject of course deserves to be investigated with

some attention.

When describing the salts in the preceding Book, 1

exhibited the various analyses of each that have been

published, and then selecting that particular analysis

which appeared most to be depended on, placed it at

the end of each genus under the form of a table. From

these tables we shall choose our examples. It will be

proper to pitch upon the sulphates, nitrates, muriates,

carbonates, and sulphites, as the genera which have

been analysed with the greatest care. The following

Table shows the weight of each base united to 100

parts of acid in the most remarkable neutral salts be-

longing to these genera.
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Bases.
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respective bases, and they ought to be the same in eve-

ry column, provided the acid and base unite atom to

atom. On inspecting the table there appears a striking

coincidence between the numbers under the titles sul-

phates, muriates, and several of the carbonates: But nei-

ther the nitrates nor sulphites agree with the rest. The

numbers under the nitrates approach to one-half of the

numbers under the sulphates and muriates, indicating

that in them two atoms of acid unite with one of base.

The sulphites are more irregular, but show an approach

to the numbers under the nitrates.. If we take the mean

of all the columns, multiplying columns 2d and 5th by

2, and leaving out the carbonates of the fixed alkalies,

which do not accord with the others, we obtain the fol-

lowing Table, which may be considered as representing

the relative weight of each base, on the supposition that

the weight of an atom of the acids is as represented in

a preceding table, and that the weight of an atom of

hydrogen is equal to 1.

Of bases.
WeiSht '

Barytes 63

Strontian....37'6

Potash 38

Soda 23*3

Lime ., 21'8

Magnesia. ..1T6

Ammonia... 9

Of all the genera of salts, we may consider the sulphates

as the one which has been analysed with most precision.

Now the preceding table differs very little from that

afforded by the direct analysis of the sulphates. The

muriates may be placed next in order of precision ; as

I o-i 1 re h-3 a *.<
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the proportion of their acid may be ascertained with al- Chap. IV.

most as much exactness as that of the sulphuric. It

is satisfactory to observe how nearly the analysis of the

muriates corresponds with the weight here given. The

analysis of the earthy carbonates is likewise capable of

much exactness ; but this is not the case with the alka-

line carbonates, if we except that of ammonia, which

may be calculated from the proportion of combining-

gases. Now in the genus of carbonates, ir is only those

with a fixed alkaline base that deviate much from the

mean. The nitrates, from the nature of the acid, can-

not be analysed wiih the -ame piecision as the rest.

However, it is only the fixed alkaline nitrates that de-

viate (and only inconsiderably) from the mean, provi-

ded we suppose that two atoms of acid unite to one of

base. As to the sulphites, they have been hitherto

analysed only by Fourcroy and Vauquelm. They de-

viate farthest from tht- mean.

Upon the whole, if we consider that the numbers re-

presenting the weight of the acids were furnished by

Dalton's hypothesis, from data altogether in.connected

with the composition of the salts, the very near coin-

cidence between the preceding table of weights, and

the result of analysis, must appear something more than

accidental, and affords a very strong presumption in fa-

vour of the truth of Dalton's hypothesis.

If these considerations have any weight, the follow-

ing Table ought to represent the proportion of the con-

stituents in all the neutral salts formed by the combina-

tion of the acids and bases contained in ic :

Acids. Proportion. Buses. Proportion. Constitu-

Sulphurous - 25X2= 50 Barytes - - - 63

Nitric - - 11X234 Strontian - - - 37
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Sulphuric - - - 31 Potash - - - 38

Phosphoric - - 22 Soda ... 23*3

Muriatic - - - 18 Lime - - - 21*8

Carbonic - - - io*5 Magnesia - - n-b

Phosphorous Id Ammonia - - 9

These numbers represent either the weight of an atom

of each, or twice that weight. The meaning of the

table, we presume, will be obvious at once. The num-

ber attached to each acid represents the weight of acid

capable of saturating the weight of each base respec-

tively marked in the table. Thus 50 parts by weight

of sulphurous acid saturate 63 parts of barytes, and sul-

phite of barytes is composed, by weight, of 50 acid and

63 base. Phosphate of lime is composed of 22 acid

and 21*8 base; a proportion which nearly coincides

with the analysis of Ekeberg, and therefore serves to

confirm it.

9, When the solutions of two neutral salts are mixed

with each other, a decomposition either partial or com*

plete often takes place. Thus, if muriate of barytes

and sulphate of soda be mixed together, the sulphuric

acid unites to the barytes, forming sulphate of barytes,

while the muriatic acid unites to the soda. Now, in

all these cases of mutual decomposition, the state of neu-

tralization is not altered. If the original salts were neu-

tral, so will the new. No excess of acid or base is to

be found in the solution. This important fact seems

to have been first stated distinctly by Richter. It was

afterwards noticed by Guy ton Morveau*, and still

See Ann, Je Cbim. XXV. 296.; Statique Cbimiquet i. 134.
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more lately by Rerdiollet, who has pointed out its Chap. IV

great importance, and confirmed it by numerous expe-

riments of his own *.

From this general law it follows as a consequence,

that all the acids and alkalies follow the same ratio in

neutralizing each other. Thus, suppose that the quan*

tity of barytes and of lime necessary to saturate a given

weight of sulphuric acid be represented by a and b
9

the weights of the same bases necessary to saturate any
other acid will be to each other as a to 3 y and if the

weights of any two acids, as the sulphuric and muriatic,

necessary to saturate a given weight of barytes, be re-

presented by m and n, then the weights of the same

acids necessary to saturate any other base will be to

each other as m to n. Now it is impossible that this

can hold true unless the acids and bases unite to each

other, either atom to atom, or at least a determinate

number of atoms of the one to one atom of the other.

Here, then, we have a decisive proof that the theory of

Dalton, which has been repeatedly illustrated in this

Book, is something more than a hypothesis; that it de-

serves particular attention ; and that it may be of consi-

derable service in assisting us to ascertain the constitu-

tion of solid bodies.

10. If the acids and bases usually form neutral salts

by uniting together, atom to atom, we have only to as-

certain the weight of an atom of every acid and base,

in order to have the composition of all the neutral salts

with accuracy. The preceding table contains the

weight of seven bases ; but besides these we have four

*
Statiqut CbimiquC) \, 117
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^Bookli\ more, namely, alumina, glucina t yttria, and -ztrconia.

Two circumstances render it difficult to detect the

weight of these bases from the analysis of the salts into

which they enter : The first is the small number of

neutral salts which these bases are capable of forming,

and the second the few analyses hitherto made of the

salts into which they enter.

Weight of There are two analyses of salts containing alumina
lnna"

which it seems reasonable to place some confidence in ;

namely, of alum by Vauquelin, and of muriate of alu-

mina by Bucholz. Now both are supersalts, and must

therefore consist of two atoms of acid united to one atom

of base. Alum is a triple salt. Half the acid which it

contains must be united to potash. If we calculate,

taking all these circumstances into consideration, we ob-

tain 9'05 for the weight of an atom of alumina from the

muriate, and 9*25 from alum. The mean is 9*15, which

\ye may consider as an approximation to the weight of

an atom of alumina. There is no analysis of any salt

containing the other three bases from which it would

be safe to calculate their weight.

11. Besides the acids whose weight has been stated

in this Section, there are many others capable of uniting

with bases and forming neutral salts. .
It would be easy

to obtain the weight of each of these, if we were in pos-

session of an analysis of any one species in each genus

of these salts that could be depended on. The follow-

ing numbers accord best with the analyses hitherto pub-

lished. I shall first state them under the form of a ta-

ble, and then mention the reason for pitching upon them.

Wdght. Weight.
Of other

1 Fluoric.... 11-5 3. Boracic 24.5
acids.

2. Oxalic... ...39,5 4. Succinic 32.5
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Weight. . Weight. Chap. IV.

5. Citric 35'1 7. Tartaric 45'7

6. Acetic 36 8. Turigstic 47'6

The first, fourth, and seventh of these numbers have

been taken from Richter's table of the relative propor-

tion of acids and bases, by weight, which combine. We
are not in possession of correct analyses of any species

belonging to thefluates, succinates, or tartrates.

The weight of the oxalic acid is the result of my own

experiments : It differs very much from the result

given by previous trials of Bergman and Vauquelin.

The weight of boracic acid is given from the analy-

sis of borax by Bergman. As that salt contains an ex-

cess of base, we must suppose it a compound of one a-

tom of acid with two of base.

The weight of citric acid is the mean of Vauquelin's

analysis of the citrates of potash, soda, lime, and mag-
nesia. It differs essentially from the number given by

Richter, which, when reduced to our proportions, be-

comes 45*4.

The weight of the acetic acid is obtained from Bu-

cholz-'s analysis of the acetate of barytes, and that of

tungstic acid from Klaproth's analysis of tungstate of

lime ; both of which are entitled to confidence.

We may now, then, collect together in a single table

the relative weights of an atom of all acids and bases

which we have been able to ascertain. They claim par-

ticular attention, because, independent of the hypothesis

of Dalton, they must be considered as approaching, as

nearly as the present state of the science will admit, to
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Weight of

the acid's

and bases.

the real weight of acids and bases, which saturate eacn

other respectively, and form neutral salts*.

1. BASES.

Barytes j . 63 Lime ............ 21'8

Strontian.. 3T6 Magnesia 17*6

Potash 38 Alumina 9*3

Soda.* i. . . *. . . . ,23'3 Ammonia. p

II. ACIDS.

Tungstic *47*6 Sulphuric 31

Tartaric 45*7 Boracic 24' 5

Sulphurous 50

Oxalic 39*5

Acetic., ..36

Phosphoric 22

Muriatic 18

Carbonic 16*5

Citric 35'1 Phosphorous 16

Nitric ..34 Fluoric .11*5

Succinic ..32*5

Alumina

Magnesia
Ammonia

Lime

859

* I shall insert here the table of Richter, as drawn up by Fischer, of

the relative weights of acids and bases which saturate each other, that

the reader may compare it with that in the text^ obtained solely from

analysis.

BASES.
'

I 5*5 Soda . . ..

615 Strontian

. $7* Potash .

793 Baryte

ACIDS.

427 Sulphuric .

Succinic

Nitric .

Acetic .

Fluoric

Carbonic

Sebacic

Muriatic

Oxalic .

Phosphoric

Formic

i6oj

2222

1000

577

706

71*

755

979

Citric .

Tartaric

1405

1480

1683

1694

Statique Cbimique, t. 13.
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*The weight of an atom of the neutral salts formed Chap. IV.

by the combination of these bodies, is obtained by add-

ing together the numbers representing the weight of an

atom of the acid and of the base. Thus the weight of

an atom of sulphate of barytes is 63-J-31, or 94 ; that

of an atom of nitrate of potash is 72, and so on.

12. But the acids and bases are capable, not only of Supersalts

forming neutral salts, but frequently also of uniting with

each other in various proportions* In some the propor-

tion of acid, in others that of the base predominates.

The former set have received the name of supersalt*9

the latter that of subsalts. The simplest way of con-

sidering these bodies is, to conceive the supersalts to be

compounds of two atoms of acid with one of the base,

and the subsalts of two atoms of base with one of acid.

Thus supersulphate of potash is composed of one atom

of potash united to two of sulphuric acid, or by weight

of 38 parts of base and 02 of acid. Borax, on the other

hand, is composed of two atoms of soda united to one

of boracic acid, or by weight of 24*5 parts of acid and

46'6of base.

All the salts are not capable of being exhibited in

these various states ; probably because the tendency to

crystallize, or to assume a solid form, depends upon
certain proportions only. It is probable, that in many
cases in .which ttiey do crystallize in all these states,

the different varieties are capable of uniting with each

other ; and this may account for the variable results

obtained by analysis.

13. Sometimes an acid is capable of uniting with two
Triple wits.

bases at once, and of forming a triple salt, as it is call-

ed. Thus sulphuric acid unites at once with magnesia
and ammonia. It is probable that such combinations

rot. in, s s
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'^
00k HT> arc tVe resu^ f an atom of one sah comb :

ning with

an atom of another. In the example stated, we may
suppose that an atom of sulphate of magnesia has com-

bined with an atom of sulphate of ammonia. In like

manner, alum may 'be considered as a compound of an

atom of sulphate of potash with an ?tom of supersul-

pbate of alumina. To discover the weight of each salt

thus combined, we have only to get the weight of an a-

tom of each salt. Thus the weight of an atom of sul-

phate of potash is 69, and that of an atom of supersul-

phate of alumina 71 3. Therefore alum is a compound
of 69 parts, by weight, of sulphate of potash, and 71'3

of supersulphate of alumina.

Salts having both different acids and bases are also

capable of combining in the same way, and of forming

quadruple salts. Very few examples have hitherto

occurred of more complicated saline combinations,

though it is very possible that they may exist.

Proportion
**' ^ ut ^ e so^ saits are not mere combinations of

of water an acj^ anej a base they are almost all hydrates, or
combined.

contain water as a constituent. The proportion of this

water seems to be susceptible of considerable variation,

and very frequently the quantity re enormous. We

may conceive an atom of the salt to form a hydrate, by

combining wirh one or more atoms of water. The pro-

portion of water seems almost always to exceed one a-

tom. But the experiments hitherto made to settle the

portion of water contained in the salts, are rot suffi-

ciently precise to enable us to attempt to ascertain the

number of atoms of water which enter into these com-

binations. Sulphate of potash stems to contain one a-

tom of water, while the quantity in sulphate of soda

cannot be less than 11 atoms.
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15. The metalline salts seem of a more complicated t

chaP- IV
\,

nature than the alkaline. They are seldom neutral,

containing almost always an excess either of acid or base.

They have a great tendency to unite with each other :

The number of metalline salts belonging to any genus
hitherto analysed with precision, is too small to enable

us to form correct notions respecting the number of a-

toms which combine. As soon as the analysis is far

enough advanced, it will furnish us with a method of

determining the weight of the metallic oxides.
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CHAP. V*

OF COMBINATION AND DECOMPOSITION,

Importance
A HE great object of all chemical investigations is to

separate bodies from each other which are chemically

combina- combined. But it is scarcely ever possible to separate
tion and dc , , _ . ,

a body from one substance without at the same time

uniting it to another. Hence decomposition is almost

always accompanied by combination. Every chemical

analysis consists of a certain number of combinations

and decompositions following each other in a regular

order, and leading to the object desired, the knowledge

of the constituents of the substance examined. It is ac-

complished by putting each constituent of the substance

in succession into such a state of combination, that it

shall not be acted upon nor dissolved by a given men-

struum, which dissolves all the other constituents not al-

ready separated. But this cannot be done unless we are

acquainted with the proper combinations, the method of

forming them, and the requisite menstrua. Hence it is

an accurate knowledge of the combinations which dif-

ferent substances are capable of forming, of the bodies

best calculated for separating the constituents of com-

pounds from each other, and of the peculiar solvent of
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each compound, which constitute the essential requU t

ChaP- v-

sites for the practical chemist. In the three preceding

Chapters, we took a particular view of the mutual ac-

tion of all the different chemical substances on each

other, of the compounds which they form, and the va-

rious decompositions which they produce. In this

Chapter we shall take a general view of the subject.

Three things claim our particular attention : namely,

JU The proportions in which bodies combine ; 2. The

order in which they decompose one another ; and, 3.

The way in which they separate from each other.

Sometimes one of the ingredients assumes the form of

gas or vapour ; it is then said to be volatilised or eva-

porated : sometimes it falls to the bottom of the liquid

compound, and is then said to be precipitated. These

topics shall be considered in the following Sections.

SECT. J.

OF COMBINATION.

W have seen, in. the preceding Chapters, that there

are a variety of bodies which do not unite with each

other ; but that by far the greater number are capable of

entering into combination, and of forming new com-

pounds. These new compounds may be divided into

two classes. Some differ but little in their properties Compound;

from the constituents of which they are composed, while

others assume properties that are extremely different.

>o little, indeed, are the first set altered by combination,
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Dissolu-

tion!.

that some persons have denied the combination altoge-

ther, and have supposed the bodies to be only mecha-

nically mixed.

1. To the first set belong all those combinations which,
after Berthollet, we have denominated dissolutions. In

dissolutions, all the substances combining are some-

times in the same state. The mixed gases*, mixed li-

quids f, metallic alloys J, and a few other solid com-

pounds, comprehend the whole of such bodies. In

theih the proportions of all the constituents of the com-

pound may vary indefinitely ; or, substances in the same

state, are capable of dissolving any proportion of each

other.

The bodies dissolving each other are sometimes in

different states. Water and many other liquids dissolve

all the gases ; and all the gases dissolve water and seve-

ral other liquids . Water, &c. dissolve various solids,

and many solids combine with water
||.

In all these

dissolutions there is a maximum quantity of one of the

ingredients ; and if it be exceeded, the surplus (suppo-

sing the quantity of the other ingredient fixed) will not

be dissolved. When gases are dissolved in liquids, a

given bulk of liquid can dissolve only a determinate

portion of each gas. In like manner, a gas can dissolve

only a determinate bulk of liquid. When a solid com-

bines with a liquid, it can take up only a determinate

weight of it, provided it be not capable of assuming the

liquid state ; for every hydrate can contain only a deter-

minate weight of water. When a liquid" dissolves a

* See page 454. of Volume III.

f See page 615. Ibid.

B See p. ,56^. ibid.

f See page 556. fold.

See page 505. IbicL
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solid, it takes up only a determinate quantity, and then C1 P' v>
.

loses the whole of its action on the remainder. Thus it

appears, that when substances in different states.dissolve

one another, each of them has a maximum and a mi.

nirnum quantity ; but within these limits they are ca-

pable of dissolving each other in any proportions what-

ever.

Some liquids, whose cohesion or state differs very

much, though in the same state, are capable of dissol*

ving each other only in certain proportions. Thus wa-

ter dissolves only T~th of its weight of ether. Such

liquids
* resemble substances in different states, and

therefore follow the same law with regard to their mu-

tual solutions.

2. Those bodies which foim compounds differing very And chemi-

cal combi
much from the constituents, have been more usually rat ion8.

considered as chemical combinations, to the exclusion

of the former. In all of them there is an obvious ten.

dtncy to combine only in determinate proportions j and

in the most striking examples these proportions are

very few.

The gases u: re only in one, two, or at most three They com-

proportions ; and it is very seldom that we can unite
^proper-

them directly in more than one. Thus oxygen and hy.-
tionsonly.

drogen, hydrogen and azote, unite only ia yne propor-

tion. Oxygen and muriatic acid unite in two propor-

tions j but we can unite them directly in no more than

one. Oxygen and azote uni^e in three proportions; but

we can unite them direcily in only one. The ofcher

* Sec a list of them in page ,56*. of Volume IU.
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combinations are obtained by decomposing the com-

pound formed directly.

In like manner, the combination of a gaseous and

solid body is limited to certain proportions. Oxygen
unites with carbon, phosphorus, and sulphur, in three

proportions ; but we seldom can unite them directly in

more than one. With metals, also, it unites usually in

a, small number of proportions. Hydrogen unites with

three proportions of carbon, and probably with the same

proportions of phosphorus and sulphur.

When the substances that enter into combination are

more than two, the proportions frequently increase in

number ; and indeed in many cases baffle our attempts

to trace them. Thus azote, carbon, hydrogen, and oxy-

gen, are almost the only elements out of which all the

immense variety of animal and vegetable substances are

formed. But from each of these substances always af-

fecting the same properties, there is reason to believe,

that even in these complicated cases, the proportions are

not absolutely unlimited, but fixed and determinate, as

in the more simple cases which we are able to examine j

for if it were not so, no two animal or vegetable bo-

dies could be expected to possess precisely the same,

properties.

There are no liquid bodies, strictly so called, that en-

ter into the intimate combination which we are now

considering. All their combinations belong to the class

of dissolutions.

The solid bodies which combine intimately appear at

first sight to be capable of varying their proportions

almost without limit. Thus we may melt together any

proportion of sulphur with antimony, iron, or potash ;

we may add any proportion of liquid ammonia to nitric
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acid : But in all these cases the combination is not
? Chap. V.

strictly speaking, entitled to he ranked among those in-

timate ones which we are considering, unless we limit

the quantity of each ingredient to certain determinate

proportions. If the proportions be unlimited, the com-

bination belongs to the class of dissolutions ; the pro-

perties of the predominating constituent remaining un-

impaired and unaltered. Whenever the combination is

intimate, and the properties of the constituents conceal-

ed, then the proportions are not only limited, but in

most cases do not exceed one or two. Thus, to con*

stitute neutral salts, we must combine the acid and the

base in one determinate proportion ; and probably the

rule, with a few exceptions, extends to the sulphurets

also.

Thus we have found reason to conclude, that in cases of

chemical dissolution, the ingredients unite in any propor-

tion whatever, except when the proportion of one of the

ingredients is limited by the difference of its state from

that of its solvent ; as, for example, when the solvent is

liquid, and the substance dissolved gaseous or solid.

But in cases of chemical combination, the ingredients

affect determinate proportions : proportions which pro-

bably depend on the tendency which bodies have to

combine atom to atom, or one atom of one with a de-

terminate number of atoms of another.

MrBerthollet's doctrine seems, then, to
require

asmall

modification, as far as the proportions of chemical com-

pounds are concerned. Bodies indeed seem capable of

uniting in various proportions ; but surely the pheno-

mena are far from indica tingthat the proportions are

unlimited. It is true, indeed, that the illustrious che-

mist, whose opinion I am considering, allows, fhat in
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most compounds the proportion of the ingredients is

determinate, and assigns reasons, equally ingenious

and plausible, by which he is enabled to explain it,

without being under the necessity of giving up his opi-

nion. The circumstances which he points out are

doubtless of great importance, and contribute in a con-

siderable degree to the production of the permanent

compounds which we have been considering. Yet

they do not seem, in all cases at least, sufficient to ac-

count for the determinate proportions in which substan-

ces combine, unless we suppose in the atoms themselves

a tendency to unite in determinate quantities.

Examples
of decom-

position.

SECT. II.

OF DECOMPOSITION.

TIF into a solution of nitrate of silver we drop a quan-

tity of liquid potash, a portion of the metallic oxide im-

mecl ately separa es from the solution, and falls to the

bottom. Thus potash has the property of decomposing
nitrate of silver by separating the oxide. The same

experiment succeeds if we drop soda into a solution of

sulphate of magnesia. The magnesia separates Jfrom

the acid and falls to the bottom, while the soda takes its

place. Just the reverse happens if barytes water be

poured into a solution of sulphate of soda. The ba-

rytes and sulphu ic icid separate in combination, while

the soda remains in solution. We obtain the same re-

sult when we pour muriauc acid into nitrate of silver.
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The muriatic acid and the oxide of silver separate to* Chap. v.

gether, leaving the nitric acid. When muriate of ba-

rytes is mixed with sulphate of soda, the sulphuric acid

and the barytes unite together, and separate from the so-

lution, while the muriatic acid .-.nd soda, also combined

together, remain dissolved. The same thing happens

when oxa/ate of ammonia is mixed with nitrate ot lime.

The oxalic acid and lime separate m combination, while

the nitric acid and the ammonia remain in solution.

Thus it appears that substances have the property of

separating others from compounds of which they form a

constituent. Now the great object of chemists is, to

find a body x
9 capable or separating a body a from ano-

ther body b. It is by this means that chemical analyses

are effected. He accordingly, who is able to resolve

the problem in the greatest variety of cases, is the most

skilful practical chemist.

Chemists, at a very early period of the science, began Ascribed to

to collect examples of these decompositions, and to en-
a nity

deayour to explain them. Mayow seems to have been

one of the first who viewed the subject in the proper

light.
He has left a dissertation on the comhinarion of

the acids ai-.d bases, andot their decomposition?, mwnich

a considerable number of facts are stated with accuracy,

though the imperfect knowledge of the substances ire-

quently misled him in i.is explanation* *. In 1718,

G-eoffroy thought of- arranging the substances in a table,

in t e order in which they separate one another from

a given b^dv. T'.is table was afterwards coirec ed and

enlarged by differeatchtumts, tspeci^ly by Uchcrt and

,
Tract. I. c. xiv. p. 234. Ot ^a-'mm Conrrisu et Precifitatiene.
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Book III. Limburg. But it was Bergman who first reduced the

doctrine of decomposition to regular order, gave a lu<-

rninous and satisfactory theory, exhibited a complete se-

ries of tables, and explained the anomalies or apparent

exceptions to his theory, which had been pointed out by
the experiments of Baume, Marherr, and other che-

mists. His dissertation was first published in 1775,

and afterwards in a more perfect form in 1783. The

opinions adopted by this illustrious philosopher were

universally acceded to, and, till within these few years,

chemists considered them as the basis of the whole sci-

ence, and were anxious only to fill up the chasms which

he had left.

Bergman
?
s theory of decomposition may be stated in

a few words. According to him, all substances which

combine have an affinity for each other. Now the af-

finity of two bodies for each other is a constant force,

which may be represented by numbers. It varies in

intensity in different bodies ; so that the affinity of a bo-

dy a for c is not the same as that of b, but always ei-

ther greater or less. Affinity is elective; that is to say,

if a has a stronger affinity for m than b ha,s, and if tn be

combined with b, forming 3, compound, which we

may represent by mb ; a, upon being mixed with this

compound, has the property of separating b completely

from m, and taking its place, so as to form a new com*,

pound ma, while b is entirely disengaged *.

According to this explanation, decomposition measures

the intensity of the affinity which exists between bodies,

If a, upon being added to the compound rnb, separates

Of elective

attraction.

f Bergman, iii. 294,



DECOMPOSITION1

. 653

b and forms the compound am, then a has n greater affi- Chap. V

nity for m than b has. Hence the tables of decomposi-

tions published by Bergman were called tables of elec-

tive attractions, or of affinity. They were considered

as indicating the order of affinity ; and attempts were

even made to express the intensity of the affinity of each

particular body by numbers. This opinion, however,

did not originate with Bergman. It prevailed long be-

fore his time ; being hinted at by Mayow, expressed in

rather a clearer manner by Geoffrey, and stated at great

length by Limbourg and Sage *. Hence the tables were

constructed not merely from the order in which the de-

compositions take place, but substances were placed in

them even when they produced no sensible decomposi-

tions, when other circumstances seemed to indicate the

order of their affinity, This is the case to a very con-

siderable degree in the tables of affinity given by Geof-

froy, Limbourg, Rouelle, and even of Bergman. Gel-

lert's table is constructed upon a different plan. It ex-

hibits the order in which bodies unite most readily, and

only gives the order of decomposition incidentally.

This table, though imperfect, deserves considerable at-

tention. It appears to have been constructed almost

entirely from actual experiment, and obviously furnish-

ed Bergman with the greatest part of the columns in his

tables, which profess to give the affinities of bodies in

the dry way, or when subjected to heat f.

Such were the opinions entertained by chemists when Opposed by

Berthollet published his dissertation on
affinity in the

* Dissertation dt Jean Phillipe Limbourg, M. D. tur Its Affinitc* Chi-

y 1761.

f Set Gellert'a
Metalltir^ic GB.frsrfrjr, p. x8.?.
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Book m. third volume of the Memoirs of the Institute, and call-

ed in question the fundamental propositions of the the-

ory of Bergman. He allowed, indeed, that bodies dif-

fer in the degree of their affinity for each other ; but

showed that it cannot be considered as a constant force,

since it varies with the quantity of the acting bodies,

quantity being capable of supplying the place of affinity.

He proved likewise, by a variety of well chosen and

convincing examples, that decomposition cannot be con-

sidered as the measure of the intensity of affinity ; that

the immediate eftect of affinity is in all cases a combi-

nation ; and that it never occasions decomposition ex-

cept indirectly, and in consequence of circumstances al-

together unconnected with the intensity of
affinity.

According to this new doctrine, affinity is not elec-

tive. A substance which has a stronger affinity is not

capable of separating completely those which have a

weaker affinity ; or if this happens, some other cause

intervenes. Instead of separating the weaker body, it

divides with it the base to which that body was united;

each combining with a part proportional to the strength

of its affinity and the quantity present. This new opi-

nion is exactly the opposite ot the old one. According
to the former hypothesis, when sulphuric acid is dropt

into nitre, it separates the whole of the nitric acid, and

takes its place : According to Bcrthollet, each of the

acids combines with a portion ot the base of the nitre,

and the portion which unites to each is proportional to

the strength of affinity and the quantity of each acid

employed.

Berthollet appears to me to have established the fun-

damental part of his doctrine ; namely, that quantity

alters the force of affinity, and that decomposition is
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not occasioned by elective attraction ; by experiments Chap. V.^

equaHy decisive and convincing. We must therefore

conclude, that the tables published b_y Bergman and

other chemists do not represent correctly the order of

affinities, but merely of decomposition. Indeed B r-

thollet has shown, that in many cases they do not even

represent the order of decompositions correctly ; those

decompositions which the tables represent as complete

being only partial, and sometimes depending in a great

measure upon the proportions of the ingredients em-

ployed.

Berthollet considers, as the only standard of the in- His stan-

dard of afiU

tensity ot affinity, the quantity of a given body neces- nity

sary to neutralize a given weight of another. He sup-

poses the affinity inversely as this quantity. Thus, if

it be required to find the proportional affinity of the

three bodies b, cy and d for A. If to neutralize a given

weight of A 1, there be required of

b a weight = l

c 2

d = 3

Then the affinities of Z>, c, and d for A are respectively

as the inverse of the numbers 1, 2, and 3.

Affinity of b l or

c n 4. or 3

d f or 2

This opinion seems to have first occurred to Kirwan,

but was modified by that philosopher to suit the pre-

valent theory of elective attractions. As new- modelled

by Berthollet, it appears extremely plausible, and cor-

responds well with many chemical phenomena: but it Dependso*

depends for its plausibility upon the particular view of

neutraliZrauoii which Berthollet has given. He coa-
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Book III. ceives acidity and alkalinity (for all the examples ate

drawn from the salts) as two opposite forces, increa-

sing with the quantity of each body ; and neutralisation

as indicating that they just balance each other, and of

course are equal in intensity. The smaller the quanti-

ty of any acid capable of neutralizing a given weight of

base, the more powerful is its acidity. But it does not

follow as a consequence, that the force with which an

acid combines with its base is proportional to its power
of destroying the alkalinity of that base. How do we

determine that the alkalinity of a base is neutralized ?

By its ceasing to act upon other substances as an alkali

does. Thus, when an alkali no longer changes vege-

table blues, we say that it is neutralised. Now, may we

not conceive, that in such a case the alkali acts upon

the vegetable blue precisely as at first ; that the acid

acts upon it likewise in a different way ; and that in

cases of neutralization, the proportion of acid is just

sufficient to counteract the effect of the alkali, and thus

to prevent any change from taking place ? In cases of

neutralization, the action of the acid upon vegetable

blues is the same in strength with that of the alkali.

It follows therefore as a consequence, that the energy

of an acid on vegetable blues is inversely proportional

to the quantity of it necessary to produce neutraliza-

tion ; but surely it does riot follow from this, that the

force with which an acid attacks an alkali is propor-

tional to the energy with which it acts upon vegetable

blues. Except in the case of acids and alkalies, we

have no means of determining when neutralization is

produced. Who can say, for instance, what proportion

of sulphur is necessary to neutralize a metal, or of oxy-

gen to neutralize carbon ? Can we even affirm, with-



DECOMPOSITION. 657

out altering the meaning of language, that in water, one
<

Chap. V.
^

of the most insipid of all compounds, the oxygen and

hydrogen neutralize each other ?

An opinion, nearly similar to that of Berthollet, seems Not tup*

to have been entertained by Sir Isaac Newton, and I am p
^-

d by

far from pretending to call it in question. It may very

possibly be true
; but SQ may the opposite opinion,

which, indeed, might be supported by plausible argu-

ments. The truth is, and it is now full time to declare

it, that we are profoundly ignorant of every thing re-

garding the strength of affinity. Berthollet has suc-

ceeded in overturning all our preconceived opinions on

the subject, but he has not been so successful in esta-

blishing his own.

As the tables of affinities (as they have been called)

have been thus demonstrated not to indicate the real or-

der of affinities, and as the decompositions on which

they are founded are often illusory, and seldom com-

plete, the tables themselves must be considered as of

little value, and as tending, inmost cases, rather to mis-

lead than to convey accurate information. For that

reason I have omitted them in the preceding part of this

Work*.

Tables of decompositions) indeed, even though only Tables of

partial, would be of value, provided they could be tion<i

constructed ; but unfortunately it is only in a limited

number of cases that we can ascertain the order in which

bodies decompose each other : in most cases we must

be contented with analogy. The following tables arc

* 1 shall place the most important part of Bergman's Table at the

end of tliis Chapter, as it is frequently referred to.

Vol. III. T t
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Book II

^

constructed, partly from the order of decomposition,
and partly from the order of combination, when two bo-

dies are presented at once to a third. They are of some

value in a practical point of view, though they throw

but little light on the strength of affinity.

I. OXYGEN.

Oxygen, Hydrogen
and simple ^ ,

combuid- Carbon
blesandin-

Phosphorus
tombusti-

felcs. Sulphur

Azote

Muriatic acid

All these bodies unite to oxygen (if we consider the

facility in all circumstances) nearly in tne order of the

table. None of them are capable of decomposing wa-

ter, unless carbon be an exception. Charcoal decom-

poses water at a red heat ; but hydrogen, in its turn,

decomposes carbonic acid at the same temperature.

Thus the power of decomposition is reciprocal ; but I

place hydrogen first, because, when carbureted hydro-

gen is mixed with an under proportion of oxygen, and

fired by means of electricity, the hydrogen combines

with the oxygen in preference to the carbon. Charcoal

decomposes phosphoric acid at a red heat, and phospho-

rus decomposes carbonic acid at the same temperature ;

but I place carbon first, because the phosphorus does not

seem capable of decomposing water like charcoal, and

becau;e its action on carbonic acid requires to be facili-

tated by the presence of a base. Sulphur does not seem

to be capable of decomposing phosphoric acid, but phos-

phorus acts to a certain extent upon sulphuric. Sul-

phur is known to decompose nitrjc acid, at least partial-

ly j but azote ha-s no sensible action on sulphuric a*
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cid. Though muriatic acid be placed last in order, it

is known to be capable of separating a certain portion

of oxygen from nitric acid ; but nitrous gas deprives

oxymuriatic acid of the whole of its oxygen, and con-

verts it into muriatic acid. Such are the reasons for

placing the simple combustibles and incombastibles in

the order of the preceding table.

II. OXYGEN and Acid Solutions.

Zinc M als

from add
iron

Tin

Antimony
Arsenic

Lead

Bismuth

Copper
Platinum

Mercury

Palladium, Rhodium
"

Iridium, Osmium 3

Silver

Gold

This table exhibits the order in which the metals pre-

cipitate each other in the metallic state from acid and

alkaline solutions. Zinc and iron throw down all the

metals below them, either in the metallic state, or in the

state of a black powder, as happens to antimony,

afsenic; bismuth, and the four new metals discovered

in crude platina. Ritter has announced that these

black powders are combinations of the metals with hy-

drogen. This assertion deserves to be verified. It

would be of considerable importance, in explaining the

Tt2
\
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Book III, nature of the precipitation, if it were to prove true. I

am not certain whether antimony and arsenic precipitate

the metals below them, but they are acted on more

speedily by tin than either lead or copper. Lead preci-

pitates copper. Bismuth and platinum are inserted on-

ly from analogy. Copper throws down mercury, and

mercury silver and gold.

Mr Sylvester has lately rendered it very probable

that these precipitations are occasioned by the galvanic

action of metals on -each other. It has been shown by

Volta, that metals differ in the avidity with which they

absorb electricity; and that when two metals are placed

in contact and separated, the one becomes plus, and the

other minus electrified. In this respect they may be

arranged in a regular series, zinc being at the one ex-

tremity, and gold at the other ; all the metals which

precede having the property of changing to minus the

electricity of all the metals below them. Now, when

metals are in different states of electricity, it has ,been

shown, that when placed properly they decompose wa-

ter, and produce all the other phenomena of galvanism.

Mr Sylvester has rendered it extremely probable, that

it is the hydrogen evolved that produces the reduction

of the metal *. If this opinion be correct, the order in

which the metals precipitate each other ought to be

precisely that of their tendency to take electricity from

each other.

Werewe to endeavour to unite the two preceding tables

5nto one, these observations would indicate that hydrogen

ought to be placed immediately after tin. Yet from

Nicholson's Jour. xiv. 94.
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the experiments of Priesley, we know that hydrogen is Chap. v.

capable of reducing oxide of iron to the metallic state.

Charcoal likewise decomposes the oxides of all metals ;

but, on the other hand, the oxides of zinc, iron, tin,

and some others, have the property of decomposing car-

bonic acid. Phosphorus precipitates all the metals be-

low lead, and perhaps even some above it. Even sul-

phur reduces most metallic oxides ; but many of them

in return decompose sulphuric acid when assisted by
heat. Hence the relative places of the simple combus-

tibles and incombustibles cannot well be ascertained.

Probably we shall not err far if we place hydrogen af-

ter tin, carbon after antimony, phosphorus after lead,

sulphur after copper, and azote and muriatic acid after

mercury. Were we to complete the table from analo-

gy, the refractory metals and manganese would be pla-

ced before zinc, and nickel just before platinum : But

such analogies are very apt to mislead.

III. ACID SOLUTIONS.

Protoxide of iron

Peroxide of silver
Oxides"

Red oxide of mercury
from

Peroxide of zinc

Oxide of manganese
Oxide of lead ?

Peroxide of copper

Peroxide of iron

This table exhibits the order in which the metallic ox-

ides precipitate each other from those acid solutions in

which they are respectively soluble. It was drawn up
from the experiments of Gay Lussac. The relative or-

der of several of the oxides is not quite certain, but they

al} precipitate peroxide of iron, and most of them perox- ,
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of copper: while this last throws down peroxide ofc

iron

IV. ACID SOLUTIONS.

Fixed alkalies

Barytes

trontian

Lime

Ammonia

Magnesia
Yttria ?

Glucinai

Zirconia

Alumina

Metallic oxides

This, table represents the general order in which the

bases precipitate eac.h other from saline solutions ;
but

there are many exceptions. Berthollet has even made

it probable, that the order of precipitation varies with

the proportion of the ingredients used. He has demon-

strated, that the precipitation is rarely or never com-

plete j that the bases divide the acid solvent between

them in proportion to their relative quantities, and to

the quantity of each necessary to neutralize the acid.

It is obvious that all those cases must be excepted, in

which the acid ancl base or precipitant form an inso-

luble compound, because then they precipitate in com-

bination. I place the fixed alkalies first, because, when

muriate of barytes is dropt into potash so pure that it

^ccasions no muddiness in barytes or lime water, a fla-

Ann. dt CLim. xlix. 3f.
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ky precipitate constantly appears. No difference can

be perceived in the action of potash and soda in this

resptct. These alkalies do not precipitate one another.

Potash is placed first in the tables of Bergman, inertly

because it forms with acids less soluble salts than soda j

and therefore (as Berthollet has shown), when a saline

solution containing the two alkalies is evaporated, the

salts of potash crystallize first. It has not been proved

that barytes precipitates strontian and lime ; even if it

iiid, it could never, with propriety, be used as a preci-

pitant of them. It is known that ammonia never occa-

sions a precipitate in the solutions of the three alkaline

earths that precede it in the table ; but it precipitates

all the bodies that follow it, if we except those metallic

oxides which it is capable oi holding in solution.

How far magnesia is capable of precipitating the earths

placed below it in the table, has not been examined ;

but it is probable that it is, as it is capable of forming
neutral salts with acids, which is not the case with

them. The marked attraction which magnesia shows

for alumina would perhaps prevent it from taking the

place of alumina ; it would probably combine and form

with it a substance insoluble nearly in potash. Zirco-

nja is placed merely from analogy. Alumina is pro-

bably thrown dpwn, at least partially, by glucina, as it

forms with acids a salt approaching more nearly to neu-

tralization. Several of the metallic oxides precipitate

ammonia ; but the relative power of the substances pla-

ced in the table below ammonia is not of much impor-

tance, as they cannct well be employed, except indirect-

ly, as precipitants.

The acids do not precipitate each other from bases j
Acids do

i&erefore no table can be given of them. Many of
"

ate eac!*

other.



664 COMBINATION AND DECOMPOSITION

Book III, them have the property of forming with bases insoluble

compounds. Such acids separate bases from other

acids, and precipitate with them. It was from this

circumstance that Bergman arranged the acids in his

tables ; but Berthollet has shown, that the order is in

many cases hypothetical, and that the nature of the pre-

cipitates varies with the proportion.

I shall now give a Table of those substances which

have the property of separating bodies either partially

or completely from solutions, and which therefore are

employed by chemists to ascertain the presence of the

respective bodies, or to determine their quantity. Such

a table can comprehend only the alkalies, earths, metal-

lic oxides, acids, and a few other compound bodies.

The simple substances are in general too intimately

combined to admit of separation by such means.

V. GENERAL TABLE OF PRECIPITANTS.
Frecipitants
of alkalies,

z ALKALIES, Precipkants.

Potash Tartaric acid

Soda O
Ammonia.... Fixed alkalies

There are no substances known capable of precipitating

the fixed alkalies. They are detected by separating

other substances from them, combining them with acids,

and ascertaining the properties of the salts formed.

Tarlfaric acid detects potash in many cases, when dropt

slowly into solutions containing it. Tartar is formed,

which, being nearly insoluble, falls to the bottom in

small crystals. Phosphoric acid forms with potash a

salt nearly insoluble in cold water, but yet it cannot be

used as a precipitant. We know of no substance capa
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ble of precipitating soda in this way. All the known Ch*p. v.

salts of soda, except the fluate, oxalate, and catnpho-

rate, are very soluble. Though ammonia does not pre-

cipitate, yet it becomes perceptible by its odour, when

solutions containing it are mixed with a fixed alkali.

2 ALKALINE EARTHS. Precipitnnts.
T, ti * t i Alkaline

mrytes ....sulphuric acid
earths.

Strontian..* Sulphuric acid

Lime..... Oxalic acid

Magnesia.. Phosphoric acid

All the alkaline earths are precipitated completely by

the alkaline carbonates, and they are commonly used

for the purpose. The acids indicated in the table like-

wise precipitate completely, provided they be combi-

ned with an alkaline base, and the proper precautions

be taken to remove bodies that might impede the action.

Sulphate of soda may b said to precipitate barytes

completely from all solutions ; but it does not act so

powerfully upon strontian. Oxalate of ammonia acts

with nearly the same energy on lime, provided there be

no excess of acid present. But the oxalate of lime is

soluble in most acids. We have no good precipitant of

magnesia ;
it is usually detected by separating the other

bodies, and then throwing it down by means of an al-

kali. Phosphoric acid has been proposed by Dr Wol-

laston. His method is ingenious. He pours carbonate

of ammonia (as nearly neutral as possible) into the mag-
nesian solution. No precipitate appears, because the

carbonic acid is sufficient to keep it in solution; but, on

adding phosphate of soda, it falls down in an insoluble

gtate combined with the phosphoric acid.
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3 EARTHS PROPER. Precipitant^

Ytria.... .....Ammonia, prussiate of potash

Glucina ....... Ditto, ...... ditto

Zirconia..... .Ditto, hydrosulphuret of potash

Alumina...... Ditto, ditto

All these earths are precipitated by the alkaline carbo-

nates. None of them has an appropriate precipitate by
means of which it is detected and separated. The se-

paration is accomplished by more complicated means.

If the solution be in sulphuric acid, indeed, alumina may
be detected by means of potash, crystals of alum

dually separating.

Jtfetallic 4 METALLIC OXIDEI. Precipitants,

pxides. f Sulphate of iron
Gold ............ VM /-

CJNitrate or mercury .

Platinum .......... Sal ammoniac

Silver.............. Muriate of soda

Mercury...... .....Muriate of soda

Palladium .........Prussiate of Mercury

? Zinc

Iridium ...........O j

Osmium. ..........O, Mercury

Copper.. ..........O, Iron

Iron..., ............ Succinate of soda

Nickel.... ..... ....O, Sulphate of potash

Tin......... ........Oxymuriate of mercury

Lead.... ............Sulphate of soda

Zinc ......... . ......O, Alkaline carbonates

Bismuth ....... .....Water, muriate of soda

Antimony ..........Water, hydrosulphuret of potas*;

Tellurium .. ..... ..Water

Arsenic, ...... ..... .Nitrate of lead
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METALLIC OXIDES. Precipitants. Chap. V-

Cobalt O, Alkaline carbonated

Manganese Tartrate of potash

Chromium Nitrate of lead

Molybdenum O
Uranium ....Prussiate of Potash, alkalies

Tungsten O, Muriate of lime

Titanium Infusion of galls

Columbium Zinc, Infusion of galls

Cerium Qxalate of ammonia

Almost all the metallic oxides may be thrown dowjj

either completely or partially by means of the alkalies,

alkaline carbonates, or alkaline earths. Hydrosulphur
ret of potash likewise throws them almost all down ;

but many of them have, besides, particular precipitants,

by means of which they may be separated from solu-

tions. The precipitants usually employed are inserted

in the preceding table.

The sulphate of iron throws down gold in the metal*

lie state, and is commonly employed to separate that

metal, except when the solution contains iron, and \ve

wish to ascertain its quantity ; in that case nitrate of

mercury may be used.

Platinum is precipitated from nitre-muriatic acid in

the state of a yellow powder by sal ammoniac. This

is the precipitant commonly employed, because the am-

moniq-muriate of platinum is easily decomposed by

heat.

Silver is completely precipitated from almost all so~

lutions by common salt ; the muriate of silver being

insoluble in most liquids. It is one of the best precipt^

tants with which \ve are acquainted.



668 COMBINATION AND DECOMPOSITION.

Book in.
^ Mercury is usually detected and separated by subli-

mation. There is no good precipitant of it except when
in the state of protoxide ; then muriate of soda throws it

down almost completely.

Dr Wollaston has shown that palladium may be se-

parated from nitro-muriatic solutions by means of prus-

siate of mercury. No good precipitant of rhodium is

known. Dr Wollaston obtained it in a separate state

by means of common salt. Neither do we know any

good precipitant of iridium or osmium ; Mr Tennant

separated the first by means of zinc, and the second by
means of mercury.

No saline precipitant of copper sufficiently accurate

for use is known ; the metal is usually thrown down by
means of a plate of iron, or by sulphureted hydrogen.

Succinate of soda or ammonia has lately been used

with much advantage as a precipitant of iron.

No precipitant of nickel is known. Proust used

sulphate of potash to separate it from cobalt by means

of repeated crystallizations.

There is no good precipitant of tin j it may be thrown

down, however, pretty completely, by means of oxy-

muriate of mercury. Zinc is commonly employed to

separate it from solutions.

Lead is thrown down very completely from its solu-

tions by sulphate of soda.

There is no good precipitant of zinc known. The

method employed by chemists, when they wish to ob-

tain it from solutions, is to separate, in the first place,

all the earths and other metallic oxides that may be pre-

sent, and then to throw down the zinc by means of an

alkaline carbonate.

Bismuth is thrown down from its solution by water
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and by muriate of soda. The white precipitate does Chap. V.

not blacken when exposed to the sun ; neither is it solu-

ble in nitric acid, which sufficiently distinguishes it from

muriate of silrer.

Antimony is precipitated by water. Hydrosulphu-
ret of potash or ammonia may be necessary in order to

detect the metal by the orange- coloured precipitate

thrown down.

Tellurium, as appears from Klaproth's experiments,

is thrown down by water. We know but little of its

precipitants.

Arsenic in the state of white oxide is imperfectly

precipitated by evaporation, Hydrosulphuret of pot-

ash throws it down yellow ; but the best method of as-

certaining its quantity is to convert it into an acid, and

then throw it down by means of nitrate of lead.

We have no good precipitant of cobalt. When tar-

trate of potash is put into a solution containing it, and set

aside, red rhomboidal crystals form in it spontaneously,

consisting of cobaltic tartrate <A potash. This is not a

bad way of obtaining the metal nearly pure, but it does

not separate all the cobalt.

Neither have we any good precipitant of manganese.

Richter has recommended tartrate of potash, which suc-

ceeds to a certain extent, especially if the solution does

not contain an excess of acid.

Chromium, when in the state of an acid, is thrown

down by nitrate of lead.

We have no good precipitant of molybdenum. By
evaporation, it falls down spontaneously from acids in

the state of an oxide.

Uranium is well characterized by the brown colour

f the precipitate by prussiate of potash. The fixed a!-
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Book Tl kalies throw it down completely from its solutions iff

the state of a brown powder.
We have no good precipitant of tungsten. It is usu-

ally obtained separate by combining its oxide with am-

inonia, evaporating to dryness, and then calcining.

Thanium is thrown down like coagulated blood by

nutgalls ; columbium in the state of a white powder by
a plate of zinc ; and cerium by oxalate of ammonia.

Acids. 5. ACIDS. Precipitants.

Sulphuric Muriate of bafytes

Sulphurous Nitrate of lead

Phosphorid .Muriate of lime

Carbonic Muriate of an alkaline earth

Fluoric Muriate of lime

Boracic Sulphuric acid

Nitric O
Acetic O
Benzoic Muriatic acid

|

Succinic... *...*.. Sulphate of iron

Moroxylic Acetate of lead

Camphoric O
Oxalic Muriate of lime

Mellitic Acetate of barjtes

Tartaric Potash

Citric ....Acetate of lime

Saclactic Ditto

Malic O
Suberic Muriatic acid

This part of the table requires scarcely any explanation.

"When an alkali or neutral salt is indicated as a precu

pitant, the acid falls down in the state of an insoluble

; when an acid is used, then the acid is precipitated
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MI the state of small crystals. When no precipitant is Chap. v.

indicated, in that case the acid forms no known insolu-

ble salt, and is itself soluble in water.

When an acid forms an insoluble salt with any base,

that acid, or its salts, almost always has the property

of separating the base from the solutions which contain

it. The base and its salt act in the same way when

mixed with solutions containing the acid. Hence it is

of importance to know the insoluble salts which the a-

cids form with all the bases, because then we can al-

ways foretel the effect of mixing saline solutions toge-

ther. If any acid and base be present, capable of form-

ing an insoluble salt, they usually combine and precipi-

tate. I shall, for that reason, insert the following Ta-

ble ; it exhibits the solubility of most of the salts hi-

therto examined. The letter S indicates that the salt Table or

possesses a considerable degree of solubility ; the letter
ty

I, that it is not sensibly soluble ; and the letter L, that it

is but little soluble, or possessed of a degree of solubi*

Jity not exceeding oae or twoftr cent,
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Several of these salts, however, although insoluble in Chap,

Water, are still soluble in several saline or acid solu-

tions. This prevents the precipitation from appearing
in all cases of mixture as it otherwise would*

SECT. III.

OF PRECIPITATION,

Jt
1 ROM the tables and observations contained in the pfe*

ceding Section, it appears that certain substances only-

can be thrown down from solutions j namely, the earths

and metallic oxides among the bases, and those acids

which are nearly insoluble in water; while the alkalies

and soluble acids cannot be precipitated at all. It re-

mains for tfs to consider the state in which the precipi-

tates are obtained, and the way in which they are pro-

duced.

According to the theory of elective attraction, a sub-

stance is precipitated when its affinity for the solvent is

less than that of the precipitant. The precipitate there-

fore is pure ; and if a sufficient quantity of the precipi-

tant be employed, the precipitation is complete. Ber-

thollet has overturned this notion by showing, that ia

all cases the acid is divided between the base with which

it is already combined, and tlie base employed as a sol-

vent, and that the quantity which unites to each depends

upon the affinity and the quantity employed. If the

first base happens to be insoluble, the portion thus di-

engaged will of course precipitate. By this separation
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Pk ] V the mass of the precipitant is augmented relatively t

that of the base precipitated. It therefore acts with

more energy. In this manner the quantity of the first

base thrown down, is increased. But it has not been

proved, that by this method one substance is capable of

precipitating every atom of another ; though in some

cases the decomposition is so nearly complete, that we

may, without any sensible error, consider it as such :

as when pure potash or soda is employed to throw

down magnesia; or ammonia, to throw down alumina or

peroxide of iron. In other cases the action is very li-

mited. Thus potash does not seem capable of throwing

down barytes or strontian completely, nor ammonia

magnesia, from acid solutions.

Effect of When the base to be precipitated is capable of form-

insolubility, mg an insoluble compound with an under proportion of

the acid to which it is combined, it is obvious that in

that case the precipitation will commence whenever the

compound is reduced by the action of the precipitant to

that state of insolubility. Such precipitations cannot

consist of the pure bases ; they must all be in the state

of subsalts. To know, therefore^ whether a precipi-

tate be a pure base or not, we have only to be acquaint-

ed with the nature of all the compounds which it is ca-

pable of forming with the acid which holds it in solu-

tion. If they be all very soluble, then we may con,-

elude that the precipitate is in the state of a pure base,

or nearly so ; but if any of them be insoluble, we may

expect to find at least a part of the precipitate in the

state of a subsalt. The alkaline earths scarcely form

insoluble subsalts, but alumina and many of the metal-

lic oxides possess that property. Hence, when alumi-

na and several of the metallic oxides are precipitate^
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united to it a certain portion of acid.

Several" metallic oxides have such a tendency to form

-subsalts, that they are precipitated even by the affu-

sion of water. This is the case particularly with bis-

muth and antimony, and with some of the oxygenized
salts of mercury.

The precipitation of the metals from solutions by Precipita-

other metals has long puzzled chemists. Bertholkt ex- [a"

plained it by supposing the precipitate to be an alloy.

This certainly is true in some cases, but it applies to

the thin layer of the precipitate only which is next the

precipitating metal. Thus when zinc precipitates cop-

per, the layer next the cylinder of zinc always contains

some zinc. Probably the same remark applies when

copper is used to ptrecipitate silver. But when iron

precipitates copper, I .can detect no mixture of iron in

the precipitate, provided the iron has been polished and

is not corroded unequally. Mr Sylvester's opinion, that

the metallic precipitates are always produced by the

agency of galvanism, is much more probable than any
other yet stated. In that case it,is in reality hydrogen
that reduces and precipitates the metals in all cases.

Hence they fall either pure, or in the state of a hydro-

guret, according as the metals have the property of com-

bining with hydrogen or not.

When a base is employed to precipitate a soluble of acids

acid, the substance thrown down is always a com-

pound consisting of the acid united to the base em-

ployed. In this case,, like the preceding, the acid is

sometimes completely separated, and sometimes not,

according to the energy of the base employed, and the
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. degree of insolubility of the salt formed. The same

explanation applies as in the first case.

tion

C

b"neu-
When a neutral salt is employed as a precipitant, the

tral salts. substance which falls is always a compound. It is com-

posed of one of the ingredients of the precipitating salt

united to one ingredient of salt in solution. Such salts

alone can be employed as are known to form insoluble

compounds with the acid or base which we wish to

throw down. In these cases the separation is complete

when the new salt formed is completely insoluble. Neu-

tral salts perform the office of precipitants in general,

much more readily and completely than pure bases

or acids. Thus the alkaline carbonates throw down

the earths much more effectually than the pure alka-

lies, and sulphate of soda separates barytes much more

rapidly than pure sulphuric acid. This superiority is

owing partly to the combined action of the acid and base,

and partly to the comparatively weak action of a neutral

salt upon the precipitate, when compared to that of art

acid or alkali.

For the precipitation takes place, not because the

salts are insoluble in water, but because they are inso-

luble in the particular solution in which the precipi-

tate appears. Now if this solution happens to be capa-

ble of dissolving any particular salt, that salt will not

precipitate, even though it be insoluble in water. Hence

the reason why precipitates so often disappear when

there is present in the solution an excess of acid, of al-

kali, &c.

Separation When different salts are mixed together, they sepa-

rate e *tner spontaneously, or on evaporation, according

to the order of their solubility. Those which are in-

soluble precipitate immediately on the mixture,, and
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-those which are least soluble crystallize first when the ^hap.
v.

solution is evaporated. Potash forms with sulphuric

acid a salt much less soluble than sulphate of soda.

Hence the reason why it has been supposed to have a

stronger affinity for sulphuric acid, and by analogy for

acids in general, than soda : For It' sulphate of soda be

mixed with the greater number of the salts of potash,

sulphate of potash is obtained by evaporation.

But in cases where two salts are mixed togeth-er, the

resulting salts are much influenced by the proportions

of the ingredients. The same salts are not obtained if

the ingredients be mixed in one proportion that would

be obtained if they were mixed in another proportion.

This will appear evidently from the following expe.ru

paents of Berthollet.
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The mother water, or the liquid which remains when

mixtures of salts are separated by crystallization, alr

ways contains several salts, or rather their component

parts, which are prevented from crystallization by their

mutual action on each other. Hence the quantity of

this mother water is always the greater the more so-

luble the salts are ; that is to say, the less disposition

they have to crystallize.

Such is a short sketch of Berthollet's ingenious doc-

trine of precipitation. For a more particular detail the

reader is referred to the Statique Ghimique.

SECT. IV,

VOLATILIZATION.

have seen, in the preceding Section, that decom*-

position is produced in consequence of the insolubility

of some of the ingredients. Berthollet has shown that

it takes place equally when some of th ingredients

possess elasticity. Thus when an acid is dropt into an

alkaline carbonate, the carbonic acid assumes the ga-

seous form and flies off, and thus the decomposition ig

complete. In like manner, when an alkali is dropt in-

to sal ammoniac, the ammonia becomes elastic, and is

disengaged from the solution.

Effect of This separation, though precisely the reverse of the

former, depends upon similar principles. When sul-

phuric acid is poured into carbonate of soda, the two

acids divide the base between them according to theii
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affinity and quantity : but when the proportion of base
t
Chap, v.

is diminished, a part of the carbonic acid is enabled to

recover its elastic form. It flies off, and thus diminish-

es the quantity, and of course the action of the remainr

ing carbonic acid. The sulphuric acid is enabled to

act with more energy ; it takes a greater proportion of

base ; more carbonic acid flies off. Thus the decom-

position is gradually completed, not because carbonic

acid has a weaker affinity for soda, but because it is

elastic.

We may then lay it down as a general rule, that elasr

tic acids are displaced by fixed ones, provided they ar$

capable of enduring a sufficient degree of heat without

decomposition. Hence the reason that the decomposi^

tions by the dry way, as it is called^ that is, when the

ingredients are made to act upon each other in a heat

sufficient to produce fusion in one of them, are very

different from those produced when the substances are

made to act upon each other in water.

In like manner, ammonia is separated from acids by
means of the fixed alkalies and most of the earths, when

a sufficient heat is applied, and many of the metals se-

parate sulphur from mercury.

To these general laws, however, there are several

exceptions. They seem to depend upon the condensa-

tion of the elastic fluid, upon the intimacy of its union

with the other body, upon the affinity of the substances

employed to separate ; all of which have been investi-

gated by Berthollet with his usual sagacity *.

Statique CLimiwe, I. 308.
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