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A 

SYSTEM 
OF 

CHEMISTRY. 

BOOK II. 

OF COMPOUND BODIES, 

In the present state of the science of chemistry, I have Book IL 

thought it^ better to describe several of the compound sub- ^ 
stances while treating in the last book of the simple bodies, 
by the union of which they are constituted, than to place 

all the compounds under distinct heads. A contrary plan 

has been followed by some modern writers, but I think the 

result has been such as ought to deter others from imitating 

their example. The unity of the subject has been destroyed, 

and the facts have been exhibited in so unconnected a man¬ 

ner, as must considerably retard the progress of the student, 

while it fatigues and disgusts those who are already ac¬ 

quainted with the subject. 

Compound bodies are of two kinds. Some of them are Divisions, 

formed by the combination of two or more simple sub¬ 

stances with each other. Thus phosphoric acid is com¬ 
posed of phosphorus and oxygen; and oil, of hydrogen 

and carbon. Others are formed by the combination of two 

or more compound bodies with each other. Thus phosphate 

of ammonia is composed of phosphoric acid and ammonia | 

volatile liniment, of oil and ammonia. The first of these 
kinds of compounds I call Primary Compounds; to the 

second I give the name of Secondary Compounds, It will 

be very convenient to describe each of them separately. 1 
VOL. II. B 



2 PRIMARY COMPOUNDS. 

Book II. 
Division I. 
-- 

Classes of 
primary 
com¬ 
pounds. 

shall therefore subdivide this book into two divisions. In 
the first I shall treat of primary compounds^ and in the 

second of secondary compounds. 

DIVISION I. 

OF PRIMARY COMPOUNDS. 

I have already given an account of the different com- 

pounds which the simple combustibles * form with each 

other. We have here therefore only to examine the dif¬ 

ferent primary compounds formed by the union of the 

combustibles with the supporters of combustion. Besides the 

Four simple supporters, there is another substance, cyanogen, 

which forms compounds exactly similar to those formed by 
the supporters. It will be advantageous therefore to con¬ 

sider it as a supporter, and to place the compounds which 

it forms among the primary compounds. Besides the com¬ 

binations of supporters with combustibles, there are some 

substances formed by the union of certain combustibles 
with each other, or with oxygen, of so much importance in 

chemistry, that they require a particular description; yet 

so imperfectly analysed that we cannot venture to class 

them according to their composition. These I shall place 
among the primary compounds under the title of compound 

coinbustibles. Primary compounds then will be described 
under the six foliowino’ heads. 

O 

I. Compounds of oxygen with simple combustibles. 

II. Compounds of chlorine with supporters and com¬ 
bustibles. 

III. Compounds of iodine, with supporters and com¬ 
bustibles. 

IV. Compounds of fluorine, with supporters and com¬ 
bustibles. 

V. Compounds of cyanogen, with supporters and com¬ 

bustibles. 

VI. Compound combustibles. 

* To avoid too many subdivisions I include azote among the com¬ 

bustibles, though, strictly speaking, it ought to constitute a class by 

itself. 



UNSALIFIABLE OXIDES. 

We shall take these different heads in the order in which Subdivis 

they have been enumerated. 

SUBDIVISION L 

OF COMPOUNDS OF OXYGEN WITH SIMPLE COMBUSTIBLES, 

The compounds which oxygen forms with the simple 

combustibles are of three different kinds. Some possess 

the properties of acids. Some are capable of neutralizing 

acids and forming salts; on which account they have re¬ 

ceived the name of salijiable bases. Some are neither acids 

nor capable of neutralizing acids. They have hitherto 

been called simply oxides ; but we shall distinguish them by 

the name of unsalvfiable oxides. We shall consider these 

three sets of compounds separately. This division there¬ 
fore will consist of thixe chapters. In the first I shall de¬ 
scribe the imsalifiable oxides; in the second the salifiable 
bases ; and in the third the acids. 

CHAP. I. 

OF UNSALIFIABLE OXIDES. 

The only simple combustibles, as far as we know at pre¬ 

sent, capable of uniting with oxygen, and forming unsa- 
lifiable oxides are azote, hydrogen, and carbon. Azote 

forms two such oxides, namely, the protoxide and the dent- 

oxide of azote, hydrogen forms one, namely water; and 

carbon forms one, namely, carbonic oxide. These four 

oxides will be described in the four following sections. 

SECT, 1. 

OF PROTOXIDE OF AZOTE. 

Protoxide of azote w^as discovered by Dr. Priestley Histon 

about the year 1776, and called by him dephlogisticated 
B 2 



4 UNSALIFIABLE OXIDES. 

Book II. 
Division I. 

Prepara¬ 
tion. 

Properties. 

nitrous gas. He procured it first by keeping iron filings ill 

nitrous gas, and by keeping a mixture of iron and sulphur in 
the same gas.* The associated Dutch chemists examined it 

in 1793, and demonstrated it to be a compound of azote and 

oxygen.t But for a full investigation of its properties we 
are indebted to Sir H. Davy, who published an excellent 

dissertation on it in the year 1800. He gave it the name 
of nitrous oxlde,-^ 

1. It may be procured by the following process: take 

any quantity of nitrate of ammonia (a salt composed of 

nitric acid and ammonia) in crystals, and expose it in a 

retort, by means of a lamp, to a heat not under 340°, nor 

above 500°. It melts rapidly, and is decomposed, emitting 

a great quantity of gas, which issues from the mouth of the 

retort, and may be received in glass jars in the usual man¬ 
ner. The gas which comes over is protoxide of azote. This 

process was first pointed out by Berthollet; but it w^as much 

simplified by Davy.§ 
2. Protoxide of azote, thus obtained, has all the me¬ 

chanical properties of air : but it is much heavier than air; 

its specific gravity, being 1 *5277. 
It is capable of supporting combustion even better than 

common air; almost as well indeed as oxygen gas. A can¬ 

dle burns in it with a brilliant flame and a crackling noise. 

No combustible, how^ever, burns in it, unless it be previ¬ 

ously brought to a state of ignition. 

Dr. Priestley and the Dutch chemists had concluded that 

it cannot be respired; but they did not examine it in a state 
of purity. I[ Davy ascertained that it may be breathed for 
several minutes without any bad effects. The feelings pro¬ 

duced by breathing it bear a strong resemblance to intox¬ 

ication ; but they are not followed by that langour and de¬ 
bility which is a constant attendant of intoxication. It 

cannot be breathed longer than about four minutes, with- 

* Priestley on Air, ii. 54. f Jour de Phys. xlii. 323. 

X Researches, chiefly concerning Nitrous Oxide. 

5 Mr. Proust has remarked that, the gas which comes over at the be¬ 

ginning of the process differs a little from nitrous oxide, and yet it is 

not nitrous gas. 

II Dr. Priestley Indeed found, in one instance, that a mouse breathed 

it five minutes without uneasiness. In this experiment beseems to have 

obtained it nearly pure.—Priestley, ii. 84. 

5 



PROTOXIDE OF AZOTE. 5 

out the loss of voluntary motion altogether. When ani- Subdivis. I. 

mals are confined in it, they give no signs of uneasiness for 
some moments; but they soon became restless, and, if not 

removed in a very few minutes, die altogether. Hence we 

see that, though this gas be respirable, it is much less so 

than common air or oxygen gas. 
3. This gaseous oxide is absorbed pretty rapidly by water, Action of 

as Dr. Priestley ascertained, especially when agitated. Ac- 

cording to the experiments of Saussure, JOO measures of 

water absorb 76 measures of this gas, and 100 measures of 

alcohol of the specific gravity 0*84 absord 153 measures.f 
The water acquires a sweetish taste; but its other proper¬ 

ties do not differ perceptibly from common water. The 

whole of the gas is expelled unaltered by boiling the 
v/ater.:]: When this gas combines with the water, it expels 

the common air which was formerly dissolved in the water. 

Hence the residuum of common air, which always appears 

when this gaseous oxide is exposed to a sufficient quantity 

of water.§ 
4. This gas is not altered by exposure to light, nor to 

any heat below ignition; but when made to pass through a 

red-hot porcelain tube, or when electric sparks are made 

to traverse this gas, it is decomposed, and converted into 
nUrSc acid and common air. [[ 

II. None of the simple supporters, as far as is known, Of suppor- 

produce any change upon this gas, even when heated in 

contact with it. 
HI. As it is a supporter of combustion it is obvious that Of simple 

the simple combustibles (some of them at least) must decom- ties, 

pose it in certain circumstances. 

1. Hydrogen gas and nitrous oxide gas detonate violently 
with a red flame, when a strong red heat is applied, or when 
the electric spark is made to pass through the mixture. 
When the proportion of hydrogen is equal to that of the 

oxide, the products are water and azote; when the propor¬ 

tion of hydrogen is small, nitric acid is also formed.*^ 
2. Charcoal, confined in this gaseous oxide, may be 

kindled by means of a burning-glass. It continues to laurn 

* Davy’s Researches, p. 94. f Annals of Philosophy, vi. 340. 

J Priestley, ,ii. >81. § Davy, p, 89, 

H Priestley, ii. 91, and Davy, ibid. p. 279. 

Priestley, ii. 83^ and Davy, p. 28b, 



6 UNSALIFIABLE OXIDES. 

Book II. with great brilliancy, till about the half of the gas is con- 
pivision L g^jned. The products are carbonic acid gas and azotic 

# 

Phospho¬ 
rus. 

Sulphur. 

gas 
3. We do not know the action of boron and silicon on 

this gas from experiment. But there can be no doubt that 

they would burn in it and deprive it of the whole of its 

oxygen. 
4. Phosphorus may be melted and sublimed in this gas 

without alteration ; it may be even touched with a red-hot 
wire without undergoing combustion; but when touched 

with a wire heated to whiteness, it burns, or rather deto¬ 

nates, with prodigious violence. The products are, azotic 

gas, phosphoric acid, and nitric acid: a part of the oxide 
remains undecomposed.f 

5. Sulphur, at the common temperature of the air, is not 
altered by this gas. If it be introduced into it while burn¬ 

ing with a blue flame, it is immediately extinguished; but 

if introduced while burning with a white flame, it continues 
to burn for some time with great brilliancy, and with a fine 

red flame. The products are sulphuric acid and azote. 
When about the half of the nitrous oxide is decomposedj 
the sulphur is extinguished.:]: 

Sulphureted, phosphureted, and carbureted hydrogen 
gas, likewise burn when mixed with nitrous oxide, and 

exposed to a strong red heat. The products differ accord¬ 
ing to the proportions of the gases mixed. 

6. No experiments have been made to ascertain the 
action of arsenic and tellurium on this gas. The probabi¬ 
lity is that they would both deprive it of its oxygen, and 
that they might be made to burn in it. 

7. The action of the alkalifiable combustibles on this eas 
O 

has been but very imperfectly examined. 

(1.) When potassium is heated in it the metal takes fire, 

and is first converted into peroxide of potassium. If the 

heat be continued the peroxide is decomposed in its turn, 
and is reduced to the state of nitrite of potash. The pro¬ 
toxide of azote is converted into a mixture of nitrous gas 

and azote.§ Sodium produces exactly the same effects on 
this gas. 

* Davy, p. 311. t Davy, ibid. p. 303. I Davy, ibid. p. 303. 

§ Gay-Lussac arid Thenard. Recherclies Physico-chimiques, i. 263. 

II Ibid. p. 167. 



PROTOXIDE OF AZOTE. 7 

(2.) There can be no doubt that the metallic bases of the Subdiyis. I. 
alkaline earths and earths proper would decompose this gas 

if they were heated in it; though hitherto the experiment 
has not been tried. 

(3.) Iron wire burns in this gas with the same brilliancy as Of the 
in oxygen gas, though the combustion lasts but a very short 

time. The iron is converted into black oxide; part of the 

nitrous oxide is decomposed, its azote is evolved, while its 
oxygen combines with the iron.* Zinc also may be oxi¬ 
dized in this gas.f Its effect upon the other metals has not 

been tried. 

IV. Sir Humphry Davy was of opinion that protoxide 

of azote has the property of combining with alkalies, and of 
forming a peculiar kind of salt, to which he gave the name 

of nitroxi, and which I afterwards called azotite. He 

formed these compounds by bringing the alkali in contact 

with the protoxide of azote at the instant of its formation. 

Thus he exposed a mixture of sulphite of potash and potash 

to nitrous gas. The sulphite deprived the nitrous gas of a 
portion of its oxygen, and converted it into protoxide of 
azote, and this protoxide united with the potash and formed 

the compound in question; which was afterwards separated 
from the sulphate of potash by solution and crystallization.;]: 

I have little doubt from the description of the salts formed 

by Davy, that they were in reality nitrites of potash and 

soda. They were obviously the same with the salts formed 

by Gay-Lussac and Thenard, by heating potassium and 

sodium in protoxide of azote.§ 
V. From the experiments of Davy ]| compared with those Composi- 

of Gay-Lussac and Thenard,** there can be no doubt that 

protoxide of azote is a compound of 2 volumes azotic gas 
and 1 volume of oxygen gas condensed into 2 volumes. 

Or of 1 atom azote -f 1 atom oxygen, or by weight of 

Azote .1*75 . 100 

Oxygen . 1*00 . 57*14 

^ Priestley, ii. 13, and Davy, p. 286. f Davy, p. 317. 

X Davy's Researches, p. 268. 

§ From an experiment of Gay-Lussac, it is obvious that the sulphite 

of potash used by Davy was superfluous. See Ann. de Chim. etPhys. 

i. 397. 

j| Researches, p. 278. ** Recherches Physico-chimiques, i. 166. 



8 UNSALIFIABLE OXIDES. 

Book II. 
Division I. 

SECT. IL 

OF DEUTOXIDE OF AZOTE. 

History. 

Prepara' 
tion. 

Properties. 

Supports 
combus¬ 
tion. 

Action of 
air, 

Deutoxide of azote, usually denominated nitrous gas^ 

was obtained accidentally by Dr. Hales; but its nature and 

properties were investigated by Priestley, in one of the first 
excursions made by that illustrious philosopher into the then 
unbeaten tracts of pneumatic chemistry. As the phenomena 

exhibited by this oxide are intimately connected with the 

most important investigations in chemistry, its properties 

were examined with great care, and occupied the attention 

of almost every chemist of eminence. 

1. It may be obtained by the following process: Put 

copper or mercury into a glass retort, and pour over it 

somewhat diluted nitric acid. The metal is rapidly dissolved 
with a strong effervescence, and a great quantity of gas 
issues from the mouth of the retort, which may be received 
in glass jars. This gas is nitrous gas. 

2. When pure it is invisible like common air, of which it 

possesses the mechanical properties. Its specific gravity is 

T0416. 

Nitrous gas is exceedingly noxious to animals, producing 

instant suffocation whenever they attempt to breathe it. 

The greater number of combustible bodies refuse to burn 

in it: A taper, for instance, is extinguished the moment it 
is plunged into nitrous gas; the same thing happens to 
sulphur, even though previously burning with a white flame. 

It is capable, however, of supporting the combustion of 

several bodies, as has been ascertained by the experiments 
of Priestley and Davy. When Homberg’s pyrophorus is 
introduced into nitrous gas, it takes fire spontaneously, just 
as it does in common air. Phosphorus, too, when intro¬ 

duced into this gas in a state of inflammation, burns with 
as much splendour as in oxygen gas.'^ 

4. When nitrous gas and common air are mixed to^e^ 
ther, the mixture instantly assumes a yellow colour, heat is 

evolved, and the bulk of the two gases diminishes consider¬ 

ably ; slowly, if the experiment be made over mercury; but 

rapidly, if it be made over water. When the diminution 

lias reached its maximum, the mixture becomes perfectly 

* Davy,p. 134. 



DEUTOXIDE OF AZOTE. 9 

transparent. The yellow colour is owing to a quantity of Subdivis. I. 

nitrous acid which is formed, and the diminution of bulk to ^ 

the gradual absorption and condensation of this acid. What 

remains after this absorption is only azotic gas. The cause 

of this remarkable phenomenon is obvious. The nitrous 

gas combines with the oxygen of the air, and forms nitrous 
acid, which is condensed while the azote of the air remains 
behind in the form of a gas. Hence with equal quantities 

of nitrous gas and air the diminution of bulk is always pro¬ 
portional to the quantity of oxygen present in the air. 

Hence it informs us of the proportion of that substance in 
any particular air. The same phenomenon takes place And oxr- 

when oxygen gas and nitrous gas are mixed; but the conden- 

sation is much more considerable. Indeed it would be com¬ 

plete, provided the two gases were perfectly pure, and mixed 

in the proper proportions. 

Many experiments have been made in order to deter- Compound* 

mine the proportions in which nitrous gas and oxygen gas 

unite together. But the subject is of very difficult deter- 
mination. Dalton first gave a satisfactory explanation of 
the anomalies, by showing that oxygen is capable of uniting 
with two different proportions of nitrous gas. 21 measures 

of oxygen gas unite, according to him, with 36 measures or 
with 36 X 2 = 72 measures of nitrous gas.* In his Tieta 

system of chemical philosophy^ he gives the result of his expe¬ 

riments at considerable length, and states the quantity of 

nitrous gas capable of uniting with 100 volumes of oxygen 

at 130, 180, 360 volumes.f Sir H. Davy relates the result 

of a great many experiments on these combinations; but he 

was not able to arrive at very definite conclusions.^: Gay- 

Lussac has renewed his experiments on this subject at dif¬ 

ferent times. The conclusions which he has drawn are that 

100 volumes of oxygen gas is capable of combining with 

, 133 volumes 

200 

400 

of nitrous gas.J These numbers are probably near the 

* Phil. Mag. xxiii. 351. f Vol. il. p. 327. 

f Elements of Chemical Philosophy, p. 260. He makes, however, 
the important deduction that nitric acid is a compound of 100 oxygen 

f 133 nitrous gas. § Ann. dc Chim, et Phys. i. 394, 



10 UNSALIFIABLE OXIDES. 

Book II. truth. But as all the intermediate proportions between 
Division these extremes are capable also of uniting with 100 volumes 

of oxygen, it is very difficult to obtain definite results. The 

compounds formed are 

Nitric acid with 100 volumes oxygen + 13S nitrous gas 

Nitrous acid .. 100.+ 200 
Hyponitrous acid 100.+ 400 

Absorbed 
by water. 

Action of 
combusti¬ 
bles. 

And me¬ 
tals. 

5. When electric sparks are made to pass through nitrous 

gas, it is decomposed and converted into nitrous acid and 

azotic gas.'^ Gay-Lussac lias shown that wlien strongly 

heated it undergoes the same decomposition.+ 
6. Nitrous gas is readily absorbed by w^ater. From 

an experiment of Davy, it appears that 100 cubic inches 

of water at the common temperature, and previously freed 
from air, absorb 1T8 cubic inches of nitrous gas, or nearly 
one-tenth, as Dr. Priestley had ascertained; but the expe¬ 

riments of Dr. Henry do not accord with this estimate. 

Water, by his trials, at the temperature of 60°, absorbs 
only five per cent, of its bulk of this gas.J This solution 

has no particular taste, and does not redden blue vegetable 

colours. The gas is expelled again by boiling the water; f 
it separates likewise when the water is frozen. 1| 

II. The simple supporters (oxygen excepted) have no 
action on nitrous gas while dry. But chlorine when as¬ 
sisted by water converts it into nitrous acid. 

III. The action of the simple combustibles on nitrous gas 

has not been examined with the minuteness that it deserves. 
1. Hydrogen gas mixed with it acquires the property of 

burning with a green flame. A mixture of these two gases 

does not take fire when electric sparks are made to pass 

through it; but according to Fourcroy, it detonates when 

made to pass through a red-hot porcelain tube; w^ater is 
formed, and azotic gas is evolved.** 

2. Nitrous gas is decomposed by phosphorus and char¬ 

coal at a very high temperature, and probably also by sul¬ 

phur. These substances are converted into acids by com¬ 

bining with the oxygen of the gas while its azote is evolved. 
3. Several of the metals have the property of decompos- 

^ Priestley, li. 22. h Ann. de Chira. et Phys. i. 398. 

:}; Phil. Trans. 1803, p. 274. § Davy, p. 143. 

j| Priestley, ii. 407. * * Fourcroy, ii. 91. * 

1 
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iron. 

Ijig it, especially when assisted by heat. This is the case Subdivis. i. 

particularly with iron. Dr. Priestlej^ confined a portion of ^ > 
nitrous gas for some time in contact with a number of 
iron nails; the gas was converted into oxide of azote, in 
consequence, doubtless, of the iron abstracting part of its 
oxygen.* It was in this manner that protoxide of azote 
was discovered by that philosopher. When the iron is 
heated to redness by means of a burning-glass, the decom¬ 
position is complete, the whole of the oxygen is abstracted 
from the nitrous gas, and only azotic gas remains behind.f 
Potassium acts upon this gas precisely as on protoxide of 
azote, and is converted first into peroxide of potassium, and 
then into nitrite of potash. But sodium does not undergo 
the same changes in it. J 

IV. Dr. Priestley ascertained that nitrous gas is absorbed Absorbed 

by the green sulphate of iron; a property which is em- 
ployed successfully to ascertain its purity. Ail that is ne¬ 
cessary is, to expose a given portion of nitrous gas in a close 
vessel to the action of the green sulphate; the quantity of 
gas which remains unabsorbed gives the proportion of 
foreign bodies with which it is mixed. Davy has proved, 
that all the salts containing the black oxide of iron possess 
the same property, and that they all absorb nitrous gas 
unaltered. The greatest part of it may be even expelled 
again by the application of heat. Several other metallic 
salts possess the same properties. J 

The following bodies have the property of converting Converted 

deutoxide of azote into protoxide: 

Alkaline sulphites, 
Hydrogureted sulphurets, 
Muriate of tin, 
Sulphureted hydrogen gas, 
Iron or zinc filings moistened with water. 

into nitrous 
oxide. 

To produce this effect, nothing more is necessary than to 
put these substances into jars filled with deutoxide of azote, 
and allow them to remain for a week or two. The sub¬ 
stances gradually combine with a portion of oxygen, and 
are converted into oxides or salts. |j 

* Priestley, il. 54. f Fourcroy, li. p. 38. 

:|: Recherches Pbysico-chimiques, i. 161. § Davy, p. 179. 
II Priestley and Davy, 'passim.—During tlie action of the two 

bodies on nitrous gas, ammonia is likewise formed. 
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Book II. V. From the experiments of Davy compared with those 
Divis^n I. Gay-Lussac and Thenard, there can be no doubt that 

nitrous gas is a compound of 1 volume azotic gas + 1 vo¬ 
lume of oxygen gas, constituting together 2 volumes. Hence 
it is a compound of 1 atom azote + 2 atoms oxygen; or 
by weight of 

Azote ,. 1*75.100 
Oxygen 2 .114*28 

SECT. III. 

OF WATER. 

This well known liquid constitutes the only oxide of 
hydrogen with which we are acquainted. It is found in 
abundance in every part of the world, and is absolutely 
necessary for the existence of animals and vegetables. 
When pure, in which state it can be obtained only by dis¬ 
tillation, it is transparent, and destitute of colour, taste, and 
smell. 

-Weight. 1. As this liquid, from the ease with which it may be 
procured in a state of purity, has been chosen for a standard 
by which the comparative weight of all other bodies may 
be estimated, it becomes of the greatest importance to ascer¬ 
tain its weight with precision : but its density varies with 
the temperature. At the temperature of about 40°, its den¬ 
sity is a maximum; and for the two or three degrees on 
each side of 40°, the variation of its density is scarcely per¬ 
ceptible. Now, from the experiments of Lefevre Gineau, 
performed with great care, in order to ascertain the weight 
of the millegramme, it follows, that, at the temperature of 
40°, a French cubic foot of distilled water weighs 70 lbs. 
and 223 grains French = 529452*9492 grains troy.* 
Therefore an English cubic foot, at the same temperature, 
weighs 437102*4946 grains troy, or 999*0914161 ounces 
avoirdupois. Hence a cubic inch of water at 40° weighs 
252*953 grains, and at 60°, 252*72 grains. A cubic foot of 
water, at the temperature of 55°, weighs, according to the 
experiments of Professor Robison of Edinburgh, 998*74 

* Jour, de Phys. xllx. 171, 
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nvolrdiipois ounces, of 437*5 grains troy each, or only 1*26 Subdivis. i, 

ounces less than 1000 avoirdupois ounces: so that rain- 
water, at the same temperature, will weigh pretty nearly 

1000 ounces. The specific gravity of water is always sup¬ 

posed = 1 *000, and it is made the measure of the specific 
gravity of every other body. 

2. When water is cooled down to 32°, it assumes the Ice. 

form of ice. If this process goes on very slowly, the ice 

assumes the form of crystalline needles, crossing each other 

at angles either of 60° or 120°, as Mr. de Mairan has re- 

marked; and it has been often observed in large crystals of 

determinate figures.* Ice, while kept at a temperature con¬ 
siderably below 32°, is very hard, and may be pounded into 

the finest dust. It is elastic. Its specific gravity is less than 

that of water, being only 0*94. 

3. When water is heated to the temperature of 212,° it stcam. 
boils, and is gradually converted into steam. Steam is an 

invisible fluid like air, but of a less specific gravity. Ac¬ 
cording to the experiments of Gay-Lussac its bulk, under a 
pressure of 29*922 inches of mercury and at the tempera¬ 
ture of boiling water, is 1698 times greater than when in 

the liquid state. Hence its specific gravity is 0*6235, that 
of air being reckoned l.f If we suppose its density to that 

of air as 10 : 16, its specific gravity will be 0*625. If we 

suppose it composed of 2 volumes hydrogen and 1 volume 

oxygen condensed into 2 volumes, its specific gravity will 

be 0*62495. 
The elasticity of steam is so great, that it produces the 

most violent explosions when confined. It is upon this 
principle that the steam-engine has been constructed. 

The phenomena of boiling are owing entirely to the 

rapid formation of steam at the bottom of the vessel. The 

boiling point of water varies according to the pressure of 

the atmosphere. In a vacuum water boils at 70°; and 
when water is confined in a Papin’s digester, it may be 

almost heated red hot without boiling. The mixture of 

various salts with water affect its boiling point consider- Boiling 

ably. Mr. Achard made a number of experiments on that af- 
^ lected by 

salts. 

* See observations on this subject by Grew. Pbil. Trans. Abr. ii. 54. 

f Gilbert’s Annalen, 45, 383., 
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Book II. subject; the result of which may be seen in the followin 
Tables.* 

Class I. Salts which do not affect the Boiling Point, 

Sulphate of copper. 

Class. II. Salts which raise the Boiling Point, 

^ Nitrate of potash |.s 
o j Boracic acid j 

^ (^Carbonate of soda J 

f Muriate of soda ^ f 10*35^ 
B ^ j Sulphate of soda ! -S *§ | 5*6 

o J Sulphate of potash I ^ J 0*9 
nj 1 Mtrate of potash f 1 

j 2*2 
L 2-35 

CS ^ 
rH O 

This augmentation varies with the quantity of salt dis* 

solved. In general, it is the greater the nearer the solution 

approaches to saturation. 

/ 

Class III. Salts which loiver the Boiling Point, 

In a small quantity, lowers the boiling 
Borax, < point.. 1*350^ 

(.Saturated solution of .0*22 

o T 1 . r . C In a small quantitv . 
Sulphate of magnesia, ^Saturated solution'of 

f A very small quantity of . 
AIum< A greater quantity. 

C A saturated solution of... 

2-47 
1-1 

0*0 

0*7 
0-0 

Sulphate of lime, 
Sulphate of zinc. 
Sulphate of iron, 
Acetate of lead. 

in any proportion, 

Class IV. 

{0*02 
0*45 
0*22 
1*24 

Muriate of 
ammonia. 

Carbonate of 
potash. 

Small quantity of, low*ers the boil 
ing point.0*45° 

Saturated solution of, raises do. . 9*79 

Small quantity of, low*ers do.0*45 
Saturated solution of, raises do.11*2 

Water was once supposed to be incompressible; but the 

'contrary has been demonstrated by Mr. Canton. The 

^ Trans. Berlin, 1785. I have not ventured to make any alteration 

lu these tables, as I have not repeated the experiments myself; but I 
entertain doubts respecting the accuracy of some of the numbers, and 

believe the third and fourth classes to be wrong. 

\ 
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Abbe Mongez made a number of experiments, long after Subdivis. i. 

that philosopher, on the same subject, and obtained similar l- ^ 

results. 

4. Water is not altered by being made to pass through a Action of 

red-hot tube. Heat does not seem capable of decomposing 
it; neither is it affected by the action of light. 

5. It has the property of absorbing atmospheric air; and Absorbs 

it always contains a portion of it Avhen it has been exposed 

to the atmosphere. The greater part of this air is driven 

off by boiling : but, from the experiments of Dr. Priestley, 

it appears that the whole of it is not separated; nor can it 

be completely separated without great difficulty. Water 

owes its agreeable taste to the presence of air; hence the 

insipidity of boiled water. It absorbs oxygen gas in pre¬ 

ference to air, and nearly in the same proportion, as was 

first ascertained by Scheele. 

Mr. Driessen has shown, that in order to free water from How air 

air, it must be boiled at least for two hours, and kept in a 

flask v/ith its mouth inverted over mercury. If it be ex- from it. 

posed to the air, after this process, for ever so short a time, 
it immediately absorbs some air; a proof of the strong af¬ 
finity wffiich it has for that fluid.* This philosopher has 

pointed out the following method of ascertaining whether 

water be perfectly free from air. Tinge the water blue with 

litmus, fill a flask with it, invert the flask under water, and 

introduce into it pure nitrous gas till about of the vessel 
is filled. If the water contains air, a portion of the nitrous 

gas will combine vrith its oxygen, and be converted into 

nitric acid. The consequence of which will be, that the 

litmus will assume a red colour. Even the proportion of air 

in the water may be estimated by the quantity of ammonia 

necessary to restore the blue colour to the litmus. If the 
litmus retains its blue colour, we may be certain that the 
water which we try contains no sensible portion of air.f It 

is proper to remark, however, that this experiment does not 

succeed in a satisfactory manner, unless an unusual quantity 

of oxygen gas be present. No effect is produced when 

nitrous gas is agitated with good spring water. 
IL None of the supporters of combustion, as far as we 

know at present, is capable of decomposing water. Hence 

^ Phil. Mag, 1803, xv. 252. t Ibid. 
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Book II. it appears that hydrogen has a stronger affinity for oxygeif 
Division I. other supporters of combustion. 

Action of in. The action of the simple combustibles on water has 

not been examined with much care. Hydrogen gas has 
’ no action on it even at a red heat. Charcoal does not 

act sensibly while cold, but at a red heat it decomposes 

water, carbonic acid and carbureted hydrogen being formed, 
and probably also carbonic oxide. 

2. The action of boron and silicon has not been tried. 

But it is probable that these bodies would act with, at least, 
.as much energy upon water as charcoal does. 

3. Phosphorus and sulphur do not seem capable of de¬ 

composing water even when assisted by heat. Arsenic does 

not decompose it at the common temperature of the at¬ 

mosphere. 
4. Potassium and sodium decompose water with great 

energy, being converted into potash and soda, while hy¬ 

drogen gas is evolved. There can be no doubt that the 

metallic bases of the alkaline earths and earths proper 

would also decompose water if they were put into that 

Of metals, 5. Iron, zinc, antimony, and tin, decompose it when 

assisted by heat; silver, gold, copper, and platinum, have 
no effect upon it. The action of the other metals at a red 

heat has not been tried.* 
Alkalies 6. Water dissolves the alkalies and alkaline earths. The 
and earths. proper are insoluble in it. It dissolves also acids 

.and salts, and is capable of combining with a great variety 

of bodies. 

Water com- 7. Water has the property of uniting with bodies in two 

different ways. Some it dissolves; the compound becomes 

liquid, like water. In this way it unites with common salt, 

with sugar, and a vast number of other bodies. Other 

substances combine with it without losing their solidity. 

The water in this case loses its liquid form, and assumes 
that of the substance to which it has united. In this way 

it unites to lime, to alumina, to many saline bodies, and to 

a variety of metallic oxides. When the compound of water 

with another substance remains liquid, the proportion of 

water is unlimited; but when the combination formed ii^ 

* Mem. Par. 1781, p. 273. 
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solid, the water combines always in a certain determinate Subdivis. i. 
proportion. ^Chap. L ^ 

To the first of these combinations, or the solutions of 

bodies in water, as they have been termed, considerable at¬ 

tention has always been paid; but the second kind, in 

which the water assumes a solid form, was very much over¬ 

looked, if not altogether neglected, till the attention of 
chemists was drawn to them by Mr. Proust, v/ho has given 
to such combinations the name of hydrates. Thus the com- Hydrates, 

bination of lime and water, usually called slacked lime^ is 

in his language a hydrate of lime: in like manner, the 

crystals of barytes and strontian are hydrates of these al¬ 

kaline earths, and crystallized potash and soda are hydrates 
of the fixed alkalies. Though the term hydrate is in some 

respects exceptionable, we shall continue to use it, as no 

other has been suggested. The compounds called hydrates 

deserve attention, since they differ very considerably in 

their properties from those bodies with which they have 
been hitherto confounded. Thus the hydrates of lime, 
barytes, potash, &c. are very different in several respects 
from lime, barytes, potash, &c. 

The hydrates of potash and soda are crystallized, and Alkaline 

contain always a determinate proportion of water. When ^ydrates^^^' 
dissolved in water they occasion cold; whereas the alkalies 

in the state of pow^dei^ produce heat. The same observa¬ 
tions are applicable to the hydrates of barytes and stron¬ 
tian. The proportion of water which combines with lime 

is much less considerable than that which enters into the 

composition of the hydrates just mentioned. Hence the 
hydrate of lime does not crystallize, but remains usually 

in the state of a powder. We know, however, that it 

retains the water with great obstinacy, and that the forma¬ 

tion of it is one of the principal causes of the solidification 

of mortar.* The hydrate of alumina is no less remarkable 

for the obstinacy with which it retains its water. It is the 
substance to which Saussure gave the name of spongy alu^ 
mina. 

But the hydrates of the metallic oxides are the most re- Metalline, 

markable. They first drew the attention of Proust, and 
induced him to invent the term hydrate. His observations. 

* See Proust, Jour, de Phys. iix, 34. 

c VOL. II, 
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Book II. 
Division I. 

Opinions 
about the 
nature of 
water. 

as far as regaixls the hydrate of copper, have been called in 
question by Berthollet junior \ * but his arguments do not 

appear to me sufficiently conclusive to overturn the inge- 
nious theory of the other chemist. He has demonstrated 

indeed, that the hydrate of copper usually retains a small * 

portion of acid ; but he has not shown that its peculiar pro¬ 

perties are owing to that acid, wffiile Proust has made the 

contrary more than probable, by ascertaining that the pro¬ 

perties of the hydrate remain the same, even when the pro¬ 

portion of acid varies, and when it is so far diminished as 
to be no longer perceptible. 

Most of the metallic hydrates are remarkable for the 
brilliancy of their colours. They are much more easily 

dissolved by acids than the oxides; and when put into the 

mouth they affect the organs of taste even more powerfully 
than the metallic salts. 

IV. Water was believed by the ancients to be one of 
the four elements of which every other body is composed; 

and, according to Hippocrates, it was the substance which 

nourishes and supports plants and animals. That water 

was an unchangeable element continued to be believed till 
the time of Van Helmont, who made plants grow for a 
long time in pure water: from which experiment it was 

concluded, that water was convertible into all the sub¬ 

stances found in vegetables. Mr. Boyle having digested 

pure water in a glass vessel hermetically sealed for above a 

year, obtained a quantity of earthy scales; and concluded, 

in consequence, that he had converted it partly into earth.f 
He obtained the same earth by distilling water in a tail 

glass vessel over a slow fire.J Margraff repeated the ex¬ 
periment with the same result, and accordingly drew the 
same conclusion. But the opinion of these philosophers 

was never very generally received. § The last person who 

embraced it was probably Mr. Waselton, who published 
his experiments on the subject in the Journal de Physique 

for 1780. Mr. Lavoisier had proved, as early as 1773, 

that the glass vessels in which the distillation w^as per*- 

* Statique Chemique, ii. 455. f Shaw’s Boyle, iii. 417. 
I Shaw’s Boyle, i. 267. 

§ See an account of all the facts relating to this subject in Watson’s 
Chemical Essays, iv. 257. 
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formed lost a weight exactly equal to the earth obtained.^ Subdivis. I. 

Hence it follows irresistibly that the appearance of the 

earth, which was silica, proceeded from the decomposition 

of the vessels; for glass contains a large proportion of 

silica. It has been since shown by Dr. Priestley, that 
water always decomposes glass when applied to its surface 
for a long time in a high temperature. 

Water is now known to be an oxide of hydrogen, or a History of 

compound of oxygen and hydrogen. As this discovery 

has almost entirely altered the appearance of the science of component 

chemistry, by furnishing an explanation of a vast number 

of phenomena which were formerly inexplicable, it will be 

worth while to give a particular account of the different 
steps which gradually led to it. 

The first person probably who attempted to discover 
what was produced by burning hydrogen gas was Scheele. 

He concluded, that during the combustion oxygen and hy¬ 
drogen combined, and that the product was caloric. 

In 1776 Macquer, assisted by Sigaud de la Fond, set 

fire to a bottle full of hydrogen gas, and placed a saucer 
above the flame, in order to see whether any fuliginous 

smoke would be produced. The saucer remained perfectly 
clean; but it was moistened with drops of a clear liquid, 

which they found to be pure water.f 

Next year Bucquet and Lavoisier exploded oxygen and 

hydrogen gas, and made an attempt to discover what was 

the product; about the nature of which they had formed 
■ different conjectures. Bucquet had supposed that it would 

be carbonic acid gas; Lavoisier, on the contrary, suspected 
that it would be sulphuric or sulphurous acid. What the 

product was they did not discover; but they proved that no 
carbonic acid gas was formed, and consequently that Mr. 

Bucquef s hypothesis was ill founded.^ 
In the beginning of the year 1781, Mr. Warltire, at 

the request of Dr. Priestley, fired a mixture of these two 

gases contained in a copper vessel; and observed that, after 

* Mem. Paris, 1770, pp. 73, 90. This paper consists of two me¬ 
moirs. In the first Lavoisier gives a full history of the opinions of pre¬ 
ceding writers on this subject; in the second, he gives a detail of his 

experiments. 
t Macqueris Dictionary, art. Gas inflammable. 

; Mem. Par. 1781. p. 470. 

C 2 
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Book II. 
Division I. 

the experiment, the weight of the whole was diminished. 

Dr. Priestley had previously, in the presence of Mr. Warl- 
tire, performed the same experiment in a glass vessel. 
This vessel became moist in the inside, and was covered 
with a sooty substance,* which Dr. Priestley afterwards 

supposed to be a part of the mercury used in filling the 
vessel.f 

In the summer of 1781, Mr. Cavendish, who had been 

informed of the experiments of Priestley and Warltire, 
set fire to 500,000 grain measures of hydrogen gas, mixed 
with about 2-k times that quantity of common air. By this 

process he obtained 135 grains of pure water. He also ex¬ 
ploded 19,500 grain measures of oxygen gas, with 37,000 

of hydrogen gas, and obtained 30 grains of water, 

containing in it a little nitric acid. From these experi¬ 

ments he concluded that water is a compound.—Mr. Ca¬ 
vendish must therefore be considered as the real discoverer 

of the composition of water. He was the first w^ho ascer¬ 
tained that water is produced by firing oxygen and hydro¬ 

gen gas, and the first who drew the proper conclusion from 

that fact. Mr. Watt, indeed, had also drawm the proper 
conclusion from the experiments of Dr. Priestley and Mr. 
Warltire, and had even performed a number of experi¬ 
ments himself to ascertain the fact before Mr. Cavendish 
had communicated his; but he had been deterred from 

publishing his theory by some experiments of Dr. Priestley, 

which appeared contrary to it.J He has therefore a claim 
to the merit of the discovery a claim however, which does 

not affect Mr. Cavendish, who knew nothing of the theory 

and experiments of that ingenious philosopher. 

Meanwhile, in the wdnter 1781-2, Mr. Lavoisier, who 

had suspected that when oxygen and hydrogen gas are ex¬ 
ploded, sulphuric or sulphurous acid is produced, made an 
experiment in order to ascertain the fact, at which Mr. 

Gengembre assisted. They filled a bottle, capable of hold¬ 
ing six pints (French), with hydrogen gas, to which they 

set fire, and then corked the bottle, after pouring into it 

two ounces (French) of lime-water. Through the cork 
there passed a copper tube, by means of which a stream of 

oxygen gas was introduced to support the flame. Though 

• Priestley, v. 395. t Phil. Trans. Ixxiv. 332. I Ibid. Ixxr, 330. 
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this experiment was repeated three times, and instead of Subdivis. I. 

lime water a weak solution of alkali and pure water were 
substituted, they could not observe any product whatever.* 

This result astonished Mr. Lavoisier exceedingly: he re¬ 

solved, therefore, to repeat the experiment on a larger 
scale, and if possible with more accuracy. By means of 

pipes furnished with stop-cocks, he put it in his power to 
supply both gases as they should be wanted, that he might 

be enabled to continue the burning as long as he thouglit 
proper. 

The experiment was made by Lavoisier and La Place 
on the 24'th of June 1783, in the presence of Messrs. Le 

Roi, Vandermonde, several other academicians, and Sir 

Charles Blagden, who informed them that Mr. Cavendish 

had already performed it, and that he had obtained water.f 

They continued the inflammation till all their stock of gases 

was wasted, and obtained about 295 grains of water, which, 
after the most rigid examination, appeared to be perfectly 

pure. From this experiment Lavoisier concluded, that 
water is composed of oxygen and hydrogen. Mr. Mongez 
soon after performed the same experiment, and obtained a 
similar result: and it was repeated again by Lavoisier and 

Meusnier on a scale sufiiciently large to put the fact beyond 
doubt.:|; 

This experiment has been so often repeated since, and 

has been varied in so many different ways, that it seems 

established beyond the reach of controversy. It appears 
therefore unnecessary to continue the history any farther, 

or to examine the objections brought forward by Dr. 

Priestley, as the opinions of that philosopher have no 

longer any supporters. 
It was suspected soon after the original experiments of 

Mr. Cavendish that oxygen and hydrogen gases unite in 

the proportion of two volumes of hydrogen, and one vo¬ 

lume of oxygen. But the experiments which first demon¬ 

strated the truth of these proportions with rigid accuracy, 
were those of Gay-Lussac and Humboldt. If the specific 
gravities which we have given of these two gases in the 

preceding book be accurate, then it follows that water is 

a compound of 

* Mem. Par, 1781, p. 470. t P- '^72. J Ibid. p. 474. 



22 UNSALIFIABLE OXIDES. 

Oxygen... 8 

Hydrogen.1 

So that the hydrogen in water amounts to ^th of the weight, 

while the oxygen amounts to |-ths of the weight of that 
liquid. 

SECT. IV. 

OF CARBONIC OXIDE. 

History. The substance at present known by the name of carbonic 

oxide is a gas which had been confounded with carbureted 

hydrogen, till Dr. Priestley drew the attention of chemists 

to it in a dissertation which he published in defence of the 

doctrine of phlogiston. His experiments were immediately 
repeated, and his opinions confirmed by Dr. Woodhouse 

of Pennsylvania. But the real nature and composition of 
the gas was discovered by Mr. Cruickshanks of Woolwich, 
and the discovery communitated to the public in 1802.^' 
About the time of the publication of Mr. Cruickshanks’ 

dissertation, the experiment of Woodhouse, which he had 
transmitted to France, engaged the attention of the National 
Institute. Guyton Morveau, who had been appointed to 

give a detailed account of these experiments, engaged 
Clement and Desormes to investigate the subject; and these 

gentlemen were gradually led to the same conclusions f 
which had been previously drawn by Cruickshanks. The 

subject in the mean time attracted the attention of Berthollet, 
whose experiments induced him to form a different opinion 

respecting the composition of charcoal and carbonic oxide 

from that which had been entertained by the other chemists. 

This opinion he supported in three elaborate dissertations, 

published in the fourth volume of the Memoirs of the 

National Institute; in which he examines the experiments, 
and combats the conclusions, of the other chemists, with his 
usual sagacity. About the same time a dissertation was 

published by the Dutch chemists, contradicting the experi¬ 

ments of all other philosophers, and affirming the real 

* Nicholson's 4to. Journal, v. 1 and 201. 

f Ann. deChim. xxxlx. 88, and xlii. 121. 

Book 11. 
Division I. 

A 
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results to be very different.^ But the opinion of Cruick- Subdivis. i. 

shanks gradually gained ground, chiefly in consequence of ^ ^ 
the experiments and publications of Dalton, and it seems 

now to be fully established. 
I. There are four different processes by which carbonic Prepar 

oxide gas may be procured: First, When a mixture of‘“^’“‘ 

purified charcoal and the oxides of iron or zinc, or indeed 
of any oxide capable of bearing a red heat, is exposed to a 

strong heat in an iron retort, the oxide is gradually reduced, 
and during the reduction a great quantity of gas is evolved. 
This gas is a mixture of carbonic acid gas and another 
which burns with a blue flame. It is to this last that the 

term carbonic oxide has been applied. The carbonic acid 

may be separated by passing the gas through lime-water, 
Mr. Cruickshanks tried in this way the oxides of iron, zinc, 

and copper, litharge, and the black oxide of manganese. 

The following conclusions result from his experiments: 

Those oxides which part with their oxygen most readily 

yield the greatest proportion of carbonic acid; those that 
retain their oxygen most obstinately yield the greatest pro¬ 
portion of carbonic oxide. It is always towards the begin¬ 

ning of the process that the greatest proportion of carbonic 

acid gas comes over; it gradually diminishes, and at last 
nothing but carbonic oxide is disengaged.f The results 

obtained by Clement and Desormes coincide almost exactly 

with the experiments of Cruickshanks. But they satisfied 
themselves with the white oxide of zinc, without trying those 

of other metals. They substituted plumbago for charcoal 
and obtained the same results.:): 

Second, When a mixture of 1 part of purified charcoal, 
and 3 parts of the carbonate of lime, or of strontian, or of 

barytes, is exposed to a strong heat in an iron retort, the 

carbonic acid is gradually separated or decomposed, and 
gas is evolved in abundance. This gas consists of a 

mixture of about 1 part of carbonic acid to 5 parts of car¬ 
bonic oxide. § In this case a portion of the carbonic acid 
of the carbonate is disengaged unaltered, but the greatest 

part of it is converted into carbonic oxide by the action of 

the charcoal. 

* Ann. de Chlm. xliii. 113 f Nicholson^s Jour. 1802, v. 2. 

J Ann, de Chim. xxxix. 33, S Clement and Desormes, Ibid, xxxix45. 



24 UNSALIFIABLE OXIDES. 

Book II. 
Division I, 

How puri¬ 
fied. 

Properties. 

Third, When a mixture of equal parts of any of the 
three above-mentioned earthy carbonates and clean iron 

filings is heated strongly in an iron retort, the carbonic 

acid is decomposed in like manner by the action of the iron, 

and the very same gases are procured in great abundance. 

Dr. Priestley first tried this method with the black oxide 
of iron and carbonate of barytes; but when Cruickshanks 
substituted pure iron, the gaseous product was considerably 

increased.* 

Fourth, When carbonic acid gas is made to pass slowly 
and repeatedly through prepared charcoal heated to redness 

in a porcelain or iron tube, it gradually disappears, and 

carbonic oxide is found in place of it. Here the charcoal 

decomposes the carbonic acid precisely as in the two last 
cases, with this difference only, that it is in a gaseous state, 
whereas in them it was combined with a base. This experi¬ 

ment was first made by Cruickshanks,f and afterwards by 
Clement and Desormes.l 

1 

2. Such are the different processes for procuring carbonic 

oxide. From the experiments of Cruickshanks we learn, 
that the third method is the only one to be depended on for 
obtaining the gas in a state of purity. If equal parts of 
chalk and iron filings, previously exposed to a red heat 

separately in close vessels, be mixed together and strongly 
heated in an iron retort, the gases which come over are 

merely a mixture of carbonic acid and carbonic oxide; and 

the first being abstracted by means of lime-water, the car¬ 
bonic oxide gas remains in a state of purity. 

3. Carbonic oxide gas, thus obtained, is invisible and 

elastic like common air. Its specific gravity, according to 

the experiments of Cruickshanks, is 0*956, that of air being 

1 *000. If we calculate the specific gravity on the supposi¬ 
tion that it is composed of 2 volumes of carbon and 1 

volume of oxygen condensed into 2 volumes, it will be 

0*972. 
Animals cannot breathe this gas without suffocation. 

Birds put into it by Desormes and Clement dropped down 
dead before they had time to take them out; and when 
they attempted to breathe it themselves, the consequence was 

* Nicholson’s Jour. 1802, v. 4 and 208. 

1 Ibid. p. 209. X Ann. de Chirn, xxxix. 40. 
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giddiness and faintness.* Neither will any combustible Subdivis. i. 

body burn in it. 
It is not altered by exposure to light, nor by passing it 

through a red-hot tube. From the experiments of Clement 
and Desormes, we find that it is dilated by heat exactly 
like common air, as was indeed to be expected. 

4. Carbonic oxide gas is combustible. It takes fire in the Combui^ 
open air, when it comes in contact with a red-hot body, or 
when it is presented to the flame of a candle, and burns 
with a lambent blue flame. When mixed with common air 
before it is kindled, it burns more rapidly and brilliantly, 
but does not detonate. The combustion is still more rapid 
and brilliant if we substitute oxygen gas for common air. 
Sometimes it detonates with oxygen, but most commonly 
the detonation does not take place. 

II. The supporters of combustion act upon this gas in Action of 

consequence of its combustibility. suppott.rs. 

Oxygen unites with it by combustion, in the proportion 
of 1 volume of oxygen to 2 volumes of carbonic oxide gas, 
and converts it into carbonic acid without altering its bulk. 

Chlorine gas combines with it when the two gases are 
mixed and exposed to a strong light. The two gases com¬ 
bine in equal volumes, and the compound, by the union, is 
reduced to half its former bulk. This compound has the 
properties of an acid, and may be called chlorocarhonic add.f 

Iodine appears to have no action upon carbonic oxide. 
III. The action of the simple combustibles on carbonic Ofeombus- 

oxide has been but imperfectly examined. 
1. According to Clement and Desormes, when a mixture 

of carbonic oxide and hydrogen gas is made to pass through 
a red-hot glass tube, charcoal is deposited, which lines 
the inside of the tube with a shining enamel; water is 
formed, and hydrogen, seemingly pure, disengaged from 
the other end of the tube.J But when this experiment was 
repeated by Saussure, junior, he found that the supposed 
enamel of charcoal was merely the black (or rather bluish) 
colour which flint glass acquires when hydrogen is brought 

tibks. 

* Ann. de Chim. xxxlx. 56. 
4 Its properties have been described in a former part of this work. 

See vol. i. p. 237. 

J Ann. de Chim. xxxix. 61. 
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Book II. in contact with it at a red heat, as had been previously 
Division I. observed by Dr. Priestley.* Indeed it is very unlikely that 

I 
Composi¬ 
tion. 

hydrogen gas is capable of decomposing carbonic oxide; as 
Saussure has shown that, when carbonic acid and hydro¬ 
gen gas are made to pass through a red-hot tube, the acid 

is decomposed, and carbonic oxide produced—a result which 
has been even confirmed by the subsequent experiments of 

Clement and Desormes. 
2. When passed through red-hot charcoal, it dissolves 

a part of it, if we believe Desormes and Clement, and its 

specific gravity is increased. 
3. When passed through melted sulphur, it does not 

combine with it, nor alter its properties ; but it dissolves a 

little phosphorus, and acquires the property of burning 
with a yellow flame, 

4. The action of boron, silicon, arsenic, and tellurium, 
has not been examined. 

5. Potassium and sodium have no immediate action on 
carbonic oxide gas at the ordinary temperature of the 

atmosphere. But when heated in it they take fire, and 
combine with the oxygen of the oxide, while the carbon is 
deposited.f Probably the metals of the alkaline earths 

and earths proper would likewise decompose this gas. 
6. From any experiments hitherto made, it does not 

appear that carbonic oxide is capable of acting on the other 

metals: but Clement and Desormes affirm, that when 

passed hot over the red oxide of mercury, it produces a 

commencement of reduction. Indeed it is very likely that 
it will be found capable of reducing several of the metallic 

oxides, especially those that part with their oxygen easil}^ 

IV. From the experiments of Cruickshanks, Clement, 
and Desormes, Dalton, and Gay-Lussac, there cannot be 
a doubt that this gas is a compound of carbon and oxygen; 

that it contains half the oxygen that exists in carbonic acid; 

and, therefore, that it is a compound of 1 atom carbon 
4- 1 atom oxygen, or by weight of 

Carbon .... 0*75.100 

Oxygen.... POO. 133*3 

^ Jour. dePhys. Iv, 396. 

t Gay-Lussac and Thenard ; Recherches Physico-chimique?, i, 250. 
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Besides the four oxides described in this chapter, it is Subdivis. I. 

probable that both sulphur and phosphorus are capable of 

forming oxides which are destitute of acid properties. But 

no such compounds have been hitherto observed or described 
with any precision. 

CHAP. II. 

OF SALIFIABLE BASES. 

The salifiable bases have been usually divided by che- Division, 

mists into four sets; fixed alkalies^ alkaline earths^ earths 
proper, and metallic oxides. It will be convenient to retain 
these divisions, though not strictly accurate. Were we to 
lay them aside, there would be danger of rendering all pre¬ 

ceding chemical treatises unintelligible. Besides the salifi¬ 
able bases, which we are certain contain oxygen, there is 
one of first-rate importance in chemistry, I mean ammonia. 

This alkaline substance must be arranged with the other 
bases, though the existence of oxygen in it is still pro¬ 

blematical. We shall place it first, and then describe the 
remaining salifiable bases in the order in which we have 

named them. This chapter, accordingly, will be divided 

into five sections. 

SECT. I. 

OF AMMONIA, 

Ammonia can be exhibited in a state of purity only un¬ 

der the form of a gas. It may be procured in the following 
manner: 

1. Put into a retort a mixture of 3 parts of quick-lime Prepara- 

and 1 part of sal ammoniac in powder. Plunge the beak 
of the retort below the mouth of a glass jar filled with mer¬ 

cury, and standing inverted in a basin of mercury. Apply 

the heat of a lamp to the retort: a gas comes over, which 

displaces the mercury and fills the jar. This gas is am- 
monia. 

2 1 
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Book II. 
Division I. 

History. 

Properties. 

Liquid am¬ 
monia. 

. Ammonia was altogether unknown to the ancients ,* the 

alchymists were acquainted with it, though not in a state of 
purity, being combined with carbonic acid, and often also 
dissolved in water. Basil Valentine describes the method 
of obtaining it. It was knowm by the name of volatile al¬ 

kali ; it was also called hartshorn, because it was often ob¬ 
tained by distilling the horn of the hart; spirit of urine, 

because it may be obtained by the same process from urine; 

and spirit of sal ammoniac, because it may be obtained from 
that salt. Dr. Black first pointed out the difference be¬ 

tween ammonia and carbonate of ammonia, or ammonia 

combined with carbonic acid; and Dr. Priestley discovered 

the method of obtaining it in a state of purity, by the pro¬ 
cess described in the beginning of this Section. 

2. Ammonia in the state of gas is transparent and colour¬ 
less like air; its taste is acrid and caustic like that of the 

fixed alkalies, but not nearly so strong, nor does it, like them, 
corrode those animal bodies to which it is applied : its 
smell is remarkably pungent, though not unpleasant when 

sufficiently diluted. Its use as a stimulant to prevent faint¬ 

ing is well known. 
o 

Animals cannot breath it w ithout death. When a lighted 
candle is let dowm into this gas, it goes out three or four 

times successively; but at each time the flame is consider¬ 
ably enlarged by the addition of another flame of a pale yel¬ 

low colour, and at last this flame descends from the top of 
the vessel to the bottom.* 

Its specific gravity is 0*590, that of common air being 1. 

When exposed to a cold of — 45° it is condensed into a 
liquid, which again assumes the gaseous form when the tem¬ 

perature is raised.f When passed through a red hot tube 
of porcelain or glass, it is totally decomposed and converted 
into hydrogen and azotic gas.f That this experiment may 

succeed, the diameter of the tube must not be too great. 
3. It combines very rapidly wuth water. When a bit 

of ice is brought into contact with this gas, it melts and 
absorbs the ammonia, while at the same time its temperature 
is diminished. Cold water absorbs this gas almost instan¬ 

taneously, and at the same time heat is evolved, and the spe- 

* Priestley, ii.^381, 

I Priestley, ii. 395. 

f Morveau, Ann de Chim. xxix. 293. 
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cilic gravity of the water is diminished. Water, by my Subdivis. I. 

trials, is capable of absorbing 780 times its bulk of this gas; 

while, in the mean time, the bulk of the liquid increases 

from 6 to 10. The specific gravity of this solution is 0*900, 
which just accords with the increase of bulk. It is in this 
state that ammonia is usually employed by chemists. The 
term ammonia almost always means this liquid solution of 

ammonia in water. When heated to the temperature of 
about 130°, the ammonia separates under the form of gas. 

When exposed to the temperature of — 46° it crystallizes; 
and when suddenly cooled down to — 68°, it assumes the 
appearance of a thick jelly, and has scarcely any smell.* 

It follows from the experiments of Davy, that a saturated 

solution of ammonia is composed of 

74*63 water 

25*37 ammonia 

100*00 

The following table for which we are indebted to Mr, 
Dalton, exhibits the quantity of ammonia contained in am- 
moniacal solutions of different specific gravities.f 

Sp€:cific gravity 
of liquid. 

Grains of ammo¬ 
nia in 100 water 
grain measures of 

liquid. 

Grains of ammo¬ 
nia in 100 grains 

of liquid. 

Boiling point of 
the liquid. 

Volumes of gas 
condensed in a 
given volume of 

the liquid. 

0*85 30 35*3 26° 494 
0*86 28 32*6 38 456 
0*87 26 29*9 50 419 
0*88 24 27-3 62 382 
0*89 22 24*7 74 346 
0-90 20 22*2 86 311 
0*91 18 19*8 98 277 
0*92 16 17*4 110 244 
0*93 14 15*1 122 211 
0*94 12 12*8 134 180 
0*95 10 10*5 146 147 
0*96 8 8*3 158 116 

0*97 6 6*2 173 87 
0*98 4 4*1 187 57 
0*99 2 2* 196 28 

* Fourcroy and Vauquelin, Ann. de Chim. xxix. 289. 

f New System of Chemical Philosophy, ii. 422. 
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Action of 
electricity, 

Of oxygen. 

Chlorine, 

Iodine. 

SALIFIABLE BASES. 

4. Ammoniacal gas is not altered by light; but when 

electric sparks are made to pass through it, the bulk of the 
gas is doubled, and it is converted into hydrogen gas and 

azotic gas.* 
II. The supporters of combustion act with considerable 

energy upon ammonia, as might have been expected from its 
constituents. 

1. When oxygen and ammoniacal gases are mixed, the 

mixture may be fired by an electric spark, as was first ob¬ 
served by Dr. Henry.f The mixture burns in all propor¬ 

tions, between 3 oxygen and 1 ammonia and 3 ammonia and 

1*4 oxygen. When the oxygen is in excess the whole am¬ 

monia disappears and a quantity of nitrate of ammonia is 
deposited. When the ammonia exceeds, the whole of it is 

decomposed by the explosion; part of its hydrogen unites 
to the oxygen and forms water while the rest remains mixed 

with the azote in the gaseous state. The proportion of 

these two gases may be determined by a subsequent detona¬ 
tion with oxygen. If it were possible to burn the whole of 

the hydrogen in the ammonia without touching the azote, 

100 volumes of ammonia would require for complete com¬ 
bustion 75 volumes of oxygen, and the residue would con¬ 

sist of 50 volumes of azote. But it does not seem possible 
to remove the hydrogen without acting at the same time on 
the azote. Ammonia may be burnt in the same w^ay. 

2. When pure ammoniacal gas is mixed with chlorine 
gas it takes fire and burns with a lively white flame, part of 

the ammonia is decomposed, the chlorine is converted into 

muriatic acid which unites with the undecomposed ammo¬ 
nia and is deposited in the form of sal ammoniac. Nothing 

remains but a quantity of azotic gas amounting to half the 

bulk of the decomposed ammonia. The same decomposi¬ 
tion takes place when water holding chlorine in solution is 
mixed with liquid ammonia. 

3. Iodine likewise decomposes ammonia though not with 

so much energy. One portion combines wuth the hydrogen 

of the alkali and is converted into hydriotic acid, w'hile ano¬ 

ther portion uniting to the azote constitutes the iodide of 
azote. 

* Priestley, il. nSO, t Phil. Trans. 1809. 
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HI. The action of the simple combustibles on ammonia Subdivis. i. 
has been bat imperfectly examined. ^Chap. IL^ 

1. Hydrogen, as might have been expected, produces no 
1 VI. ^ Ofcombui- 

cnange on it whatever. tibles. 
2. Charcoal absorbs ammoniacal gas, but does not alter 

its properties while cold. But when the gas is made to pass 

througlvred-hot charcoal, part of the charcoal combines with 

it and forms the substance known by the name of prussic 
acid,^' or hydrocyanic acid. 

3. We are not acquainted with the action of boron and 
silicon. 

4. Phosphorus produces no change on ammoniacal gas 

while cold; but when this gas is made to pass through 

phosphorus in a red-hot porcelain tube, it is decomposed, 
and phosphureted hydrogen gas formed.f 

5. It combines with sulphur in the state of vapour, and Suiphuret 

forms a sulphuret which decomposes water, and forms Ay- 

drogureted sidphiiret of ammonia^ known formerly by the 

name of fuming liquor of Boyle, because it was first de¬ 
scribed by that philosopher. J It is commonly prepared by 

distilling a mixture of 5 parts of sal ammoniac, 5 parts of 

sulphur, and 6 of quicklime. It is a liquid of a red or ra¬ 
ther deep orange colour, and exhales a fetid odour, in con¬ 

sequence of an excess of ammonia which it contains. Its 
nature was first pointed out by Berthollet.f 

6. When potassium or sodium is heated in ammoniacal 
gas, the metal is converted into an olive-green matter, quite 

destitute of the metallic lustre, while at the same time a 
portion of the ammoniacal gas is absorbed and a quantity of 

hydrogen emitted, exactly equal to the quantity that would 

be evolved if the potassium or sodium were put into water. 
If the olive-green matter be heated, it gives out -f-ths of the 
ammonia absorbed, fths in the state of ammoniacal gas, and 

ith in the state of hydrogen gas and azote. Sir Humphrey 
Davy, having heated the olive-coloured matter strongly in a 
platinum tube, obtained nearly the whole of the ammonia 
absorbed; though about fths of it was in the state of azotic 

and hydrogen gas. If the olive-coloured matter be placed 

* Scheele, ii. 183 ; and Clouet, Ann. deChim. xi. 30. ^ 
t Fourcroy, ii. 237. t Shawls Boyle, ii, 78. 

I Ann. de Chirn. xxv, 233, 
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Book II. in contact with a very little water, it is converted into potash 

V / or soda and amraoniacal gas, and the gas is just equal to 

what the metal had absorbed. If it be placed in contact 

with a metal and heated, an alloy of the metal with potas¬ 
sium or sodium is obtained. 

For these curious facts we are indebted to Gay-Lussaa 

and Thenard,* and Davy. They seem to me to show that 

potassium and sodium have the property of decomposing 

ammonia and combining wdth its azote, while the hydrogen 
of the ammonia is set at liberty. The azoturet formed it 

%) 

would seem is capable of absorbing and uniting with a por¬ 
tion of undecomposed ammonia. When water is placed in 

contact with this azoturet it is decomposed, its oxygen con¬ 
verts the potassium into potash, while its hydrogen converts 

the azote into ammonia. 
There is one circumstance however which cannot be re¬ 

conciled to this simple explanation of the phenomena. 

Water is a compound of two volumes hydrogen and one 

volume oxygen, whereas ammonia is a compound of three 
volumes hydrogen and one volume azote. Now since the 

potassium disengages from the ammonia exactly as much 
hydrogen as it does from water, it is obvious that it can de¬ 
prive the ammonia of only 2 volumes of hydrogen, so that 

1 volume of hydrogen and 1 volume of azote must remain to 

enter into combination with the potassium. What the na¬ 
ture of this subsance (composed of 1 atom azote + 1 atom 
hydrogen) is we cannot say, as it has never been obtained 

in a separate state. But that it is this unknown substance 

and not pure azote which enters into combination with the 

potassium appears to follow irresistibly from the pheno¬ 

mena. 

Of metals. 7. Ammonia does not appear capable of combining wdth 
any of the metals ; but it changes some of them into oxides 

and then dissolves them. The oxidizement is evidently in 
consequence of the decomposition of part of the water with 

which the ammonia is combined; for hydrogen gas is 

emitted during the solution. Copper and zinc are oxidized 

by the action of ammonia; as are also tin and iron, though 

only superficially. Scarcely any of the other metals are 

altered by its action. 

* Recherches PhysicO'cIiimiqiws, i. 337* 

1 
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Liquid ammonia is capable of dissolving the oxides of Subdivis. I. 

silver, copper, iron, tin, nickel, zinc, bismuth, and cobalt.^ Cha^. Ii.^ 

When digested upon the oxides of mercury, lead, or manga- 

nese, it is decomposed, w^ater is formed, by the union of the metallic 

hydrogen of the ammonia with the oxygen of the oxides, oxides, 

and azotic gas is emitted.f If a considerable heat be ap¬ 
plied, nitric acid is formed at the same time with water.J 
Several other oxides are also partly deoxidized when am¬ 
monia is poured into their solutions in acids. The ammo- 

niacal solution of the peroxide of copper is of a fine blue 
colour, and, according to Sage, capable of crystallizing. 

When heat is applied, the ammonia is partly driven off, and 

partly decomposed, by the combination of its hydrogen with 
the oxygen of the oxide. 

IV. Ammonia combines readily with the oxides of gold, sil¬ 
ver, and platinum, and forms compounds, known by the 

names fiilminating gold, fidminating silver, ondi fiLhninat- 
ing platmam; because, when heated or rubbed, they explode 

with great violence. It forms a similar compound with the 
red oxide of mercury. 

Fulminating gold, may be prepared by dissolving gold in Fulmlnat- 

nitro-muriatic acid, diluting the solution with thrice its 
weight of water, and then dropping in pure ammonia by 

little and little as long as any precipitate is formed; taking 

care not to add too much, because in that case part of the 

precipitate is again dissolved. The precipitate, which is of 
a yellow colour, is to be washed in pure water, dried slowdy 

upon filtering paper, and then put into a phial: which, to 

prevent accidents, ought not to be corked, but its mouth 
covered with a linen rag or a slip of paper. This powder is 

fulminating gold; which is composed of 5 parts of yellow 
oxide of gold and 1 part of ammonia. § The preparation of 
this powder is described by Basil Valentine; and its singu¬ 

lar properties excited the attention of all succeeding che¬ 

mists. Various attempts were made to account for its ful¬ 

minating property, but without success, till Bergman pub- 

* It dissolves the protoxide of iron when added in excess, but only in 
small quantities. The peroxide of iron is insoluble in it; so is the per¬ 
oxide of cobalt, according to Thenard. 

t Scheele. J Milner, Phil. Trans.—Fourcroy, v. 355. 
§ Bergman, ii. 155. 

D VOL. II. 
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Book 11. lished his dissertation on it in 1769. He demonstrated, 
Division I. it is a compound of ammonia and yellow oxide of gold: 

that during its explosion the oxide is reduced, the ammonia 

decomposed, and the azote, which it contained, set at liberty 
in the form of gas.* These facts (partly discovered by 

Scheele) led him to explain the explosion as follows: Am¬ 

monia is composed of azote and phlogiston. When heat 

is applied to fulminating gold, the phlogiston combines with 

the oxide, and forms gold, while the azote flies off in the 
form of gas. The experiments of Bergman and Scheele 

were repeated and confirmed by Berthollet in 1786; and 
the nature of oxides having been previously ascertained by 
Lavoisier, he was enabled to give a more satisfactory explana¬ 
tion of the phenomena. During the explosion, the hydrogen 

of the ammonia combines with the oxygen of the oxide, and 
forms water; the gold is reduced, and the azote evolved in 
the form of gas. The great expansibility of this gas by heat 
explains the violence of the explosion. 

Fulminating gold explodes when struck violently, or when 

triturated in a mortar, or when heated to a temperature of 

about 400*^.! The noise is tremendous ; and when in any 
considerable quantity (12 grains for instance) it lacerates the 
metallic plate on which it is placed. When heated in close 
vessels, sufficiently strong to resist its action, it is reduced 
silently, and without any marks of violence.:]: Its force 

was compared with that of gunpowder by the Royal Society, 
but found inferior. 

Fulmiftat- Fulminating silver was discovered by Berthollet in 1788. 
ing silver, formed by dissolving very pure silver in nitric 

acid, and then precipitating it by lime water. The preci¬ 
pitate is put upon filtering paper, which absorbs the water 
and the nitrate ot lime with which it was mixed; then pure 

liquid ammonia is poured upon it, and allowed to remain 
for 12 hours; it is then decanted offi and the black powder, 

on which it stood, is placed cautiously, and in very small 
portions, upon bits of filtering paper. This powder is ful¬ 

minating silver. Even while moist it explodes with violence 

when struck by a hard body. When dry, the slightest 

touch is sufficient to cause it to fulminate. When the liquid 

Bergman, ii. 153 ; and Scheele on Fire, 137. 

t Edmond Davy. 1 Bergman, ii. 141*. 
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decanted off this powder is heated in a glass retort, an Subdlvis. I, 

effervescence takes place, azotic gas is emitted, and small 

crystals make their appearance, which are opaque, and 

have a metallic brilliancy. These fulminate when touched, 
even though covered by the liquid, and often break in pieces 

the vessels in which they are kept.* 
The theory of this dangerous powder is the same as that 

of fulminating gold. It is a compound of ammonia and 

oxide of silver. Friction, or the application of heat, occa¬ 

sions the combination of the oxygen of the oxide with the 
hydrogen of the ammonia: water is formed, the silver 

is reduced, and azotic gas emitted. 
Fulminating platinum has been lately discovered by Mr. Fulminat- 

Edmund Davy. His process is as follows: Platinum is 

precipitated from its solution in nitro-muriatic acid, by 
means of sulphureted hydrogen. The precipitate is digested 

in nitric acid till it is converted into sulphate of platinum. 

This sulphate, being dissolved in water, is precipitated by 
ammonia, and the precipitate, being washed, is put into 
a Florence flask with potash ley, and boiled for some time. 
Being now separated by the filtre, washed, and dried, it 
constitutes fulminating platinum. It is a brown powder, 

specifically lighter than fulminating gold. It explodes 

violently when heated to 400®, but cannot be exploded by 
trituration or percussion. It is a non-conductor of electri¬ 
city. It dissolves in sulphuric acid, and the solution is 

very deep-coloured. Nitric acid has but little action on it. 

Chlorine and muriatic acid gas decompose it. Acccording 

to Mr. E. Davy, it is composed of 

Tritoxide of platinum .. 82*5 

Ammonia. 9*0 
Water... 8*5 

Numbers which approach 2 atoms of tritoxide, 1 atom of 

ammonia and 2 water. 
Ammoniacal fulminating mercury was discovered by Ammonia- 

Fourcroy. It may be formed by digesting a strong solution 

of ammonia in water upon the red oxide of mercury. After cury. 
the process has continued for eight or ten days, the oxide 

assumes a white colour, and is at last covered with small 

Berthollet, Ann. de Chim. i. 54. 

n 2 



SALIFIABLE BASES. S6 

Book 11. 
Division I, 

Composi¬ 
tion of am¬ 
monia. 

crystalline scales. In this state it detonates loudly upon 
ignited coals in the same manner as fulminating gold. It 
loses its fulminating property, and undergoes spontaneous 
decomposition, in a few days. When exposed to a low 
heat, the ammonia is driven off, and the red oxide assumes 
its former appearance.* 

Such is the explanation of these compounds, deduced 
from the phenomena which they have been observed to ex¬ 
hibit. But it is to be wished that some modern chemist 
would subject them to a more rigid examination. From the 
facts known respecting the chloride and iodide of azote, it 
would not be surprising if fulminating gold and silver were 
of a similar nature, consisting simply of these metals united 
to azote. It is probable that a class of bodies called azoturets 
may exist, and that they are of a fulminating nature, in con¬ 
sequence of the ease and rapidity with which the azote re¬ 
covers its elastic form. 

V. As ammonia has the property of detonating with 
nitre, chemists had unanimously agreed that it contains 
phlogiston. Scheele first demonstrated, that when it is 
decomposed by means of the oxide of manganese, arsenic, 
or gold, azotic gas is set at liberty, while the oxide is 
reduced.f Hence he concluded, that it is composed of azote 
and phlogiston; and Bergman coincided with him in opinion. 
Dr. Priestley discovered, that when electric explosions are 
made to pass through this gas, its bulk is gradually aug¬ 
mented to thrice the space which it formerly occupied ; and 
a quantity of hydrogen gas is produced. The same inge¬ 
nious philosopher applied heat to the red oxides of mercury 
and lead confined in ammoniacal gas. The oxides were 
reduced, w'ater w’^as evolved, the ammoniacal gas disap¬ 
peared, and instead of it, there Avas found a quantity of 
azotic gas4 These experiments, and those of Scheele, led 
to the conclusion, that ammonia is composed of azote and 
hydrogen; a conclusion which was fully established by the 
expernnents of Berthollet, published in the Memoirs of the 
French Academy for 1785. This acute philosopher 
repeated the experiments of Scheele and Priestley, and 

* Journals of the Royal Institution, i. 256. 

t Scheele, i. 95 and 155, French Trans.—Scheele on Fire, p. 137. 

\ Priestley, ii. 396. 
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applied to tliem the theory of Mr. Lavoisier, and added Subdivis. i. 
also several very decisive ones of his own. ^Chap. ii.^ 

A great many experiments have been made on the com- 
position of ammonia, chiefly in consequence of the opinion 
advanced by Sir Humphrey Davy, that oxygen was one of 
its constituents—an opinion, however, that was not sup¬ 
ported by the subsequent experiments of chemists, and 
which he accordingly abandoned. The following table 
exhibits the results of the most accurate analyses of this 
substance hitherto made: 

Volumes. Volumes. 

Berthollet, senior* .. 72*5 hydrogen + 27*5 azote 
Berthollet, junior t,. 75*5 .+ 24*5 
Henryf. 73*75 ... + 26*25 

Davy §.74 .+ 26 

Gay-Lussac II.75 .4-25 

Gay-Lussac’s proportions are rather the result of calcula¬ 

tion than of actual experiment. But the results of Berthol¬ 
let, junior, on the one hand, and those of Davy and 
Henry on the other, approach so closely to it, that we 
cannot hesitate to adopt his numbers as the true proportions. 

Ammonia then is composed of 3 volumes of hydrogen 
and 1 volume of azote; or, w hich comes in this case to the 
same thing, of 3 atoms hydrogen and 1 atom azote. Hence 
its constituents by weight are 

Hydrogen.. 0*125 x 3 = 0*375.... 100 

Azote. 1*75 . 466*6 

And the weight of an atom of ammonia is 2*125. 

VI. It must not be concealed, however, that there is a Supposed 

very curious experiment, for which we are indebted to Ber- oxide, 

zelius and Pontin, from which Berzelius has drawn, as a 
conclusion, that ammonia consists of an unknown metallic 
basis, to which he has given the name of ammonium^ united 
to oxygen. This experiment was repeated and verified by 
Sir H. Davy, and the subject was afterwards examined with 
much care by Gay-Lussac and Thenard. The experiment 
is as follows: 

Mercury, at the negative end of a galvanic battery, is 

* Mem. Paris, 1785. f Mem. d^Arcueil, ii. 268. 

1 Phil. Trans. 1809. § Phil. Trans. j| Mera. d'Arcueil, ii. 253. 
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Book II. placed in contact with a solution of ammonia, and the 
pivi&ion L circuit completed. It gradually increases in volume, and, 

when expanded four or five times its former bulk, becomes 

Its base is a a soft solid. The experiment is easier, and the amalgam 
metal. more permanent, if sal ammoniac slightly moistened be 

substituted for liquid ammonia. Davy made a cavity in a 
piece of sal ammoniac slightly moistened, placed it on a 
plate of platinum attached to the positive end of the galvanic 
battery, put into the cavity about 50 grains of mercury, and 

brought in contact with the mercury a platinum wire at¬ 

tached to the negative end of the battery. A strong effer¬ 

vescence took place, much heat was evolved, and the globule 
in a few minutes had enlarged to five times its original bulk, 

and had the appearance of an amalgam of zinc. This amal¬ 
gam, at the temperature of 70° or 80°, is a soft solid of the 
consistence of butter; at 32° it is a firm crystallized mass 

in which small facets appear, but having no perfectly de¬ 

fined form. Its specific gravity is below 3. When exposed 

to air it soon becomes covered with a white crust of car¬ 
bonate of ammonia. When thrown into water, a quantity 
of hydrogen is evolved equal to half its bulk, the mercury 
is revived, and the water becomes a weak solution of am¬ 
monia. When confined in a given portion of air, the air 
increases considerably in volume, and pure mercury re¬ 

appears. Ammoniacal gas amounting to 1-|- or If, the 
volume of the amalgam is evolved, and a quantity of oxygen 

equal to fth or fth of the ammonia disappears. When 
thrown into muriatic acid gas it becomes coated with mu¬ 

riate of ammonia, and a little hydrogen is disengaged. In 
sulphuric acid it becomes coated with sulphate of ammonia 

and sulphur. All attempts made by Davy to preserve this 

amalgam failed, owing to the impossibility of freeing it 
entirely of water. When put into a glass tube, or when 

confined under naphtha or oils, the mercury separated, 

ammonia was formed, and a quantity of hydrogen evolved.* 

The result of the experiments of Gay-Lussac and The- 
nard is, that this amalgam is a simple combination of mer¬ 

cury and ammonia. But we are not able to form such a com¬ 

bination by any other method than the one just described. 

* Davy’s Electro-chemical Researches on the Deconipositioirof th^ 
Earths, &c. Phil. Trans. 1808. 
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Nor do we know any example of mercury being capable of Subdivis. I. 

amalgamating with any substance except a metal. When 

it unites with other bodies, as oxygen, sulphur, oils, &c. it 
always loses its metallic lustre. These reasons induce Ber¬ 
zelius to conclude that the amalgam is a compound of 
mercury and the metallic basis of ammonia. The reason 
why it cannot be preserved he conceives to be that the 

mercury contains a little moisture which speedily converts 
the ammonium to ammonia by supplying it with oxygen. 

I consider the strongest evidence to lie on the side of the 

opinion of Gay-Lussac and Thenard. But the subject 

requires farther investigation. If it be true that ammonia 
can amalgamate with mercury, we must alter the presently 

received notions respecting amalgams. 

SECT. 11. 

OF THE FIXED ALKALIES. 

The word alkali is of Arabian origin, and was intro- Origin, 

duced into chemistry after it had been applied to a plant 
which still retains the name of kali. When this plant is 

burnt, the ashes washed in water, and the water evaporated 

to dryness, a white substance remains, which was called 
alkali. According to Albertus Magnus, who uses the word, 

it signifies fcex amaritudinis^ ‘‘ the dregs of bitterness.’’ * 
Alkali may be obtained from other substances besides kali. 

Chemists gradually discovered that bodies, differing from 

one another in several of their properties, had been con¬ 
founded together under the same name. The word, in 

* Theatrum Chemicum, ii. 470. I am indebted to my friend, the 

Rev. Mr. Holme, of St. Peter’s College, Cambridge, for the following 

note, with which he was supplied by the Rev. Mr. Palmer, Professor of 

Arabic, at Cambridge. “ From the Arabic root 

dress any thing by fire is derived the substantive 

ashes produced by burning the salicornia, or any other plants of the same 
nature. See Golius’ Arabic Lexicon at root preceding. Hence Kalif 
and with the article, Al-kaliJ* 

(Kala,) to 

(Kily on,) the 
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Book II. consequence, became general, and is now applied to all 
Divi^on L bodies which possess the following properties: 

Properties. 1 • CaUStlC taSte. 

2. Volatilized by heat. 
3. Capable of combining with acids, and of destroying 

their acidity. 
4. Soluble in water even when combined with carbonic 

acid. 
5. Capable of converting vegetable blues to green. 
Ammonia, the alkali described in the preceding section, 

because it is gaseous, is distinguished by the name of volatile 
nlkalL Potash and soda, because they are capable of 

bearing a red heat, are fixed alkalies. The proper¬ 

ties of these two substances constitute the object of this 

section. 

i. potash. 

Black’s dis- When potash is obtained by the combustion of ferns or 
covery of formerly described; * it is combined with car- 

causticity, bonic acid. When treated with quicklime it is deprived of 

its carbonic acid and obtained in a caustic state. It was 
long before chemists understood to what the changes pro¬ 

duced upon it by lime were owing. According to some, it 
w’as deprived of a quantity of mucilage, in which it had 
formerly been enveloped; while, according to others, it was 

rendered more active by being more comminuted. At last, 
in 1756, Dr. Black proved, by the most ingenious and 

satisfactory analysis, that the potash which the world had 

considered as a simple substance, was really a compound, 

consisting of potash and carbonic acid; that lime deprived 
it of this acid; and that it became more active by becoming 
more simple. 

While Dr. Black was thus occupied in Scotland, Mr. 
Meyer was employed in Germany in the same researches; 

from which, however, he drew very different conclusions. 

His Essays on lime appeared in 1764. Pouring into lime- 
water a solution of potash [carhonate ofipotash), he obtained 

a precipitate, which he found not to differ from lime-stone. 

The alkali had, therefore, deprived the lime of its causticity 

* See voL I. p. 310. 
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and its active properties ; and these very properties it had Subdivis. i. 

itself acquired. From which he concluded, that the caus- 
ticity of lime was owing to a particular acid with which it 

had combined during its calcination. The alkali deprived 

the lime of this acid, and therefore had a stronger affinity 
for it. To this acid he gave the name of acidum pingue or 
caiisticum. It was, according to him, a subtile elastic 
mixt, analogous to sulphur, approaching very nearly to 

the nature of fire, and actually composed of an acid princi¬ 

ple and fire. It was expansible, compressible, volatile, 
astringent, capable of penetrating all vessels, and was the 

cause of causticity in lime, alkalies, and metals. This 
theory was exceedingly ingenious, and it was supported by a 

vast number of new and important facts. But notwithstand¬ 

ing the reputation and acknowledged genius and merit of its 
author, it never gained many followers; because the true 

theory of causticity, which had been already published by 

Dr. Black, soon became known on the continent; and not¬ 
withstanding some opposition at first, soon carried convic¬ 
tion into every unprejudiced mind. Mr. Jacquin, botanical 
professor at Vienna, published a Latin dissertation in defence 

of Dr. Black’s doctrine in 1769. This work was opposed 

in 1770 by Crans, physician to the king of Prussia, who 

endeavoured to defend the hypothesis of Meyer, who was 

now dead, in a very elaborate treatise. The subject was 
resumed by Mr. Lavoisier in 1774 in his physical and che¬ 

mical essays. Lie repeated the experiments of Dl. Black 
and his disciples, and confirmed them in every particular. 
Since that time the hypothesis of Meyer seems to have been 
abandoned by every one. 

1. Pure potash was first obtained by Sir H. Davy. Properties 

It may be obtained by exposing peroxide of potassium to a 

-heat sufficiently strong to drive off the excess of oxygen. In 
that state it has a grey colour,- and a vitreous fracture. It 

requires a strong heat to fuse it, and it dissolves in water 

without effervescence, but produces, by its solution, a great 
deal of heat. 

2. Potash, obtained by means of alcohol, is a combina- Hydrate, 

tion of potash and water, or a hydrate of potash. If we 

suppose it a compound of 1 atom potash and 1 atom water, 

its constituents will be by weight 



42 SALIFIABLE BASES, 

Book IL 
Division 1. 

Solution in 
water. 

Action of 
supporters 
on potash. 

Potash... 6 .100 
Water... 1*125...... 18*75 

Kow Davy found that hydrate of potash, when heated 

with boracic acid, gave out between 17 and 18 per cent, of 
water. According to which experiment hydrate of potash 

is a compound of 100 potash + 21*21 water. This tallies 
with theory sufficiently well. For it is obvious that potash, 

prepared by alcohol, will often (always probably) be allowed 
to retain rather more water than is actually in chemical 
combination with the alkali. 

3. The hydrate of potash has a very strong affinity for 

water. At the common temperature of the air, one part of 

water dissolves two parts of potash. The solution is trans¬ 
parent, very dense, and almost of the consistence of oil. It 
is in this state that potash is usually employed by chemists. 

When four parts of potash in powder and one of snow are 
mixed together, the mixture becomes liquid, and at the 
same time affords a quantity of caloric. This mixture was 
employed by Lowdtz to produce artificial cold. When the 

aqueous solution of potash is evaporated to a proper con¬ 
sistency, the potash crystallizes. The shape of its crystals 
is very different, according to the way in which they have 

been produced. When allowed to form spontaneously, they 

are octahedrons in groupes, and contain 0*43 of water: * 

When formed by evaporation on the fire, they assume the 
figure of very thin transparent blades of extraordinary mag¬ 

nitude, which, by an assemblage of lines crossing each other 

in prodigious numbers, present an aggregate of cells or 
cavities, commonly so vei*y close, that the vessel may be 

inverted without losing one drop of the liquid which it con- 
tains.f 

II. The supporters of combustion have no action on 
potash at the common temperature of the atmosphere ; but 
they act upon it in certain circumstances. 

1. An additional dose of oxygen may be made to com¬ 
bine with potash, provided it contain no water; but the 

* According to Proust, the hydrate of potash contains only 0-30 of 
■water. Jour, de Phys. llx. 266. 

+ Nicholson’s Journal, i. 164. 



POTASH. 4-3 

hydrate is incapable of forming this compound. The per- Subdivis, I. 

oxide of potash may be obtained by burning potassium in 
oxygen gas. It is decomposed, and the oxygen driven off 
by dissolving it in water. 

2. When potash is heated to redness and placed in con¬ 
tact with chlorine gas, the oxygen of the alkali is expelled 

and the chlorine takes it place. 

3. The same substitution of iodine for oxygen takes place 
when the vapour of iodine is passed over hot potash. 

III. The simple combustibles produce very different ef- Action of 

fects on potash according to their peculiar nature. 
]. Hydrogen gas has no sensible effect on it whatever. 

Neither does it combine, so far as is known, with carbon, 

boron, or silicon. 

2. It would appear from the experiments of Sementini 
that phosphorus is capable of combining with potash and 

forming a phosphuret of potash. His method was to form 
a saturated solution of potash in alcohol, and to keep sticks 

of phosphorus in this liquid as long as they continued to 
dissolve. Brown shining scales were deposited which con¬ 
stituted the phosphuret of potash. According to Sementini 
they are soluble in water,* 

3. When three parts of sulphur and one of potash are Sulpimrci 

triturated together in a glass mortar, the sulphur acquires 

a green colour, the mixture becomes hot, and exhales an 
alliaceous odour. It gradually attracts moisture from the 

air, and is totally soluble in water.f When two parts of 

potash and one of sulphur are heated in a crucible, they 
melt and combine, and form a sulphuret of potash. The 
potash of commerce may be also employed; for the car¬ 

bonic acid separates in the form of a gas during the com¬ 

bination of the potash and sulphur. When the fusion is 

complete, the sulphuret is to be poured upon a marble slab; 
and as soon as it congeals, it must be broken in pieces, and 

set by in a well-corked phial. 
Sulphuret of potash, thus prepared, is of a brown colour, 

not unlike the liver of animals. Hence it was formerly 
called hepar sulphuris, ‘‘liver of sulphur;” but when ex¬ 

posed to the air, it soon becomes green, and even white. 
It is hard, brittle, and has a glassy fracture. Its taste is 

* Annals of Philosophy, vii, 280. f Fourcroy, ii. 203, 
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Book II. 
Division I. 

Hydrogu- 
rcted sul- 
phuret. 

Action on 
fnetals, 

acrid, caustic, and bitter, and it leaves a brown stain upon 

the skin. It has no other smell than that of sublimed sul¬ 
phur. When exposed to a violent heat, the sulphur sub¬ 
limes, and the potash remains in a state of purity. This 
sulphuret converts vegetable blues to green, and soon de¬ 

stroys them. When heated with charcoal, it dissolves and 
combines with it.* 

When sulphuret of potash is exposed to the air, or when 
it is moistened with water, its properties very soon change. 
It acquires a green colour, and exhales the odour of sul- 

phureted hydrogen gas. This change is owing to the for¬ 

mation of a cpantity of sulphurated hydrogen, in conse¬ 
quence of the decomposition of the v/ater. This new- 

formed substance combines with the sulphuret, and con¬ 
verts it into hydrogureted sulphuret of potash, which is 

soluble in water, and has a brownish-green colour. It may 

be formed also by boiling in water two parts of potash and * 

one part of sulphur. Sulphuret of potash produces no 
change upon air, but hydrogureted sulphuret gradually ab¬ 

sorbs oxygen. When inclosed in a vessel with a quantity 

of air, it soon absorbs all the oxygen of that portion, and 
leaves nothing but azotic gas. This fact, which was first 
observed by Scheele, induced him to use hydrogureted sul¬ 

phuret to measure the quantity of oxygen contained in any 

given portion of atmospheric air. Hydrogureted sulphuret 
is capable of oxidizing and dissolving almost all the metals. 
We are indebted to Mr. Berthollet for the first accurate 
account of the difference between these two substances.f 

Sulphuret of potash has not hitherto been analysed. It 

ought from theory to be a compound of 3 parts by weight 
of potash and 1 part of sulphur; or of an atom of potash 
and an atom of sulphur. 

4'. Potash does not combine with any of the metals; but 

some of the metals which have a strong affinity for oxygen, 
when put into a solution of potash in water, especially if 
heat be applied, are gradually oxidized. This is the case 

Vv'ith molybdenum, zinc, and iron. Tin also is oxidized in 

a very small proportion ; and this seems also to be the case 

with manganese. 

^ Fourcrov, ii. 203. 
t Ann, de Chim. xxv. 233. See also Proust, Jour, de Phys. lix. 205. 
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It is capable of dissolving a considerable number of tlie Subdivis. i. 
metallic oxides; and in some cases it deprives them of a 
dose of their oxygen. Thus when poured upon the red 

oxide of iron, it soon converts it into the black. The cause oxides, 
of this change is unknown. It has been ascertained, that 

the oxides of the following metals are soluble in potash : 

Lead,'^ 

Tin, 
Nickel, 

Arsenic, 
Cobalt, 

Manganese, 

Zinc, 
Antimony, 
Tellurium, 

Tungsten, 

Molybdenum. 

But the nature of these solutions has not hitherto been 
examined with any degree of attention; though the subject 

is remarkably curious, and promises to throw light both 
upon the nature of alkalies and metals. 

II. SODA. 

Soda procured by the process formerly described f is in 

the state of a hydrate. Pure soda was first obtained by Sir 
H. Davy by burning sodium, by means of a strong heat in 

a quantity of air just sufficient to convert it into soda. 
Pure soda has a grey colour, is a non-conductor of elec- Properties, 

tricity, has a vitreous fracture, and requires a strong red 

heat to melt it. When a little water is added the soda 

combines with it rapidly, evolving considerable heat; it 

becomes at the same time white, crystallized in its texture, 
and much more fusible than formerly. In this state it is a 

hydrate of soda, which, when pure, is a compound of 1 atom 

soda and 1 atom water, or is composed by weight of 

Soda 4 .. 100 

Water 1*125   . 28*1 

D’Arcef s analysis gives us the hydrate of soda composed of 

100 soda + 38*8 water,f while that of'Berard gives its 

composition 100 soda + 23*2 water.§ Now the mean of 
these two gives 100 soda + 31 water, which differs as little 

as can well be expected from the theoretic number, when 
we consider the strong tendency that soda has to unite with 

* Bergman, lii. 456. Proust, Jour, de Phys. Ivi. 9,07. 
t Vol. i. p. 326. X Ann. de Chim, Ixviii. 175, «nd Ixxi. 20, 

§ Ann. de Chim. Ixxii. 96. 
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more water. It dissolves very readily in water and may 
be obtained in crystals by evaporating the aqueous solution. 

IV. The action of the supporters of combustion, and of 

the simple combustibles on soda, is so nearly the same as on 
potash, that a particular description of the phenomena does 
not seem necessary. 

V. It is easy to distinguish potash from soda by the 
following properties. 1. When potash is exposed to the 

air it speedily absorbs moisture and remains in the state of 
an oily looking liquid; but soda, though at first it becomes 
doughy, soon dries again and remains in the state of a 
white dry powder. 2. When potash is neutralized with sul¬ 

phuric acid it forms a salt, which crystallizes in small iiTe- 

gular crystals which have more or less the shape of six- 

sided prisms terminated by six-sided pyramids, and re¬ 

quiring 16 times its weight of water to dissolve it. But soda 

neutralized by the same acid forms a salt, which dissolves 
in less than its weight of boiling water, and crystallizes on 
cooling in large transparcnt, channelled, six-sided prisms, 
which, when exposed to the air, speedily fall down in the 

state of a white powder. 3. When sulphate of potash is 
dissolved in water, if a little tartaric acid be dropt into 

solution, a number of minute crystals are deposited. A 
yellow precipitate appears when nitro-muriate of platinum 

is dropped into the same solution. But sulphate of soda 

is neither precipitated by tartaric acid, nor nitro-muriate of 
platinum. 

SECT. HE 

OF THE ALKALINE EARTHS. 

The word earth, in common language, has two mean¬ 

ings; it sometimes signifies the globe, which w^e inhabit, 
and sometimes the mould on wEich vegetables grow. Che¬ 
mists have examined this mould, and have found that it 
consists of a variety of substances mixed together without 

order or regularity. The greatest part of it, however, as 

well as of the stones which form apparently so large a pro¬ 

portion of the globe, consists of a small number of bodies, 

which have a variety of common properties. These bodies 

chemists formerly classed together, and denominated earths, 

6 
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Thoiiffh we now know that all these substances are in rea- Subdivis. i. 
o Chso II 

lity metallic oxides^ yet the term eai'th having been long , j 

generally used both by chemists and mineralogists, could 
not easily be eradicated. I have thought it better to retain 

it, though it is obvious that no definition could be given of 

them which would not apply equally w^ell to other metallic 

oxides. 
The earths have been divided into two classes, namely^ 

Mlkaline earths and earths proper» The first have the pro¬ 

perty of giving a green colour to vegetable blues, and of 

neutralizing acids; the second do not alter vegetable blues, 

and are incapable of neutralizing acids. 
The alkaline earths are four in number; namely, 

Lime, 

Barytes, 
Strontian, 

Magnesia. 

We shall describe each of them in the order in which 

they have been named. 

I. LIME. 

When lime is obtained by the process formerly de¬ 

scribed * it is a white powder, having a caustic taste, and 

capable of converting vegetable blues into green, and finally 
into yellow, when it acts upon them in solution in water. 

2. It cannot be fused by the most violent heat of our Fusion of 

furnaces. But Dr. Clarke has succeeded in fusing it by 
means of a blow pipe, consisting of a jet of two volumes 

hydrogen, and one volume oxygen gases, issuing with vi¬ 

olence from the point of a capillary tube. It is converted 
into a brilliant limpid glass, and during the fusion a beau¬ 

tiful lambent flame of an amethystine hue makes its ap¬ 
pearance, f 

3. If water be poured on newly burnt lime, it swells and Slacking of 

falls to pieces, and is soon reduced to a very fine powder. 
In the mean time, so much heat is produced, that part of 
the water flies off in vapour. If the quantity of lime 

slacked (as this process is termed) be great, the heat pro¬ 

duced is sufficient to set fire to combustibles. In this man¬ 
ner, vessels loaded with lime have sometimes been burnt. 

^ See vol. i. p. 334. f Journal of tlie Royal Institution, ii. 113. 
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Book II. When great quantities of lime are slacked in a dark place, 

\ not only heat but light also is emitted, as Mr. Pelletier has 

observed.* When slacked lime is weighed, it is found to 
be heavier than it was before. This additional w^eight is 
owing to the combination of part of the water with the 
lime; which water may be separated again by the applica¬ 
tion of a red heat; and by this process the lime becomes 

just what it was before being slacked.f Hence the reason 

of the heat evolved during the slacking of hme. Part of 
the water combines with the lime, and thus becomes solid; 

of course it parts with its caloric of fluidity, and probably 
also with a considerable quantity of caloric which exists in 

water even when in the state of ice: for when two parts of 
lime and one part of ice (each at 32”) are mixed, they 
combine rapidly, and their temperature is elevated to 212°. 

Hydrate of The elevation of temperature during the slacking of barytes 
lime. j strontian is owing to the same cause. 

Slacked lime or hydrate of lime is no doubt a compound 

of 1 atom lime + 1 atom water, or it is composed by 

weight of 
Lime.... 3’625 ........ 100 
Water... 1*125 . 31*03 

Now Mr. DaltonJ found slacked lime well dried in 

moderate heat composed of 

Lime.... 100 
Water... 33*3 

The result of Lavoisier’s experiments § gave 

Lime.... 100 

Water. .. 28*7 

Now* the mean of these two experiments give us the com¬ 

position of hydrate of lime as follows : 

Lime.... 100 
Water... 31*03 

which is exactly the theoretical result. 
Gay-Lussac has lately hit upon a very ingenious method 

* Jour, de Phys. i. 22. f Dr- Black. 
1 New System of Chemical Philosophy, i. 87. 

§ Lavoisier’s Essays, translated by Henry, p. 280. 

1 
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of (Crystallizing lime. He dissolves it in water, and places Subdivis. i, 

the lime water formed in an open vessel under the ex- 

hausted receiver of an air pump, along with a quantity of 
concentrated sulphuric acid in another open vessel. When 

the acid has become too weak in consequence of the eva¬ 

poration of the lime water it is withdrawn, and new con¬ 

centrated acid substituted in its place. By degrees the lime 

is deposited in small crystals, which exhibit the form of 

fragments of six-sided prisms.* 

By my trials 758 grains of cold water dissolve 1 grain of Solubility 

lime. Accordin^r to Mr. Dalton who has examined this water, 

subject with attention, cold water dissolves more lime than 

hot water. The following table shows the solubility of 

lime and its hydrate in water of different temperatures, 

according to his experiments.f 

1 Part of Takes up Takes up of 
water at of lime dry hydrate 

60° .... 1 1 

130 1 1 

212 .... 1 1 

Lime water, as this solution is called, is limpid, has an 

acrid taste, and changes vegetable blue colours to green. 

It is usually formed by throwing a quantity of lime in 

powder into pure water, allowing it to remain for some 

time in a close vessel, and then decanting the transparent 

solution from the undissolved lime. When lime-water is 
exposed to the air, a stony crust soon forms on its surface 

composed of carbonate of lime; when this crust is broken 
it falls to the bottom, and another succeeds it; and in this 

manner the whole of the lime is soon precipitated, by ab¬ 

sorbing carbonic acid from the air. 

The smell perceived during the slacking of lime is owing 
to a part of that earth being elevated along wdth the vapour 
of the water; as evidently appears from this circumstance, 
that vegetable blues exposed to this vapour are converted 

into green. 

Limestone and chalk, though they are capable of being Difference 

converted into lime by hurnin^, possess hardly any of the f^^^ween 
O'' 1 4/ limestone 

properties of that active substance. They are tasteless, and limt., 

* Ann. de Chim. et Pliys. i. 334. 
f New Systeia of Chemical Philosophy, li. 

}£ VOL. ir. 
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i^>ook II. scarcely soluble in water, and do not perceptibly act on 
ptvision I. animal bodies. Now, to what are the new properties of 

lime owing ? What alteration does it undergo in the fire ? 

It had been long known, that limestone loses a good deal 

of weight by being burned or caldned. It was natural to sup¬ 

pose, therefore, that something is separated from it during 

calcination. Accordingly, Van Helmont, Ludovicus, and 

Macquer, made experiments in succession, in order to dis¬ 

cover what that somethmg is; and they concluded from 

them that it is pure water, which the lime recovers again 

when exposed to the atmosphere. As the new properties 

of lime could hardly be ascribed to this loss, but to some 
other cause, StahPs opinion, like all the other chemical 

theories of that wonderful man, was generally acceded to. 

He supposed that the new properties which lime acquired 

by calcination are owing entirely to the more minute di¬ 

vision of its particles by the action of the fire. Boyle in¬ 
deed had endeavoured to prove that these properties are 

owing to the fixation of fire in the lime; a theory which 

was embraced by Newton and illustrated by Hales, and 

which Meyer new modelled, and explained with so much 

ingenuity and acuteness as to draw the attention of the 
most distinguished chemists. But while Meyer was thus 

employed in Germany, Dr. Black of Edinburgh published, 

in 1756, those celebrated experiments which form so bril¬ 
liant an era in the history of chemistry. 

Discovered He first ascertained, that the quantity of water separated 

Isfack? from limestone during its calcination is not nearly equal to 
the weight which it lost. He concluded in consequence, 

that it must have lost something else than mere water. 

What this could be, he was at first at a loss to conceive; 

but recollecting that Dr. Hales had proved that limestone, 

during its solution in acids, emits a great quantity of air, 

he conjectured that this might probably be what is lost 
during calcination. He calcined it accordingly, and ap¬ 
plied a pneumatic apparatus to receive the product. He 

found his conjecture verified; and that the air and the water 

which separated from the lime were togetlier precisely equal 

to the loss of weight which it had sustained. Lime there¬ 

fore owes its new properties to the loss of air ; and lime¬ 
stone differs from lime merely in being combined with a 

certain quantity of a:ir: for he found that, by restoring 
1 
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again the same quantity of air to lime, it was converted Subdivis. i. 

into lime-stone. This air, because it existed in lime in a 

fixed state, he called air. It was afterwards examined 

by Dr. Priestley and other philosophers; found to possess 

peculiar, properties, and to be that species of gas now 
known by the name of carbonic acid gas. Lime then is the 

simple substance, and limestone is composed of carbonic 

acid and lime. Heat separates the carbonic acid, and leaves 

the lime in a state of purity. 

4. When lime is exposed to the open air, it gradually 

attracts moisture, and falls to powder; after which it soon 

becomes saturated with carbonic acid, and is again con¬ 

verted into carbonate of lime or unburnt limestone. 
II. Of the supporters of combustion, the only one which Action of 

decomposes lime is chlorine. When this gas is passed over 

red-hot lime the oxygen is disengaged, and the chlorine 

combines with the calcium. According to the experiments 
of Gay-Lussac, iodine combines with lime without decom¬ 
posing it, and forms an iodide of lime. 

III. The action of the simple combustibles on lime has 
been but imperfectly examined. 

1. Hydrogen, carbon, boron, and silicon, so far as is 
known, have no action on lime. 

2. Phosphuret of lime may be formed by the following Phosphu- 

process : Put into the bottom of a glass tube, close at one 

end, 1 part of phosphorus; and, holding the tube horizon¬ 

tally, introduce 5 parts of lime in small lumps, so that they 

shall be about two inches above the phosphorus. Then 
place the tube horizontally among burning coals, so that the 

part of it which contains the lime may be made red-hot, 
while the bottom of the tube containing the phosphorus 

remains cold. When the lime becomes red-hot, raise the 

tube, and draw it along the coals till that part of it which 

contains the phosphorus is exposed to a red heat. The 
phosphorus is immediately volatilized, and passing through 

the hot lime combines with it. During the combination 

the mass becomes of a glowing red heat, and a quantity of 
phosphureted hydrogen gas is emitted, which takes .fire 

when it comes into the air. This curious process was con¬ 

trived by Mr. Tennant, to whom we are indebted for the 
discovery of the earthy phosphurets. 

Phosphuret of lime has a deep brown colour, and is 
E ^ 
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Book II, moulded into tlie shape of the. tube. It falls to pieces in 
Divi^on L -g water; but it has the property of 

decomposing that liquid. Phosphureted hydrogen gas is 

emitted, which takes fire as soon as it comes to the surface 

of the water. 
No analysis of phosphuret of lime has been hitherto 

attempted. But there can be little doubt that it is a com¬ 
pound of 1 atom lime and 1 atom phosphorus, or that it 

consists by weight of 

Lime ...... 3'625 . 100 
Phosphorus ...... 1 ’5 . 41*38 

Sulphuret. 3. Sulphuret of lime may be formed by mixing its two 
component parts, reduced to a powder, and heating them in 

a crucible. They undergo a commencement of fusion, and 

form an acrid reddish mass. When it is exposed to the air, 
or moistened with water, its colour becoming greenish- 
yellow, sulphureted hydrogen is formed, and the sulphuret 

is converted into a hydrogureted sulphuret, which exhales a 

very fetid odour of sulphureted hydrogen gas. This hydro¬ 
gureted sulphuret may be formed also by boiling a mixture of 

lime and sulphur in about ten times its weight of water, or 
by sprinkling quicklime with sulphur, and then moistening 

it: the heat occasioned by the slacking of the lime is suffi¬ 

cient to form the combination. When this hydrogureted 
sulphuret is exposed to the air, it imbibes oxygen; which 

combines at first with the hydrogen, and afterwards with 

the sulphur, and converts the compound into sulphate of 

lime.* When the solution of hydrogureted sulphuret of 
lime is kept in a close vessel, the sulphur gradually precipi¬ 

tates, and hydro-sulphuret of lime remains in solution. 

The hydrogureted sulphuret of lime has the property of 
dissolving charcoal by the assistance of heat, and of retain¬ 

ing it in solution.f It acts very powerfully upon metals 
and metallic oxides. 

The sulphuret of lime has not hitherto been analysed, 

but there can be little doubt that it is a compound of 1 atom 
lime + 1 atom sulphur, or by weight of 

Lime . 3*625 . 100 

Sulphur. 2*000 . 55*17 

Berth ollet. t Fourcroy, ii. 174 
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4. Lime facilitates the oxidizement of several of the Subdivis. L 
metals, and it combines with several of the metallic oxides, p^ap. il^ 

and forms salts which have not hitherto been examined, if 

we except the compounds which it forms with the oxides of metals, 

mercury and lead, which have been described by Berthollet. 
The red oxide of mercury, boiled with lime-water, is And their 

partly dissolved, and the solution yields by evaporation 
small transparent yellow crystals."^ This compound has 
been called by some mermnate of lime. 

Lime water also dissolves the red oxide of lead, and (still 

better) litharge. This solution, evaporated in a retort, 

gives very small transparent crystals, forming prismatic 

colours, and not more soluble in water than lime. It is 

decomposed by all the alkaline sulphates, and by sulphureted 
hydrogen gas. The sulphuric and muriatic acids precipi¬ 
tate the lead. This compound blackens wool, the nails, the 

hair, white of eggs; but it does not alFect the colour of silk, 
the skin, the yolk of an egg, nor animal oil. It is the lead 
which is precipitated on these coloured substances in the 

state of oxide; for all acids can dissolve it. The simple 

mixture of lime and oxide of lead blackens these substances, 
a proof that the salt is easily formed.f 

IV. One of the most important uses of lime is the forma- Mortar, 

tion of mortar as a cement in building. Mortar is composed 

of quicklime and sand reduced to a paste with water. 

When dry it becomes as hard as stone, and as durable; 
and adhering very strongly to the surfaces of the stones 

which it is employed to cement, the whole wall becomes in 
fact nothing else than one single stone. But this effect is 

produced very imperfectly unless the mortar be very well 

prepared. 
The lime ought to be pure, completely free from carbonic 

acid, and in the state of a very fine powder: the sand 
should be free from clay, and partly in the state of fine sand, 
partly in that of gravel: the water should be pure; and if 

previously saturated with lime, so much the better. The 
best proportions, according to the experiments of Dr. Hig¬ 

gins, are 3 parts of fine sand, 4 parts of coarser sand, 1 part 

of quicklime recently slacked, and as little water as possible. 

The stony consistence which mortar acquires is owing, 

* berthollet, Ann; de China, i, 61. t Ibid. i. 52. 
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partly to the absorption of carbonic acid, but principally to 

the combination of part of the water with the lime. This 
last circumstance is the reason, that if to common mortar one 

fourth part of lime, reduced to powder without being slacked, 

be added, the mortar when dry acquires much greater so¬ 

lidity than it otherwise would do. This was Brst proposed 

by Loriot and a number of experiments were afterwards 

made by Morveau.f The proportions which this philoso^^ 

pher found to answer best are the following : 

Fine sand ..  0*3 

Cement of well baked bricks .. 0*3 
Slacked lime.  0*2 

Unslacked lime.  0*2 

1*0 

The same advantages may be attained by using as little 

water as possible in slacking the lime. This was first pointed 
out by La Faye.f 

Higgins found that the addition of burnt bones improved 

motar by giving it tenacity, and rendering it less apt to 

crack in drying; but they ought never to exceed one fourth 

of the lime employed. 
When a little clajr is added to mortar, it acquires the 

important property of hardening under water; so that 
it may be employed in constructing those edifices which are 

constantly exposed to the action of water. Limestone is 

found not unfrequently mixed with clay: and in that 

case it becomes brown by calcination, instead of white. 

These native limestones are employed for making water 
mortar ; but good water mortar may be made by the follow¬ 

ing process, first proposed by Morveau: Mix together 4 
parts of blue clay, 6 parts of black oxide of manganese, and 

90 parts of limestone, all in powder. Calcine this mixture 

to expel the carbonic acid, mix it with 60 parts of sand, and 

form it into mortar with a sufficient quantity of water. § 

The best mortar for resisting water is made by mixing 

with lime puzzolano, a volcanic sand brought from Italy. 

Morveau informs us that basaltes^ which is very common in 

* Jour, de Pliys. iii. 231. 
J Ibid. ix. 437. 

f Ibid. vi. 311. 

§ Ann, de Cbim. xxxvii. 259. 
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this country, may be substituted for puzzolano. It must Subdivis. i. 

be heated in a furnace, thrown while red-hot into water, f i 

and then passed through a sieve to reduce it to the proper 

size.^ 

II. BARYTES. 

Barytes when prepared according to the process described 

in a preceding part of this work,t is a greyish porous body 

which may be easily reduced to powder. Its taste is more 

acrid than that of lime. It is poisonous, converts vegetable 
blues to green, and is more soluble in water than lime. 

AVlien exposed to the air, it immediately attracts mois¬ 

ture ; in consequence of which it swells, heat is evolved, and 

the barytes falls to a white powder, just as happens to quick¬ 
lime when water is sprinkled on it.f After the barytes is 
thus slacked^ it gradually attracts carbonic acid, and loses 

its acrid properties, its weight being increased 0*22.§ It 

cannot therefore be kept pure except in close vessels. 
2. When a little water is poured upon barytes, it is Action of 

slacked like quicklime, but more rapidly, and with the evo- 

lution of more heat. The mass becomes white, and swells 
considerably. If the quantity of water be sufficient to dilute 
it completely, the barytes crystallizes in cooling, and assumes 

the appearance of a stone composed of needle-form crystals; 

but when exposed to the air, it gradually attracts carbonic 

acid, and falls to powder. || 
Water is capable of dissolving 0*05 parts of its weight of 

barytes. This solution, which is known by the name of 

barytes water, is limpid and colourless, has an acrid taste, 

and converts vegetable blues first to a green and then de¬ 

stroys them. When exposed to the air, its surface is soon 
covered with a stony crust, consisting of the barytes com¬ 

bined with carbonic acid. 

Boiling water dissolves more than half its weight of ba¬ 

rytes. As the solution cools, the barytes is deposited in 

crystals; the shape of which varies according to the rapidity 
with which they have been formed. When most regular, 

they are flat hexagonal prisms, having two broad sides, with 

* Ann. de Chim. xxxvii. 262. t Vol. I. p. 340. 

X Fourcroy and Vauquelin, Ann. de Chim.ii. 59. 
§ Mem. de llnstit. ii. 59. 11 Fourcroy, ii. 193. 
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Book II. two intervening narrow ones, and terminated at each end 
Diyis^n I. ^ four-sided pyramid, which in some instances constitutes 

the larger part of the crystal. When formed slowly, they 

are distinct and large; but when the water is saturated with 
barytes, they are deposited rapidly, and are generally more 
slender and delicate. Then, too, they are attached to one 

another in such a manner as to assume a beautiful foliaceous 

appearance, not unlike the leaf of a fern.* 

These crystals are transparent and colourless, and appear 

to be composed of about 53 parts of water and 47 of barytes. 

When exposed to the heat of boiling water, they undergo 

the watery fusion ; that is to say, the water which they con¬ 

tain becomes sufficient to keep the barytes in solution. A 

stronger heat drives off part of the water but not the whole. 

When exposed to the air, they attract carbonic acid, and 

crumble into dust. They are soluble in 174- parts of water 
at the temperature of 60°; but boiling water dissolves any 

quantity whatever : the'reason of which is evident; at that 

temperature their own water of caystallization is sufficient 
to keep them in solution.f 

It was observed by Bucholz and Gehlen that when the 
crystals of barytes are exposed to heat, they readily melt in 
their water of crystallization. As this water evaporates the 
barytes is reduced to a dry mass. This mass again melts 
when heated to redness and ffows like an oil. But barytes 

procured from the nitrate of that earth by heat is infusible 

in the strongest heat that can be raised in our furnaces. J 

The reason of this difference is that the barytes obtained by 

heat from the crystals is in the state of hydrate, while the 

earth from the nitrate is free from water. From the ex¬ 

periments of Dalton, it appears, that water combines in at 

Hydrates, least 3 proportions with barytes, and forms 3 solid hydrates. 

Barytes. Water. 

1st composed of 1 atom -f 1 atom. 

2d .1- +5 

Sd . 1 - +20 

The first is formed by exposing crystallized barytes to a 

strong red heat; the second by reducing the crystals to a dry 

* Hope, Edin. Trans, iv. 36. f Ibid. 

J Gehlen’s Journal fur die Chemie, Physik und Mineralogie, iv. 258, 

2 
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powder by heat; and the third consists of crystallized barytes,* Subdivis. I. 
j 4- • 1 e Chap. II. The first hydrate is composed ot 

Barytes .... 9*75 .... 100 
Water.T125 .... 11*53 

The second hydrate is composed of 

Barytes .... 9’75 .... 100 

Water. 5*625 _ 57*69 

The third hydrate is composed of 

Barytes.... 9*75 .... 100 
Water. 22*50 _ 230'76 

II. Barytes, according to the experiments of Gay-Lussac Action of 

and Thenard, is capable of uniting with an additional dose supporters. 

of oxygen. 
2. When chlorine is passed over it at a red heat, the 

oxygen of the barytes is expelled and chloride of barium 

formed. 
3. Iodine combines with it without expelling the oxygen, 

and forms iodide of barium. 
III. Of the simple combustibles, hydrogen, carbon, 

boron, and silicon, so far as is known, have no action on it. 
2. Phosphuret of barytes may be formed by putting phos- Phosphu- 

phorus and barytes into a glass tube close at one end, and 
heating the tube upon burning coals, as in making phos- 

pliuret of lime. The combination takes place very rapidly. 

This phosphuret is of a dark brown colour, very brilliant, 

and very fusible. When moistened, it exhales the odour of 
phosphureted hydrogen gas. When thrown into water, it 

is gradually decomposed, phosphureted hydrogen gas is 

emitted, which takes fire when it comes to the surface of the 

water, and the phosphorus is gradually converted into phos¬ 
phoric acid.f This phosphuret has not been analysed; but 
it is probably composed of 1 atom barytes + 1 atom phos¬ 
phorus, or by weight of 

Barytes.9*75 .... 100 

Phosphorus... T5 .... 15*78 

^ New System of Chemical Philosophy, il. 522, 

I Fourcroy ii. 191. 
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Book II. 3. Sulphuret of barytes may be formed by mixing its two 
Division L ingredients together and heating them in a crucible. The 

mixture melts at a red heat, and when cold forms a mass of 
Sulphuret. a reddish-yellow colour, without any smell, which is sulphu¬ 

ret of barytes. This sulphuret decomposes water with great 

rapidity; sulphureted hydrogen is formed, which, combining 

with the sulphuret, converts it into a hydrogureted sulphu¬ 

ret. This change takes place whenever the sulphuret is 
moistened with water, or even exposed to the atmosphere. 
When boiling water is poured upon sulphuret of barytes, a 

great quantity of sulphureted hydrogen is formed almost in¬ 

stantaneously, v/hich combines with the water, and occa¬ 

sions the solution of the sulphuret. When the solution 

cools, a great number of brilliant white crystals are depo¬ 
sited, sometimes in the form of needles, sometimes in six- 

, sided prisms, and sometimes in hexagonal plates. These 

crystals are composed of sulphureted hydrogen and barytes, 

and have been called by Berthollet, to whom we are in- 
debted for the first accurate account of them, hydrosulphuret 

of barytes. The liquid which has deposited the hydrosul- 

phuret is of a yellow colour, and holds in solution a hydro- 

gureted sulphuret of barytes,^ No doubt this sulphuret is a 
compound of 1 atom barytes -f- 1 atom sulphur, or by 

weight of 
Barytes.... 9*75 .... 100 

Sulphur ... 2*00 .... 20*51 

Action of 4. Barytes has no action on metals; but it is capable 

thelroxtdes Combining with several of the metallic oxides, and 
forming with them compounds which have not hitherto 

been much examined. For instance, if it be poured into 
a solution of silver or lead in nitric acid, it precipitates the 

first brown, and the second white; but if an excess of barytes 
w'ater be added, the precipitates are redissolved.f 

IV. We are indebted to Bucholz for a set of experiments 
on the action of barytes on the other earthy bodies. Lime 

does not seem to unite with it. W^hen equal quantities of 
the two earths are heated in a crucible, a mass is obtained, 

having some cohesion, but soluble in water.f The pheno- 

* Berthollet, Ann. de Cliim. xxv. 233. 
f Fourcroy and Vauquelin, Mem. de I’lnstit. il. 61. 

t Bucholz’s Beitrage, iii. 59. He seems not to have used pure lime, 

but a submuriate. 
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niena were nearly tlie same when barytes and magnesia were Subdivis. L 

heated together. When the resulting mass was treated 

with water, the barytes dissolved, but took up more of the 

magnesia.* 
III. STRONTIAN. 

Strontian prepared by the process described in a preced¬ 

ing part of this work f is a porous mass of a greyish white 

colour. It has an acrid taste and converts vegetable blues 

to green. 
When water is sprinkled on strontian it is slacked. Action of 

becomes hot, and falls to powder exactly like barytes ; but 

it is not so soluble in water as that earth. One hundred 

and sixty two parts of water, at the temperature of 60°, 

dissolve nearly one part of strontian. The solution, known 

by the name of strontian water, is clear and transparent, 
and converts vegetable blues to a green. Hot water dis¬ 
solves it in much larger quantities; and as it cools, the 
strontian is deposited in colourless transparent crystals. 
These are in the form of thin quadrangular plates, gene¬ 

rally parallelograms, the largest of which seldom exceeds 
one-fourth of an inch in length. Sometime:, their edges 

are plain, but they oftener consist of two facets, meeting 

together, and forming an angle like the roof of a house. 

These crystals generally adhere to each other in such a 
manner as to form a thin plate of an inch or more in length 

and half an inch in breadth. Sometimes they assume a 
cubic form. They contain about 68 parts in 100 of water. 

They are soluble in 51*4 parts of water at the temperature 

of 60°. Boiling water dissolves nearly half its weight of 
them. When exposed to the air, they lose their water, 

attract carbonic acid, and fall into powder, f Their specific 

gravity is T46.§ 

It appears from the experiments of Bucholz, that stron¬ 
tian obtained by heating these crystals has the property of 

fusing at a red heat, while strontian from the nitrate is des¬ 

titute of that property. II Hence it is obvious that the first 
is a hydrate of strontian. It is, no doubt, composed of 

1 atom strontian + 1 atom water, or by weight of 

Bucliolz’s Beitrage, ili. p. 56. f See vol. i. p. 348. 
I Hope, Edln. Trans, iv. 44. § Hassenfratz, Ann. de Chim. xxvili. 11. 

|j Gehlen^s Journal fur de Chemie, Physick, und Mineralogie, iv. 664. 
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Book IL 
Division 1. 

Strontian 6*500. 100 

Water .. 1*125...,_ 17*3 

The crystals of strontian appear from Dr. Hope’s analysis 

above stated, to be composed of 1 atom strontian +12 atoms 
water, or by weight of 

Strontian 6*5.100 

Water .. 13*5. 207*69 

Tinges Strontian has the property of tinging flame of a beautiful 
flame red. rather purple colour; a property discovered by Dr. 

Ash in 1787. The experiment may be made by putting a 

little of the salt composed of nitric acid and strontian into 
the wick of a lighted candle; * or by setting fire to alcohol, 

holding muriate of strontian in solution. In both cases the 

flame is of a lively purple. In this respect it differs from 

barytes, which when tried in the same way is found to com¬ 
municate a bluish yellow tinge to the flame.f 

II. Of the simple supporters oxygen does not appear to 

have any action on strontian. Chlorine decomposes it at a 

red heat and forms a chloride of strontium. Iodine com¬ 

bines with strontian and forms an iodide of strontian. 
III. Of the simple combustibles, hydrogen, carbon, 

boron, and silicon, have no action on strontian, so far as is 

known. 

2. Phosphuiet of strontian may be prepared in the same 
way as the phosphuret of barytes. Its properties are similar. 

Sulphuret. 3. The sulpliuret of strontian may be made by fusing 
the two ingredients in a crucible. It is soluble in water by 

means of sulphureted hydrogen, which is evolved. When 
the solution is evaporated, hydrosulphuret of strontian is 
obtained in crystals, and hydrogureted sulphufet remains in 

solution. These three compounds resemble almost exactly 

the sulpliuret, hydrosulphuret, and h^^drogureted sulphuret 

of barytes: and do not therefore require a particular de¬ 
scription. 

4. Strontian has no action upon metals; but it combines 

with several of their oxides, and forms compounds which 

have not hitherto been examined. 

TV. Barytes and strontian resemble each other in their 

* Vauquelin, Jour, de Miu. An. vi. 10. 

+ Pelletier, Ann. de Cliiin, xxi, 137. 
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properties as closely as potash and soda: hence, like these Subdivis. I. 

two alkalies, they were for some time confounded. It is in 
their combination with acids that the most striking differ¬ 
ences between these two earths are to be observed. 

IV. MAGNESIA. 

Magnesia obtained by the process formerly described ^ 
is a soft white elastic powder, with very little taste, and des¬ 
titute of smell. It is insoluble in water, but converts vege¬ 
table blues to green. 

It is not melted by the strongest heat which it has been Properties, 

possible to apply; but Mr. Darcet observed that, in a very 
high temperature, it became somewhat agglutinated. When 
formed into a cake with water, and then exposed to a violent 
heat, the water is gradually driven off, and the magnesia 
contracts in its dimension; at the same time, as Mr. Tingry 
informs us, it acquires the property of shining in the dark 
when rubbed upon a hot iron plate. Dr. Clarke by a stream 
of oxygen and hydrogen gases, fused it with great difficulty " 
into a white enamel. 

2. Though insoluble in water it forms a dry hydrate which 
is composed of 1 atom magnesia + 1 atom water, or by 
weight of 

Magnesia 2*5 .100 
Water .. 1*125. 45, 

Magnesia has never yet been obtained in a crystallized 
form. 

When exposed to the air, it attracts carbonic acid gas 
and water; but exceedingly slowly. Butini left a quantity 
of it for two years in a porcelain cup merely covered with 
paper; its weight was only increased part. 

II. Of the simple supporters, oxygen has no action on Action of 

it. Chlorine decomposes it at a red heat and forms chlo- supporters-, 
ride of magnesium; iodine combines with it and forms 
iodide of magnesia. 

III. The only one of the simple combustibles with which of simple 

it can be united is sulphur. No person has hitherto sue- 
ceeded in forming a phosphuret of magnesia. In this re¬ 
spect it differs from the other three alkaline earths. 

The sulphuret of. magnesia may be formed by exposing 

See voL i. p. 
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Book IL 
Division 1. 

Metals. 

Union with 
lime and 
s5trontian. 

a mixture of two parts of magnesia and one part of sul-= 
phur to a gentle heat in a crucible. The result is a yellow 

powder, slightly agglutinated, which emits very little sul- 

phureted hydrogen gas when thrown into water, A mo¬ 

derate heat is sufficient to drive off the sulphur.* 

Magnesia has no action upon the metals; nor does it 

combine, as far as is known at present, with the metallic 
oxides, unless some intermediate substance be present. 

IV. Mr. Kirwan has shown that there is but little affinity 

between strontian and magnesia. They do not melt when 

exposed to a strong heat, at least when the strontian exceeds 
or equals the magnesia.f 

Equal parts of lime and magnesia, mixed together, and 

exposed by Lavoisier to a very violent heat, did not melt; 
neither did they melt when Mr. Kirwan placed them in 
the temperature of 150° Wedgewood; The following table, 

drawn up by Mr. Kirwan from his own experiments, shows 

the effect of heat on these two earths mixed together in 
different proportions. 

Heat. Effect. Proportions, 

Wedg .... Went through the crucible. 
20 Mag. 3 ° • 
75 Lime\ 
25 Mag./“ 
66 Lime/ 
33 Mag. / 
20 Lime/ 
80 Mag. J 
33 Lime/ 
66 Mag. J 

..^ yellow glass; but the crucible 
10 Mag. J corroded throughout. 

V^eiit through the crucible. 

..... Went through the crucible. 

.. 165.Did not melt. 

.. 138.Did not melt. 

r Melted into a fine gi'eenish 

Magnesia is used only in medicine. It is administered 

internally to remove acidity in the stomach. 

* Fourcroy, ii. 165. f Irish Trans, v. 246, 247. 
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SECT. IV* 

OF THE EARTHS PROPER. 

The earths proper are distinguished from the alkaline 
earths by being insoluble in water, and by producing no 
change upon vegetable blue colours. They were formerly 
reckoned five. But silica, which was classed among them, 
has been recognised as possessed of acid properties. We 
must in consequence reserve it for the next chapter. The 
earths proper then are the four following. 

Yttria, 
Glucina, 
Alumina, 
Zirconia. 

We shall describe them in the order in which they have 
been named. 

I. YTTRIA. 

Yttria, obtained by the process formerly described,* is 
a white tasteless powder insoluble in water, alcohol, and 
caustic alkalies. 

Sulphuric, nitric, muriatic, and acetic acids, dissolve it, 
forming crystallizable salts, which have a sweet astringent 
taste, are soluble in water, and redden vegetable blues. 

Phosphoric, carbonic, oxalic, tartaric, and citric acids, 
form with it insoluble salts which do not act on vegetable 
blues. 

It may be precipitated from all its soluble salts by phos¬ 
phate of soda, carbonate of soda, oxalate of ammonia, tar¬ 
trate of potash. 

Hydrocyanate of potash likewise throws it down. Car¬ 
bonate of yttria loses 32 per cent, when calcined. 

Yttria is precipitated by the alkalies and alkaline earths; 
but it precipitates glucina, alumina, and zirconia.f 

II. GLUCINA. 

Glucina, obtained by the process formerly described,:]: is 
a white and very light powder, destitute of taste and smell, 

* See vol. i. p. 357. f Vauquelin; Ann. du Mus. d’Hist. Nat, xv. 9. 
I See vol. i. p, 359. 

Subdivis. I. 
Chap. II. 

Propertied* 

Hydrocya* 
nate. 

Properties^ 
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insoluble in water and alcohol; but soluble in caustic al« 

kalies. It dissolves likewise in carbonate of ammonia, in 

which respect it agrees with yttria; but its solubility in that 
liquid is five times greater than that of yttria. 

It is not precipitated by oxalate of ammonia nor tartrate 

of potash. But the infusion of nut-galls throws it down 
yellow: if any iron be present the colour of the precipitate 

is purplish. Hydrocyanate of potash throws it down white, 

but if any iron be present, the tint is bluish. 
The acetate of glucina is sweet and astringent, reddens 

vegetables blues, and does not crystallize, but forms a 

gummy mass in thin transparent plates, which dissolve in 
water. 

The sulphate of glucina does not crystallize nor form 
alum. It forms a sulphate in flocks, and a supersulphate 
which remains in solution. 

The carbonate of glucina loses half its weight when ex«* 
posed to a red heat.* 

HI. ALUMINA. 

Properties. Alumina obtained by the process formerly described,! 
is a fine white-coloured powder destitute of taste and smell, 
but adhering strongly to the tongue. It is insoluble in 

water and alcohol; but dissolves readily in caustic alkalies, 
and in a small degree it is soluble in ammonia, and eveiL 

carbonate of ammonia. It dissolves slowly in sulphuric 

acid when assisted by heat, forming a colourless solution. 
When sulphate of potash is mixed with this solution, oc¬ 
tahedral crystals of alum gradually form in it. 

Alumina is not precipitated by hydrocyanate of potash, 

but the infusion of nut-galls throws it down white. The 
precipitate is redissolved by nitric acid. 

Alumina undergoes a diminution of bulk proportional to 
the heat to which it is exposed. This contraction seems 

owing, in low temperatures, to the loss of moisture: but 

in high temperatures it must be owing to a more intimate 
combination ol the earthy particles with each other; for it 
loses no perceptible weight in any temperature, however 

high, after being exposed to a heat of 130° Wcdgewood.f 

* Vauquelin ; Ann. du Mus. d’Hlst. Nat. xv. 9. 

t See vol. i.p. 361. | Jour, de Phys, Hi. 287. 
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Mr. Wedgewood took advantage of this property of Subdivis. i. 
alumina, and by means of it constructed an instrument for Chap^ll.^ 

measuring high degrees of heat. It consists of pieces t>f 

clay of a determinate size, and an apparatus for measuring wood’s py^ 

their bulk with accuracy: one of these pieces is put into 

the fire, and the temperature is estimated by the contrac¬ 

tion of the piece.* The contraction of the clay-pieces is 

measured by means of two brass rules fixed upon a plate. 

The distance between which at one extremity is 0'5 inch, 

and at the other extremity 0*3 inch, and the rules are ex¬ 
actly 24*0 inches in length, and divided into 240 equal 
parts, called degrees. These degrees commence at the 

widest end of the scale. The first of them indicates a red 
heat, or 947® Fahrenheit. The clay-pieces are small cy¬ 

linders, baked in a red heat, and made so as to fit 1® of 

the scale. They are not composed of pure alumina, but of 
a fine white clay. 

Unfortunately the contraction of these pieces is not al¬ 
ways proportional to the degree of heat to which they have 
been exposed, nor do they correspond exactly with each 
other. The instrument, notwithstanding, is certainly va¬ 

luable, and has contributed considerably towards the ex¬ 

tension of our knowledge. 

Alumina, when exposed to a very violent heat, produced 

by directing a stream of oxygen gas upon burning charcoal, 

undergoes a commencement of fusion, and is converted 

into a white enamel, semitransparent, and excessively 

hard.f If we put any confidence in the calculation of 

Saussure, the temperature necessary for producing this 

effect is as high as 1575® Wedgewobd.f 

Though alumina be insoluble in water, yet it has a strong 

affinity for that liquid, and when precipitated from its so¬ 
lution in acids, it is always obtained in the state of a hy^ 

dr ate i From Saussure’s experiments there is reason to 

suspect that this hydrate is a compound of 1 atom alumina 

4* 2 atoms water, or that it consists by weight of 

Alumina.... 2*125 .... 100 

Water.__ 2*25 .... 105*88 

* See a particular description of this thermometer in Phil. Trans. Ixii., 
and Ixiv. -j- Morveau, Jour, de I'Ecole Polytechnique, L iii. 299. 

t Jour, de Phys, 1794, 

VOL. II. .. F 
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in its usual state of dryness, of absorbing 2^ times it weight 
of water, without suffering any to drop out. It retains 

this water more obstinately than any of the other earths. 
In a freezing cold it contracts more, and parts with more 

of its water, than any other earth; a circumstance which 

is of some importance in agriculture.* 
There is a crystallized mineral called wavellite^ which 

appears to be a compound of alumina and water. From 

the experiments of Davy and Gregor, it would appear that 

this hydrate is a compound of 2 atoms alumina + 1 atom 

water or by weight of 

Alumina.... 2*125 x 2 .... 100 
Water.1*125 _ 26*47 

II. The action of the simple supporters on alumina has 

not been examined. 
Action of III. The action of the simple combustibles likewise is 

but imperfectly known. We are acquainted with no com¬ 

bination which they are capable of forming with alumina. 
But this earth has a strong affinity for metallic oxides, 

especially for those oxides which contain a maximum of 
oxygen. Some of these compounds are found native. 
Thus, the combination of alumina and red oxide of iron 
often occurs in the form of a yellow powder, which is em¬ 

ployed as a paint, and distinguished by the name of ochre. 
Alkalies, IV. There is a strong affinity between the fixed alkalies 

and alumina. When heated together, they combine and 

form a loose mass without any transparency. Liquid fixed 
alkali dissolves alumina by the assistance of heat, and re¬ 
tains it in solution. The alumina is precipitated again un¬ 

altered, by dropping an acid into the solution. This is the 

method employed by chemists to procure alumina in a state 

of complete purity; for alumina, unless it be dissolved in 

alkali, almost always retains a little oxide of iron and some 

acid, which disguise its properties. Liquid ammonia is 
also capable of dissolving a very minute proportion of newly 

precipitated alumina. 

Barytes and Barytes and strontian also combine with alumina, both 
strontiap, hcatcd with it in a crucible, and when boiled with it 

^ Kirwan’s Miner, i. 9: 
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in water. The result, in the first case, is a greenish or Subdiris. i. 

bluish-coloured mass, cohering but imperfectly: in the 
second, two compounds are formed; the first, containing 
an excess of alumina, remains in the state of an insoluble 
powder; the other, containing an excess of barytes or 
strontian, is held in solution by the water.* * * § 

Alumina has a strong affinity for lime, and readily enters Lime, 

with it into fusion. The effect of heat on various mixtures 
of lime and alumina will appear from the following table^f 

Proportions. 

75 Lime 
25 Alumina 
66 Lime 
33 Alumina 
33 Lime 
66 Alumina 
25 Lime 
75 Alumina 
20 Lime 
80 Alumina 

Heat. Effect. 

^ .. 150° Wedg.Not melted. 

^ .. 150 .Remained a powder. 

.. X .Melted. 

% .Melted. 

X .Melted. 

} 
} 

Magnesia and alumina have no action whatever on each Magnesia, 

other, even when exposed to a heat of 150° Wedgewood. 
From the experiments of Achard, it appears, that no 

mixture of lime, magnesia, and alumina, in which the lime 
predominates, is vitrifiable, except they be nearly in the 
proportions of three parts lime, two magnesia, one alumina; 
that no mixture in which magnesia predominates will melt 
in a heat below 166°; that mixtures in which the alumina 
exceeds are generally fusible, as will appear from the foL 
lowing table. || 

3 Alumina 
2 Lime . > 
1 Magnesia J 
3 Alumina 
1 Lime 
2 Magnesia. ‘I 

... w . A porcelain. 

A porcelain. 

* Vatiquelin, Ann. de Chim. xxix. 270. See also Bucholz’'3 Beitrage, 
iii. 68. *1- Kirwan, i. 66. 

1 These three experiments were made by Ehrman : the heat wag pro- 
dnced by directing a stream of oxygen gas on burning charcoal, and is 

the most intense which it has been hitherto possible to produce,^ 
§ Kirwan’s Miner, i. 57. Ii Ibid. p. 72. 

F 2 
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3 Alumina "j 
1 lime ..Porous porcelaio. 
3 Magnesia J 
3 Alumina ^ 
2 Lime >.Porous porcelain. 
3 Magnesia J 

2 Lime I.Porcelain. 
2 Magnesia J 

None of the earths is of more importance to mankind 

than alumina; it forms the basis of china and stoneware of 

all kinds, and of the crucibles and pots employed in all 

those manufactures which require a strong heat. It is ab¬ 
solutely necessary to the dyer and calico-printer, and is 
employed too with the greatest advantage by the fuller and 

cleaner of cloth. 
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IV. ZIRCONIA. 

Properties. Zirconia, obtained by the process described in a former 

part of this work,* is a white powder, having a harsh feel, 

destitute of taste and smell, and insoluble in water, alcohol, 

and fixed alkalies. But it dissolves in the solutions of the 

alkaline carbonates. 

The salts of zirconia have an astringent taste. The nitrate 

and acetate do not crystallize; but form a gummy-like 
matter; the muriate crystallizes, and is very soluble. The 
sulphate and carbonate are insoluble in water. 

Zirconia is precipitated from its solutions by prussiate of 
potash, gallic acid, and infusion of nut-galls. 

This earthy body, on account of its scarcity, has been 

more imperfectly examined than any of the others. 

SECT. V. 

OF THE METALLIC OXIDES. 

These are the oxides of the three last families in the 

second genus of simple combustibles. They amount to 

* See vol.L p. 364. 
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eighteen metals; four of which, namely, zinc, bismuth, Subdivis. I. 

silver, and palladium, form only one oxide. All the rest, 

it would seem, form two oxides each. In iron, manganese, dumber, 
lead, and rhodium, the two oxides combine, and form pecu¬ 

liar compounds, which might be considered as intermediate 

oxides were it not that they do not unite with acids, but are 

separated, by these liquids, into protoxides and peroxides. 
In iron, nickel, cobalt, manganese, cerium, uranium, and 

lead, it is the protoxides that possess the alkaline qualities 
in greatest perfection, or, in other words, have the greatest 

tendency to unite with and neutralize acids. In copper 

and gold, and probably also in platinum, the peroxides 

have a greater tendency to neutralize acids than the prot¬ 
oxides. In mercury and rhodium, both the protoxide and 

peroxide neutralize acids. Iridium has not been sufficiently 

examined to enable us to determine its oxides, or which 
possesses most of the neutralizing power. The oxides of 

tin possess the property of uniting with acids in a very im¬ 
perfect degree. They are nearly as capable of combining 

with alkaline bodies. So that they constitute the limit, as 
it were, between acid and alkaline bodies. 

None of the metallic oxides belonging to this section have Nature, 

the property of changing vegetable blues to green. The 

reason seems to be that^ they are insoluble in water. For 

several of them possess the property of neutralizing acids as 
4 

completely as the fixed alkalies themselves. This is the 

case with the oxide of silver, the protoxide of lead, the 
oxide of zinc, the protoxide of manganese. The alkaline 
power of protoxide of iron, protoxide of nickel, protoxide 

of cobalt; peroxide of copper is also great, though perhaps 

I inferior to that of the first-mentioned oxides. The oxide 

! of bismuth is inferior in neutralizing powers to the peroxide 
of copper. I have not sufficient knowledge of the neu- 

\ tralizing powers of protoxide of cerium, protoxide of ura- 

l niura, peroxide of gold, and peroxide of platinum, to assign 
\ them their true place. The neutralizing power of protoxide 

i of cerium is considerable, probably not inferior to that of 

I protoxide of iron. Both oxides of mercury possess con- 

I siderable neutralizing powers. 
II I have already described the properties of these oxides, 
i and given a table of their composition when treating of the 

j metals themselves from which they are obtained, When 
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we wish to dissolve them in acids, we should employ them 
in the state of hydrates. After being exposed to a red 

heat they lose a great deal of their solubility, no doubt in 

consequence of the great increase of the cohesion of their 

particles. 

CHAP. III. 

OF ACIDS. 

The word acid, originally synonymous with sour, and 
applied only to bodies distinguished by that taste, has been 
gradually extended in its signification by chemists, and now 
comprehends under it all substances possessed of the follow-" 
ing properties: 

Properties. 1. When applied to the tongue, they excite that sensa¬ 
tion which is called soil?' or acid, 

2. They change the blue colours of vegetables to a red. 

The vegetable blues employed for this purpose are generally 

infusion of litmus and syrup of violets or of raddishes, which 
have obtained the name of reagents or tests. If these colours 

have been previously converted to a green by alkalies, the 

acids restore them again. 

3. They unite with water in almost any proportion. 

4. They combine with alkalies, earths, and most of the 

metallic oxides, and form with them those compounds which 

are called salts. 
It must be remarked, however, that every acid does not 

possess all these properties; but all of them possess a suffi¬ 

cient number of them to distinguish them from other sub¬ 
stances. And this is the only purpose which artificial defi¬ 

nition is meant to answer. 

The acids are by far the most important class of bodies 

in chemistry. It was by their means indeed, by studying 

their properties, and by employing them as instruments in 
the examination of other bodies, that men of science laid 

the foundation of chemistry, and brought it to that state in 
which we find it at present. The nature and composition 

of acids, therefore, became a very important point of dis¬ 

cussion, and occupied the attention of fhe most eminent 

cultivators of the science. 
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Paracelsus believed that there was only one acid principle Subdivis. I. 

in nature which communicated taste and solubility to the 

bodies in which it was combined. Beecher embraced the opinion 
same opinion ; and added to it, that this acid principle was a concerning 

compound of earth and water, which he considered as two p^fne^ptc. 
elements. Stahl adopted the theory of Beecher, and en¬ 

deavoured to prove that his acid principle is sulphuric acid; 
of which, according to him, all the other acids are mere 

compounds. But his proofs were only conjectures or vague 

experiments, from which nothing could be deduced. Never¬ 

theless, his opinion, like every other which he advanced in 

chemistry, continued to have supporters for a long time, 
and was even countenanced by Macquer. At last its 

defects began to be perceived: Bergman and Sclieele 

declared openly against it; and their discoveries, together 

with those of Lavoisier, demonstrated the falsehood of both 

parts of the theory, by showing that sulphuric acid does not 

exist in the other acids, and that it is not composed of water 
and earth, but of sulphur and oxygen. 

The opinion, however, that acidity is owing to some 

principle common to all the salts, was not abandoned. 
Wallerius, Meyer, and Sage had advanced different theories 

in succession about the nature of this principle; but as they 

were founded rather on conjecture and analogy than direct 

proof, they obtained but few advocates. At last Mr. Lavoi¬ 

sier, by a number of ingenious and accurate experiments, 

proved that several combustible substances, when united Supposed 

with oxygen, form acids; that a great number of acids 
contain oxygen; and that when this principle is separated 

from them, they lose their acid properties. He concluded, 

therefore, that the acidifying principle is oXygen, and that 

acids are nothing else but combustible substances combined 
with oxygen, and differing from one another according to 
the nature of the combustible base. 

This opinion, like most of those advanced by M. Lavoi¬ 
sier, was very generally received by chemists; though there 

were some who refused to admit it, and contended that no 

such substance as an acidifying principle exists 3 but that the 
nature of a compound depends upon the way in which the 

constituents unite together. This was the opinion main¬ 
tained all along by Berthollet; and the authority of his 
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name, which was deservedly high, prevented the hypothesis 

of Lavoisier from being adopted with so much keenness, or 

insisted on with so much violence, as would have been other¬ 

wise the case. 
The curious experiments on chlorine, by Gay-Lussac and 

Thenard, the new view of the nature of muriatic acid taken 

in consequence by Sir Humphrey Davy, the subsequent 

discovery of hydriodic acid, and of hydrocyanic acid, have 

made so great an alteration in our knowledge of acids, that 

Lavoisier’s hypothesis can now have few or no supporters, 

and the opinion of Berthollet, respecting the nature of acid¬ 

ity, promises fairest to be the true one. 

All the acids at present known, with the exception of 

two, namely, sulphureted hydrogen and tellureted hydro¬ 

gen, contain a supporter of combustion. By far the greater 

number of known acids contain oxygen. All acids, there¬ 

fore (with the exception of the two above-named) are com¬ 
binations of supporters and combustibles. Now there are 

some that contain only one combustible, which may be 

considered as the base; while others contain two combusti¬ 

bles, or even three, united to a supporter. It has not been 

ascertained whether these last consist of a compound com¬ 

bustible basis united to a supporter; so that with respect to 

them we cannot say that they possess any acidifying princi¬ 
ple whatever. 

In this chapter I shall describe all the known acids that 

consist of oxygen united to a combustible, or to combusti¬ 

bles. It will be convenient to distinguish these two sets of 

acids from each other. The second set is derived entirely 
from the vegetable and animal kingdom, and consists of 

acids that are capable of undergoing combustion, and which 

are destroyed by fire, as is the case with all organic bodies, 

whether vegetable or animal; whereas the first set are in¬ 

combustible, and may be exposed to a considerable heat 

without undergoing decomposition. We shall, therefore, 
divide the acids containing oxygen into two genera. The 

first genus will consist of the acids formed by the combina¬ 

tion of oxygen with a single combustible; the second, of 

those that contain oxygen united to two or more combustL 

bles. 



NITRIC ACID. 73 

GENUS I. ACIDS WITH A SIMPLE BASIS. 

All the simple acidifiable combustibles are capable of 

forming acids with oxygen, except hydrogen and tellurium. 

The whole of the third genus of combustibles likewise form 
acids with oxygen, except titanium. The acids therefore 

belonging to this genus including those of azote amount to 

20 in number. There names are as follows: 

Subdivis. 1. 
Chap. III. 

Nitric acid .\ 
Nitrous acid.J 
Carbonic acid . 
Boracic acid. 
Silica. 
Phosphoric acid. 
Phosphorous acid .... > 
Hypophosphorous acid J 
Sulphuric acid. 
Sulphurous acid.> 
Hyposulphurous acid. J 
Arsenic acid ... 
Arsenious acid.J 
Antimonic acid.1 
Antimonious acid.... J 
Chromic acid.. 
Molybdic acid ......■) 
Molybdous acid.J 
Tungstic acid. 
Columbic acid. 

Bases. 

Azote. 

Carbon. 
Boron. 
Silicon. 

Phosphorus. 

Sulphur. 

Arsenic 

Antimony. 

Chromium. 

Molybdenum. 

Tungsten. 
Columbium. 

When these acids contain as much oxygen as can unite 

with their bases, their names terminate in ic, when the bases 

are not saturated with oxygen the name of the acid termi¬ 
nates in ous. 

We shall describe the properties of these acids in the 
following sections. 

SECT. I. 

OF NITRIC ACID. 

Nitric acid seems to have been first obtained in a se- History, 

parate state by Raymond Lully, who was born at Majorca 
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in 1235. He procured it by distilling a mixture of nitre 

and clay. Basil Valentine, who lived in the 15th century, 
describes the process minutely, and calls the acid water of 

nitre, It was afterwards denominated aqua fortis and spirit 

of nitre. The name nitric acid was first given it in 1787 by 
the French chemists. 

1. It was formerly obtained in large manufactories by 
distilling a mixture of nitre and clay 5 but the acid procured 

by this process is weak and impure. Chemists generally pre¬ 

pare it by distilling 2 parts of nitre and 1 of sulphuric acid in 
a glass retort. This method was first used by Glauber. The 
neck of the retort must be luted into a receiver, from which 

there passes a glass tube into a bottle with two mouths, con¬ 

taining a little water, and furnished with a tube of safety.* 

From the other mouth of this bottle there passes a tube into 

a pneumatic apparatus to collect the gas which is evolved 

during the process. The apparatus is represented in the 

following figure: 

The retort is to be heated gradually to at least 500"^. The 
nitric acid comes over and is condensed in the receiver, 
while the common air of the vessels, and a quantity of oxy¬ 

gen gas which is evolved, especially towards the end of the 
process, passes into the pneumatic apparatus, and the water 

* A tube of safety is a tube open at its upper end, and having its 
lower end plunged in water. The water prevents any communication 
between the external air and the inside of the apparatus. If a vacuum 
happens to be formed within the vessels, the external air rushes down 
through the tube and prevents any injury to the vessels. On the other 

hand, if air is generated in the vessels, it forces the w'^ater up the tube, 

the hight of which becomes thus the measure of the elasticity of the air 

in the vessels. By this contrivance the apparatus is in no danger of be¬ 
ing broken, which otherwise might happen. 
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m the bottles is impregnated with some acid which is not Subdivis. I. 
condensed in the receiver. Chap. HI. 

The acid, thus obtained, is of a yellow colour, and almost 

always contains muriatic and sulphuric acid from which it 

is difficult to free it completely. Perhaps the best way is to 
purify the nitre beforehand by repeated crystallizations, and 

by throwing down the muriatic acid that may adhere after 
all, by means of nitrate of silver. From the experiments of 

Lassone and Cornette, it appears that if nitric acid contami¬ 
nated with muriatic be distilled with precaution, the whole 

of the muriatic acid comes over with the first portions, and the 
last portions are quite free from it.* The common method 
is to mix impure nitric acid with nitrate of silver, to separate 

the precipitate, and re-distil. This method succeeds only 

when the acid is strong; if it be weak, a portion of muriatic 

acid still adheres to it. The sulphuric acid may be sepa¬ 
rated by rectifying the acid, by distilling it slowly, and with¬ 

holding the last portions, or by distilling it off litharge or 

nitrate of barytes. 

After these foreign bodies are separated, the acid still re¬ 
tains a quantity of nitrous gas, to which it owes its colour 
and the red fumes which it exhales. This gas may be ex¬ 
pelled by the application of heat. Pure nitric acid remains 

behind, transparent and colourless, like water. 
2. When newly prepared in this manner, it is a liquid as Properties, 

transparent and colourless as water; but the affinity between 

its component parts is so weak, that the action of light is 
sufficient to drive off a part of its oxygen in the form of gas; 
and thus, by converting it partly into nitrous gas, to make 

it assume a yellow colour. Its taste is exceedingly acid and 

peculiar. It is very corrosive, and tinges the skin of a yel¬ 
low colour, which does not disappear till the epidermis 

comes off. It is constantly emitting white fumes, which 

have an acrid and disagreeable odour. 

3. It has a strong affinity for water, and has never yet Action of 

been obtained except mixed with that liquid. When con- 

centrated, it attracts moisture from the atmosphere, but not 

so powerfully as sulphuric acid. It also produces heat when 

mixed with water, owing evidently to the concentration of 
the water. 

* Mem. Par. 1781, p. 645. 
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Book 11. The specific gravity of the strongest nitric acid that can 
pivisH3n I. procured is, according to Kouelle, 1* * * § **583 ; but at the tem¬ 

perature of 60^5 Mr. Kirwan could not procure it stronger 

than 15543. Proust obtained it of a specific gravity as high 

as 1*62.* 
As nitric acid, however much it may be concentrated, al¬ 

ways contains water combined with it, it becomes a problem 

of considerable interest to ascertain the proportion of real 

acid, or of acid destitute of water, that exists in nitric acid 
of every specific gravity. This problem has exercised the 

ingenuity of Kirwan,t Davy, J Berthollet, § and Dalton. I( 
The following little table drawn up by Mr. Dalton from his 

most recent experiments gives the strength of this acid 

when of diiferent specific gravities with very considerable 

accuracy 

Weight of 
Acid. Water. 

Acid per cent, 
by weight. 

Acid per cent, 
by measure. Specific gravity. 

45 ■f 8 84*9 . 137-5? 1-62? 
45 + 16 73*8 114-4? 1*55 
45 + 24 65*2 96*4 1*48 + 
45 + 32 58*4 84-0 1*44 

45 + 40 53*0 74-7 1-41 
45 4- 48 48*4 67*2 1-39 
45 + 56 44*5 60*5 1*36 
45 + 64 41*3 55*3 1*34 
45 + 180 20*0 22*8 1*142 

4. From the experiments of Mr. Dalton it appears that 
the boiling point of nitric acid is a maximum when it is of 

the specific gravity 1 *42. It then boils at the temperature 

of 248°, as had been already ascertained by Bergman.ff 
When either stronger or weaker, the temperature at which 

it begins to boil is diminished. The follow^ing table drawn 

* Jour, de Phys. 1799, as quoted by Mr. Dalton in his New System 

of Chemical Philosophy, ii. 345. 

f Irish Transactions, iv. 1. f Researches, p. 41. 

§ Jour, de Phys. 1807, March. 

II New System of Chemical Philosophy, ii. 355. 

** Henry's Elements of Experimental Chemistry, i. 364. Seventh 

edition. 

ft Opusc. ii. 141. 
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wp by Mr. Dalton from his own experiments, shows the Subdivis. i. 

temperature at which acid of different densities begins to 

boil.^ 

Sp. gravity of acid. Boiling point. Boiling 

1*62 .100®? 
1-54* .175 
1*50 .210 

1-45 .2-40 

1*42 .2*48 

1*40 .2-47 
1-35 .2*42 

1-30 .2*36 
1-26 .2‘32 

1*22 .2*29 

1-20 .2-26 

1*18 .2-23 

1*17 ..2*21 
1-16 .2-20 
1*15 .2*19 
1*14 .2*19 

When cooled down to —66®, it begins to congeal; and 

when agitated, it is converted into a mass of the consistence 
of butter, t But an account of the freezing points of this 

acid, as ascertained by Cavendish, has been already given 
in a preceding part of this work, f 

II. The simple supporters of combustion have no action 

on nitric acid; at least as far as is known at present. 

III. All the simple combustibles decompose it, except the Action of 

diamond, gold, platinum, palladium, rhodium, and tanta- 

j lum. When poured upon sulphur or phosphorus § at a high 

I temperature, it sets them on fire; but at a moderate tem- 

! perature it converts them slowly into acids, while nitrous 

j gas is exhaled. It inflames charcoal also at a high temper- 

i ature, and even at the common temperature, provided the 

* New System of Chemical Philosophy; ii, 355. 

t Fourcroy and Vauquelin, Ann. de Chim. xxix. 282. 
X Vol. I. p. 87. 

I § According to Brugnatelli, when a bit of phosphorus is wrapped up 

in paper, dipped in nitric acid, and struck smartly with a hammer upon 

I an anvil, a detonation takes place. Jour, de Chim. iv. 113,-—With me, 

j however, the experiment did not succeed. 

I 
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Book II. charcoal be perfectly dry and minutely divided.^*^ Hydro* 
Division I. ggjj g^g produces no change on it at the temperature of the 

atmosphere; but when passed along with it through a red- 

hot porcelain tube, it detonates with great violence; water 

is formed, and azotic gas evolved.f 

When this acid is poured upon oils, it sets them on fire. 

This is occasioned by a decomposition both of the acid and 

oil. The oxygen of the acid combines with the carbon and 

with the hydrogen of the oils, and at the same time lets out 

a quantity of caloric. Hence we see that the oxygen which 

enters into the composition of the nitric acid still contains a 
great deal of caloric; a fact which is confirmed by a great 

number of other phenomena. The combustion of oils by 

tins acid was first taken notice of by Borrichius and Slare;J 

but it is probable that Homberg communicated it to Slare. 

In order to set fire to the fixed oils, it must be mixed with 

some sulphuric acid; the reason of which seems to be, that 

these oils contain water^ which must be previously removed. 

The sulphuric acid combines with this water, and allows the 

nitric acid, or rather the oil and nitric acid together, to 
act. The drying oils do not require anj^ sulphuric acid : 
they have been boiled, and consequently deprived of all 

moisture. 
It sets fire to zinc, bismuth, and tin, if it be poured 

on them in fusion, and to filings of iron if they be perfectly 
dry. § 

IV. Nitric acid absorbs nitrous gas with great avidity, 

assumes a yellow or brown colour, and the property of 

emitting dense yellow fumes. In this state it was formerly 
known by the name of pfilogisticated mtric acid. 

Nitratcsr V. Nitric acid combines with alkalies, earths, and the 

oxides of metals, and forms compounds which are called 
nitrates. 

VI. Nitric acid is one of the most important instruments 
of analysis which the chemist possesses; nor is it of inferior 

consequence when considered in a political or commercial 
view, as it forms one of the most essential ingredients of 

gunpowder. Its nature and composition accordingly have 

♦ Proust. t Fourcroy, ii. 82. 
:J: Phil. Trans. Abr. il. 653, and iii. 663. 

§ Proust, Dijon Academicians, and Cornette.. 

6 
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long occupied the attention of philosophers. Let us endea- Subdivis. I. 

vour to trace the various steps by which its component parts 

were discovered. 
As nitre is often produced upon the surface of the earth, Composi- 

and never except in plaees which have a communication 
with atmospheric air, it was natural to suppose that air, or 

some part of the air, entered into the composition of nitric 

acid. Mayow having observed, that nitre and atmosphe¬ 

rical air were both possessed of the property of giving a red 

colour to the blood, and that air was deprived of this pro¬ 

perty by combustion and respiration—concluded that nitre 

contained that part of the air which supported combustion, 
and was necessary for respiration. 

Dr. Hales, by applying heat to nitric acid, and what he 

called JValton mineral^ obtained a quantity of air possessed 

of singular properties. When atmospherical air was let 
into the jar which contained it, a reddish turbid fume ap¬ 

peared, a quantity of air was absorbed, and the rema-inder 

became transparent again.* Dr. Priestley discovered, that 
this air could only be obtained from nitric acid; and there- 
forefore called it nitrous air. He found, that when this gas 
was mixed with oxygen gas, nitric acid was reproduced. 

Here, then, we find that oxygen is a part of the nitric acid, 

and consequently that Mayow’s affirmation is verified. 

Dr. Priestley, however, explained this fact in a different 

manner. According to him, nitrous gas is composed of 

nitric acid and phlogiston. When oxygen is added, it se¬ 

parates this phlogiston, and the acid of course is precipitated. 
This hypothesis was adopted by Macquer and Fontana; 
and these three philosophers endeavoured to support it with 

their usual ingenuity. But there was one difficulty which 
they were unable to surmounti When the two gases are 

mixed in proper proportions, almost the whole assumes the 
form of nitric acid; and the small residuum (^th part), in 

all probability, or rather certainly, depends on some acci¬ 
dental impurity in the two gases. What then becomes of 
the oxygen and phlogiston? Dr. Priestley supposed that 

I they formed carbonic acid gas ; but Mr. Cavendish proved, 

li that when proper precautions are taken, no such acid ap- 

ii pears.f 

* Veget, Statics, ii. 284. t Phil. Trans. 1784. 
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Book II. Dr. Priestley had procured his nitrous gas by dissolving 
Divis^n L nitric acid; during the solution of which a great 

deal of nitrous gas escapes. He supposed that nitrous gas 

contained phlogiston, because the metal was oxidized (and 

consequently, according to the then received theory, must 

have lost phlogiston) during its formation. Mr. Lavoisier 

proved, that this supposition was ill founded, by the follow¬ 

ing celebrated experiment.* To 945 grains of nitric acid 

(specific gravity 1*316) he added 1104 grains of mercury. 

During the solution 273*234 cubic inches of nitrous gas 

were produced. He then distilled the salt (oxide of mer¬ 

cury) which had been formed to dryness. As soon as it 
became red hot it emitted oxygen gas, and continued to do 

so till almost the whole of the mercury was revived: the 

quantity of oxygen emitted was 287*742 cubic inches. All 
that had happened, therefore, during the solution of the 
mercury, was the separation of the acid into two parts ; ni¬ 

trous gas, which flew ofiF, and oxygen, which united with 

the metal. 
Mr. Lavoisier concluded, therefore, that the whole of the 

nitrous gas was derived from the nitric acid; that nitric acid 
is composed of oxygen and nitrous gas; and that the pro¬ 

portions are nearly 64 parts by weight of nitrous gas, and 

36 of oxygen gas. 
But there was one difficulty which Mr. Lavoisier acknow¬ 

ledged he could not remove. The quantity of oxygen ob¬ 

tained by decomposing nitric acid was often much greater 

than what was necessary to saturate the nitrous gas. Mr* 

De Morveau attempted to account for this; but without 

success.t Nitrous gas itself was evidently a compound: 

but the difficulty was to discover the ingredients. Mr. La¬ 
voisier concluded, from an experiment made by decompos¬ 

ing nitre by means of charcoal, that it' contained azote ; and 

several of Dr. Priestley’s experiments led to the same result. 

But what was the other ingredient ? 
O 

Mr. Cavendish had observed, while he was making expe¬ 

riments on the composition of water, that some nitric acid 
was formed during the combustion of oxygen and hydrogen 

gas, and that its quantity was increased by adding a little 

azote to the two gases before the explosion. Hence he con- 

^ Mem. Par. 1776, p. 673. f Encyc. Method. Chim. Acide Nitrique. 
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eluded, that the formation of the acid was owing to the Subdivis. I. 

accidental presence of azotic gas. To verify this conjee- 

ture, he passed electrical sparks through a quantity of com¬ 

mon air inclosed in a glass tube: the air was diminished, 

and some nitric acid formed. He repeated the experiment, 
by mixing together oxygen and azotic gas; and found, that 

when they bore a certain proportion to each other they 

were totally convertible into nitric acid. 
These experiments were immediately repeated by Messrs. 

Van Marum and Van Troostwyk, and with nearly the same 

result. 

Dr. Priestley had observed, several years before these ex¬ 

periments were made, that atmospherical air was diminished 

by the electric spark, and that during the diminution the 

infusion of turnsol became red; but he concluded'merely 

that he had precipitated the acid of the air. Landriani, 

who thought, on the contrary, that carbonic acid gas was 

formed, anounced the alteration of lime-water by it as a 
proof of his opinion. It was to refute this notion that Mr, 
Cavendish undertook his experiments. 

It cannot be doubted, then, that nitric acid is composed 

of azote and oxygen; consequently nitrous gas is also com¬ 

posed of the same ingredients. And as nitrous gas absorbs 

oxygen, even from common air, and forms with it nitric 

acid, it is evident that nitric acid contains more oxygen 

than nitrous gas. But it is exceedingly difficult to ascer¬ 
tain the exact proportions of the component parts of this 
acid. The subject has been discussed with much care of 

late by Berzelius, Dalton, Davy, and Gay-Lussac. I have 
given in a former part of this work the composition of this 

acid as deduced from the most accurate experiments hitherto 

I made and now generall}" adopted by chemists. It is com- 

[ posed of 1 volume of azotic gas combined with 24* volumes 

of oxygen gas, or of 1 atom azote + 5 atoms oxygen, or by 
weight of 

, Azote. . P75. 100 ...... 25*93 

I ^ Oxygen 5*00. 285*8 . 7P07 

100-00 

a VOL. II, 
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SECT. IL 

OF NITROUS ACID. 

When nitre, which is a compound of nitric acid and 
potash, is exposed to a red heat, it yields a considerable 

Discoveiy. quantity of oxygen gas almost in a state of purity. If the 
process be conducted with the proper precautions and stop¬ 

ped in time, the nitre still retains the properties of a neutral 

salt. But the acid which it contains is obviously in a diffe¬ 

rent state, since it has lost a considerable part of its oxygen. 

To this new state the term nitrous acid is applied. 

The experiment just recited was first made by Scheele, 
and mentioned in his dissertation on manganese, published 

in 1774.=^ He first pointed out the difference between nitric 

and nitrous acids. 

Berzelius first observed that when dry nitrate of lead is 

distilled in a glass retort there comes over an orange co¬ 
loured liquid. This liquid was examined by Gay-Lussac,f 

and afterwards more carefully by Dulong.J It is nitrous 
acid nearly pure. 

Properties, Nitrous acid, thus prepared, has an orange colour; its 
taste is very acid ; it smokes strongly, and is very volatile, 
boiling at the temperature of 82°. Its specific gravity is 

1*451. When passed over red-hot iron or copper it is de¬ 
composed. The oxygen unites to the metals while the 
azote is set at liberty. From the experiments of Gay-Lus¬ 

sac, there is reason ta conclude that this acid may be formed 

by mixing together 1 volume of oxygen gas with 2 volumes 

of nitrous gas. Hence it must be composed by weight of 

Azote.1*75. 100 

Oxygen. 4 . 228*57 

When this acid is mixed with water an effervescence 

takes place and nitrous gas is emitted. Hence it appears 

that nitrous acid cannot exist in combination with water. 

Coloured The different high-coloured acids, therefore, to which the 
nitric acid, name of Tiitrous add has been applied are not entitled to that 

name; they consist rather of nitric acid, holding in solution 

’* Scheele's Opusc. i. 59. f Ann. dc Chim. et Phys.i. 405. 

+ Ann. de Chim. ii, 317. 

7 

Book II. 
Division I, 
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various proportions of nitrous gas. The nature of this Subdivis. I, 

high-coloured acid was first investigated by Dr. Priestley, v 

who demonstrated, by very decisive experiments, that it 

is a compound of nitric acid and nitrous gas. This opinion 

was embraced, or rather it was first fully developed, by 
Morveau.* But the theory of Lavoisier, which supposed A com- 

the difference betw^een colourless and yellow nitric acid to nitTf/acid 
depend merely on the first containing a greater proportion and nitric 

of oxygen than the second, for some time drew the attention 

of chemists from the real nature of the combination. 

Raymond published a dissertation in 1796, to demonstrate 
the truth of the theory of Priestley and Morveau; and 

the same thing was done still moi^ lately by Thomson and 

Davy.f 

Nitric acid being capable of absorbing very different 

proportions of nitrous gas, it is evident that there must be 
a great variety of nitrous acids, to use the common phrase, 

differing from each other in the proportion of nitrous gas 

which they contain ; unless we choose to confine the term 

to the compound formed by saturating nitric acid completely 
with nitrous gas. 

When nitrous gas is placed in contact with nitric acid, 

the acid absorbs it slowly, and acquires first a pale yellow' 
colour, then a bright yellow: when a considerable portion 

more of nitrous gas is absorbed, the acid becomes dark 
orange, then olive, which increases in intensity with the 

gas absorbed; then it becomes of a bright green; and lastly, 
when fully saturated, it becomes blue green. Its volume and 

its volatility also increase with the quantity of gas absorbed; 

and, when fully saturated, it assumes the form of a dense va¬ 

pour, of an exceedingly suffocating odour, and difficulty con¬ 

densible by water. In this state of saturation itisdistinguished 
by Dr. Priestley by the name of riitrous acid vapour. It is 

of a dark red colour, and passes through water partly 
without being absorbed. The quantity of nitrous gas ab¬ 

sorbed by nitric acid is very great. Dr. Priestley found 

that a quantity of acid, equal in bulk to four pennyweights 
of water, absorbed 130 ounce measures of o-as without 

_ ^ 

being saturated. J The component parts of nitrous acid, of 

* Encyc. Method. Chira. i. 18. f Davy’s Researches, p. 30. 
1 Priestley, i. 383. 
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Book II. 
Division 1. 

Varieties. 

History, 

different colours and densities, may be seen in the following 

table, drawn up by Sir H. Davy, from experiments made by 

him on purpose, with much precision.* 

100 Parts. Sp Grav. 
Component Parts. 

Nitric acid. Water. Nitrous Gas. 

Solid nitric acid 1*504 91-55 8*45 , ■■ ■ 

Yellow nitrous.. 1*502 90*5 8*3 2 
Bright yellow. .. 1*500 88*94 8*10 2*96 
Dark orange.... 1*480 86*84 7*6 5*56 
Light olive. 1*479 86*00 7*55 6*45 
Dark olive. 1*478 85*4 7*5 7*1 
Bright green.... 1*476 84*8 7*44 7-76 
Blue green. 1*475 84*6 7*4 8*00 

The colour of nitric acid depends, in some measure, also 
on the proportion of water which it contains. When to 

yellow nitric acid concentrated, a fourth part by weight of 

water is added, the colour is changed to a fine green; and 

when equal parts of water are added, it becomes blue.f 
Dr. Priestley observed, that water impregnated with this 

acid in the state of vapour became first blue, then green, 
and lastly yellow. A green nitric acid became orange- 
coloured while hot, and retained a yellow tinge when cold. 

A blue acid became yellow on being heated in a tube herme¬ 
tically sealed. An orange-coloured acid, by long keeping, 

became green, and afterwards of a deep blue; and when 

exposed to air, resumed its original colour. When yellow 

nitric acid is exposed to heat, the nitrous gas is expelled, 
and nitrie.acid remains behind. The gas, however, carries 

along with it a quantity of acid, especially if the acid be 

concentrated. But nitrous acid vapour is not altered in the 

least by exposure to heat.J 

v'. 

SECT. III. 

OF CARBONIC ACID. 

As the rapid progress of chemistry, during the latter part 

of the 18th century, was vei'y much connected with the dis- 

* Davy’s Researches, p. 37. t Bergman. 4 Fourcroy, ii. 95. 
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covery of this acid, it may be worth while to trace the his- Subdivis. i. 

tory of it somewhat particularly. Chap. III. 

Paracelsus and Van Helmont were acquainted with the 

fact, that air is extricated from limestone during certain 

processes, and the latter gave to air thus produced the name 
ofga.9. Hales ascertained the quantity of air that could be 

extricated from these bodies in different processes, and 

showed that it formed an essential part of their composi¬ 

tion. Dr. Black proved that the substances then called 

lim€y magnesia, and alkalies, are compounds, consisting of 

a peculiar species of air, and pure lime, magnesia, and 

alkali. To this species of air he gave the name fixed air, 

because it existed in these bodies in a fixed state. This air 

or gas was afterwards investigated by Mr. Cavendish and 

Dr. Priestley, and a great number of its properties ascer¬ 
tained. From these properties Mr. Keir * first concluded 

that it was an acid ; and this opinion was soon confirmed by 

the experiments of Bergman, Fontana, &c. Dr. Priestley 

at first suspected that this acid entered as an element into the 
composition of atmospherical air; and Bergman, adopting 
the same opinion gave it the name of aerial acid. Mr. 

Bewdly called it mephitic acid, because it could not be 

respired without occasioning death; and this name was also 

adopted by Morveau. Mr. Keir called it calcareous acid; 

and at last Mr. Lavoisier, after discovering its composition, 
gave it the name of carbonic acid gas. 

For the investigation of the properties of carbonic acid 
we are chiefly indebted to the labours of Cavendish,f 

Priestley,J Bergman,§ and Lavoisier. |1. Valuable disser¬ 

tations on it were also published by Macbride,** Lane,ff 
Jacquin„f:j; Landriani,§§ Fontana, and many other distin¬ 

guished chemists. And within these few years very careful 
experiments have been made to determine its composition 

by Saussure, 11II Allen and Pepis,*** and Davy.ftt 
1. Carbonic acid, being a compound of carbon and Prepara 

tion. 

* Keifs Macquer, art. Air. f Phil. Trans. 1766, Ivi. 141. 
X Priestley, i. 43. § Opusc. i. 1. || Mem. Par. 1776. 
** Experimental Essays, 1764. ft Priestley, i. 3. 

Examen. Chem. Diet. Meyer, de Acido Pingui, et Blackianee de 
Acre Fixo, 1769. §§ CrelPs Annals, 1785, ii. 139. 

IIII Ann. de Chim. Ixxi. 262. *** Phil. Trans. 1807. 

Iff Phil. Trans. 1814, p, 557. 
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Book II. 
Division I, 

Properties. 

./P 
j 

Action of 
water. 

oxygen, may be formed by burning charcoal; but as it 
exists in great abundance ready formed, there is no occasion 
to have recourse to that expedient. All that is necessary is 
to dilute with water a quantity of chalk, which is a com¬ 
pound of carbonic acid and lime, and to pour upon it sul¬ 
phuric acid. An effervescence ensues, carbonic acid is 
evolved in the state of gas, and may be received in the usual 
manner. > 

2. Carbonic acid, when in the state of gas, is invisible 
and elastic like common air. It extinguishes a candle, and, 
is unfit for respiration. It has no smell. 

Its specific gravity is 1*527, that of air being 1*000; or 
it is to air nearly as 3 to 2. From this considerable weight, 
compared to that of air, it happens that this gas may be 
poured from one vessel to another. When poured from a 
Avide-mouthed vessel upon a burning candle, it extinguishes 
it like water. > ^ 

It reddens the tincture of turnsol, but no other vegetable 
colour.* 

Atmospheric air is supposed to contain about -j-oVo 
of this gas.t 

3. Carbonic acid is not altered by exposure to heat in 
close vessels, or by passing it through a red-hot tube. But 
when electric sparks are made to pass through it for a long 
time, its bulk is inci'eased, as Dr. Priestley first observed; 
and in that case, as Mongez discovered, an inflammable 
gas is always evolved. By IS hours labour Mr. Saussure, 
junior, produced an increase of part of the whole; one- 
tenth of the carbonic acid had disappeared, and a quantity 
of carbonic oxide had been formed. The copper wires 
employed to transmit the s})arks were oxidized at the ex¬ 
pense of the acid, which was thus partially converted into 
carbonic oxide.f 

4. Water absorbs it gradually when allow^ed to remain 

*■ Bergman, i. 9. 
t At least near the surface of the earth, Lamanon, Mongez, and the 

other unfortunate philosophers who accompanied La Perouse in his last 
voyage, have rendered it not improbable, that at great heights the quan¬ 

tity of this gas is much smaller. They could detect none in the atmos¬ 

phere at the summit of the Peak of Tenerifle.—Sep Lainanon’s Memoir 
at the end of La Perouse’s Voyage. 

X Phil. Mag. xiv. 350. 
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long in contact with it. The rapidity of the absorption, as Subdivis. I. 

Mr. Lane first discovered, is much increased by agitation. 

At the temperature of 41^ water absorbs its own bulk of‘ 

this gas. According to the experiments of Mr. Cavendish, 

100 measures of water of the temperature of 55° absord 

102*5 measures of carbonic acid.* According to Dr. Henry, 

100 measures of water absorb 108 measures of this 
gas.f According to Saussure, the quantity absorbed 
amounts to 106 measures.f Alcohol, according to Caven¬ 

dish, absorbs 2^ times its bulk of carbonic acid at the tem¬ 

perature of 46°. According to Saussure, 100 measures of 
alcohol, of the specific gravity 0*84, absorb 186 measures 
of carbonic acid gas. Probably the difference between 

these two results depends upon the difference of the tempe¬ 
rature at which the absorption took place. 

The specific gravity of water, saturated with carbonic 

acid gas, is 1 *0015. This water, at the temperature of 35°, 
has little taste; but if it be left a few hours in the tempera¬ 

ture of 88°, it assumes an agreeable acidity, and a sparkling 
appearance.§ 

Ice absorbs no carbonic acid; and if water containing 
it be frozen, the whole separates in the act of freezing, [j 

This gas also separates from water at the boiling tempera- . 

ture.** 
Be means of artificial pressure, the quantity of this gas 

absorbed and condensed in water is much increased. Some 

of the aerated alkaline water^ prepared in Britain as a medi¬ 

cine, is said to contain about thrice its volume of carbonic 

'acid gas.ft 
When this liquid carbonic acid is left exposed to the air 

in an open vessel, the acid soon makes its escape in the 
form of gas, and leaves the water in a state of purity. Berg¬ 

man left a bottle filled with carbonic acid gas uncorked, 

and found that in a few days it contained nothing but comr 
mon air. 

* Phil. Trans. 1766, p. 141. f Nicholson’s Journal, vi. 239. 
X Annals of Philosophy, vi. 340. § Berginan, i. 9. 

II Priestley, i. 120. ** Priestley, i. 120. 

tt A very convenient apparatus for this purpose has been contrived by 
Mr. Gilbert Austin, and described in the Irish Transactions, viii. 131. 
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Book II. 
Division I. 

Action of 
simple 
combusti¬ 
bles. 

II. None of the simple supporters of combustion, so far 
as is known, have any action on carbonic acid. 

III. The action of the simple combustibles has been but 
little examined. 

1* It is not improbable that hydrogen would decompose 
it at a red heat; but I do not know that the experiment has 
ever been tried. 

2. Charcoal, at a red heat converts it into carbonic oxide, 
according to the experiments of Clement and Desormes. 

8. Phosphorus is insoluble in carbonic acid gas; * but 
phosphorus is capable of decomposing this acid by com¬ 
pound affinity, when assisted by a sufficient heat, as has 
been demonstrated by Tennant and Pearson. Iron also 
and zinc, and several other metals, are capable of produc¬ 
ing the same effect, as has been discovered by Priestley 
and Cruickshanks. In the first case the phosphorus is 
partly acidified, partly combined with lime, and charcoal 
is deposited: in the second, the metals are oxidized, and 
the gaseous oxide of carbon evolved. 

When carbonic acid is mixed with sulphureted, phos- 
phureted, or carbureted hydrogen gas, it renders them less 
combustible, but produces no farther sensible change. 

Carbonates. IV. This acid is capable of combining with alkalies, 
and with several of the earths and metallic oxides, and 
forms with them salts, distinguished by the name of car- 
honates. All the earthy carbonates are insoluble in water. 
Hence the reason that carbonic acid renders lime water, 
barytes water, and strontian water turbid. The earth held 
in solution in these waters combines rapidly with the car¬ 
bonic acid, which is of course absorbed, if in the state of 
gas, while the carbonate formed precipitates slowly in the 
form of a white powder. This occasions the milkiness 
which immediately ensues. As carbonic acid is the only 
gas not instantaneously absorbable by water, which renefers 
lime water, or barytes or strontian water, turbid, its pre¬ 
sence may be always ascertained by means of these liquids. 
As it is completely absorbed by them, it may be easily se¬ 
parated by them from other gases with which it may be 
mixed, and its quantity ascertained by the diminution of 
volume which the residuum of gas has undergone. 

• Fourcroy and Vauquelin, Nicholson’s Jour. xxi. 205. 
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From the experiments of Saussure, it appears that car-Subdivis. I» 

bonic acid scarcely combines with alumina.* Chap. IIL 

V. Water containing a little soda, and supersaturated 
with carbonic acid, has been employed with much advan¬ 

tage under the name of aerated alkaline water^ as a palli¬ 

ative in cases of urinary calculus. 

VI. The opinions of chemists concerning the Composi- 

of carbonic acid have undergone as many revolutions as its 

name. Dr. Priestley and Bergman seem at first to have 

considered it as an element; and several celebrated chemists 

maintained that it was the acidifying principle. Afterwards 
it was discovered to be a compound, and that oxygen gas 
was one of its component parts. Upon this discovery the 

prevalent opinion of chemists was, that it consisted of 

oxygen and phlogiston; and when hydrogen and phlogiston 
came (according to Mr. Kirwan’s theory) to signify the 

same thing, it was of course maintained that carbonic acid 

was composed of oxygen and hydrogen: and though Mr. 

Lavoisier demonstrated, that it was formed by the combi- 
nation of carbon and oxygen, this did not prevent the old 

theory from being maintained; because carbon was itself 
considered as a compound, into which a very great quan¬ 

tity of hydrogen entered. But after Mr. Lavoisier had 

demonstrated, that the weight of the carbonic acid pro¬ 

duced was precisely equal to the charcoal and oxygen em¬ 
ployed ; after Mr. Cavendish had discovered that oxygen 
and hydrogen when combined did not form carbonic acid, 

but water—it was no longer possible to hesitate that this 

acid was composed of carbon and oxygen. Accordingly 

all farther dispute about it has been long at an end. Its 

constituents as we have determined them in a preceding 
part of this work are • 

Carbon.... 0*75 
^ Oxygen.... 2* 

‘‘V'v. - 

• • • • 100 

266*6 
27*27 
72*73 

100*00 

If any thing was still wanting to put this conclusion be- Decompc 

jj^end the reach of doubt, it was to decompound carbonic sition. 

acid, and thus to exhibit its component parts by analysis 

as well as synt^'esis. This has been actually done by Mr. 

^ Jour, de Phys. Hi. 
6 
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Tennant. Into a tube of glass he introduced a 

osphorus and some carbonate of lime. He then 

tube hermetically, and applied heat. Phosphate 

of lime was formed, and a quantity of charcoal deposited. 

Now phosphate of lime is composed of phosphoric acid 
and lime; and phosphoric acid is composed of phosphorus 

and oxygen. The substances introduced into the tube were 
phosphorus, lime, and'carbonic acid; and the substances 

found in it were phosphorus, lime, oxygen, and charcoal. 

The carbonic acid, therefore, must have been decomposed, 

and it must have consisted of oxygen and charcoal. This 
experiment was repeated by Dr. Pearson, who ascertained 

that the weight of the oxygen and charcoal were together 

equal to that of the carbonic acid which had been intro¬ 
duced : and in order to show that it was the carbonic acid 

which had been decomposed, he introduced pure lime and 

phosphorus; and instead of obtaining phosphate of lime 
and carbon, he got nothing but phosphuret of lime. These 
experiments * were also confirmed by Messrs. Fourcroy, 

Vauquehn, Sylvestre, and Broigniart.f 

SECT. IV. 

OF BORACIC ACID. 

Prepara- !• The easiest method of procuring boracic acid is the foi- 
tion, lowing one: dissolve borax in hot water, and filter the so¬ 

lution ; then add sulphuric acid, by little and little, till the 
liquid has a sensibly acid taste. Lay it aside to cool, and 
a great number of small shining laminated crystals will 

form. These are the boracic acid. Thev are to be washed 

with cold water, and drained upon brown paper, 

rroperiies. 2. Boracic acid, thus procured, is in the form of thin 
hexagonal scales, of a silvery whiteness, having some re¬ 

semblance to spermaceti, and the same kind of greasy feel. 

* Ann. cie Chim. xili. 312. 

f Count Mussin-Piischkin having boiled a solution of carbonate* of 

potash on purified phosphorus, obtained charcoal. This he considered 

as an instance of the decomposition of carbonic acid, and as a confirma¬ 

tion of the experiments related in the text. See Ann. de Chim. xxv, 

105. 
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It has a sourish taste* at first, then makes a bitterish cool- Sabdivis. i, 

ing impression, and at last leaves an agreeable sweetness, 

It has no smell; but when sulphuric acid is poured on it, 

a transient odour of musk is produced.f 

It reddens vegetable blues. Its specific gravity is 1*479 J 

while in the form of scales; after it has been fused it is 
1*803.§ 

3. It is not altered by light. It is perfect^ fixed in the 

fire. At a red heat it melts, and is converted into a hard 
transparent glass; which becomes somewhat opaque when 

exposed to the air, but does not attract moisture. 

Boracic acid in its common crystallized state is a hy¬ 
drate, which according to the experiments of Sir H. Davy 

is composed of 57 acid + 43 water. || If we consider it as 

a compound of 1 atom acid •+■ 2 atoms water, the weight 

of an atom of boracic acid comes out 2*998. From Ber¬ 

zelius analysis of the borate of ammonia we formerly es¬ 

timated its weight at 2*66. Probably the true weight is Composi- 

2*875. On that supposition boracic acid will be a com- 
pound of 

Boron. 0*875 . 100 

Oxygen.... 2*000 . 228*57 

It is very sparingly soluble in water. Boiling water 

scarcely dissolves 0*02 of boracic acid, and cold water a 

still smaller quantity. When this solution is distilled in 
close vessels, part of the acid evaporates along with the 

water, and crystallizes in the receiver. Water, therefore, 

renders it in some measure volatile, though it is perfectly 

fixed when in a state of dryness. 

It is soluble in alcohol; and alcohol containing it burns 
with a green flame. Paper dipped into a solution of bo¬ 

racic acid burns with a green flame. 

With the assistance of a distilling heat, it dissolves in 

oils, especially in mineral oils; and with these it yields fluid 

and solid products, which give a green colour to spirit of wine. 

II, None of the simple supporters of combustion has any 

action on boracic acid so far as is known. 

* Owing most probably to the remains of the acid employed in pro¬ 
curing it; for it loses that taste when heated to redness. 

t Reuss, de Sale Sedat. 1778. I Kirwaifs Min. ii. 4, 

§ Hassenfratz, Ann. de Chira. xxviii. 11. 
Ii Elements of Chemical Philosophy, p. 218. 
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III. Of tBe simple combustibles potassium and sodium 
alone are capable of decomposing it, as far as the experi¬ 

ment has hitherto been made. 
Hydrogen gas produces no elfect upon it whatever, thougli 

mixed with fine powder of charcoal; it is nevertheless ca¬ 

pable of vitrification; and with soot it melts into a black 

bitumen-like mass, which is, however, soluble in water, and 

cannot be easily calcined to ashes, but sublimes in part.* 
When boracic acid is rubbed with phosphorus, it does not 

prevent its inflammation ; but an earthy yellow matter is left 

behind.f 
It is hardly capable of oxidizing or dissolving any of the 

metals except iron and zinc, and perhaps copper. 
Boracic acid combines with alkalies, alkaline earths, and 

alumina, and most of the metallic oxides, and forms com¬ 

pounds which are called borates. 

SECT. V. 

OF SILICA. 

This substance was long arranged among the earths pro^ 

per, though it was very different from these bodies in its 

properties; being incapable of uniting with acids; but 

occurring in great abundance united to alkaline bodies and 

earths. Mr. Smithson first suggested that it possessed the 

characters of an acid and this opinion has been very inge¬ 

niously confirmed by Berzelius. It might therefore be dis¬ 

tinguished by the name of silicic add, which would be more 
systematic than the term silica, which was applied to it, 

when it w’as considered as an earth. I shall not attempt, 

however, to make use of the new name here; though I 

have no doubt that it will gradually come into general use. 

1. Silica may be obtained pure by the following process: 

Mix together, in a crucible, 1 part of pounded flint or 

quartz, and 3 parts of potash, and apply a heat sufficient to 

melt the mixture completely. Dissolve the mass formed it> 

water, saturate the potash with muriatic acid, and evaporate 

♦ Keir’s Dictionary. t Ibid. 
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to dryness. Towards the end of the evaporation the liquid Subdivis. I. 

assumes the form of a jelly: and when all the moisture is 

evaporated, a white mass remains behind. This mass is to 

be washed in a large quantity of water, and dried; it is then 

silica in a state of purity. 
2. Silica, thus obtained, is a fine white powder, without Properties, 

either taste or smell. Its particles have a harsh feel, as if 

they consisted of very minute grains of sand. Its specific 

gravity is 2*66.* 
It may be subjected to a very violent heat without under¬ 

going any change. Lavoisier and Morveau exposed it to 

the action of a fire maintained by oxygen gas without any 
alteration.f Saussure indeed has succeeded in fusing, by 

means of the blow-pipe, a portion of it so extremely minute 
as scarcely to be perceptible without a glass. According to 

the calculation of this philosopher, the temperature ne¬ 

cessary for producing this effect is equal to 4?043° Wedge- 

wood. 
3. It is insoluble in water except when newly precipi- Action of 

tated, and then 1 part of it is soluble in 1000 parts of water.:]: 
It has no effect on vegetable colours. 

It is capable of absorbing about one fourth of its weight 
of water, without letting any drop from it; but on exposure 
to the air, the water evaporates very readily. § When pre¬ 

cipitated from potash by means of muriatic acid and slow 

evaporation, it retains a considerab]e portion of water, and 

forms with it a transparent jelly ; but the moisture gradually 
evaporates on exposure to the air. 

The silica in this gelatinous state may be considered as a 

! hydrate ; but the affinity between the water and silica seems 
• to be but weak. 

Silica may be formed into a paste with a small quantity 

i of water; this paste has not the smallest ductility, and when 
t dried forms a loose, friable, and incoherent mass. I| 

Silica is capable of assuming a crystalline form. Crystals 

! of it are found in many parts of the world. They are known 

' by the name of rock crystal. When pure they are transpa- 
rent and colourless like glass : they assume various forms; 

I the primitive form is a romboid differing but little 

* Kirwan's Min. i. 10. f Jour, de I’Ecole Polytechn. 1. iii 299. 

t Kirwan’s Min. i. 10. § Kirvvan’s Min. i. 10. |j Scheele. 
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Book II. from a ^cube; but the most usual is a hexagonal prism. 
Division L surmounted with hexagonal pyramids on one or both ends, 

the angles of the prism corresponding with those of the py¬ 
ramids, Their hardness is very great, amounting to 11. 

Their specific gravity is 2*653.* 

There are two methods of imitating these crystals by art. 

The first method was discovered by Bergman. He dis¬ 

solved silica in fluoric acid, and allowed the solution to re¬ 
main undisturbed for two years. A number of crystals were 
then found at the bottom of the vessel, mostly of irregular 
figures, but some of them cubes w ith their angles truncated. 

They were hard, but not to be compared in this respect 
with rock crystal.f 

The other method was discovered by accident. Pro¬ 

fessor Seigling of Erfurt had prepared a liquor silicum, 
which was more than usually diluted with water, and con¬ 

tained a superabundance of alkali. It lay undisturbed for 

eight years in a glass vessel, the mouth of which was only 
covered with paper. Happening to look to it by accident, 
he observed it to contain a number of crystals; on which 

he sent it to Mr. Trommsdorf, professor of chemistry at 

Erfurt, who examined it. The liquor remaining amounted 
to about two ounces. Its surface was covered by a trans¬ 

parent crust, so strong that the vessel might be inverted 

without spilling any of the liquid. At the bottom of the 

vessel were a number of crystals, which proved on examina¬ 

tion to be sulphate of potash and carbonate of potash.J 

The crust on the top consisted partly of carbonate of potash, 

partly of crystallized silica. These last crystals had assumed 

tlie form of tetrahedral pyramids in groupes; they were 

perfectly transparent, and so hard that they struck fire wuth 

steel. § 

II. None of the simple supporters, so far as is known, are 
capable of acting upon silica. 

III. It is probable that potassium and sodium are capa¬ 

ble of decomposing silica when assisted by heat; but none of 

the other simple combustibles produce any effect upon it 

whatever. 
« 

* Kirwan’s Min. i. 242. f Bergman, ii. 32. 

J Potasli combined with sulphuric acid and carbonic acid. 

§ Nicholson's Journal, i. 217. 
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iV. Silica dissolves readily in fixed alkaline leys, and Subdivis. I. 

when the alkali is saturated with an acid and the solution is 
evaporated, the silica separates in the form of a jelly. When 
this jelly is dried it becomes a white powder. When this alkalies, 

white powder is mixed with pure fluoric acid it disappears, 
and the acid is irnmediately converted into a gas. But none 
of the other acids are capable of dissolving silica. It may 
indeed be fused into a glass with phosphoric or boracic 
acid. 

When the potash exceeds the silica considerably, the 
compound is soluble in water, and constitutes what was for¬ 
merly called liquor silicum and now sometimes silicdted po^ 
task or soda. When the silica exceeds, the compound is 
transparent and colourless like rock crystal, and is neither 
acted on by w^ater, air, nor (excepting one) by acids. This 
is the substance so well known under the name of ^lass. 

Silica is not acted on by ammonia, whether in the gaseous 
or liquid state. 

There is a strong afiinity between barytes and silica. WiOvba- 
When barytes water is poured into a solution of silica in 
potash, a precipitate appears, which may be considered as 
the two earths in a state of combination.* Barytes and 
silica may be combined by means of heat. The compound 
is of a greenish colour, and coheres but imperfectly. f The 
effect of heat on various mixtures of barytes and silica will 
appear from the following experiments of Mr. Kirwan.f 

Proportions. 

80 Silica 7 
20 Barytes 5 
75 Silica 7 
20 Barytes y 

66 Silica 7 
S3 Barytes y 

50 Silica 7 
50 Barytes y 

20 Silica 7 
80 Barytes y 

Heat. 

150® Wedg. 

150 

150 

148 

148 

Effect. 

A white brittle mass. 

{A brittle hard mass, semi* 
transparent at the edges, 

r Melted into a hard, some- 
< what porous porcelain 
L mass. 

A hard mass not melted. 

{The edges were melted 
into a pale greenish mat¬ 
ter between a porcelain 
and enamel. 

* Morveau, Aon. de Chim. xxxi. 250. f Vauquelin, ibid, xxix. 271- 

J Kirwau’s Miner, i. 57. 



96 ACI1>S. 

Book II. 
Division I. 

L 

Strontian> 

Magnesia, 

And alumi 
sta. 

Proportions. 

25 Silica "V 
75 Barytes / 

33 Silica 1 
66 Barytes J 

Heat. 

150® Wedg. 

150 

Eft'ect. 

C Melted into a somewhat 
^ porous porcelain mass. 
r Melted into a yellowish 

and partly greenish white 
L porous porcelain. 

^ When the barytes is two or three times the quantity of 

the silica, the fused mass is soluble in acids. 

Strontian and silica combine with each other nearly in 

the same manner. 
There is also an affinity between silica and lime. When 

lime water is poured into a solution of silica in potash, a 

precipitate appears, as Stucke discovered. This precipitate 
is a compound of silica and lime.* These two earths may 

be combined also by means of heat. They form a glass, 

provided the quantity of lime be not inferior to that of silica. 

The effect of heat upon these earths, mixed in various 

proportions, will appear from the following experiments of 
Mr. Kirwan.f 

Proportions. Heat, 

50 Lime 1 
50 Silica J 

80 Lime 1 
20 Silica f 
20 Lime S 
80 Silica J 

150^ Wedg. 

156 

156 

Effect. 

f Melted into a mass of a white 
[ colour, semitransparent at 
! the edges, and striking fire, 
I though feebly, with steel: 

it was somewhat between 
porcelain and enamel. 

^ A yellowish white loose 
^ powder. {Not melted, formed a brittle 

mass. 

Equal parts of magnesia and silica melt with great diffi¬ 

culty into a white enamel when exposed to the most violent 

heat which can be produced.^ They are infusible in in¬ 

ferior heats in whatever proportion they are mixed. § 

There is a strong affinity between alumina and silica. 

When equal portions of silicated and aluminated potash are 
teixed together, a brown zone immediately appears, which 

may be made, by agitation, to pass through the whole li¬ 

quid. After landing about an hour, the mixture assumes 

* Gadoiin, Ann. de Chim. -xxii. 110.—Morveau, ibid. xxxi. 250. 

t Ki'rwan’s Min. i. 56. J Lavoisier, Mem, Par, 1787, p. 598. 

§ Achard, Mem. Berl. 1780, p. S3. 
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the consistence of jelly.* When formed into a paste with Subdivis. i. 

water, and dried, they cohere, and contract a considerable 

degree of hardness. When baked in the temperature of 
160® Wedgewood, they become very hard, but do not fuse.f 

Achard found them infusible in all proportions in a heat 

probably little inferior to 150® Wedgewood. But when 
exposed to a very strong heat, they are converted into a kind 

of opaque glass, or rather enamel. Porcelain, stoneware, 

brick, tiles, and other similar substances, are composed 

chiefly of this compound. Mixtures of silica and alumina 
in various proportions constitute clays; but these are seldom 

uncontaminated with some other ingredients. 
It follows from the experiments of Achard, that equal 

parts of lime, magnesia, and silica, may be melted into a 
greenish coloured glass, hard enough to strike fire with 

steel; that when the magnesia exceeds either of the other 

two, the mixture will not melt; that when the silica exceeds, 
the mixture seldom melts, only indeed with him in the fol¬ 

lowing proportions; three silica, two lime, one magnesia, 

which formed a porcelain ; and that when the lime exceeds, 
the mixture is generally fusible.| 

A mixture of silica and alumina may also be combined 

with barytes or strontian by means of heat. The mixture 

melts readily into a greenish coloured porcelain.§ 

From the experiments of Achard and Kirwan, we learn, 

that in mixtures of lime, silica, and alumina, when the lime 

exceeds, the mixture is generally fusible either into a glass 
or porcelain, according to the proportions. The only infu¬ 

sible proportions were. 

2 
1 
2 

3 Idme 
1 Silica 
2 Alumina. 

That if the silica exceeds, the mixture is frequently fusible 

into an enamel or porcelain, and perhaps a glass; and that 

when the alumina exceeds, a porcelain may often be at¬ 
tained, but not a glass. \\ 

As to mixtures of magnesia, silica, and alumina, when the 

» Morveau, Ann. de Chim. xxxi. 249. 

t Kirwan's Min. i. 58. 

[ X Mem. Berl. 1780, p. 33, and Jour, de Phys. xxiv, § Kirwan, 
I |j Kirwan’s Min. i. 73, 

VOL. II. H 



ACIDS. 

Book II. magnesia exceeds, no fusion takes place at 150°. When 
Division L silica exceeds, a porcelain may often be attained; and 

3 parts silica, 2 magnesia, and 1 alumina form a glass. 

When the alumina exceeds, nothing more than a porcelain 

can be produced.* 
Achard found that equal parts of lime, magnesia, silica, 

and alumina, melted into a glass. ' They fused also in 

various other proportions, especially when the silica pre¬ 
dominated. 

Weight of There can be little doubt that in these cases there is a 

siiica°"^ chemical combination formed between the silica and the 
earth, in which the former acts the part of an acid and the 
latter that of an alkaline body. But it is not easy to deter¬ 

mine the proportions in which these bodies saturate each 

other, as there are no phenomena which indicate the point 

of saturation. Perhaps the safest method will be to have 

recourse to compounds ready formed by nature, which from 
their crystallized state may be considered as neutral silicates, 

I shall select two examples, which will be sufficient to show 

that the number 2 fixed upon formerly for the weight of an 
atom of silica was not taken up at random. 

There is a mineral called sommite or nepheline^ usually 

found in volcanic productions crystallized in regular six 

sided prisms. Its constituents, according to Vauquelin, are 

49 alumina + 46 silica. Now 49 : 46 :: 2*125 : 1*994. 
50 that if it be a compound of 1 atom silica + 1 atom alu¬ 

mina, an atom of silica will weigh 1*994. There is another 
mineral called schalstone or tablespar, which has been hither¬ 

to found only in the Bannat of Tameswar, it is foliated and 

translucent; and according to Klaproth’s analysis is com¬ 

posed of 50 silica H- 45 lime. Now 45 : 50 :: 3*625 ; 4*03. 
So that if schalstone be a bisilicate of lime, or a compound 

of 2 atoms silica and 1 atom lime, then the w*eight of an 
atom of silica will be 2*015. 

Now the mean of 1*994 and 2*015 is 2*0045. So that 

these two minerals give us 2 as the weight of an atom of 
silica. 

* Kirwan’s Min. i. 72. 
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SECT. VI. 

OF PHOSPHORIC ACID. 

The most economical way of preparing phosphoric acid Prcpara- 

is to allow phosphorus to run slowly into an acid liquor 

by spontaneous combustion in the atmosphere. The liquor 

thus obtained must be mixed with nitric acid, and alter 

being digested for some time it must be evaporated to dry¬ 

ness in order to get rid of the excess of nitric acid which it 

contains. The dry residue is phosphoric acid combined 

with a portion of water and in the state of hydrate. 
Phosphoric acid thus obtained has the aspect of glass. Properties, 

Sometimes it is quite transparent; but most usually is to a 

certain degree milky. It reddens vegetables blues; it has 

no smell, its taste is very acid, but it does not destroy the 

texture of organic bodies. 
When exposed to the open air, it soon attracts moisture, 

and deliquesces into a thick oily-like liquid; in which state 
it is usually kept by chemists. When exposed to fire in a 

platinum crucible, its water gradually evaporates, and leaves 
it in the state of a transparent jelly. If the heat be in¬ 

creased it boils and bubbles up, owing to the separation of 

the remainder of its water, accompanied with a small por¬ 

tion of acid. At a red heat it assumes the form of a trans¬ 

parent liquid, and when cooled resembles the purest crystal. 
In this state it is known by the name of phosphoric glass. 

This glass is merely phosphoric acid deprived of a portion of 

its water. It has an acid taste, is soluble in water, and deli¬ 

quesces when exposed to the air. _ At a red heat it evapo¬ 
rates in a white smoke, unless the evaporation be prevented 

by the presence of a base. 
The specific gravity of this acid, in a state of dryness, is 

2’687; * in the state of glass, 2*8516;f in the state of de¬ 

liquescence, 1*417.1 
3. This acid is very soluble in water. When in the state Action of 

of white flakes, it dissolves with a hissing noise, similar to 

that made by red-hot iron plunged into water. When in 

* Bergman’s Sciographia, p. 20. Eng. Trans. 
t Hassenfratz, Ann. de Chim. xxviii, 11. 
7 Encyc. Method. Chim. i. 221. 

H 2 

Subdivis. I. 
Chap. III. 
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the state of glass, it dissolves much more slowly. The heat 

evolved durino’ the combination of this acid and water is 
O 

much inferior to that evolved when sulphuric acid enters 

into a similar combination. Phosphoric acid obtained by 
deliquescence, when mixed with an equal quantity of dis¬ 

tilled water, acquired so little heat as to raise the thermome¬ 

ter only one degree, as Mr. Sage observed. Mr. Lavoisier 
raised the thermometer from 50° to 63° by mixing phos¬ 

phoric acid, boiled to the consistence of a syrup, with an 

equal quantity of water; and from 50° to 104° when the 

acid was as thick as turpentine.* 
II. The simple supporters of combustion have no action 

on this acid, so far as is known. 

III. Of the simple acidifiable combustibles, the effect of 
hydrogen has not been tried. From theory it ought to 

decompose the acid, and produce phosphureted hydrogen 
and water. Charcoal decomposes phosphoric acid. The 
effect of boron and silicon has not been tried. Probably 

phosphorus, sulphur, arsenic, and tellurium, have no sen¬ 

sible action. 
Potassium and sodium decompose this acid with facility; 

and a few of the other metals have been ascertained to pro¬ 
duce similar effects. This acid, when in a liquid state, is 

capable of oxidizing some of the metals, especially when 

assisted by heat; at the same time hydrogen gas is emitted. 

Hence we see that the oxidizement is owing to the decom¬ 

position of water. In this manner it oxidizes iron, tin, 

lead, zinc, antimony, bismuth, manganese; but on some of 

these it acts very slowly. When fused with several of these 
metals, as tin, iron, and zinc, it is converted into phospho¬ 

rus; a proof that they have a stronger affinity for oxygen. 

It does not act upon gold, platinum, silver, copper, mer¬ 

cury, arsenic, cobalt, nickel. It appears, however, to have 

some action on gold in the dry way, as it is called; for when 

fused with gold-leaf it assumes a purple colour: a proof 
that the gold has been oxidized. 

IV. Various attempts have been made to determine the 
proportion of oxygen combined with the phosphorus in this 
acid; but there is reason to believe that none of them has 

been hitherto successful. From the composition of the 

* Keir’s Dictionary. 

5 
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neutral phosphates it follows that the equivalent number for ^bdivi^s^.^l. 

phosphoric acid is 4*5. I have shown in a former part of 

this work that the weight of an atom of phosphorus is 1*5. 

Hence it follows that phosphoric acid is composed of 

Phosphorus 1*5.100 
Oxygen ... 3*0.200 

SECT. VII. 

OF PHOSPHOROUS ACID. 

This acid was first examined in a state of purity by Sir Prcpara- 

H. Davy. It may be obtained by the following process. 

Sublime phosphorus through corrosive sublimate in powder 

in a glass tube. A colourless liquid comes over, which must 

be mixed with water and evaporated to the consistence of 

a syrup. In this state it is a combination of phosphorous 
acid and water. On cooling it becomes solid, has an acid 
taste, reddens vegetable blues, and possesses all the cha¬ 
racters of a strong acid. When heated strongly in open 

'vessels it catches fire, emitting abundance of phosphureted 
hydrogen gas, the residue is phosphoric acid. Sir H. 

Davy ascertained that ten parts of it when heated in close 

vessels left S'5 parts of phosphoric acid, and gave off 1*5 
parts of bihydroguret of phosphorus.* According to this 
experiment the hydrate of phosphorous acid is a compound 
of 

Phosphorous acid 80*74 ...... 100 

Water. 19*26. 23*85 

’ This approaches most nearly to a compound of three atoms 

] phosphorous acid and two atoms water. This would give us 

I its composition as follows: • 

Phosphorous acid 100 

Water.21*47 

! Probably its real composition is 1 atom acid + 1 atom water, 

< which would give us 
Acid 100 

Water 32 

* Phil. Trans. 1812, p. 408. 
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II. No experiments have been hitherto published re¬ 
specting the action of the simple supporters and combusti-sr 

bles on this acid. 

III. From the composition of the few phosphites hitherto 

examined, we learn that the equivalent number for phos¬ 

phorous acid is 3*5. Hence it is obvious that it must be 
a compound of 

Phosphorus. 1*5. 100 
Oxygen.2*0. 133*3 

Dulong has made a set of experiments on the acid formed 

by the slow combustion of phosphorus, which used to be 
considered as phosphorous acid. He has found it always a 

compound of exactly the same proportions of phosphoric 

and phosphorous acid. Hence he considers it as a com¬ 
pound of the two in a state of chemical union. On that 

account he has distinguished it by the name of phosphatic 

acid. But neither his analysis, nor that of Thenard, seem 

entitled to much confidence.* 

SECT. VIII. 

OF HYPOPHOSPHOROUS ACID. 

This acid has been recently discovered by M. Dulong, 

and has been but imperfectly examined. It is probable that 

the snow-white matter which sublimes when phosphorus is 

exposed to heat in a narrow glass tube, and which burns 
spontaneously when it comes in contact with the atmosphere, 

is this acid. It has a sour taste, and dissolves with facility 
in hot water. But the method taken by Hulong to procure 
it was the following: 

Phosphuret of barytes is allowed to remain in water till it 

has given out all the phosphureted hydrogen gas which it is 
capable of forming. The liquid is then filtered to separate 

the insoluble phosphates. It holds, in solution, a combina¬ 
tion of hypophosphorous acid and barytes. Let the barytes 

be separated by the cautious addition of sulphuric acid, and 

* Thenard found it a compound of 100 phosphorus + 110*4 oxygen; 

Dulong of 100 phosphorus + 109 oxygen. 
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the precipitate removed by filtration. The liquid now Subdivis. I. 

contains nothing but a solution of hypophosphorous acid in 
water. ^ 

When sufficiently concentrated by evaporation? this acid 
assumes the form of a viscid liquid, which has a very sour 

taste, reddens vegetable blues, and does not crystallize. 

When the heat is raised higher the acid is decomposed, 

phosphureted hydrogen is emitted, a little phosphorus sub¬ 

limes, and phosphoric acid remains behind. It absorbs 
oxygen from the atmosphere, and even from other bodies, 

with considerable energy. Dulong attempted to analyse 

this acid by converting a given quantity of it into phospho¬ 
ric acid by means of chlorine. He concluded, from his 

experiments, that it is a compound of 

Phosphorus... 100 
Oxygen. 37*44? 

But his analysis is not of a nature to inspire much confi- Gbmposi- 

dence in its accuracy. As phosphoric acid is a compound 
of 1 atom phosphorus + 3 atoms oxygen, and phosphorous 
acid a compound of 1 atom phosphorus + 2 atoms oxygen, 

there seems little reason to doubt that hypophosphorous 
acid is a compound of 1 atom phosphorus + 1 atom oxygen; 

or that it is a compound by weight of 

Phosphorus.. 1*5 ...... 100 

Oxygen.1*0 ...... 66*6 

II. The action of the supporters and the combustibles 
upon this acid still continues unknown. 

III. The salts which it forms, by uniting with the salifi- Hypophos- 

able bases, are called hypophosphites. They possess the^^^^^®’ 
remarkable property of being all very soluble in water. In 

this respect they agree with the nitrates and acetates, which 

possess the same property. The phosphites and phosphates, 

on the other hand, are many of them insoluble. 

^ Ann. de Chim. et Phys. ii. 141. 
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SECT. IX, 

or SULPHURIC ACID. 

Prepara- There are two ways of obtaining this acid. The first, 

which has been long employed at Nordhausen in Germany, 
furnishes a black-coloured fuming acid, of a considerably 

greater specific gravity than the sulphuric acid which is 
manufactured in this country. The method employed at 
Nordhausen is to distil green vitriol previously deprived 

of its water of crystallization. The sulphuric acid is disen¬ 
gaged from the oxide of iron by the heat, and it owes its 
fuming qualities, and greater specific gravity, to the small 
quantity of water with which it is united. 

The method of manufacturing sulphuric acid in this 

country is to burn a mixture of 1 part of nitre and about 

7 parts of sulphur in large chambers lined with lead, and 
having their bottoms covered with water. By this combus¬ 
tion the sulphur is converted into sulphurous acid gas, while 

the nitre, at the same time, emits a quantity of nitrous gas, 
which, uniting with the oxygen of the atmosphere, is imme¬ 

diately converted into nitrous acid. The nitrous and sul¬ 
phurous acids unite, and lose in consequence their gaseous 

form. But the moment they come in contact with the 
water in the bottom of the chamber, their union is dis¬ 

solved. The sulphurous acid is converted into sulphuric 

acid at the expense of the nitrous acid, which being de¬ 

prived of the oxygen which it had taken from the atmos¬ 

phere, makes its escape again in the form of nitrous gas. It 

is again converted into nitrous acid, again combines with 

sulphurous acid, and is again disengaged when it comes in 

contact with the water. These successive combinations 
and decompositions go on till the whole of the sulphurous 

acid is converted into sulphuric acid.* When the water 

at the bottom of the chamber has imbibed a certain quan¬ 

tity of sulphuric acid it is concentrated, by evaporation, in 

leaden vessels. When it has become so strong as to be able 

* For this very Ingenious and satisfactory explanation we are indebted 

to Clement and Desormes, and to Sir H. Davy, who completed it. See 

Ann. de Chim. lix. 329. See likewise Dalton’s New System of Chemical 

Philosophy, li. 396 ; and Davy’s Elements, p. 277. 
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to act upon leaden vessels at a boiling heat, it is put into Subdivis. i. 

glass retorts, and the concentration continued till the spe- 

cific gravity of the acid is about 1*85 or 1*84, In this state 

it occurs in commerce. 
It is to Dr. Roebuck that we are indebted for the first 

introduction of the method of preparing sulphuric acid in 

leaden chambers. It immediately reduced the price of 

sulphuric acid in Great Britain to one fourth of its former 

price. It was introduced, in consequence, into the art of 

bleaching, as a substitute for sour milk; and was the first 

great improvement which that art received from modern 
chemistry. The sulphuric acid of commerce always contains 
a minute quantity of sulphate of lead and sulphate of potash 
derived from the leaden chamber, and the nitre used in its 

preparation. But it is easily freed from these impurities by 

distillation over the naked fire in a glass retort. 

When the fuming acid of Nordhausen is put into a glass 

retort, and distilled by a moderate heat (the receiver being 

surrounded with ice), the fuming portion comes over first, 

and may be obtained in a separate state by stopping the 
distillation in time. Thus obtained, it constitutes sulphuric 

acid in a state of absolute purity. 

1. In this state it is solid, and appears as if it were com- Properties, 

posed of silky filaments. It is tough and difficult to cut, 

and bears considerable resemblance to the mineral called 

asbestos. When exposed to the air, it fumes strongly, and 

gradually flies off in vapour. It may be held for some time 
between the fingers without any sensible action on the skin; 

but, after a certain time, a sensation of pain is perceived in 

the interior of the fingers. It remains solid in a tempera¬ 

ture at least as high as 66° ; but, when the heat is increased, 

it assumes the form of a colourless vapour, which becomes 
white when it comes in contact with moist air. 

2. It has' not been possible to determine the specific 

gravity of this solid acid, because it acts upon every liquid 
with which it comes in contact. The specific gravity of the 

vapour has not been determined. But it must be a com¬ 

pound of 100 volumes of sulphurous acid gas and 50 volumes 
of oxygen gas reduced into 100 volumes. Hence its specific 

gravity ought to be 2*777, that of common air being con¬ 
sidered as 1. 

3. When dropped into water, it combines with that liquid 
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SO violently as to make a noise similar to that made by a red- 

hot bar of iron when dipped into water. When the quantity 

of acid is considerable, a kind of explosion takes place, 

owing to the suddenness with which a great deal of heat is 

evolved; but nothing is extricated except water in the state 
of vapour. When united with about one-fifth part of its 

weight of water, it is converted into the common concen¬ 

trated sulphuric acid of commerce, which is a hydrate of 
sulphuric acid. 

4. From the experiments of Vogel, it appears that abso¬ 

lute sulphuric acid is capable of dissolving sulphur, and of 
assuming a blue, green, or brown colour, according to the 

proportion of sulphur held in solution. Phosphorus 

decomposes it, and absorbs its oxygen with such impetuosity 

as to take fire.* 

5. The specific gravity of the fuming sulphuric acid of 

Nordhausen is 1 896. It is, I conceive, a compound of 2 
atoms acid with 1 atom water, or of 

Sulphuric acid .. 10 .100 

Water. 1*125.. •... 11*25 

When heated, one of the atoms of sulphuric acid makes 
its escape. The remainder continues united to the atom of 

water constituting the common hydrate, or the most con¬ 

centrated acid that can be obtained by the combustion of 

sulphur and nitre. 
Liquid acid, g, The concentrated acid of this country is a trans¬ 

parent liquid, like water, and having somewhat of an oily 

consistency. Hence the old name of oil of vitriol^ by 

which it was distinguished. Its taste is intensely acid. It 

reddens vegetable blues, and speedily chars those animal 
and vegetable substances to which it is applied, especially 
if its action be assisted by heat. 

7. Its specific gravity, and its boiling point vary accord¬ 

ing to the proportion of water which it contains. The fol¬ 
lowing very valuable table, drawn up by Mr. Dalton, from 

his own experiments, exhibits a satisfactory view of both of 

these variations.f 

* Vogel. Scbweigger’s Journal, iv. 121. 

t New system of Chemical Philosophy, ii, 404. 
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Atoms. 
Acid. Water. 

Acid per 
cent, by 
weight. 

Acid per 
cent, by 
measure. 

Specific gra¬ 
vity. 

Subdivis. I, 
Boiling 
point. 

Table of its 
strength 

i d" 1 81 150 1*850 620° boiling 
80 148 1*849 

points. 

79 146 1*848 590 
78 144 1*847 575 
77 142 1*845 560 
76 140 1*842 545 
75 138 1*838 530 
74 135 1*833 515 
73 133 1*827 501 
72 131 1*819 487 
71 129 1*810 473 
70 126 1*801 460 
69 124 1*791 447 

I + 2 68 121 1*780 435 
67 118 1-769 422 
66 116 1*757 410 
65 113 1*744 400 
64 111 1*730 391 
63 108 1*715 382 
62 105 1*699 374 
61 103 1*684 367 
60 100 1*670 360 

1 -f 3 58-6 97 1*650 350 
50 76 1*520 290 
40 56 1*408 260 

1 -f 10 30 39 1*30 + 240 
1 + 17 20 24 1*200 224 
1+38 10 11 1*10 — 218 

8. When exposed to a sufficient degree of cold, it crystal- Congela- 

lizes or freezes; and after this has once taken place, it 

freezes again by the application of a much inferior cold.* 

Morveau froze it at — 4°; it assumed the appearance of 
frozen snow. After the process began, it went on in a cold 

not nearly so intense. The acid melted slowly at 27'5°; 

but it froze again at the same temperature, and took five 

days to melt in the temperature of 43°.t Chaptal, who 

manufactured this acid, once observed a large glass vessel 

* The freezing point was ascertained by the Due dAyen in 1776. 
See Macquer’s Dictionary. f Encycl. Method. Chim. i. 376. 

1 
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tibles. 

full of it crystallized at the temperature of 48®. These 

crystals were in groups, and consisted of flat hexahedral 
prisms, terminated by a six-sided pyramid. They felt 

hotter than the surrounding bodies, and melted on being 

handled.* Chaptal has observed, that sulphuric acid, in 

order to crystallize, must not be too concentrated. This 

observation has been extended a good deal further by Mr. 

Keir. He found that sulphuric acid, of the specific gravity 

of 1*780, froze at 45®; but if it was either much more or 

much less concentrated, it required a much greater cold for 
congelation.f When as concentrated as possible, I find 

that it may be cooled down in thermometer tubes to the 

temperature of — 36® before it congeals.^ 

9. Sulphuric acid has a very strong attraction for water. 

Neuman found, that when exposed to the atmosphere it 

attracted 6*25 times its own weight. Mr. Gould found, 

that 180 grains of acid, when exposed to the atmosphere, 

attracted 68 grains of water the first day, 58 the second, 39 
the third, 23 the fourth, 18 the fifth, and at last only 5, 4, 

3, 4, 3, 8cc. The 28th day the augmentation was only 

half a grain.f The affinity, therefore, between sulphuric 
acid and water, as is the case in general with other sub¬ 

stances, becomes weaker the nearer it approaches to satura¬ 
tion. 

II. None of the simple supporters, so far as we know, 
are capable of acting on sulphuric acid. 

III. Many of the simple combustibles decompose it when 
assisted by heat. 

1. When hydrogen gas and sulphuric acid are made to 

pass together through a red-hot tube of porcelain, the acid is 

completely decomposed, water is formed, and sulphur de¬ 
posited. H 

2. At the boiling temperature charcoal also absorbs oxy¬ 

gen from it, and converts it into sulphurous acid. At a red 
heat it even converts it into sulphur. 

3. Boron and silicon would likew ise decompose it, but 
the experiment has not been tried. 

4. Phosphorus absorbs oxygen from it by the assistance of 

* Jour, de Phys. xxxi. 473, f Phil. Trans. Ixxvii. Part ii. 

J See Vol. I. p. 87, for the law of its congelation. 

^ Phil. Trans, 1684. I] Fourcroy, ii. C^. 
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3( heat, sulphurous acid is driven off, and phosphoric acid Subdivis. i. 
li formed. ‘ Chap. IIL 

! 5. When sulphur is boiled in this acid, it absorbs a por- 
i tion of its oxygen, or at least combines with it, and the 
I whole is converted into sulphurous acid. 

f 6. When zinc or iron is thrown into sulphuric acid, a Of metals. 

(\ violent action takes place, if the acid be diluted; water is 
$1 decomposed, its hydrogen flies off, and its oxygen com- 
|| bines with the metals. If the acid be concentrated, the I action is much less violent, and sulphurous acid exhales. 

Upon tin and copper the acid acts very slowly and feebly, 

unless its action be assisted by heat, when it oxidizes and 
dissolves them. On silver, mercury, antimony, bismuth, 

arsenic, and tellurium, it does not act except at a pretty 
high temperature. These metals abstract part of its oxygen, 
and convert one portion of it to sulphurous acid, while 

i; another portion combines with the oxides thus formed. 

i| When boiling-hot it oxidizes lead, and dissolves cobalt, 

nickel, and molybdenum: but it has no perceptible action 
1- on gold nor platinum at any temperature to which it can 

? be raised. 

IV. It unites readily with all the alkalies and earths, and Of alkalies 

; with most of the metallic oxides, and forms salts denomi- earths. 

I nated sulphates. Thus the combination of sulphuric acid 

i and soda is called sulphate of soda ; the compound of sul- 
■j phuric acid and lime, sulphate of lime^ and so on. 

i V. It has been already shown in a preceding part of Composi- 
Ij this work that sulphuric acid is a compound of 1 atom sul- 
j phur, and 3 atoms oxygen, or by weight of 

! Sulphur.2 .100 

j Oxygen.3 . 150 ' 

SECT. X. 

OF SULPHUROUS ACID. 

This acid IS 03/Sily obtciinGci by tbc followm^ process* PrepErS'’ 
Put into a small retort a mixture of 2 parts mercury and 

1 part sulphuric acid by weight. Apply the heat of a lamp. 1 
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Kook 11. An effervescence speedily takes places and a gas corned 
Division L over, which may be received in glass jars filled with mer¬ 

cury, and standing in the mercurial trough. This gas is 

sulphurous acid. 
Properties. Sulphurous acid, in the state of gas, is colourless and 

invisible like common air. It is incapable of maintaining 

combustion ; nor can animals breathe it without death. It 

has a strong and suffocating odour, precisely the same with 

that exhaled by sulphur burning with a blue flame: sul¬ 
phur, by such a combustion, being totally converted into 

sulphurous acid. Its specific gravity is 2*222, that of air 

being TOGO. 
2. This acid reddens vegetable blues, and gradually de¬ 

stroys the greater number of them. It exercises this power 

on a great variety of vegetable and animal colours. Hence 
the use of the fumes of sulphur in bleaching wool and in 
whitening linen stained by means of fruits. 

Planche has observed, that when syrup of violets, pre¬ 
viously reddened by acids, is mixed with a little sulphurous 

acid, the original blue colour of the syrup is restored, and 
its intensity gradually diminishes.* 

3. Dr. Priestley discovered, that when a strong heat is 
applied to this acid in close vessels, a quantity of sulphur 

is precipitated, and the acid is converted into sulphuric.f 
Berthollet obtained the same result; but Fourcroy and 

Vauquelin could not succeed.J 

According to Clouet and Monge, when this gas, in a 

state of condensation, is exposed to the temperature of 
— 18^, it is condensed into a liquid.f 

Action of 4. Water absorbs this acid with rapidity. According 

to Dr. Priestley, 1000 grains of water, at the temperature 

54*5°, absorb 39*6 grains of this acid. Fourcroy, on the 
other hand, affirms, that water at 40° absorbs the third of 
its weight of sulphurous acid gas. |1 Upon trying the ex¬ 

periment, I found that one cubic inch of water at the tem¬ 

perature of 61°, barometer 29*55 inches, absorbs 33 inches 
of gas. But an inch of water weighs about 253*175 grains, 
and 33 inches of gas weigh 23*16. Hence it follows, that 

* Ann. de Chim. lx. 253. t On Air, ii. 330. 

X Nicholson’s Journal, i. 313. § Fourcroy, ii. 74. 

II Fourcroy, p. 77. 
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1000 water in weight absorbs 91*5 of this gas. This ex- Subdivis. i. 
ceeds considerably the estimate of Priestley, though it 
comes short of that of Fourcroy. Water impregnated ^ 
with this gas acquires, according to my experiments, the 
specific gravity 1*0513, even in as high a temperature as 
68°. This water may be frozen without parting with any 
of the acid gas. When water, which has been saturated 
with this acid at the freezing temperature, is exposed to 
the heat of 65*25°, it is filled with a vast number of bub¬ 
bles, which continually increase and rise to the surface. 
These bubbles are a part of the acid separating from it. It 
freezes a few degrees below 32°.* 

II. Of the simple supporters the action of oxygen only 
on this gas has been examined with minute attention. 

Oxygen gas and sulphurous acid gas do not combine at 
the common temperature of the air if they are kept dry. 
But if water be present they gradually combine, and are 
converted into sulphuric acid. When passed through a 
red-hot tube, or when electrical sparks are passed through 
the mixture, they combine likewise and constitute sulphuric 
acid. 

III. The action of the simple acidifiable combustibles on Action of 

this gas has not been examined with much care. 
According to the expei'iments of Fourcroy and Vauque- 

lin, when hydrogen or charcoal is made to act upon the 
gas at a red heat it is decomposed, water or carbonic acid 
being formed and sulphur deposited. The action of boron 
and silicon has not been tried. Phosphorus and sulphur 
seem to be incapable of decomposing it. 

It is readily decomposed by potassium and sodium. It 
dissolves iron without the evolution of any gas, as was first 
observed by Mr. Higgins.f When exposed to the action 
of peroxide of lead it is absorbed as Berzelius first ascer¬ 
tained, and the peroxide converted into common sulphate 
of lead.J Peroxide of manganese produces a similar 
change in this acid. The action of the remaining metals 
and their oxides on this acid gas is still imperfectly known. 

IV. When nitrornuriatic acid is left for a long time in Triple acid, 

contact with sulphuret of carbon that substance is con- 

« Fourcroy and Vauquelin, Nicholson’s Jour. i. 513. 
f Higgins’ Comparative View, p. 49. X Phil, Trans. 1813, p. 185. 
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Hyposul- 
phurous 
acid. 

verted into a crystallized body insoluble in water, but so¬ 

luble in alcohol and ether, having an acid taste, and very 

much resembling camphor in its properties. According to 
the analysis of Berzelius this substance is a triple compound 

of muriatic acid, sulphurous acid, and carbonic acid, in the 

following proportions: 

Muriatic acid.48*74 or 2 atoms 
Sulphurous acid.... 29*63 1 

Carbonic acid.21*63 1 

100*00 

But the nature of this problematical substance would 
still require farther elucidation.^ 

V. From the experiments of Sir H. Davy it seems to 

follow very clearly that oxygen gas may be converted into 
sulphurous acid gas without any change of bulk.f Hence 

it follows that it is a compound of 1 volume of oxygen -f 
1 volume of sulphur vapour condensed into 1 volume. 
Sulphuric acid vapour on the other hand is a compound of 

lA- volume of oxygen -f 1 volume sulphur vapour con¬ 

densed into 1 volume. Hence their specific gravities are 
as follows: 

Sulphurous acid gas. .... 2*222 

Sulphuric acid vapour, .. 2*777 

Their constituents are 

Sulphur. Oxygen. Sulphur. Oxygen, 

Sulphurous acid .. 1 atom -f- 2 atoms or 100 -P 100 

Sulphuric acid... 1 +3 100 + 150 

VI. Sulphurous acid combines with the salifiable bases, 
and constitutes a genus of salts known by the name of sul¬ 
phites. 

Besides the two acid compounds of sulphur and oxygen, 
we have the fullest evidence of the existence of a third 
composed of 1 atom sulphur + 1 atom oxygen, or of 100 

sulphur + 50 oxygen by weight, and to which the name 

* Phil. Trans. 1813, p. 195, and Annals of Philogophy, iii. 189. 
t Elements of Chemical Philosophy, p. 273. 



ARSENIC ACID. IIS 

of hyposiilphurous acid may be given. This acid has not Subdivis. I. 

hitherto been obtained in a separate state; but it can be Chap. in. 

obtained readily enough united to bases, constituting the 

salts at present known by the name of sulphureted sidphites. 

Sulphur then forms three acids with oxygen; namely, 

Sulphur. Oxygen. 

Hyposulphurous acid composed of 1 atom + 1 atom. 
Sulphurous acid..1 -+-2 

Sulphuric acid. 1 + 3 

SECT. XI. 

OF ARSENIC ACID. 

Arsenic acid is usually prepared by the process pointed Prepara- 

out by Scheele. Three parts of white oxide of arsenic are 
dissolved in 7 parts of muriatic acid, and the solution is 

mixed with 5 parts of nitric acid, and distilled to dryness. 
What remains is arsenic acid. But this method has been 

considerably improved by Bucholz. His method is as fol¬ 
lows. Mix in a retort 1 part of muriatic acid of the specific 

gravity T2, 4 parts of the white oxide of arsenic, and 12 

parts of nitric acid of the specific gravity 1*25. Boil the 
mixture till the oxide disappear and nitrous gas ceases to be 

disengaged. Then evaporate to dryness, and expose the 
mass for a few minutes to a low red heat. What remains 

after this is solid arsenic acid. But this acid may be pre¬ 

pared with still greater facility by dissolving metallic arsenic 

in nitric acid, evaporating the solution to dryness, re-dis- 

solving the residuum in water, filtering the solution, and then 

evaporating it again to dryness. 
1. Arsenic acid, thus prepared, is a white solid mass, Properties, 

nearly tasteless. Its specific gravity is 3'391. It is very 

fixed. When heated strongly, it melts and remains trans¬ 
parent, and is converted into a glass, which acts powerfully 

on the vessel in which the experiment is performed. This 

glass attracts moisture from the air. When the heat is very 
strong, the acid gives out a little oxygen gas, and is at the 

same time partly converted into white oxide. 

VOL. II. r 
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2. It dissolves very slowly in 6 parts of cold water; but 

2 parts of boiling water dissolve it almost instantly, and it 
remains in a state of solution even though a considerable 

portion of that water be evaporated. With half its weight 

of water it has a syrupy consistency; and by farther evapo« 

ration it deposites crystals in grains.* Its taste, when li* 

quid, is acid, caustic, and metallic. 
II. Oxygen has no action whatever on this acid. The 

action of the other supporters of combustion on it has not 

been examined. 
III. The simple acidifiable combustibles decompose it by 

the assistance of heat: and in these cases, as we learn from 

the experiments of Scheele and of the Dijon Academicians^ 
combustion sometimes takes place. 

Several of the metals decompose it when assisted by heat. 
It does not act upon gold, platinum, silver, mercury. It 
oxidizes copper, iron, lead, tin, zinc, bismuth, antimony, 

cobalt, nickel, manganese, and arsenic, and in a strong heat 
mercury and silver. 

IV. It combines with alkalies, earths, and several of the 

metallic oxides, and forms compounds which have been 
called arseniates. 

V. It appears established by the experiments quoted in a 

former part of this work,f that arsenic acid is a compound 

of 
Arsenic .... 100 
Oxygen .... 52*631 

We concluded likewise that an atom of arsenic weighed 

4*75, and of course that arsenic acid consists of 

Arsenic .... 4*75 or 1 atom 

Oxygen .... 2*5 2-i atoms. 

These numbers do not correspond so well with the atomic 

theory as could be wished. Farther investigation seems 
necessary. 

Many of the arseniates are insoluble in water. Hitherto 
they have been but imperfectly investigated. 

Bucholz, Jour, de Chim. iv. 5. t See Vol. 1. p. 296. 
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SECT. XIL 

OF ARSENIOUS AClDc 

il5 

Subdivis. I, 
Chap. III. 

: • Arsenious acid is formed when arsenic is heated in the 
, open air. It sublimes in a white smoke, which when col¬ 

lected constitutes arsenious acid. 
I It is usually in the form of a compact white cake; but 

it may be obtained also crystallized in four-sided prisms. 
! It has an acrid taste which at last leaves an impression Propertiesj 
I of sweetness and is perhaps the most virulent poison in 
j existence. It reddens vegetable blues and dissolves very 
I scantily in cold water; but much more abundantly in boil- 
I ing water. 

II. None of the simple supporters are knowm to have 
any very powerful action on this acid. Oxygen is ca¬ 
pable of combining with it; but the union cannot be accom¬ 
plished by placing the two substances in contact. 

I III. The action of the simple combustibles on it has been 
but imperfectly studied. There can be little doubt that 
hydrogen and carbon are capable of decomposing it when 
assisted by heat. The action of boron and silicon has not. 
been tried. Probably sulphur and phosphorus would be 
able to convert it into sulphuret and phosphuret of arsenic. 

There can be no doubt that potassium and sodium are 
capable of decomposing it. 

When it is mixed with quicklime and the mixture is 
heated in a glass tube, a beautiful phenomenon may be ob¬ 
served. At a certain temperature the mixture becomes ig¬ 
nited, the combustion gradually pervading the whole mass. 

I At the same time a quantity of metallic arsenic sublimes.^ 
Thus it appears that a portion of the arsenious acid gives 
out its oxygen to another portion, which is thus converted 
into arsenic acid, and uniting with the lime constitutes aU 
arseniate of lime. Perhaps the same phenomenon would 
be observed, if barytes or strontian were substituted for 
lime. 

IV. Arsenious acid combines with the different bases and 
forms a genus of salts called arsenites^ which have been very 
little examined by modern chemists. 

The experiment was made by Dr. Wollastom* 
I 2 
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SECT. XIIL 

OF ANTIMONIC ACID, 

Antimonic acid, for the first description of which we are 

indebted to Berzelius, is obtained by mixing 1 part of anti¬ 
mony in powder with 6 parts of nitre, and exposing the 

mixture for an hour in a silver crucible to the greatest heat 

which the crucible can bear. The soluble portion of the 

nitre being now washed off, the white powder that remains 
is to be digested in water. A portion will dissolve. Into 
the solution drop acetic acid. A white powder falls which 

is antimonic acid in the state of a hydrate. 
In this state it is a white powder insoluble in water; but 

capable of reddening vegetable blues. When heated it gives 

out its water and assumes a yellow colour, and is no longer 
capable of reddening vegetable blues. When heated to red¬ 

ness it parts with a portion of its oxygen and is converted 
into antimonious acid^ or white oxide of antimony. 

According to the analysis of Berzelius,* the hydrate of 
antimonic acid is a compound of 

Antimonic acid.. 95*22 .... 100 

Water. 4*78 .... 5*02 

100*00 

Were we to suppose antimonic acid to be a compound of 
1 atom antimony -p 2 atoms oxygen, as it is probable it is, 

its weight would be 7*625, and the hydrate would be a com¬ 

pound of 3 atoms acid + 1 atom water. 

11. The action of the supporters and of the combustibles 
on this acid still remains unknown. The compounds which 
it forms w ith bases, called antimoniates^ have been examined 

by Berzelius. They will come under our examination in a 

subsequent part of this work. 

SECT. XIV. 

OF ANTIMONIOVS ACID. 

Antimonious acid is obtained by the combustion of an¬ 

timony, or by dissolving antimony in nitric acid, and ex¬ 

posing the dry residuum after evaporation to a red heat. 

* NichoUon^s Journal, xxxiv. 318. 
2 
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The acid thus prepared is a fine white powder of a very j*' 
white colour and having considerable lustre. It requires a j 

pretty high temperature to fuse it; but it is volatilized at a 
lower temperature than the protoxide of antimony, and 

forms prismatic crystals, formerly known by the name of ar¬ 
gentine flowers of antimony. 

When this acid is fused with one fourth of its weight Compel- 
of antimony, it is converted into protoxide of antimony. 

Hence it is obvious, that the oxygen in it must be to that 

in the protoxide of antimony as 4 to 3. If therefore th^ 

protoxide of antimony be a compound of 1 atom m^etal 
+ 1 atom oxygen, we have no other alternative, but tg con-? 
sider antimonious acid as a compound of 

I ^ 

Antimony.... 3 atoms 

Oxygen .4 atoms 

Such a constitution must be admitted to. be very proble¬ 

matical ; though there is nothing in the atomic theory, as 

far as we are aware at present, to lead us to reject it as im¬ 

possible. The point might be decided by a knowledge of 

I the constitution of the antimonites. For if antimonious 
I acid be a compound of 3 atoms a.ntimony -j- 4 atoms oxygen, 
I its weight must be 20*875. • I^.^ow this weight, great as it is, 

i is confirmed by the constitution of the only antimonite 
[ hitherto analysed. Acco/ding to the experiments of Beiv 
: zelius,* antimonite of Vjotash is composed of 

Antimonio’js acid .. 100 _19*64 
Potash... 30*55 .... 6 

Thus the eqrjvalent number for antimonious acid derived 

1 from this ar.alysis is 19*64, which is within one twentieth 

] of the num’oer derived from the supposed constitution of the 
} acid. 

The facility with which the protoxide of antimony and 
I the a:ntimonic acid can be converted into antimonious acid 

I lea:ds one to suspect that they are of a complicated nature. 

^ ^ut it would be singular indeed if the most permanent 

i compound of antimony and oxygen consisted of 3 atoms 
1 of the former + 4 atoms of the latter, while the compounds 

I consisting of 1 atom of each, or of 1 atom of the former 

!t combined with 2 atoms of the latter, were altered with the 

f Nichylson’s Journal, xxxv. 44, 
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Book 11. greatest facility. Yet it is possible that some peculiarity in 
Pivision L pjg shape of the antimonic atom may account for this seem¬ 

ing anomaly. 

SECT. XV. 

OF CHROMIC ACID. 

Prepara¬ 
tion. 

]p roper ties. 

Chromic acid may be obtained from the chromate of 

;rpn by the following process for which we are indebted to 

Va'Uq’^elin. Mix two parts of the powdered ore with one 

part nitre, and expose the rriixture to a strong heat for 
several hours in a Hessian crucible. Digest the torrified 
mass in ^yater till all the soluble portion is dissolved. The 

undissolveJ portion is a mixture of oxide of iron and un¬ 

decomposed C'hromate. Dissolve off the oxide of iron by 

means of muria'tjc acid, and mix the undecomposed chro¬ 
mate with an aciHitional portion of nitre and torrefy it 

again. By this it is completely decomposed. The 
water holding the potash and chromic acid in solution is to 

be saturated with acetic .^id, and evaporated till the chro¬ 
mate of potash crystallizes. Dissolve this salt in water and 

precipitate the chromic acid ihy means of muriate of barytes. 
Wash the chromate of barytes well, and then dissolve it in 

nitric acid. Throw down the baVTl^s by means of sulphuric 

acid added with caution to prevent^ an excess. Filter the 

liquid and evaporate it to dryness iby a low heat. Add 

water and repeat the evaporation tw^o or three times to get 

rid of the nitric acid. The dry mass is .^ow chromic acid 
in a state of purity. 

Chromic acid, thus obtained, is a substance ^of a deep red 
colour. Its taste is acid, sharp, and strongiV metallic. 

When exposed to the air it deliquesces. Water dissolves 

it, and it may be obtained from that liquid in elc'Dgated 
prisms of a ruby red colour. 

When heated it gives out oxygen gas, and is conven'^d 
into green oxide of chromium. 

When mixed with filings of tin and the muriatic acid, it 

becomes at first yellowish brown, and afterwards assumes a 
beautiful green colour. 

When mixed with a little alcohol and nitric acid, it im¬ 

mediately assumes a bluish green colour, which preserves the 
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same sliade even after desiccation. Ether alone gives it the Subdivis. I. 
same colour. Cha^ iii. 

With a solution of nitrate of mercury, it gives a precipi¬ 
tate of a dark cinnabar colour. 

With a solution of nitrate of silver, it gives a precipitate 

which, the moment it is formed, appears of a beautiful car¬ 

mine colour, but becomes purple by exposure to the light. 

This combination, exposed to the heat of the blowpipe, melts 

before the charcoal is indamed. It assumes a blackish and 

metallic appearance. If it be then pulverised, the powder is 
still purple; but after the blue flame of the lamp is brought 

in contact with this matter, it assumes a green colour, and 
the silver appears in globules disseminated throughout its 
substance. 

With nitrate of copper, it gives a chesnut-red precipitate* 
With the solutions of sulphate of zinc, muriate of bis¬ 

muth, muriate of antimony, nitrate of nickel, and muriate 
of platinum, it produces yellowish precipitates when these 

solutions do not contain excess of acid. With muriate of 
gold it produces a greenish precipitate. 

When melted with borax or glass, it communicates to 
them a beautiful emerald-green colour. 

Paper impregnated with chromic acid assumes in the 
light a greenish colour. 

When mixed with muriatic acid, the mixture is capable 
of dissolving gold like aqua regia: when this mixture of 

the two acids is distilled, chlorine is disengaged, and the 
liquor assumes a very beautiful green colour. 

Sulphuric acid, while cold, produces no effect upon it | 

but when warmed, it makes it assume a bluish green colour, 

probably by favouring the disengagement of oxygen. 
The salts which chromic acid forms with bases have been 

examined by Vauquelin * and John.f They have received 

the name of chromates^ and will be described in a subsequent 
part of this work. 

f Ann, de Chim, Ixx. 70, f Annals of Philosophy, iv. 4S!4q 
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SECT. XVI. ' 

OF MOLYBDIC ACID. 

tion, Molybdic acid is usually prepared from molybdena, 
native sulphuret of bolybdeiium, by the process pointed out 
by Sclieele. Reduce the mineral to powder, and distil off 

it nitric acid, or rather a mixture of nitric and muriatic acids, 

till the whole is converted into a white mass. Edulcorate 
this mass with water to carry off the sulphuric acid formed, 

and the remains of the other acids. It is now molybdic acid 

tolerably pure. 
Another method has been lately pointed out by Bucholz. 

Reduce the mineral to a fine powder, and expose it to heat 
in an open crucible, stirring it with an iron rod till the 
whole assumes an ash-grey colour. The heat is to be at 

first a strong red, but gradually lowered as the roasting 
advances, to prevent the powder from cohering, which 

would render the completion of the process very difficult. 

By this roasting the sulphur is dissipated, and a consider¬ 
able portion of the metal acidified. Reduce the mass to 
powder, and digest it a sufficient time in water holding soda 
or ammonia in solution ; the molybdic acid is taken up, and 

combines with the alkali, while the impurities remain 

behind. Let the solution remain corked up till it has be¬ 
come clear, decant it off from the sediment if any thing has 

subsided, and pour into it some muriatic acid. The molyb^ 

die acid precipitates in the state of a fine white powder, and 
may be easily separated and edulcorated.^ 

properties. Molybdic acid, thus prepared, is a white powder, the 

speqific gravity of which is 3*460. When heated in a close 

vessel it melts and crystallizes; but in an open vessel it sub¬ 

limes in a white smoke, which attaches itself to cold bodies, 

and assumes the form of brilliant yellow scales. 

It is soluble in 960 parts of boiling water. The solution 

is pale yellow; it has no taste, but reddens litmus paper. 

The molybdic acid is precipitated from this solution by sul¬ 
phuric, nitric, and muriatic acids.f 

Molybdic acid is not affected by oxygen gas; but it is 
decomposed by sulphur and charcoal, and several of the 

♦ Gehlen’s Jour. iv. 604. f Hatchett, Phil. Trans, kxxvi. 323. 

Book II. 
Division 1. 

Prepara- 
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metals. When heated with the protoxide of molybdenum, Subditis. i. 

the mixture is converted into blue oxide.^ 
It combines with alkalies, earths, and several metallic 

oxides, and forms salts known by the name of molybdates. 

Sulphuric acid dissolves molybdic acid when assisted by 
heat. The solution is colourless while hot; but when cold 

it assumes a deep blue colour, which is heightened by satu¬ 

rating the solution with soda. When this sulphuric acid 

solution is heated strongly, the sulphuric acid is evaporated, 
and molybdic acid remains. Muriatic acid also dissolves it. 
The solution is of a pale yellowish green colour; but it 

becomes blue when saturated with potash. Nitric acid does 

not dissolve this acid,t 
This acid, when combined with potash, forms a colourless 

salt. 
Mixed with filings of tin and muriatic acid, it imme¬ 

diately becomes blue, and precipitates flakes of the same 
colour, which disappear after some time, if an excess of 

muriatic acid has been added, and the liquor assumes a 
brownish colour. 

With the solution of nitrate of lead it forms a white pre¬ 
cipitate, soluble in nitric acid. 

When mixed with a little alcohol and nitric acid, it does 
not change its colour. 

With a solution of nitrate of mercury, or of nitrate of 
silver, it gives a white flaky precipitate. 

With the nitrate of copper it forms a greenish precipitate. 

With solutions of sulphate of zinc, muriate of bismuth, 
muriate of antimony, nitrate of nickel, muriates of gold and 

platinum, it produces white precipitates when these solu¬ 
tions do not contain an excess of acid. 

When melted with borax, it gives it a bluish colour. 

Paper dipped in this acid becomes in the sun of a beautiful 
blue colour.^ 

With respect to molyhdous acid or blue oxide of molyb¬ 

denum? it has been so imperfectly examined that I can add 
nothing to the few facts, which have been already stated, 

when treating of molybdenum. 

* Bucholz, Gehlen, iv. 626. f Hatchett, Phil. Trans, Ixxxvi. 323<* 

I Vauquelin, Phil. Mag. i, ^82, 
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ACIDS. 

SECT. XVIL 

OF TUNGSTIC ACID. 

Tungstic acid may be obtained by the following process 
for which we are indebted to Bucholz. Mix one part of 

wolfram in powder with two parts of carbonate of potash. 
Keep the mixture melted in a crucible for an hour, stirring 

it occasionally. Then pour it into an iron cone. Before 
the mass be quite cold reduce it to powder, and boil water 

on it repeatedly till the liquid comes off tasteless. Mix all 

the aqueous solutions together, and pour muriatic acid into 
them as long as any precipitate appears. Wash the pre¬ 
cipitate, dissolve it in boiling carbonate of potash, precipi¬ 

tate again by muriatic acid, and after washing the precipi¬ 

tate digest it in nitric acid to remove any traces of potash 
that may still adhere to it. Then wash it and dry it. In 
this state it is tungstic acid in a state of purity. 

Tungstic acid, thus obtained, is a tasteless yellow powder 

insoluble in water, and producing no change on vegetable 

blues. It is capable, likewise, of assuming a blue colour, 
and though insoluble in water it remains long suspended in 

that liquid, forming a yellow-coloured milk. 

The compounds which it forms with salifiable bases have 
received the name of tungstates. The alkaline tungstates 

are soluble and crystallizable. The earthy tungstates are 

insoluble, wdth the exception of the tungstate of magnesia. 

The same observation applies to the tungstates of the me¬ 

tallic oxides. 

SECT. XVIII. 

OF COLUMBIC ACID. 

It appears from the experiments of Hatchett and Ber¬ 

zelius that the white oxide of tantalum possesses acid pro¬ 

perties. But I can add nothing to the few facts stated when 

treating of columbium. 

Such are the properties of the 20 acids, composed of a 

simple basis united to oxygen, as far as their properties 
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have been investigated. The most important property Subdivis. L 

which they possess is that of combining with the different 

salifiable bases and forming salts. The proportions in 

which they enter into these combinations depending upon 
the weight of their atom, it will be worth while to exhibit 

these weights as far as they have been determined. This is 
accordingly done in the following table. 

Acids. 
Constituents 

Base. 
• 

Oxygen. 
At< 

Base. 
fms of 
Oxygen. 

Weight ot 
an atom 

base. 

Weight of 
an atom 

acid. 

^Nitric. Azote ...... 100 285*8 1 5 1*75 6*75 
Nitrous. 100 228*57 1 4 • • 5*75 
Hyponitrous. 100 171*43 1 3 • • 4-75 
Carbonic. Carbon.100 266*6‘ 1 2 0*75 2*75 
Boracic. Boron.100 228*57 1 2 0*875 2*875 
Silica. Silicon.100 100 1 1 1 2 
Phosphoric..... Phosphorus.. 100 200 1 3 1*5 4*5 
Phosphorous .... 100 133*3 1 2 • • 3*5 
Hypophosphorous 100 66*6 1 1 • 9 2*5 
Sulphuric. Sulphur .... 100 150 1 3 2 5 
Sulphurous. 100 100 1 2 t » 4 
Hj'posulphurous.. 100 SO 1 1 • • 3 
Arsenic.. Arsenic.100 52*631 1 2*5 4*75 7*250 
Arsenious. 100 31-6 1 1*5 9 9 6*250 
Antimonic. Antimony... 100 35*556 1 2 5*625 7-625 
Antimonious .. .. 100 23*7 3 4 • • 20-875 
Chromic. Chromium.. 100 87*72 1 3 3*5 6*5 
Molybdic. Molybdenum 110 50 1 3 6 9 
Molybdous. 33*3 1 2 8 
Tungstic. Tungsten. .. 100 25 1 3 12 15 
Columbic. Columbium.. 100 5*5 1 1 18 19 

GENUS II. COMBUSTIBLE ACIDS. 

The acids belonging to this genus were formerly distin¬ 
guished by the appellation of vegetable and animal acidsy 

because almost the whole of them are procured from the 
animal and vegetable kingdom. They differ essentially 
from the preceding genus of acids in several particulars. 

1. If they be combined with potash and distilled, they Properties, 

are completely decomposed, charcoal is usually evolved, and 

a considerable quantity of heavy inflammable air extricated; 
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Book II. 
Division I. 

Divisible 
Into four 
orders. 

whereas no combustible substance can be procured by 

exposing the other acids to heat.* 
2. All of them contain at least two simple combustible 

substances as a base; whereas the others never contain 

more than one. These two substances are always carbon 

and hydrogen. Some of these acids contain likewise azote, 

over and above the two simple combustibles. Oxygen also 

usually enters into their composition in considerable quan¬ 

tity, but not perhaps always. To them, therefore, the 
theory of Lavoisier, respecting the necessity of oxygen as 

the acidifying principle, does not strictly apply. 
3. They do not seem capable of combining with differ¬ 

ent proportions of oxygen. Whenever the quantity of 
oxygen is changed, the proportion of the other constituents 
changes also. Of course the termination of their names 
ought not to indicate the proportion of oxygen which they 

contain; but should, if possible, be independent of that 

proportion altogether.f 
4. The combustible acids may be very conveniently sub¬ 

divided into four orders; which are distinguished from each 

other by the following properties : 
The acids belonging to the first order are crystallizable, 

and they may be volatilized by heat without undergoing 

decomposition. 

Those belonging to the second order are likewise crys¬ 

tallizable, but they cannot be volatilized without decompo¬ 
sition. 

Those belonging to the third order are not crystallizable. 

The fourth order contains two acids which do not seem 

* Sulphurous and phosphorous acids excepted, which emit sulphur 
and phosphureted hydrogen when exposed to heat. 

f The French chemists who formed the new nomenclature were misled 
here. They made some of the names of the combustible acids end in 

ic, as if they were saturated with oxygen; and others in ous, as if they 
were capable of combining with an additional dose. The fact is, that 

none of them are, strictly speaking, saturated with oxygen; for all of 
them are capable of combining with more. But then they cannot com¬ 

bine with more without being totally decomposed, and converted into 
water, carbonic acid, &c. I have adopted the rule proposed by Mr. 
Chenevix, which is calculated to avoid all ambiguity; the names of all 

the combustible acids are made to end in ic, and this without reference 
to theory. 
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capable of forming permanent salts with bases, and 

fore must be deemed imperfect. 

Order I. Crystallizable and Volatile Acids, 

1. Acetic 
2. Benzoic 
3. Succinic 
4. Moroxylic 

5. Camphoric 

6. Baletic 

7. Suberic 

8. Pyrotartaric. 

there- Subdivis. i. 
Chap. III. 

Order II. Crystallizable, but not volatile^ 

1. Oxalic 
2. Mellitic 

3. Tartaric 

4. Citric 

5. Rheumic 

6‘. Kinic 

7. Saclactic 
8. Uric 

9. Laccic. 

Order III. 

1. Malic 
2. Sorbic 

3. Formic 

Uncry stallizable, 

4. Lactic 

5. Zumic. 

Order IV. Imperfect acids, 

1. Gallic 2. Tannin. 

I shall describe these acids in the following sections iu 
the order in which they have been named. 

SECT. I. 

OF ACETIC ACID. 

This acid is employed in three different states, which 

have been distinguished from each other by peculiar names. 

When first prepared, it is called vinegar ; when purified by 

distillation, it assumes the name of distilled vinegar, usually 
called acetous acid by chemists; when concentrated as much 
as possible by peculiar processes, it is called radical vinegar, 

and by chemists acetic acid. It will be necessary to describe 

each of these states separately. 

I. Vinegar was known many ages before the discovery of Vinegar, 

any other acid, those only excepted which exist ready 

formed in vegetables. It is mentioned by Moses, and indeed 

.seems to have been in common use among the Israelites 
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Book II. and other eastern nations at a very early period. It is pre- 

pared from wine, from beer, ale, and other similar liquids. 

These are apt, as every one knows, to turn sour, unless they 

be kept very well corked. Now sour wine or beer is pre¬ 
cisely the same with vinegar. 

Boerhaave describes the following method of making 

vinegar, which is said to be still practised in different places. 
Prepara- Take two large oaken vats or hogsheads, and in each of 

these place a wooden grate or hurdle at the distance of a 

foot from the bottom. Set the vessel upright, and on the 

grate place a moderately close layer of green twigs of fresh 

cuttings of the vine. Then full up the vessel with the foot¬ 
stalks of grapes, commonly called the rape, to the top of the 
vessel, which must be left quite open. 

Having thus prepared the two vessels, pour into them 
the wine to be converted into vinegar, so as to fill one of 
them quite up, and the other but half full. Leave them 
thus for twenty-four hours, and then fill up the half-filled 
vessel with liquor from that which is quite full. Four-and- 

twenty hours afterwards repeat the same operation; and 

thus go on, keeping the vessels alternately full and half 

full during every twenty-four hours till the vinegar be 

made. On the second or third day there will arise, in the 
half-filled vessel, a fermentative motion, accompanied with 
a sensible heat, which will gradually increase from day to 
day. On the contrary, the fermenting motion is almost 

imperceptible in the full vessel; and as the two vessels are 
alternately full and half full, the fermoiitation is by that 

means, in some measure, interrupted, and is only renewed 
every other day in each vessel. 

When this motion appears to have entirely ceased, even 
in the half-filled vessel, it is a sign that the fermentation is 

finished; and therefore the vinegar is then to be put into 

casks close stopped, and kept in a cool place. The pro¬ 

cess in summer usually lasts fifteen days; in winter it lasts 
longer.* 

* An account of the mode of making vinegar in France, almost pre¬ 

cisely the same with that given in the text, was published in the Philoso¬ 
phical Transactions for 1670, vol. V. p. 2002. The methods at present 

practised in France are described in the 3d Volume of the Elemens de 

Chymie, published by the Dijon Academy, p. 6. Many still follow th« 
process described in the text; others a different one. » 

7 
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All that is nec'^ssary to convert wine or beer into vinegar Subdivis. I. 

is the contact of the external air, a temperature of 80% ^ ^ ; 

and the presence of some substance to act as a ferment. 
But the theory of this operation belongs to the Second 
Part of this Work ; our business at present is, not to inves¬ 

tigate the method of making vinegar, but to examine the 

properties of acetic acid. 
Vinegar is a liquid of a reddish or yellowish colour, a Properties. . 

pleasant sour taste, and an agreeable odour. Its specific 

gravity varies from 1*0135 to 1*0251, and it differs also in. 
i its other properties according to the liquid from which it 
I has been procured. It is very subject to decomposition; 
I but Scheele discovered, that if it be made to boil for a fev/ 
1 moments, it may be kept afterwards for a long time without 
j alteration. Besides acetic acid and water, vinegar contains 

i several other ingredients, such as mucilage, tartar, a colour- 
I ing matter, and often also two or more vegetable acids. 

1 When distilled at a temperature not exceeding that of boil- 
j ing water, till about two-thirds, or five-sixths at most, of it 

[ have passed over, most of these impurities are left behind, 

!and the product is pure acid, diluted with water. The 

residuum is still an acid liquid, and often lets fall crystals of 

tartar. But even when thus distilled it is not quite pure. Mr. 

Chenevix has shown that it still contains a peculiar mucila¬ 

ginous or extractive matter, and traces of a spiritous 
liquor. 

Mr. Phillips informs us that when the best English malt 

[j vinegar of the specific gravity 1*0204 is distilled, the first 
\ eighth is of the specific gravity 0*99712, and a fluid ounce 

of it (1*8047 cubic inches) dissolves from 4*5 to 5 grains of 1 precipitated carbonate of lime. The next six-eights have 

the specific gravity 1*0023, and a fluid ounce decomposes 

I 8*12 grains of precipitated carbonate of lime. A fluid 
I ounce of acid of the specific gravity 1*007 dissolves from 
^ 15 to 16 grains of precipitated carbonate of lime, or 13 *8 

I grains of marble.* 
I 2. The acid thus obtained is a liquid as transparent and 

‘ j colourless as water, of a strong acid taste and an agreeable 
* 3 odour, somewhat different from that of vinegar. In this 

> t state it is usually called acetous acid or distilled vinegar, 

i I It may be preserved without alteration in close vessels, 

I Philips on the Pharmacopseia Londinensis, p. 7^ 
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Preparation 
of acetic 
acid. 

Supposed 
different 
from ace¬ 
tous. 

When exposed to a moderate heat, it evaporates com-^ 
pletely and without undergoing any change in its properties. 

When exposed to the action of cold, part of it congeals. 

The frozen portion, which consists almost entirely of water, 

may be easily separated; and by this method the acid may 

be obtained in a high degree of concentration. The more 

concentrated the acid is, the greater is the cold necessary 
to produce congelation. Mr. Lowitz has ascertained that 

the acid itself how much soever it be concentrated, cvstal- 
lizes or congeals at the temperature of — 22°. 

3. When acetate of copper, reduced to powder, is put 

into a retort and distilled, there comes over a liquid at first 
nearly colourless and almost insipid, and afterwards a highly 

concentrated acid. The distillation is to be continued till 

the bottom of the retort is red-hot. What remains in it 
then is only a powder of the colour of copper. The acid 

product, which should be received in a vessel by itself, is 
tinged green by a little copper which passes along with it; 

but when distilled over again in a gentle heat, it is obtained 

perfectly colourless and transparent. The acid thus ob¬ 

tained is exceedingly pungent and concentrated. It was 
formerly distinguished by the names of radical vinegar and 
vinegar of Venus, 

This process was known to the alchymists, and had often 

been repeated by chemical philosophers; but the product 

was considered as merely highly concentrated acetous acid, 
till Berthollet published his experiments on it in 1785.* 
That skillul philosopher affirmed, that it differs from ace¬ 
tous acid in taste and smell, in its affinities for other bodies, 
and in the compounds which it forms with them. When 

it is obtained from acetate of copper by distillation, the 
powder which remains in the retort consists chiefly of cop¬ 

per in the metallic state. Hence he supposed, that the 
acetic acid gave out phlogiston to the copper, and received 

from it oxygen. When the existence of phlogiston was 
disproved, this theory was a little altered. It was con¬ 

cluded, that during the distillation, the acetic acid de¬ 
prived the oxide of copper of its oxygen, and combined 

with it; and that radical vinegar therefore is acetous acid 

combined with a new dose of oxygen. For this reason it 
received the name of acetic acid. 

* Mem. Par, 1783. 
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This theory was generally admitted by chemists^ till Mr. Subdivis. i. 
Adet published his experiments on acetic acid in 1797.* Chap. in. 

He observed, that when acetate of copper is distilled, the 

products are not only acetic acid and water, but likewise 

carbonic acid and carbureted hydrogen gas; and that the 

residuum consists of copper and charcoal. He found that 

acetous acid did not absorb oxygen when distilled off black 

oxide of manganese, and that acetic and acetous acids have 

exactly the same effect upon metals. From these and some 

other similar experiments, he concluded that acetic and 

acetous acids do not differ from each other except in con¬ 
centration. 

This conclusion was considered as hasty, as he did not 

attempt to account for the very striking difference in the 

taste and smell of these acids, as he had neither repeated 
nor refuted the experiments of Berthollet, on which the 

opinion of the difference between these two acids was 
founded. The conclusion of Adet was opposed, in 1798, by 

Chaptal, who published a set of experiments on the same 

subject.f This philosopher endeavoured to demonstrate, 

as Berthollet had done before him, that acetic and acetous 
acids, even when of the same strength, possess different 
properties, and have different effects on other bodies. From 

the effect of sulphuric acid upon each, and from^ the quan¬ 

tity of charcoal which remains in the retort when equal 
quantities of each saturated with potash are distilled, he 
concluded that acetous acid contains a smaller proportion of 
carbon than acetic acid. And this he considered as the 

cause of the difference in their properties. 

In 1800, anew set of experiments on the same subject 

was published by Mr. Dabit of Nantes.:}: This chemist 

endeavoured to prove that acetic acid contains a greater 

proportion of oxygen than acetous. When he distilled a 

mixture of acetate of potash and sulphuric acid, the product 
was acetic acid; but when he substituted muriatic acid for 

sulphuric, he obtained acetous acid; but when to this last 

mixture a little black oxide of manganese was added, he 

assures us that he obtained acetic acid. And in none of 

* Ann. de Chim. xxvii. 299. 
I Ibid, xxxviii. dd. 

VOL. II. ' K 

t Ibid, xxv.iii. 113, 
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these cases was there any carbonic acid emitted till towards 

the end of the distillation. 
The experiments of Darracq have at last finally settled 

this dispute, by demonstrating that acetous and acetic acids 

differ merely in concentration. This able chemist repeated 
the experiments of Adet, which he found perfectly accurate, 

and performed several new ones; all of which left no doubt 

that acetous and acetic acids contain precisely the same pro¬ 

portion of oxygen. He next tried the opinion of Chaptal 
respecting the proportion of carbon in each.- When equal 
quantities of acetic and acetous acids are combined with 

potash or soda, the dry salts distilled leave the same quan¬ 

tity of charcoal, and yield the same quantity of other 
products. When reduced to the same specific gravity, the 
two acids form precisely the same salts with all alkaline and 

earthy bases. Finally, acetous acid gradually becomes 

acetic acid when distilled repeatedly off dry muriate of 

lime; and in this case no gaseous body whatever is evolved. 

From these facts, it is impossible to entertain a doubt that 

the two substances are essentially the same, and that these 

apparent differences are owing to the great quantity of water 
with which acetous acid is diluted, and the mucilaginous 
matter which it still retains.* 

The same results were obtained also by Proust, who had 

drawn the same conclusions before he came acquainted with 
Darracq’s paper.f Henceforth the term acetous acid must 

either be wholly dropped by chemists, or employed in a sense 
different from what was formerly affixed to it. 

Properties. 4. This acid is transparent and colourless like water. It 

has a peculiar aromatic smell when in the state of acetous 
acid; but concentrated acetic acid, when procm’ed in the 

usual w^ay, has an empyreumatic odour mixed with the 

natural smell of vinegar, owing to a small portion of oil 
formed during the process.:): 

Another method of procuring this acid in a concentrated 
state, has been proposed by different chemists, and brought 

to a state of perfection by Lowitz of Petersburgh. Distil 

a mixture of three parts of acetate of potash and four parts 

* Daracq. Ann. de Chim. xli. 264. f Jour.de Phys. Ivi. 210. 
I Ann. de Chira. xxxvii. 111. . 

Book II. 
Division I. 

Proved to 
be the 
same. 

! 



ACETIC ACID. 13i 

of sulphuric acid, till the acetic acid h^s come over into the Subdivis. i. 

receiver. To separate the sulphuric acid with which it is in 

some measure contaminated, rectify the liquid by distilling ' 

it olF a portion of acetate of barytes. The acid that comes 
over crystallizes in the receiver. 

The specific gravity of distilled vinegar varies from 1 *007 

to 1*0095 ; but radical vinegar is much more concentrated, 

its specific gravity being as high as 1 *080.* In that state it 
is extremely pungent and acrid; and when it is applied to 

the skin, it reddens and corrodes it in a very short time. 

It is exceedingly volatile; and when heated in the open air, 

takes fire so readily, that one would be tempted to suspect 

j the presence of ether in it. It unites with water in any 
proportion ; and when concentrated, the mixture evolves a 

good deal of heat. 
The specific gravity of acetic acid will not enable us Strength, 

to determine its strength. The specific gravity is a max¬ 

imum when the liquid is a compound of 1 atom acid + 3 

atoms water. When the proportion of water is either in¬ 

creased or diminished the specific gravity diminishes. Acid 

composed of 1 atom real acid + 1 atom water, and acid 

composed of 1 atom real acid + 9-|- atoms water have nearly 

the same specific gravity. The following table drawn up 

, chiefly from the experiments of Mollerat,f exhibits the 

j specific gravity of acetic acid of various strengths. 

Atoms. 
Acid. Water. 

Weight 
Acid. 

of 
Water. Sp. Gravity. 

1 + 1— . « • • • 14*78 _ 

2 . .100 « • * • 25*21 .... 

100 37*99 _ .. 1*0770 

3 . « • • • 48*43 .. .. .. 1*0791 

100 • • • • 52*94 .... .. 1*0800 

100 • • • » 59*38 _ .. 1*0763 

4 . « • • • 71*90 _ 

5— . .100 83*90 . . .. .. 1*0728 

6+ . .100 ♦ • • • 116*25 _ .. 1*0658 

7 . .100 » • • • 127*73 .... .. 1-0637 

. .. .. 100 • • • • 166*34 _ .. 1*0630 

5. Acid of the specific gravity 1*063 is the stronge 

* Richter. Gehlen^s Jour. iv. 11. 1 Ann. de Chim. ixviii. 88. 

K 2 
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Book II. 
Division I. 

»- 

Action of 
heat. 

Acetates. 

Distillation 
of metalline 
acetates. 

which can be procured. It crystallizes at the temperature 
of 55°, and the crystals melt slowly when heated to 72i. 

Courtenvaux had long ago observed, that the last portions 

of acetic acid, which come over during the distillation, 

were susceptible of crystallizing in a moderate cold. Lowitz 

proposed a very ingenious method to obtain this acid in the 

state of crystals. He makes distilled vinegar into a paste 
with well burnt charcoal, and exposes the mixture to a heat 
not above 212°. The watery part is driven olf, and the 

acid remains. A stronger heat drives off the acid itself in 
a very concentrated state. By repeating this process it may 

be obtained in crystals. The process of that chemist, de¬ 

tailed above, is more recent, and in every respect pre¬ 

ferable. 
II. Acetic acid requires a strong red heat for its decom¬ 

position. Mr. Chenevix passed it five times successively 

through a red hot porcelain tube without destroying it com¬ 

pletely. But when the tube is filled with charcoal the de¬ 

composition is complete. 
Probably all the supporters of combustion would act 

upon this acid at a high temperature, as they are all capable 
of uniting with one or other of its constituents. But the 

experiment has not been tried with sufficient care. Indeed 

it would be difficult to distinguish between the action of heat 

and the influence of the supporter. 

III. The action of the simple acidifiable combustibles on 

acetic acid has not been examined with any attention. But 

it is not probable that any fact of importance would result 
from such an examination. 

It is capable of oxidizing iron, zinc, copper, nickel, 

tin. It does not act upon gold, silver, platinum, mercury, 
bismuth, cobalt, antimony, arsenic. Its action on tellurium, 

tungsten, molybdenum, uranium, titanium, and chromium, 
has not been tried. 

IV. The compounds which it forms with the salifiable 

bases have received the name of acetates. They are all, 
without any exception, soluble in water. 

When the acetates are distilled in a retort, by means of a 
graduated heat always kept as low as possible, there comes 
over acetic acid diluted with water, and a peculiar inflam¬ 

mable liquid, to which Mr. Chevenix has given the name 

of pyro-acet 'ic spirit. The metallic base, mixed with char- 
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coal, remains in the retort; and there flies oflp a mixture of Subdivis. i, 

carbonic acid and heavy inflammable gas. The metallic 
base is usually reduced to the metallic state; and the more 

difficult this reduction is, the greater is the quantity of pyro^- 

acetic spirit formed. The following table exhibits the 
result of the distillation of seven metalline acetates in a state 
of purity, as obtained by Mr. Chenevix : 
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The acetates of potash and of soda give a greater propor¬ 

tion of pyro-acetic spirit that any of the metalline acetates. 
When acetate of barytes is distilled, the whole liquid product 

consists of this spirit without any mixture of acid whatever. pyro.acetic 
This pyro-acetic spirit is quite the same in its properties, spirit. 
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Book II. from whatever acetate it is procured. No other geuus ot 
PiviMon I. tried, as the oxales, tartrates, citrates, yield this spirit. 

Acetic acid is not converted into it by heat. Mr. 

Chenevix distilled the same proportion of acetic acid five or 

six times through a red-hot porcelain tube; part of it was 

decomposed, the liquor became brown, and its specific gra¬ 

vity was diminished, but a considerable proportion remained 

unaltered. But if charcoal be put into the porcelain tube, 

the acid is destroyed by one distillation, and nothing ob¬ 

tained but water, carbonic acid, and heavy inflammable air. 
Its proper- Pyro-acetic spirit is a white and limpid liquid. Its taste 

is at first acrid and hot, but it becomes cooling, and in 

some sort urinous. Its smell is peculiar, and is compared 

by Mr. Chenevix to that of a mixture of oil of peppermint 

and bitter almonds. Its specific gravity, when as pure as 

possible, is 0*7864. It bums with a flame, white exteriorly, 

but of a fine blue within, and leaves no residue. It boils at 

the temperature of 165°. It mixes with water, alcohol, 

and volatile oils in any proportion. With hot olive oil also 

it mixes in any proportion 5 but with that oil cold it mixes 

only in certain proportions. It dissolves a little sulphur 

and phosphorus, and is an excellent solvent of camphor. 
When hot it dissolves wax and tallow. A portion of these 

substances precipitates as the solution cools, but water still 

• occasions a considerable precipitate in it. It dissolves 

potash, and becomes darker coloured; but it may be ob¬ 
tained by distillation again unaltered. When mixed with 

sulphuric acid it blackens and is decomposed, and much 

charcoal is formed. When mixed with nitric acid it be¬ 

comes yellow, and its properties are altered. Some oxalic 

acid is formed. Muriatic acid renders it brown. When 

distilled with this acid a combination takes place, and a 

substance is formed, possessing very different properties 

from muriatic ether. Thus it appears that pyro-acetic 
spirit is a liquid possessing properties peculiar to itself, and 

quite different from those, both of alcohol, ethers, and 

volatile oils. It deserves, of course, a peculiar place among 
compound combustibles.* 

Const!- V. The first attempt to ascertain the constituents of acetic 

acSc\dd. He distilled acetate of 

* Chenevix; Ann. de Chira. Ixix. 5. 
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potash, and by that means decomposed the acetic acid. Subdivis. L 

The products were collected and examined.* * * § But at that 
time chemistry was not far enough advanced to entitle us 

to look for correct results from such an analysis. The 

subject has been more lately resumed, first by Gay-Lussac 

and Thenard, and afterwards by Berzelius. The former 
burnt a mixture of acetate of barytes and chlorate of pot¬ 

ash. The acid was completely converted into water and 

carbonic acid. The gaseous products being examined, and 

the quantity of acetic acid decomposed known, they were 
enabled to calculate its constituents.f Berzelius’ analysis 
was conducted according to the same theoretical principles. 

But he was at more pains to obtain the salt upon which he 
operated quite free from water.J The following table exhi¬ 
bits the composition of acetic acid according to these che¬ 

mists : 
Hydrogen. Carbon. Oxygen. 

Gay-Lussac.. 5*629 + 50*224 + 44*147 = 100 acid 
Berzelius .... 6*S5 + 46*83 + 46*82 = 100 acid 

If we take the result of Berzelius as nearest the truth, it 

follows from it that acetic acid is formed of 

3 atoms hydrogen weighing 0*375 

4 .carbon.3*000 
3.oxygen.3*000 

It is, therefore, a compound of 10 atoms, and the 

weight of an integrant particle of it is 6*375. This weight 
is confirmed by the constitution of the acetates. The fol¬ 

lowing number indicate the composition of acetate of lime 

and acetate of lead, according to the analysis of Berzelius.§ 

Acetate of lime. 

Acetic acid.... 100 .6*615 

Lime. 54*8. 3*625 

Acetate of lead. 

Acetic acid. 100 .... 6*532 
Yellow oxide of lead 217*662 ... .14 

* Higgins on acetous acid, p. 26. 
Recherches Physico-chyrniques, ii. 308. 

I See a minute account of the precautions which he took, and the 

niode which he followed, in the Annals of Philosophy, iv, 323, 

§ Annals of Philosophy, v. 174. 
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Book H. The equivalent number for acetic acid, according to the 
pivi^on 1. ai^alysis of the first of these salts, is 6*615 ; according to 

the second it is 6*432. Now, as it is probable that neither 
of these salts was absolutely free from water, we may con¬ 
sider the coincidence between the weight of an atom of 
acetic acid given by them, and that given by the analysis of 
acetic acid, as sufficiently near. 

SECT. IL 

OF BENZOIC ACID. 

History. Benzoin, or BENJAMIN as it is sometimes called, is a 

kind of resin brought from the East Indies; obtained, 
according to Mr. Dryander, from the styrax benzoe, s 
tree which grows in the island of Sumatra, This substance 
consists partly of a peculiar acid, described as long ago as 
1608, by Blaise de Vigenere, in his Treatise on fire and 
salt, under the name of flowers of benzoin^ because it was 
obtained by sublimation; but it is now denominated benzoic 
acid, 

Prepara- 1. The usual method of obtaining this acid is to put a 
tion. quantity of benzoin, coarsely powdered, into an earthen 

pot, to cover the mouth of the pot with a cone of thick 
paper, and then to apply a very moderate sand heat. The 
benzoic acid is sublimed, and attaches itself to the paper. 
This method was tedious and difficult; it being hardly pos¬ 
sible to prevent the heat from scorching the benzoin, and 
volatilizing some empyreumatic oil, which soils and injures 
the acid sublimed. Neuman proposed moistening the ben¬ 
zoin with alcohol, and distilling it in a retort with a low 
heat. The acid comes over immediately after the alcohol, 
partly in crystals and partly of the consistence of butter.* 
Geoffroy ascertained, in 1738, that this acid may be ob¬ 
tained by digesting benzoin in hot water. A portion is 
taken up, which is deposited in crystals as the water cools. 
Scheele published a different method in 1775; which being 
easier and more productive than any of the preceding, is 

♦ Neumanns Chemistry, p. ii94. 
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usually preferred. This process is as follows:^ Upon four Subdivis. i. 

parts of unslacked lime pour twelve parts of water, and 

after the ebullition is over add 96 parts more of water; 

then put twelve parts of finely pounded benzoin into a tinned 

pan; pour upon it first about six parts of the above milk 

of lime, mix them well together, and thus successively add 

the rest of the mixture of lime and water. If it be poured 

in all at once, the benzoin, instead of mixing with it, will 
coagulate, and run together into a mass. This mixture 

ought to be boiled over a gentle fire for half an hour with 
constant agitation; then take it from the fire, let it stand 
quiet for an hour, in order that it may settle; pour oft* the 
supernatent limpid liquor into a glass vessel. Upon the 

remainder in the pan pour 96 parts of pure water; boil 

them together for half an hour, then take it from the fire, 

and let it settle; add the supernatent liquor to the former; 

pour upon the residuum some more water, boil it as afore¬ 

said, and repeat the same process once more. At last put 

all the residuums upon a filtre, and pour hot water several 
times upon them. During this process, the calcareous earth 

combines with the acid of benzoin, and separates it from 

the resinous particles of this substance. A small quantity 

of the resin is dissolved by the lime-water, whence it 

acquires a yellow colour. All these clear yellow leys and 

decoctions are to be mixed together, and boiled down to 

twenty-four parts, which are then to be strained into another 

glass vessel. 

After they are grown cold, muriatic acid is to be added, 
with constant stirring, till there be no farther precipitation, 
or till the mass taste a little sourish. The benzoic acid, 
which was before held in solution by the lime, precipitates 
in the form of a fine powder. 

Mr. Hatchett has observed, that when benzoin is digested 
in sulphuric acid, a great quantity of beautifully crystallized 
benzoic acid is sublimed. This process is the simplest of 
all, and yields the acid in a state of purity; it claims, there¬ 
fore, the attention of manufacturers.f 

2. Benzoic acid, thus obtained, is a fine light whitish Properties, 

powder, which is not brittle, but has rather a kind of duc- 

* Scheele, i. 124. 

f Hatclvett’s Additional Experiments on Tannin. Phil. Trans. 1805. 

1 



338 ACIDS. 

Book II. tility. Its taste is sweet, hot, and somewhat bitter. Its 

odour is slight, but peculiar and aromatic.^ Its specific 

gravity is 0*657.t It hardly affects the infusion of violets, 
but it reddens that of turnsol, especially when hot.f 

Heat volatilizes this acid, and makes it give out a strong 
odour, which excites coughing. When exposed to the 

heat of the blowpipe in a silver spoon, it melts, becomes 

as fluid as water, and evaporates without taking fire. It 
only burns when in contact with flame, and then it leaves 
no residuum behind. When thrown upon burning coals, 

it rises in a white smoke. When allowed to cool after being 

melted, it hardens, and a radiated crust forms on its 

surface.§ When distilled in close vessels, the greater part 

of it sublimes unaltered, but some of it is decomposed. This 
portion is converted almost entirely into oil and carbureted 
hyd rogen gas. 

3. This acid is not altered by exposure to the air. Two 

hundred parts of cold water dissolve 1 part of it; [[ but 1 
part of it dissolves in 24<-~ parts of boiling water.^^ 

11. Neither the simple supporters nor combustibles have 

any sensible action on it at the common temperature of the 
air, as far as is known. But very few experiments have been 
made on the subject. 

Benzoates. III. It combines with alkalies, earths, and metallic ox¬ 

ides, and forms salts known by the name of benzoates. The 

alkaline benzoates are soluble in water. So are the ben¬ 

zoates of barytes, strontian, and magnesia. Those of alu¬ 

mina, yttria, and lime, are but sparingly soluble. The 

only metallic salts which form insoluble precipitates when 

mixed with benzoate of ammonia are those of tellurium, 
mercury, and iron. Tellurium and mercury are precipi¬ 

tated white ,* iron orange. Berzeliusft has proposed ben¬ 

zoate of ammonia as an excellent agent for precipitating iron 

and separating it from other bodies with which it may be 

* This odour is owing to a small portion of aromatic oil which adheres 

to the acid. It has been obtained without any smell by Giese. See 
Phil. Mag. xiv. 331. 

f Hassenfratz, Ann. de Chim. xxviii. 11. 

J Morveau, Encyc. Method. Chim. i. 44. § Lichtenstein. 
11 Bucholz Geyleffs Journal for die Chemie, Physik und Mineralogie, 

ix. 340. ** Bucholz. ibid. 

ft Afhandlingar, i. 171. 
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united. From the experiments of Hisinger the method Subdivis. i. 

appears to be a good one, provided the iron be in the state 

of peroxide and the liquid contain no excess of acid.* ** 

IV. Concentrated sulphuric acid dissolves benzoic acid 

^vithout heat, or any other change, except becoming some¬ 

what brown: when water is poured into the solution, the 
benzoic acid separates, and coagulates on the surface with¬ 

out any alteration.f Nitric acid presents precisely the same 

phenomena, as does also the sulphurous acid. Neither the 

muriatic, the oxymuriatic, nor the phosphoric acids dissolve 
it. Acetic acid, when hot, dissolves it precisely as water 

does; but it crystallizes again when the acid cools.f 

Alcohol dissolves it copiously, and lets it fall on the addi¬ 

tion of water.§ Boiling alcohol takes up its own weight. || 
One hundred parts of cold absolute alcohol dissolve scarcely 

56 parts of benzoic acid.^* 

This acid is sometimes used as a medicine, but much less 

frequently than formerly. 
V. Benzoic acid has been analysed with much accuracy Consti> 

‘ by Berzelius. According to his experiments, ff it is a com- 

pound of 

Flydrogen ... 5*16 or 6 atoms = 0*75 

Carbon.74*41 15 =11*25 

Oxygen. 20*43 3 = 3*00 

15*00 

According to this analysis it contains 24 atoms, and an 

integrant particle of it weighs 15. The constitution of ben¬ 

zoate of lead agrees very well with this determination. Ac¬ 

cording to the analysis of Berzelius, :j;J it is composed of 

Benzoic acid. 100 .... 14*893 
Yellow oxide of lead .. 94 .... 14 

The equivalent for benzoic acid according to this salt is 

14*893, which does not differ 1 per cent, from the number 

obtained by the analysis of the acid itself. 
• 

* Afhandlingar, iii. 152. 4 Lichtenstein. J Lichtenstein. 
§ Lichtenstein. || Wenzell's Vervvandtschaft, p. 302. 

** Bucholz. ibid. ft Annals of Philosophy, v. 181. 

Annals of Philosophy, v. 181. 
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Book II. 
Division I. 

Sebacic 
acid. 

Chemists had long suspected that an acid could be ob« 

tained from tallow, on account of the acrid nature of the 
fumes which it emits at a high temperature; but it was 

M. Grutzmacher who first treated of it particularly, in a dis¬ 

sertation De Ossium Medulla^ published in 1748.* Mr. 

Rhades mentioned it in 1753 ; Segner published a disserta¬ 

tion on it in 1754; and Crell examined its properties very 
fully in two dissertations published in the Philosophical 
Transactions for 1780 and 1782. It was called at first acid 

(^fat^ and afterwards sehacic acid. 

But at the period when these chemists made their experi¬ 

ments, the characteristic properties of the different acids 
were not sufficiently known to enable them to distinguish 

acids from each other with precision. Thenard examined 

the subject in 1801, tried all the processes of Crell and 

Guyton Morveau, and found that the acids procured by 
them were either acetic or the acid employed in the process. 

Thenard found, however, that a peculiar acid was formed 
during the distillation of tallow. To it he consigned the 

appellation of sehacic acid. The experiments of this chemist 

were repeated in 1804 by Mr. Rose, who obtained similar 
results, and confirmed all the observations of the French 

philosopher.! The subject soon after was resumed by Ber¬ 

zelius, who in an elaborate dissertation, published in 1806, 
proved that the sebacic acid of Thenard is nothing else than 

benzoic acid contaminated with some unknown substance 

derived from the fat, which alters some of its properties, but 
from which it may be freed by proper precautions.^ There 

does not therefore exist, as far as we know at present, any 

acid to which the name of sebacic acid belongs, 
O 

SECT. III. 

OF SUCCINIC ACID. 

History. Amber is a well-known brown, transparent, inflammable 
body, pretty hard, and susceptible of polish, found at some 
depth in the earth, and on the sea-coast of several countries. 

* Leonhardi. 

I Afhandlingar, i. 170. 

! Gehlen^s Jour. hi. 170. 
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It was in high estimation among the ancients both as an or- Subdivis. I. 

nament and a medicine.—When this substance is distilled, 

a volatile salt is obtained, which is mentioned by Agricola 

under the name of salt of amher; but its nature was long 

unknown. Boyle was the first who discovered that it was 
an acid.* From succinujn, the Latin name of amber, this 

acid has received the appellation of succinic add, 
Mr. Pott seems to have been the first chemist who made 

a set of experiments to ascertain its properties, and who de¬ 
monstrated that it differs from every other.f 

1. It is obtained by the following process : Fill a retort Prepara- 

half-way with powdered amber, and cover the powder with 

a quantity of dry sand; lute on a receiver, and distil in a 

sand-bath without employing too much heat. There passes 

over first an insipid phlegm; then a weak acid, which ac¬ 

cording to Scheele, is the acetic then the succinic acid 
attaches itself to the neck of the retort; and if the distilla¬ 

tion be continued, there comes over at last a thick brown 

oil, which has an acid taste. 

The succinic acid is at first mixed with a quantity of oil. 

It may be made tolerably pure by dissolving it in hot water, 
and putting upon the filter a little cotton, previously mois¬ 

tened with oil of amber: this substance retains most of the 
oil, and allows the solution to pass clear. The acid is then 

to be crystallized by a gentle evaporation ; and this process 

is to be repeated till the acid be sufficiently pure. Guyton 
Morveau has shown that it may be made quite pure by dis¬ 

tilling off it a sufficient quantity of nitric acid, taking care 

not to employ a heat strong enough to sublime the succinic 
acid.§ 

2. The crystals of succinic acid are transparent, white, Prcpertiei. 

shining, and of a foliated, triangular, prismatic form: they 

have an acid taste, but are not corrosive : they redden tinc¬ 

ture of turnsol, but have little effect on that of violets. 

They sublime when exposed to a considerable heat, but 
not at the heat of a water-bath. In a sand-bath they melt, 
and then sublime and condense in the upper part of the yes- 

* Boyle abridged by Shaw, iii. 369. 

f Mem. Berlin, 1753. See an abstract of his paper in Lewises edition 

of Neuman’s Chemistry, p. 237. 

X Bergman’s Notes on Scheffer, § Ann, de Chim. xxix. WC), 



142 ACIDS. 
I 

Book II. 
Division I. 

Consti¬ 
tuents. 

sel; but the coal which remains shows that they are partly 

decomposed.^ 
3. One part of this acid dissolves in 96 parts of water at 

the temperature of 50°, according to Spielman;t hi 24 parts 
at the temperature of 52°; and in 2 parts of water at the 

temperature of 212°, according to Stockar de Neuforn;^ 

but the greatest part crystallizes as the water cools. Accord¬ 

ing to Roux, however, it still retains more of the acid than 

cold water is capable of dissolving. § 

Two hundred and forty grains of boiling alcohol dissolve 

177 of this acid; but crystals again shoot as the solution 
cools. II 

4. Sulphuric acid dissolves it with the assistance of heat; 

but does not appear to decompose it. The same remark 

applies to nitric acid. Muriatic acid has but little action on 

it while cold; but when heat is applied, the whole coagu¬ 
lates into the consistence of a jelly.*^ 

5. The compounds which this acid forms with alkalies, 
acids, and metallic oxides, have received the name of sued- 

nates. The alkaline succinates are soluble in water. This 

is the case also with the earthy succinates, except succinate 

of barytes. Hence barytes is the only earth precipitated 

from a neutral solution by succinate of ammonia. This salt 
likewise precipitates mercury and lead. It throws down 

iron from all solutions provided the iron be in the state of 
peroxide, and there be no excess of acid present. 

6. This acid has been analysed with much precision by 

Berzelius.ft According to his experiments it is composed of 

Hydrogen... 4*512 

Carbon. 47*600 
Oxygen.... 47*888 

or 2 atoms = 0*25 

4 = 3*00 

3 = 3*00 

6*25 

According to this analysis it is a compound of 9 atoms, and 
an integrant particle of it weighs 6*25. 

The constitution of succinate of lead as determined by 

* Pott. t Inst. Chem. § xli. J De Succino. 
§ Mon’eau, Encys. Method. Chim. i. 72. 
)| Wenzel’s Verwandtschaft, p. 305. Pott, 

tt Annals pf Philosophy, v. 99. 
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Berzelius almost exactly agrees with this weight, 
ing to him it is composed of 

Accord- Subdivis. I. 
Chap. III. 

Succinic acid. 100 .... 6'26 
Yellow oxide of lead... 223*62 .... 14 

The equivalent for succinic acid according to these numbers 

is 6*26, which scarcely differs from 6*25 determined by the 

analysis of the acid. 
The only difference between succinic and acetic acids, as 

far as their composition is concerned, consists in this, that 

acetic contains 1 atom of hydrogen more than succinic acid 

does; the atoms of the other constituents are the same in 
both. 

SECT. IV. 

OF MOROXYLIC ACID. 

About the year 1802, Dr. Thompson observed a saline History, 

exudation on the bark of the morus alba, or white mulberry 

tree, growing in the botanical garden of Palermo in Sicily. 

It coated the bark of the tree in small grains of a yellowish 
and blackish brown colour. A quantity of this matter was 

collected and sent to Mr. Klaproth, who published an 
analysis of it in 1803.* 

It has a taste resembling that of succinic acid; and 

when placed upon burning coals, it emits a vapour which 

irritates the organs of smell. In water it dissolves sparingly, 

forming a reddish brown liquid, which yields by evapora¬ 

tion small needleform crystals, of the colour of pale wood, 

not deliquescing in the air. By dissolving these crystals in 
water, and treating them with various reagents, Klaproth 

ascertained them to be formed of lime united to a peculiar 
acid, which he called moroxylic^ because the salt containing 

it was a production of the wood of the mulberry tree. 

The salt dissolves but sparingly in water; hot water tak- 

iug up only 0*035, and cold 0*015 of it. From the solution 

the alkaline carbonates precipitate lime; but barytes causes 

* Scherer’s Journal der Chemie, No. 55, p. 1. But I use the transla¬ 
tion of the paper published in Nicholson’s Journal, vii. 129. 

3 
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Book II. no precipitate; a proof of the absence of sulphuric acid. It 
pivi^ton I. powerfully the solutions of silver, mercury, cop¬ 

per, iron, cobalt, and uranium, in nitric acid ; and of lead 

and iron in acetic acid. Barytes water, acetate of barytes, 

muriate of tin, muriate of gold, and nitrate of nickel, pro¬ 

duce scarcely any effect. 
To obtain the acid, the solution of the salt was treated 

with acetate of lead. Forty-five grains of the precipitate 

thus obtained were mixed with 20 grains of sulphuric acid 

diluted with 60 grains of water. The sulphate of lead formed 
remained in the state of a white powder, while the moroxylic 

acid was dissolved and obtained by evaporation in the state 

of fine needles of the colour of pale wood. 

Properties. The acid thus obtained has the taste of succinic acid: it 
is not altered by exposure to the air: it dissolves readily in 

water and in alcohol: it does not precipitate the metallic 

solutions like its salt. 

When heated in a retort, a little acid liquor first comes 

over, which has the taste of the concrete acid: next, the 

acid rises unaltered, and adheres to the top and neck of the 
retort in colourless and transparent prismatic crystals. A 
coaly residuum remains in the vessel. Hence it appears, 

that a gentle sublimation is the best mode of obtaining this 
acid in a state of purity. 

When the calcareous salt of moroxylate of lime is dis¬ 

tilled, a quantity of inflammable air mixed with carbonic 
acid is obtained, and an acid liquor comes over, on which 

swims a brown oil. There remains in the retort a spongy 

mass of a pale brown colour, consisting of carbonate of lime 

mixed with some charry matter. From these phenomena 

it appears, that this acid, like the rest, is composed of oxy¬ 

gen, hydrogen, and carbon, though the proportion of-the 

constituents is unknown. The compounds which it forms 

with alkalies have received the name of moroxylates» 

Such are the properties of this substance ascertained by 

Klaproth. The small quantity of the salt which he pos¬ 

sessed prevented a more complete examination. 



CAMPHORIG ACJD. 

SECT. V. 

OF CAMPHORIC ACID. 

Camphor is a well-known white crystalline substance, of History, 

a strong taste and smell, obtained from a species of laurel in 
the East Indies. It is so volatile that it cannot be melted 

in open vessels, and so inflammable that it burns even on 

the surface of water. 
When camphor is set on fire in contact with oxygen gas, 

it burns with a very brilliant flame; much caloric is disen¬ 

gaged, water is formed, the inner surface of the vessel is 

covered with a black matter, which is undoubtedly charcoal, 
and a quantity of carbonic acid gas is also produced.* 
Hence it follows, that it is composed of hydrogen and car¬ 
bon, at least principally. 

Mr. Kosegarten, by distilling nitric acid off camphor 

eight times successively, obtained an acid in crystals,! to 
which the name of camphoric acid has been given. 

1. His experiments have been repeated by Mr. Bouillon Prepara- 

Lagrange. The process for obtaining camphoric acid, as 
described by this chemist, is as follows : Put into a retort 

1 part of camphor and 8 parts of nitric acid, of the specific 

gravity 1*33. Distil with a sand heat. A great deal of 

nitrous gas and carbonic acid gas is emitted, and a little 

camphor sublimes. This process must be repeated three 

times on the same camphor; so that 24 parts in ail of nitric 
acid are necessary. After the third distillation, when the 

retort is allowed to cool, a number of crystals make their 
appearance in it. These are camphoric acid. They amount 

to somewhat less than the half of the camphor employed. 

The experiments of Kosegarten and Bouillon Lagrange 

were confirmed in 1810, by Bucholz, who employed the 
following process for converting camphor into camphoric 
acid. Two ounces of camphor are put into a retort with 
lAlb. of nitric acid of the specific gravity 1*250, and half a 

pound of fuming nitric acid of the specific gravity 1*550- 

A moderate heat is applied, and about one half of the acid 

is distilled off. This process is repeated three times, poiir- 

* Bouillon La Grange, Ann. de Chlra. xxiii. lo3. 

t Kosegarten, De Camphora;, &c. 1785, 

VOL. II. L 
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Book II. ing back the acid which has distilled over each time. After 
Division L third distillation the camphoric acid is observed swim¬ 

ming on the acid in the retort like a butyraceous mass, after 
the whole has become cold. It is separated from the nitric 

acid by means of a glass funnel. When washed and dried 

it is camphoric acid in a state of purity. 
Properties. 2. Camphoric acid thus obtained is in snow-white crys¬ 

tals, the primitive form of which is a parallelopipedon.* 

These crystals effloresce in the air.t The usual crystalline 

form of these acids is feather shaped, like that of salam- 

moniac.J 
Camphoric acid has a slightly acid bitter taste, and a 

smell like that of saffron. 
It reddens vegetable colours. 
3. It is soluble in 100 parts of cold water, according to 

Bucholz; J in 96 parts of water at the temperature of 60°, 
according to Bouillon Lagrange. Boiling water dissolves 

-jt^th of its weight.}{ 
100 Grains of absolute alcohol dissolve 106 grains of 

camphoric acid. The solution has the consistency of a 

thin syrup. Boiling alcohol dissolves any quantity of 
it whatever.** 

Actioia 4. When this acid is placed on ignited coals, it emits a 

dense aromatic fume, and is entirely dissipated. By a 
gentler heat it melts, and is sublimed. If it be put into a 
heated porcelain tube, and oxygen gas be passed through it, 

the acid does not undergo any change, but is sublimed. 

By mere distillation it first melts, and then sublimes unal¬ 
tered .ft 

5. Camphoric acid does not produce any change on sul¬ 
phur ; the mineral acids totally dissolve it; and so likewise 
do the volatile and the fat oils. 

Camphoric acid does not precipitate lime from lime 

water. It produces no change on the solution of indigo in 
sulphuric acid. 

6. It forms combinations with the alkalies, earths, and 

metallic oxides, which are called camphorates, 

* Kosegarten, De Campbora, 8cc. 1785. f Lagrange. 

t Bucholz, Gehlen^s Journal fur die Cheraie, Physick, undMInera- 

logie, ix. 339. § Ibid. )j Ibid. ** Ibid. -ff 

j 
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SECT. VI, 

OF BOLETIC ACID. 

This acid was discovered in 1811, by M. H. Braconnot, DiscoVsiy, 

while examining the expressed juice of the boletus pseudo- 

igniarius,^ He obtained it by the following process. The 

juice of the boletus was evaporated to a thick syrup by a 

very low heat. The residual matter was digested in alco¬ 

hol. The portion left undissolved by the alcohol was dis¬ 

solved in water, and nitrate of lead dropped into the solution. 

A white precipitate fell, which being edulcorated was mixed 
with water, and decomposed by a current of sulphurated 
hydrogen gas. The liquid being filtered and evaporated 

exhibited two distinct acids. The one, which existed only 
in small quantity, was phosphoric acid, and deliquesced 

when exposed to the air. The other constituted perma¬ 

nent crystals. It was holetic acid. To obtain it in a state 

of purity it was dissolved in alcohol, and crystallized by 
evaporating the solution. In this state it possesses the fol- ' 
lowing properties. 

1. Its colour is white, it is not altered by exposure to iProperties; 
the air, and consists of irregular four sided prisms. 

2. Its taste is similar to that of tartar. It requires 180 
times its weight of water to dissolve it at the temperature of 

68°. It is soluble in 45 times its weight of alcohol. 

3. The aqueous solution reddens vegetable blues. Ni¬ 
trate of lead occasions a precipitate in it which is redis¬ 

solved by agitation. It precipitates the red oxide of iron 

from its solutions completely in the form of rust-coloured 

flocks; but it does not throw down the black oxide of this 
metal. It precipitates nitrate of silver in the state of a 

white power which is soluble in nitric acid. Nitrate of 

mercury is precipitated in the same state; but the preci¬ 
pitate dissolves with difficulty in nitric acid. Neither the 

lime water nor barytes water produces any effect upon the 

aqueous solution of this acid. 

4. When heated it rises in white vapours, which irritate 
the throat, and condense on surrounding bodies in the form 

of a farinaceous powder. When distilled the greatest part 
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Book II. sublimes unaltered, excepting that it afterwards crystallizes 
Division I. regularly. At the same time a little liquid appears 

having a strong smell of acetic acid. 
Saits. 5, Boletate of ammonia is a salt which crystallizes in 

flat four-sided prisms, and is soluble in 26 times its weight 
of water at 68°. Its taste is cooling, saline, and somewhat 

sharp. When heated it melts, swells, and sublimes. It 

precipitates red oxide of iron; but does not alter sulphates 

of lime, alumina, or manganese. It slowly precipitates 
nitrate of copper in blue silky needles. 

,1% 6. Boletate of potash is very soluble in water, and crys¬ 

tallizes with difficulty. Acids precipitate the boletic acid 
from it. 

7. When boletic acid is heated with carbonate of lime 
it dissolves it with effervescence. The boletate of lime crys¬ 

tallizes in flat four-sided prisms. This salt has little taste, 

^ and requires at least 110 times its weight of water at the 

- ■ temperature of 724-° to dissolve it. It is decomposed by 
oxalic and sulphuric acids. 

' 8. Boletate of barytes is an acidulous salt in white plates 

little soluble in water or nitric acid. When thrown on a 

red-hot iron it burns rapidly with a red flame and striking 
scintillations, leaving for residue carbonate of barytes. 

0. When this acid is heated with iron filings and water, 
hydrogen gas is emitted, and a yellow liquor is obtained 
with an inky taste. 

Such are the properties of boletic acid as they have been 

ascertained by Braconnot. Hitherto no other chemist has 

repeated his experiments. 

SECT. vn. 
/ 

OF SUBERIC ACID. 

History. CoRK, a substance too well known to require any de¬ 

scription, is the bark of a tree which bears the same name. 

By means of nitric acid Brugnatelli converted it into an 

acid,* which has been called the suberic acid, from si/ber 

* Crelfs Annals, 1787. 
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the Latin name of the cork tree. Several chemists affirmed Subdivis. i. 

that this acid was the oxalic, because it possesses several 

properties in common with it. These assertions induced 

Bouillon Lagrange to undertake a set of experiments on 
suberic acid. These experiments, which have been pub¬ 

lished in the 23d volume of the Annates de Chimie, com¬ 

pletely establish the pecular nature of suberic acid, by 

showing that it possesses properties different from those of 

any other acid. Chevreul has published a new set of ex¬ 

periments on it still more lately, which both serve still 

farther to establish its peculiar nature, and make us better 
acquained with its properties.* 

Chevreul obtained this acid by digesting 1 part of cork 

in 6 parts of acid. After the acid had ceased to act, the 

whole was evaporated to the consistence of an extract, hot 

water was poured over it, and the mixture was digested for 

some time in a sand heat. When set aside, a matter like 

wax formed on the surface, and white tasteless flocks pre¬ 
cipitated to the bottom. These substances were separated, 
and the liquid concentrated by evaporation. Suberic acid 
precipitated in powder, and towards the end of the process ^ 

crystals of oxalic acid formed. I observed the formation 
of oxalic acid some% years ago, while treating cork with 

nitric acid. 
Suberic acid thus formed may be purified by washing it Properties, 

in cold water. It is then white like starch, and has an acid 

taste without any bitterness. Light does not alter its white¬ 

ness. Water, at the temperature of 140% dissolves ^th 

of its weight of this acid, and -gV^h at the temperature of 
55*5°. When heated it melts, and on cooling crystallizes 

in needles. When heated in a retort it is volatilized, and 
condenses on the upper part in long needles. It does not 
precipitate lime, barytes, or strontian water, nor the salts 

containing these alkaline earths. The alkalies dissolve it 

very well, and form with it neutral salts. It precipitates 
nitrate of silver, muriate of tin, sulphate of iron, nitrate 

and acetate of lead, and nitrate of mercury, but it does not 

precipitate sulphate of copper or sulphate of zinc. 

Nitric acid has no action on it. It dissolves in alcohol. 

It does not alter the colour of sulphate of indigo, provided 

* Nicholson’s Journal, xxiii. 149. 
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Book II. it is free from yellow bitter matter.* These properties show 
Pivision 1. strong resemblance between this acid and the benzoic^ 

though it differs in several respects. 

SECT. VIII. 

OF PYROTARTAIIIC ACID. 

History. The salt called tartar separates from wine while in the 

cask, and is afterwards purified by solution in water and 
subsequent evaporation. This salt occupied the attention 

of chemists very much from the time of Paracelsus, who first 

brought it into vogue. It was considered as an acid salt of 

a peculiar nature. The potash which constitutes its base was 
easily discovered by subjecting the salt to combustion. But 
the efforts of chemists to obtain the acid which it manifestly 

contained were long unsuccessful. When tartar was dis¬ 

tilled in a retort, an acidulous liquid was obtained; but it was 

manifestly different from the acid in tartar, as tartar was 

not formed when it was united to potash. At last in 1770, 

Scheele discovered a process by which pure tartaric acid 
could be obtained from tartar. Its properties being manifestly 

different from that of the acid obtained by distilling tartar, as 

far as could be collected from the rude experiments of the 

Dijon Academicians,t the French chemists when they con¬ 

trived the new chemical nomenclature distinguished them by 

the names of tartcrrous and pyrotartarous acids ; which were 

afterwards changed into those of tartaric and pyrotartaric 
acids.f In the year 1799 a set of experiments was published 

by Fourci^oy and Vauquelin on pyroymicons^ pyrotartarous, py-- 
rolignous acids, the object of which was to prove, that these 

acids are merely the acetic disguised by some empyreumatic 

oil, with which it has combined. § This conclusion appears to 

♦ Nicholson’s Jour, xxiii. 149. 

f Eleroens de ChYmIe de I’Acadamie de Dijon, iii. 55. 
X It was Morveau in the first volume of the chemical part of the En- 

cyclopap.die Methodique, published in 1786, that first drew the attention 
of chemists to pyrotartaric acid, and endeavoured to characterize it as a 

peculiar acid. Kis characters 'vvere inaccurate because he had never ob-; 
tained it in a state of purity. 

§ Ann. de Chim. xxxv. 161, 
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have been acquiesced in by chemists without examination; Subdivis. 

though the proofs as far as regards the pyrotartaric acid are 

far from satisfactory; till Gehlen called it in question in 

1806, affirming that pyrotartaric acid differs essentially from 

acetic, and stating some characters by which they could be 

easily distinguished.* This induced Fourcroy and Vau« 
quelin to repeat their experiments in 1807.t The result 
was a full confirmation of the opinion of Gehlen. 

Pyrotartaric acid may be obtained by the following pro- Prepara- 

cess. Distil a quantity of tartar in a retort. Saturate the 

acid liquid in the receiver with potash, separate the salt by 

crystallization, and purify it by repeated solutions and 
crystallizations. Mix this salt wnth diluted sulphuric acid, 

and distil in a retort. An acid liquid passes over, and to¬ 

wards the end of the process a white sublimate rises and 

attaches itself in scales to the top of the retort. This sub¬ 

limate is pyrotartaric acid. When the acid liquor in the re¬ 

ceiver is subjected to spontaneous evaporation it deposites 
crystals of pyrotartaric acid. 

The taste of pyrotartaric acid is extremely acid. When Propertie?, ' 

heated it melts, and sublimes in a white smoke, without 
leaving any residue. It dissolves readily in water, and crys¬ 

tallizes again when subjected to spontaneous evaporation. 

It does not precipitate acetate of lead nor nitrate of silver; 
but it precipitates nitrate of mercury. Some time after it 

has been mixed with acetate of lead, needleform crystals 

make their appearance. 
When combined in excess with potash, no salt similar to 

tartar is formed. In this state it instantly forms a precipi¬ 

tate when dropped into acetate of lead. Pyrotartrate of 

potash is soluble in alcohol. It does not precipitate the salts 

of barytes and lime, as tartrate of potash does.f * 

SECT. IX. 

OF OXALIC ACID. 

When nitric acid is poured upon sugar, and a moderate History 

heat applied, the sugar soon melts, an effervescence ensues, 

a great quantity of nitrous gas and carbonic acid gas is 

^ Ann. de Chim. lx. 79. t Ibid. Ixiv. 42. | Ibid. Ixiv. 42. 
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Prepara¬ 
tion. 

emitted; and when the effervescence ceases, and the liquid 

in the retort is allowed to cool, a number of small transpa¬ 
rent crystals appear in it. These crystals constitute a pecu¬ 

liar acid, which has received the name of oxalic acid^ because 
it exists ready formed, as Scheele has proved, in the oxalis 
acetosella^ or wood-sorrel. At first, however, it was called 

the add of sugar, or the saccharine acid. 

As the earliest and best account of the oxalic acid was 
published by Bergman, he was for a long time reckoned the 

discoverer of it; but Mr. Ehrhart, one of Scheele’s intimate 
friends, informs us, that the world is indebted for its know¬ 

ledge of this acid to that illustrious chemist,* and Hermb- 

stadt and Westrumb assign the discovery to the same 

author.f The assertions of these gentlemen, who had the 

best opportunity of obtaining accurate information, are cer¬ 

tainly sufficient to establish the fact, that Scheele was the 
real discoverer of oxalic acid. 

1. Bergman gives us the following process for obtaining 
this acid: “ Put one ounce of white sugar powdered into a 

tubulated retort, with three ounces of strong nitric acid, the 

specific gravity of which is to that of water as 1*567. When 

the solution is over, during which many fumes of the nitrous 
acid escape, let a receiver be fitted, and the liquor made to 

boil, by which, abundance of nitrous gas is expelled. When 
the liquor in the retort acquires a reddish-brown colour, 

add three ounces more of nitric acid, and continue the boil¬ 

ing till the fumes cease, and the colour of the liquor vanishes. 

Then let the contents of the retort be emptied into a wide 

vessel; and, upon cooling, a crystallization will take place 
of slender quadrilateral prisms, which are often affixed to 

each other at an angle of 45°. These crystals, collected 
and dried on blotting paper, will be found to weigh li dr. 

] 9 gr. By boiling the remaining lixivium with two ounces 

of nitric acid in the retort till the red fumes almost disappear, 
and by repeating the crystallization as before, -idr. 13 gr. of 
solid acid will be obtained. If the process be repeated once 

more upon the residuum, which has now a glutinous con¬ 
sistence, with the successive additions of small quantities of 

nitric acid, amounting in all to two ounces, a saline brown 

* Elwert^s Magazine for Apothecaries, 1785, part i. p. 54, 
f Keir’s Dictionary, 
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deliquescent mass will be formed, weighing half a dram, of Subdivis. I. 

which about a half will be lost by a farther purification. 

The crystals obtained thus at different times may be purified 

by solution and crystallization, and by digesting the last lixi¬ 

vium with some nitric acid, and evaporation with the heat of 

the sun.” 

By the same process Bergman obtained it from gum 
arable, alcohol, and honey: Scheele, Hermbstadt, Wes- 

trumb, Hoffman, &c. from a great variety of other vegeta¬ 
ble productions; and Berthollet from a great number of 

animal substances. 

It is of great consequence not to use too much nitric acid, 
otherwise the quantity of oxalic acid will be diminished; 

and if a very great quantity of nitric acid be used, no oxalic 
acid will be obtained at all.* On the contrary, Hermbstadt 

affirms, that if too small a quantity of nitric acid be used, 

the acid obtained will not be the oxalic, but the tartaric. 
But I have not found this confirmed upon trying the expe¬ 

riment. A 100 grains of sugar, when properly treated, 
yield 58 grains of crystallized oxalic acid. 

2. Oxalic acid, thus prepared, is in the form of four-sided Properties, 

prisms, whose sides are alternately larger, and they are ter¬ 

minated at the extremities by two-sided summits. They 

are transparent, and of a fine white colour, with considerable 

lustre: they have a very acid taste, and redden vegetable 

blues. These crystals contain water and are in the state of 

a hydrate. When cautiously heated on a sand-bath they fall 
to powder and lose about a third of their weight; but in this 

case a portion of the acid is sublimed. Berzeliusf has shown 
that they are composed of 

Real acid.... 52 .... 100 
Water.48 _ 92*3 

Hence they seem to be a compound of 1 atom acid + 4 atoms 
water. 

3. When this crystallized acid is exposed to heat in an Action of 

open vessel, there arises a smoke from it, which affects dis- 

agreeably the nose and lungs. The residuum is a powder 

of a much whiter colour than the acid had been. By this 

process it loses ^d of its weight, but soon recovers it again 

* Bergman. t Ami. de Chim. Ixxxi, 30C). 
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on exposure to the air. When distilled, it first loses its 
water of crystallization, then liquefies and becomes brown; 

a little phlegm passes over, a white saline crust sublimes, 

some of which passes into the receiver; but the greatest part 

of the acid is destroyed, leaving in the retort a mass of 
the whole, which has an empyreumatic smell, blackens 

sulphuric acid, renders nitxic acid yellow, and dissolves in 

muriatic acid without alteration. That part of the acid 

which sublimes is unaltered. When this acid is distilled a 

second time, it gives out a white smoke, which, condensing 

in the receiver, produces a colourless uncrystallizable acid, 

and a dark-coloured matter remains behind.* During all 

this distillation a vast quantity of elastic vapour makes its 

escape. From 279 grains of oxalic acid, Bergman obtained 
109 cubic inches of gas, half of which was carbonic acid, 

and half carbureted hydrogen. Fontana from an ounce of 

it obtained 430 cubic inches of gas, one-third of which was 

carbonic acid, the rest carbureted hydrogen. 

4. The crystals of oxalic acid are soluble in their own 
weight of boiling water: water at the temperature of 65*7° 
dissolves half its weight of them. The specific gravity of the 
solution is 1 *0593.4 One hundred parts of boiling alcohol 

dissolve 56 parts of these crystals; but at a mean tempera¬ 

ture only 40 parts.:]: Liquid oxalic acid has a very acrid 

taste when it is concentrated, but a very agreeable acid taste 
when sufficiently diluted with water. § When swallowed in 

considerable quantities, as to the amount of an ounce, it 

proves almost immediately fatal. 

It changes all vegetable blues except indigo to a red. 

One grain of crystallized acid, dissolved in 1920 grains of 
water, reddens the blue paper with which sugar loaves are 

wrapped: one grain of it, dissolved in 3600 grains of water, 
reddens paper stained with turnstol.|l According to Mor- 

veau, 1 part of the crystallized acid is sufficient to communi¬ 
cate a sensible acidity to 2633 parts of water.** 

Its fixity is such, that none of it is sublimed when water 
containing it in solution is raised to the boiling temperature. 

5. Oxalic acid is not affected by exposure to the air, or 

to the action of oxygen gas. The effect of the simple com- 

* Bergman. f Ibid. i. 255. J Ibid. § Ibid. |t Ibid. 

** Encyc. Method, art. Acido Saccharin. 
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bustibles on it lias not been tried; but in all probability is Subdivis. i. 

inconsiderable. 

It is capable of oxidizing lead, copper, iron, tin, bismutb^ 

nickel, cobalt, zinc, manganese. 
It does not act upon gold, silver, platinum, mercury. 

6. Oxalic acid combines with alkalies, earths, and metallic 

oxides, and forms salts known by the name of oxalates, 

7. Muriatic and acetic acids dissolve oxalic acid, but 

without altering it.* Sulphuric acid partly decomposes it 
by the assistance of heat, and a quantity of charcoal is 

formed. Nitric acid decomposes it at a boiling heat, and 
converts it into water and carbonic acid.f From this result, Decompo* 

and from the products obtained by distilling pure oxalic 

acid, it follows, that this acid is composed of oxygen, hydro¬ 
gen, and carbon. When the dry oxalates are exposed to a 

red heat the oxalic acid is completely decomposed. So far 
as my experiments have gone, the oxalic acid is decomposed 

precisely in the same way, and the same new products 
formed whatever oxalate we use; but the oxalate of lime is 
most convenient, because we can ascertain its composition 
with the greatest accuracy. When oxalate of lime is dis¬ 

tilled in a small retort by means of a heat gradually raised 

to redness, the oxalic acid is completely decomposed and 
converted into five new substances; namely, water, carbonic 
acid, carbonic oxide, carbureted hydrogen, and charcoal. The 

water is small in quantity, the carbonic acid large, and partly 

in the state of gas, partly combined with the base of the 
oxalate. The carbonic oxide and carbureted hydrogen are 

in the state of gases, and in the proportion of about 2^ of 
the former to 1 of the latter. The charcoal is small in quan¬ 

tity, and mixed with the residue in the retort, to which it 
gives a grey colour. By carefully ascertaining the propor¬ 

tion of each of these products, and estimating their composi¬ 
tion according to the most exact analyses hitherto made of Composi-^ 

each, I found that the composition of oxalic acid may be 

stated as follows; 
Oxygen.... 64 

Carbon .... 32 

Hydrogen.. 4 

100 

I Fourcrov, vii. 234. 

7 
* Bergman, 
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Book II. It has been lately analysed by Gay-Lussac and Thenard,"* 
Division 1. Berzelius.t The results which they obtained are 

as follows: 
Hydrogen. Carbon. Oxygen. 

Gay-Lussac-2*745 + 26*566 -f 70*689 

Berzelius. 0*244 4- 33*222 + 66*534 

If we consider the experiments of Berzelius as exacts it , 

follows that oxalic acid is composed as follows: 

Hydrogen ^ of an atom = 0*0104 

Carbon 2 atoms =1*5 

Oxygen 3 atoms =3* 

4*5104 

The constitution of oxalate of lead, as determined by 
Berzelius, agrees very well with this result. According to 

him it is composed of 

Oxalic acid 100 .... 4*552 

Oxide of lead 307*5 .... 14*000 

The equivalent for oxalic acid we perceive is 4*552, which 

differs very little from 4*5104, the number derived from 

the analysis of oxalic acid. 
The analysis of Berzelius, however, cannot be reconciled 

to the atomic theory. For we cannot conceive the exist¬ 
ence of the sixth part of an atom of hydrogen in a com¬ 

pound. It is much more probable that the acid is a com¬ 

pound of 1 atom carbonic acid, 1 atom carbonic oxide, 
and 1 atom hydrogen, which gives us, 

Carbonic acid 2*75 

Carbonic oxide 1*75 

Hydrogen 0*125 

4*625 

This comes nearer to the equivalent for oxalic acid de¬ 
rived from the analysis of oxalic acid, than the weight 
derived from the direct analysis of oxalic acid itself. 

* Recherches Physico-chimiques, ii. 302. 
I Annals of Philosophy, v. 99. 

\ 
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SECT. X. 

OF MELLITIC ACID. 

Subdivis. I. 
Chap. III. 

There is a mineral of a honej^-yellow colour which is History, 

found in small solitary crystals among the layers of Wood- 
coal at Arten in Thuringia. At first sight it has some re¬ 
semblance to amber; but Werner recognised it as a pe¬ 

culiar substance about the year 1790, and gave it the name 
of honigstein (honey-stone), which foreign mineralogists 

converted into mellite. This mineral is very rare. Hitherto 

indeed it has been found only in Thuringia and in Switzer¬ 

land.* 
Mellite has usually a honey-yellow colour, but some¬ 

times a straw-yellow. It is always crystallized in octahe¬ 

drons, but they are rarely entire; sometimes indeed almost 

the whole of one of the pyramids is wanting. Their sur¬ 
face is generally smooth and brilliant, and interiorly they 
have a glassy lustre. They are semitransparent, brittle, 
soft, and easily reduced to powder. When pounded, they 

assume a yellowish-grey colour. Their specific gravity is 

about l*550.t 

Mineralogists soon discovered that mellite is partly com¬ 
bustible ; but they did not agree about its component parts. 

Lampadius:|: and AbichJ undertook its chemical analysis 
about the same time. 

But the results of their analyses differed so much from 

each other, that little confidence could be placed in either. 

Besides, it was evident from the way in which their expe¬ 

riments were conducted, that the original component parts 
of mellite had been altered by fire. Klaproth analysed it , 

in 1799, and ascertained it to be a compound of alumina 
and a peculiar acid, to which he gave the name of mel~ 

litlc.W And this analysis was soon after confirmed by Mr. 
Vauquelin.** 

1. Hitherto meliitic acid has been found only in the l-repara- 

mellite. It may be procured from that mineral by the fol- 

lowing process : reduce the mellite to powder, and boil it in 

* Brochant’s Mineralogy, ii. 75. 

X CrelFs Annals, 1797, ii. 10, 
II Beitrage, iii, 114. 

f Klaproth’s Beitrage, Iii. 115, 

§ Crell’s Annals, 1797, p. 16. 
** Ann. de Chim. xxxvi. 203. 
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Book II. about 72 times its weight of water. The acid combines with 
• • • w CD 

Ajmswn . water, and the alumina separates in flakes. By Alter¬ 

ing the solution, and evaporating sufficiently, the mellitic 

acid is obtained in the state of crystals. 
Properties. 2. These crystals are either very fine needles, sometimes 

collected into globules, or small short prisms. They have 

a brownish colour, and a taste at first sweetish-sour, and 

afterwards bitterish. 

3. This acid is not very soluble in water; but the precise 

degree of solubility has not been ascertained. 
4. When exposed to heat, it is readily decomposed, ex¬ 

haling an abundant smoke, which however is destitute of 
smell. A small quantity of insipid ashes remain behind, 

which do not alter the colour of litmus paper. 
5. All attempts to convert it into oxalic acid by the action 

of nitric acid have failed. The nitric acid merely caused it 
to assume a straw-yellow colour. 

6. The effect of the simple bodies on this acid has not 
been tried. 

7. It combines with alkalies, earths, and metallic oxides, 
and forms with them salts which are distinguished by the 
name of mellates. The properties of these compounds will 
be considered afterwards. 

8. From the analysis of Mr. Klaproth, we learn that the 
mellite is composed of , 

46 mellitic acid 

16 alumina 
38 water 

100 

Now when mellite is distilled in a retort, the acid is com¬ 

pletely decomposed, and its elements combine together in 

a different way. By this method Mr. Klaproth obtained 
from 100 gi’ains of mellite 

54 cubic inches of carbonic acid gas 

* 13.hydrogen gas 
38 grains of acidulous and aromatic water 

1 .aromatic oil 

9.charcoal 

16.alumina 

From this analysis it is obvious, that mellitic acid is com-^ 
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posed of carbon, hydrogen, and oxygen, like most of the Subdivis. I. 

combustible acids. Chap^liL 

Though these data are not sufficiently precise to enable Composi- 

us to determine the constituents of this acid with precision, 

they will furnish at least an approximation. If we suppose 

Klaproth^s analysis of mellite to be correct, it follows from 

it that the equivalent number for mellitic acid is 6*109. 
For 16 : 46 :: 2*125 : 6*102. Let us suppose 6*125 to re¬ 

present the weight of an atom of mellitic acid. This may 

be made up of the following atoms: 

1 atom hydrogen = 0*125 

4 atoms carbon = 3*000 

3 atoms oxygen = 3*000 

According to this supposition 100 parts of it would con«> 
sist of 

Hydrogen ,.,, 2*04 

Carbon 48*98 
Oxygen ...... 48*98 

100*00 

Now (neglecting the 38 grains of acidulous water) 

Klaproth’s analysis gives us the constituents as follows: 

Hydrogen.... 0*35 
Carbon.47*11 
Oxygen.52*54 

100*00 

If we consider the imperfection of the data, we must 

admit that this affords as near a coincidence with the pre¬ 

ceding numbers as could be expected. 

SECT. XL 

OF TARTARIC ACID. 

Tartar, or cream of tartar, as it is commonly called, Hlstorjo 

i when pure, has occupied the attention of chemists for se- 

» veral centuries. Duhamel and Grosse, and after them 
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Book n. Margraff and llouelle the younger, proved that it was 
Division I. composed of an acid united to potash; but Scheele was the 

first who obtained this acid in a separate state. He com¬ 
municated his process for obtaining it to Retzius, who pub¬ 
lished it in the Stockholm Transactions for 1770. It con¬ 
sisted in boiling tartar with chalk, and in decomposing the 

tartrate of lime thus formed by means of sulphuric acid. 
Prepara- 1. The process employed at present for obtaining tartaric 

acid, which is the same with that of Scheele, is the fol¬ 

lowing : dissolve tartar in boiling water, and add to the 

solution powdered chalk till all elfervescence ceases, and the 
liquid does not redden vegetable blues. Let the liquid cool, 

and then pass it through a filter. A quantity of tartrate of 
lime (which is an insoluble white powder) remains upon the 

filter. Put this tartrate, previously well washed, into a 
glass cucurbite, and pour on it a quantity of sulphuric acid 

equal to the weight of the chalk employed, which must be 
diluted with water. Allow it to digest for 12 hours, stir¬ 

ring it occasionally. The sulphuric acid displaces the tar¬ 

taric: sulphate of lime remains at the bottom, while the 

tartaric acid is dissolved in the liquid part. Decant off 

this last, and try whether it contains any sulphuric acid. 

This is done by dropping in a little acetate of lead; a pre¬ 

cipitate appears, which is insoluble in acetic acid if sul¬ 
phuric acid be present, but soluble if it be absent. If sul¬ 

phuric acid be present, the liquid must be digested again on 
some more tartrate of lime; if not, it is to be slowly eva- 

parated, and about one third part of the weight of the 

tartar employed is obtained of crystallized tartaric acid. 
Lime maybe substituted for chalk in'this process. In 

that case the decomposition of the tartar is complete; 

whereas by Scheele’s method, the excess of acid only com¬ 

bines with the chalk; but when lime is used, the whole 
tartrate of lime by no means separates. A considerable 
portion is retained in solution by the potash of the tartar 

now disengaged. If the liquid be evaporated, this portion 

appears under the form of a transparent jelly. By expo¬ 

sure to the air the potash attracts carbonic acid, which 

unites to the lime, while the tartaric acid combines again 

with the potash. To obtain the potash in a state of toler¬ 

able purity, the best method, according to Vauquelin, to 

whom we are indebted for these observations, is to evapo- 
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i’ate to dryness, and heat the residue to redness. By lix- Subdivis. L 

ivating the mass, the potash will be obtained in a state of 
considerable purity.* ** 

2. The form of the crystals of tartaric acid is so irregu- Proper^es; 

lar, that every chemist who has treated of this subject has 
given a different description of them* According tO Berg¬ 
man, they generally consist of divaricating lamellse;f ac¬ 
cording to Von Packen, they assume oftenest the form of 
long-pointed prisms; f Spielman and Corvmus § obtainred 
them in groups, some of them lance-shaped, others needle- 
formed, others pyramidal, Morveau obtained them needle- 
form, j) Their specific gravity is 1*5962.*^ 

As they are sold by apothecaries in this coiintry, they 
are in groups, and appear to be very irregular four-sided 
prisms. By my experiments they are composed of 84*5 
real acid and 15*^ of water. 

• J , ; 

3. Crystallized tartaric acid is white, and very firm, and 
is but imperfectly transparent. It may be exposed to the 
air for any length of time without undergoing any change. 
When heated a few degrees above 212° it melts and re¬ 
mains limpid and transparent like water. At 250° it boils 
without losing its transparency or becoming coloured. If 
the boiling be continued for a short time only it does not 
lose above 4 per cent, of its weight. On cooling it con¬ 
cretes again into a hard semitransparent mass, very much 
resembling a quantity of white sugar that has been melted 
at the same temperature. By this process the nature of the 
acid is changed. It now deliquesces when exposed to the 
air. 

Tartaric acid, in its ordinary crystallized state, is a 
hydrate composed, according to the experiments of Ber¬ 
zelius, ff of 

Real acid .. 100 
Water .... 12*7 

Ilence it seems to be a compound of 1 atom acid + 1 
atom water. On that supposition its real composition 
ought to be 

* Ann, de Chim. xlvii. 147. f Bergman, ill. S68. 
7 De Sale Essent. Acidi TartarL § Analecta de Tartare-, 
[| Encyc. Method. Chim. i, 323. 
** Hassenfratz, Ann. de Chim. xxxviii. 11, 
ff Ann. de Chim. Ixxxi. 295, 

YOL. II, M 
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Book IL 
Division I. 

Action of 
simple bo¬ 
dies. 

Composi 
tion. 

Ileal acid .. 100 
Water.... 13*43 

When tartaric acid combined with a base, as with lime, 
is distilled in a sufficiently strong heat, it is completely de¬ 
composed. The products into which it is converted, are 
water^ carbonic acidj heavy inflammable air, oil, and charcoal^ 

The quantity of carbonic acid which it yields is less than 

what is furnished by an equal weight of oxalic acid; but 
it differs from oxalic acid, in yielding a portion of brown- 

coloured thick oil, which has an empyreumatic smell, and 

dissolves in alcohol. 
4. Tartaric acid dissolves readily in water. Bergman 

obtained a solution, the specific gravity of which was 
1*230.* Morveau observed, however, that crystals formed' 

spontaneously in a solution, the specific gravity of which 

w^as 1*084. It is not liable to spontaneous decomposition 

when dissolved in water, unless the solution be considerably 

diluted. 

5. Neither its action on simple supporters nor combusti¬ 
bles has been examined; but it is probable that it is not 

capable of producing any sensible change on them. It 
oxidizes iron and zinc, and even mercury; but it does not 

act upon antimony, bismuth, tin, lead, copper, silver, gold,, 

nor platinum. Its action on the other; metallic bodies has 

scarcely been examined. 
6. It combines with alkalies,^ earths, and metallic oxides, 

and forms salts known by the name of tartrates. Though 

it forms with the alkaline earths salts which are scarcely 
soluble in water, yet it has not the pi'operty of precipitating 

any of them from their solutions. In this respect it differs 

very greatly from oxalic acid, which precipitates them all 

except magnesia. 

7. This acid has been lately analysed by Gay-Lussac and 

Thenard,t and Berzelius.! The following table exhibits 
the results which they obtained : 

Hydrogen. Carbon. Oxygen. 

Gay-Lussac .. 6*629 -f 24 050 4- 69*321 

Berzelius .... 3*951 4- 36*167 + 59*882 

* Bergman, i. 250. t Recherches Physico-chimique, ii. 304- 
X Annals of Philosophy, v. 96, 

) 
I 
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Berzelius has shown that the tartaric acid of Gay-Liissac Subdivis. 

and Thenard contained, in fact, 34*54 per cent, of water, 

and that their analysis, when this quantity is subtracted, 

agrees very nearly with his. It follows, from the numbers 

of Berzelius, that the constitution of tartaric acid is aS 
follows: 

3 atoms hydrogen = 0*375 

4 atoms carbon = 3*000 
5 atoms oxygen = 5*000 

8*375 

An integrant particle of it, according to this constitution^ 

Will weigh 8*375. Now this corresponds very well with 

the weight of an atom of tartaric acid, as deduced from the 

composition of tartrate of lead. This salt, according to 
the analysis of Berzelius, is composed of 

Tartaric acid .... 100 ...... 8*383 

Oxide of lead.... 167.14 

The number 8*383, derived from this salt, agrees Very 
nearly with the number 8*375, deduced from the analysis of 

tartaric acid. 

Tartaric acid, in a state of purity, has scarcely been put 

to any use; but some of the compounds into which it enters 

are much employed in medicine. This acid has the pro¬ 
perty of combining in two different proportions with a great 

number of bases. With potash, for instance, in one pro¬ 

portion, it forms a salt pretty soluble in water, called 

trate of potash ; but when added in a greater proportion, it 

forms tartar^ a salt very imperfectly soluble in water. By 

this property, the presence of tartaric acid in any acid 
solution may easily be detected. All that is necessary is to 
drop in slowly a little solution of potash: if tartaric acid 

be present, tartar immediately precipitates in the form of 

a white gritty powder* 

SECT. XIL 

OF CITRIC ACID* 

Chemists have always considered the juice of oranges History, 

and lemons as an acid. This juice contains a quantity^ of 
M 2 
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Book II. mucilage and water, which renders the acid impure, and 
Division I. spontaneous decomposition. Mr. Georgi took 

the following method to separate the mucilage. He filled a 

bottle entirely with lemon-juice, corked it, and placed it in 

a cellar: in four years the liquid was become as limpid as 
water, a quantity of mucilage had fallen to the bottom in 

the form of flakes, and a thick 6rust had formed under the 
cork. He exposed this acid to a cold of 23°,' which froze a 

great part of the water, and left behind a strong and pretty 
pure acid.* It was Scheele, however, that first pointed out 

a method of obtaining this acid perfectly pure, and who 
demonstrated that it possesses peculiar properties. 

Prepara- 1. His process, which is still followed, is this: Saturate 

lemon juice, while boiling, with powdered chalk. A white 

powder falls to the bottom, which is lime combined with 
citric acid. Separate this powder, and wash it with warm 

water till the w'ater passes off colourless. Then pour upon 

it as much sulphuric acid as will saturate the chalk employed, 

having previously diluted it with six times its weight of 
water. Boil the mixture for some minutes, and pass it 

through a filter to separate the sulphate of lime. The 
liquid is then to be evaporated to the consistence of a syrup, 

and set aside to cool. A number of crystals form in it: 
these are citric acid f 

Mr. Scheele advises the use of an excess of sulphuric acid 

in order to ensure the separation of all the lime ; but ac¬ 

cording to Dize, this excess is necessary for another pur¬ 

pose. J A quantity of mucilage, he thinks, still adheres to 

the citric acid in its combination with lime, and sulphuric 
acid is necessary to decompose this mucilage. 

Proust, who has published a memoir on the preparation 

of citric acid in the Journal de Physique for 1801,§ has 

shown that wdien too much sulphuric acid is employed, it 
acts upon the citric acid, chars it, and prevents it from 

crystallizing. This error is remedied by adding a little 
chalk. Tins chemist has ascertained, that four parts, of 
chalk require for saturation 94 parts of lemon juice. The 

citrate of lime obtained amounts to 7~ parts. To decompose 

*■ Kongl. Vetenskaps Acadeniiens Hancillngar for 1774, p. 245. 

f Scheele, ii. 203. I Nicholson’s Journal, il. 43. 
§ Jour, de Phys. lii. 366. 

i 
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tills, 20 parts of sulphuric acid, of the specific gravity 1*15, Subdivis. i. 

are necessary. v ^ 
2. The crystals of citric acid are rhomboidal prisms, the Properties. ‘ 

sides of which are inclined to each other at angles of about 
120 and 60 degrees, terminated at each end by four trape¬ 

zoidal faces, which include the solid angles.* They are not 

altered by exposure to the air. Their taste is exceedingly 
acid, and even excites pain ; but when the acid is properly 

diluted with water, the acidity is pleasant. These crystals 
contain combined water; and, therefore, are in the state of 

a hydrate. According to the a^ialysis of Berzelius,f they 

are composed of 

Real acid.... 100 

Water. 26*58 

This approaches 1 atom acid + *2 atoms water. Had 

the water amounted to 30*5, instead of 26*58, it would have 
been exactly 2 atoms. 

3. When this acid is exposed to a heat sufficiently strong to 

melt it, and kept in that temperature till it falls down into 
a white powder, it loses about 7 per cent, or very nearly ^ 

of its water. When exposed to the open fire, it first melts, 

j then swells up and exhales an acrid vapour, and leaves 

behind it a small quantity of charcoal. When distilled in 
close vessels, it partly evaporates without decomposition, 
and is partly converted into acetic acid, carbonic acid, and 

carbureted hydrogen gas, which pass over, and charcoal 

I which remains in the retort. 
4*. Citric acid is exceedingly soluble in water. Accord¬ 

ing to V.auquelin, 100 parts of it require only 75 parts of 

water. Boiling water dissolves twice its. weight of it. J lliis 
solution may be kept a long time in close vessels; however 

it at last putrifies,. and is decomposed. 

5. Neither oxygen gas nor the simple combustibles or in¬ 
combustibles produce any effect upon it. It is capable of 

‘ oxidizing iron, zinc, tin. It does not act upon gold, silver, 
j I platinum, mercury, bismuth, antimony, arsenic. 

6. It combines with alkalies, earths, and metallic oxides, 
1 and forms salts known by the name of citrates. 

* Diz6, Nlcholson^s Journal, li. 33. 

f Ann. de Chim. Ixxxii. 29T, t Bi*^. 
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Book II. 
Division I. 

Action of 
^cid^. 

7. The action of none of the acids on it has been ex-* 

amined, if we except that of the sulphuric and nitric. Sul¬ 

phuric acid, when concentrated, converts it into acetic 
acid.^ Scheele said that he could not convert it into oxalic 

acid by means of nitric acid, as he had done several other 

acids : but Westrumb affirms, that this conversion may be 

affected; and thinks that Scheele had probably failed from 

having used too large a quantity of nitric acid, by which he 

had proceeded beyond the conversion into oxalic acid, and 

had changed the citric acid into vinegar: and in support of 

his opinion, he quotes his own experiments; from which it 

appeared that, by treating .60 grains of citric acid with dif¬ 
ferent quantities of nitric acid, his products were very dif¬ 

ferent. Thus with 200 grains of nitric acid he got 30 grains 
of oxalic acid; with 300 grains of nitric acid he obtained 

only 15 grains of the oxalic acid; and with 600 grains of 
nitric acid no yestige appeared of the oxalic acid. On 
distilling the products of these experiments, especially of 

the last, he obtained vinegar mixed wffh nitric acid. The 

experiments of Westrumb have been confirmed by Fourcroy 

and Vauquelin; who, by treating citric acid with a great 

quantity of nitric acid, converted it into oxalic and acetic 

acids, The proportion of the first was much smaller than 
that of the sepond. 

Citric acid has been analysed with much precision by 

Gay-Lussac and Thenardjf and Berzelius.f The following 
table exhibits the results which they obtained: 

Hydrogen. • Carbon. Oxygei^ 

Gay-Lussac ., 6*330 -f 33*811 + 59*359 

Berzelius..... 3*800 -f 41*369 -f- 54*831 

If we take Berzelius’ numbers as affording the nearest 

approximation to accuracy, we may consider the constitur 
tion of citric acid as the following: 

3 Atoms hydrogen = 0*375 § 

4 Atoms carbon .. = 3*000 

4 Atoms oxygen .. = 4*000 

7*375 

* Fourcroy, vii. 206. f Recherches Physico-chlmiques, li. SOr. 
I Annals of Philosophy, V. 93. 

§ The analysis of Berzelius only indicates two atoms. But I have pier 
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According to this constitution the weight of an integrant Subdivis. i. 

particle of citric acid is 7*375. This corresponds very well 

with the equivalent number for citric acid derived from the 

composition of citrate of lead. This salt, according to the 

analysis of Berzelius, is composed of 

Citric acid. 100 ...... 7*368 
Oxide of lead .. 190.14* 

The difference between 7*375 and 7*368 is verv small. 

SECT. XIII. 

OF RHEUMIC ACID. 

Though the characters and peculiar nature of this acid 

are but imperfectly established, I think it worth while to 
notice it in this place, in order to induce chemists to subject 
it to an accurate examination. 

An account of it was first published, in 1816, by Mr. History. 

Henderson.* He obtained it from the juice of the stems 

of the common rhubarb of our gardens [rheiim i'hapontimm). 

From his experiments it appears that about |^ths of the 

weight of this stem is juice. The expressed juice, which is 

transparent and colourless, was saturated with chalk, and 

the undissolved sediment well washed with cold water. It 

was then decomposed by sulphuric acid, filtered, and the 
liquid concentrated by evaporation. The rheimnc add was 

deposited in snow-white crystals. To free it from the sul¬ 

phate of lime, with which it was mixed, it was re-dissolved 

in water and crystallized a second time. 

Rheumic acid, thus obtained, is in needleform crystals Properties, 

ef a snow-white colour. Its taste is acid. It dissolves in 

twice its weight of water, and is slightly deliquescent when 

exposed to the air. It forms crystallizable and soluble salts 

with potash and soda. It precipitates lead and lime from 

their solutions in the state of a while powder. It dissolves 

ferred three, partly on account of the greater proportion of hydrogen 

obtained by Gay-Lussac and Thenard, and partly because it makes the 
weight agree better with the equivalent number for the acid derived from 

the composition of citrate of lead. 
^ Annals of Philosophy, viii. 247. 
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Book II. 
Division I. 

Discpveiy. 

X 

mercury with facility even when presented in the metallic 

state. It likewise dissolves iron with effervescence, and 
forms a salt which crvstallizes. It combines also with oxide 

4. 

of zinc, oxide of copper, and arsenious acid, with which last 

it forms cubic crystals. 

The most singular property of this acid, a property which 
distinguishes it from all the other vegetable acids at present 

known, is that of acting with facility upon mercury in the 

metallic §tate, and dissolving it with effervescence. If this 
property be made out it will completely establish the 
peculiar nature of the acid. If we were to reason from 

analogy we should reject this property as incompatible with 

the nature of vegetable acids. It would require, therefore, 

to be very well made out before it could be admitted. The 
crystalline form of this acid, taken along with its solubility 

in water, differs likewise from that of all the other vegetable 
acids. But INIr. Henderson’s description of the salts which 

it forms is too incomplete to enable us to compare them with 
the salts formed by the other vegetable acids, and to ascer¬ 

tain in what points thc^ differ from them. I entertain 

doubts about the possibility of the existence of spme of the 
properties which he assigns them. 

Before, therefore, the existence of the rheumic apid can 

be considered as established, its properties must be examined 

with more accuracy, and more in detail than has hitherto 
been done. 

r.- 

SECT. XIV. 

OF KINIC ACID. 

Mr. Deschamps, junior, an apothecary in Ilyoiis, some 

time ago published a method of extracting from yellow 

Peruvian bark a }>eculiar salt, to which the physicians of 
Lyons ascribed the febrifuge properties of that bark. His 

process, was very simple; the bark was macerated in cold 

water, and the, infusion concentrated by evaporation. If 
was then set aside for some time in an open vessel. The 

crystals of the salt gradually formed and separated, and 

they were purified by repeated crystallizations. From 

100 parts of the bark about 7 parts of these crystals were 

obtained.* 
^ Ann. de Chim. xlviii. 162;. 
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This salt lias been lately examined by Mr. Vauquelin, Subdivis.I, 

who has proved that it is composed of lime united to a f 

peculiar acid hitherto unknown. To this acid he has given 

the name kiiiic, borrowed from the term applied 

by the French writers to the bark from which the salt was 
extracted. 

Deschamp’s salt then is kinate of lime. It possesses the Kinate of 

following properties. 

Its colour is white, it crystallizes in square or rhomboidal 

plates ; it has no taste, and is flexible under the teeth. It 

dissolves in about five times its weight of water at the tem¬ 

perature of 55®. It is insoluble in alcohol. 
When placed on burning coals it swells, gives out a smell 

like tartar, and leaves a mixture of carbonate of lime and 
charcoal. The fixed alkalies and their carbonates precipi¬ 
tate lime from the solution of this salt, but ammonia pro¬ 
duces no effect. Sulphuric and oxalic acid precipitate lime 
likewise, but no precipitate is produced by acetate of lead or 
nitrate of silver. The infusion of tannin occasions a flaky 

yellow precipitate. 

Mr. Vauquelin separated the lime from the kinic acid by Separatimt 

means of oxalic acid. The oxalate of lime obtained from acid. 
100 grains of the salt weighed 27 grains. Hence he con¬ 

cluded that the salt was a compound of 85 parts acid and 

15 lime. But the lime in 27 grains of oxalate of lime very 
little exceeds 10 grains. Hence the salt ought to be com¬ 
posed of 90 parts acid and 10 of lime. 

The kinic acid, thus freed from lime, was concentrated by Properties, 

evaporation to the consistency of a syrup, and then set aside 
for a week. No crystals formed in it spontaneously; but 

upon being touched with a glass rod it wholly crystallized 

at once in divergent plates. 
Its colour was slightly brown (doubtless from some im¬ 

purity ;) its taste was extremely acid and somewhat bitter, 
probably because it was not quite free from the other con¬ 
stituents of the bark. It was not altered by being left 

exposed to the air. 
On burning coals it melted, frothed, blackened, and 

exhaled in acrid vapours, leaving only a little charcoal 
behind. 

It combines with the different bases, and forms a set of 

salts called kinates. The alkaline and earthy kinates are 
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Book 11. soluble and crystallizable. This acid does not precipitate 
Division i.^ nitrates of silver, mercury, nor lead.* 

This detail, though imperfect, is sufficient to distinguish 
the kinic from every other acid. Its decomposition by heat 

shows that it belongs to the class of combustible acids. Its 
crystallizing, its great solubility in water, and its forming 

a soluble salt with lime, and not precipitating silver nor 
lead, sufficiently distinguish it from all the other combus¬ 

tible acids with which it miu'ht be confounded. 

SECT. XV. 

vSACLACTIC ACID. 

fetor}'. Tins acid was discovered by Scheele in 1780. After 

having obtained oxalic acid from sugar, he wished to exa¬ 

mine whether the sugar of milk would furnish the same 

product. Upon four ounces of pure sugar of milk, finely 

powdered, he poured 12 ounces of diluted nitric acid, and 

put the mixture in a large glass retort, which he placed in 
a sand-bath. A violent efiervescence ensuing, he was ob¬ 
liged to remove the retort from the sand-bath till the com¬ 

motion ceased. He then continued the distillation till the 
mixture became yellow. As no crystals appeared in the 
liquor remaining in the retort after standing two days, he 

repeated the distillation as before, with the addition of eight 

ounces of nitric acid, and continued the operation till the 
yellow colour, which had disappeared on the addition of 

the nitric acid, returned. The liquor in the retort contain¬ 

ed a w’hite powder, and wlien cold was observed to be thick. 

Eight ounces of w'ater were added to dilute this liquor, 

which w'as then filtrated, by wffiicli the white powder was 

separated ; which being edulcorated and dried, weighed 7-^ 
dr. The filtrated solution w^as evaporated to the consist¬ 

ence of a syrup, and again subjected to distillation, with 
four ounces of nitric acid as before; after which, the liquor, 

when cold, was observed to contain many small, oblongv 
sour crystals, together with some white pow'der. I'his 

^ Ann. de Chira. Ux. 162. 

6 
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powder being separated, the liquor was again distilled with Subdivisj i. 

more nitric acid as before; by which means the liquor was j 

rendered capable of yielding crystals again; and by one 

distillation more, with more nitric acid, the whole of the 

liquor was converted into crystals. These crystals, added 

together, weighed five drams ; and were found, upon trial, 

to have the properties of the oxalic acid, 

Mr. Scheele next examined the properties of the white 

powder, and found it to be an acid of a peculiar nature; he 

therefore called it the acid of the suga)' of milk,^ It was 

afterwards called saclactic acid by the French chemists. 

1 Fourcroy changed that name into that of mucous acid^ 

because it is obtained by treating gum arabic, and other 
mucilaginous substances, with nitric acid. But this name 

being improper we shall retain the old one. 

1. Saclactic acid may be obtained by the following pro- Prepara- 

cess : upon one part of gum arabic, or other similar gum, 
previously put into a retort, pour two parts of nitric acid. 

Apply a slight heat for a short time, till a little nitrous gas 
and carbonic acid gas comes over; then allow the mixture 

: to cool. A white powTlcr gradually precipitates, which may 
: be easily separated by filtration, lliis powder is saclactic 

i acid.t It is not however pure, being mixed with a consi- 

^ derable portion of oxalate of lime, and with about 6 per 

: cent, of a substance which is probably a compound of gum 

I and lime. The oxalate of lime ma}’ be separated by di- 
1 gesting the white powder repeatedly in diluted nitric acid. 

1 The gummate of lime is separated by dissolving the residual 
i saclactic acid in boiling water, the gummate being insoluble 

! in that liquid. The water on cooling deposites saclactic 

I acid in a state of purity.f If sugar of milk be employed 

. instead of gum, the saclactic acid is obtained at once in a 
I state of purity. 

2. Saclactic acid, thus obtained, is under the form of a Properties. 

! white gritty powder, with a slightly acid taste. 

Heat decomposes it. When distilled, there comes over 

an acid liquor which crystallizes in needles on cooling, a 

!i ^•ed coloured acrid oil, carbonic acid gas, and carbureted 

i I ^hydrogen gas. There remains in the retort a large pro-* 

* Scheele, ii, 69. f Fourcroy, vii. 14C. 

I Laugier^ Ann, de Chim. Ixxii. 81. 
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Book 11. portion of charcoal. According to Tromsdorf, an acid in 
^tvi^on crystals is also obtained which possesses the properties of 

succinic acid.* 

Saclactic acid, according to Scheele, is soluble in 60 parts 
of its weight of boiling water; bat Messrs. Hermbstadt f 

and Morveau f found, that boiling \vater only dissolved 

-^th part: it deposited about ^th part on cooling in the 
form of crystals. § 

The solution has an acid taste, and reddens the infusion 

of turnsol.II Its specific gravity, at the temperature of 

53*7% is 1-0015.** 
The compounds which it forms with earths, alkalies, and 

metallic oxides, are denominated sadactates. These salts 
are but very imperfectly known, few chemists having exa¬ 

mined them except Scheele. The facts which he ascer¬ 

tained are the following: 
With potash it forms a salt soluble in eight parts of boil¬ 

ing water, which crystallizes on cooling. The saclactate of 
soda also crytallizes, and is soluble in five parts of water. 
Saclactate of ammonia loses its base by a moderate heat^ 

while the acid remains behind. The compounds which it 

forms with the earths are nearly insoluble in water. It 

scarcely acts upon any of the metals, but it combines with 
their oxides: it forms salts almost insoluble in water. 
When poured into the nitrates of silver, mercury, or lead, 

it occasions a white precipitate. It produces no change on 

the sulphates of iron, copper, zinc, manganese, nor on the 
muriates of tin and mercury.ff 

Composi- This acid has been analysed with much precision by Gay- 
tion. Lussac and Thenard, Xt by Berzelius. The following 

table exhibits the result of their experiments: 

Hydrogen. Carbon. Oxygen. 

Gay-Lussac 3*62 + 33*69 -f 62*69 = 100 

Berzelius .. 5*105 + 33*I'30 -f 61*465 = 100 

If we take the numbers of Berzelius as furnishing the 

* Ann. deCliim. Ixxi. 79. f Pliys. Cliem. 
X Encyc. Method, i. 290. § Scheele. [| Scheele. 

** Morveau, ibid*. ft Scheele, ii. 76. 
It Recherches Physico-chimiques, ii. 298. 
§§ Aimak of Philosophy, v. 179. 

I 

I 
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nearest a^roximation to the truth, they will give ns the Subdivis. h 
constitution of saclactic acid as follows : Chap. IIL 

5 atoms hydrogen ^ 0*625 
6 atoms carbon = 4*5 
8 atoms oxvijen 8* 

13*125 

The composition of saclactate of lead, as determined by the 
analysis of Berzelius, corresponds very well with this weight 

of an integrant particle of saclactic acid. According to him, 
saclactate of lead is composed as follows : 

Saclactic acid .... 100 .13*1 

Oxide of lead- 106*87. 14 

Phe equivalent number for saclactic acid given by this 
analysis, which is 13*1, almost coincides with 13*125, the 
number derived from the analysis of saclactic acid. 

SECT. X\T. 

OF URIC ACID* 

Various attempts were made by chemists to ascertain Discovery, 
the nature of the calculous concretions which occasionally 

form in the kidneys and bladder, and produce one of the 
most painful diseases to which we are liable. These at¬ 

tempts were attended with Very little success, till Scheele 
published a set of experiments on the subject in 1776. He 

examined several of these urinary calculi, and found them 

composed chiefly of a peculiar acid, the properties of which 

he described. His results were soon after confirmed bv 

Bergman, who had engaged in a similar set of experiments 
about the same time.* To the acid thus discovered, Mor- 

veau gave at first the name of bezoardic, which was aftei^ 
changed into lithic by the French chemists, "when they con¬ 

trived the new chemical nomenclature in 1787. This last 
term, in consequence chiefly of the observations and ob¬ 

jections of Dr. Pearson, was afterwards laid aside, and th6 
name uric acid substituted in its place. 

^ Scheele, i.* 199 and 210. French Trans. 
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Book II. Scheele ascertained that uric acid exists always in humait 
Division L Experiments on the urinary calculi were published 

by Mr. Higgins in 1789,* and by Dr. Austin in 1791 ; but 
little was added to our knowledge of uric acid till Dr. Wol¬ 
laston published his admirable paper on the calculous con¬ 

cretions in 1797. Dr. Pearson published a copious set of 

experiments on the same subject in 1798, in which he 

enumerates his trials on uric acid, and endeavours to prove 

that it is not entitled to the name of acid, but ought to be 
classed among animal oxides. This drew the attention of 

Fourcroy and Vauquelin to the subject: they published an 
excellent treatise on urinary calculi, in which they demon¬ 

strate that it possesses the properties of an acid, and con¬ 

firm the observations of Bers^man and Scheele. But for 

the most complete account of uric acid w^e are indebted to 

Dr. Henry, who made it the subject of his thesis published 
in 1807, and afterwards published a paper on it in the 
second volume of the new series of Manchester Memoirs. 

Prepara- 1. To obtain pure uric acid, Dr. Henry dissolved pul- 

verised calculi (previously known to be composed chiefly 

of that acid) in a ley of potash, and precipitated the uric 
acid by means of muriatic or acetic acids. The powder 
thus obtained was first washed with a little ammonia, to 

remove any adhering foreign acid, and then edulcorated 
with a sufficient quantity of warm water. 

•Properties. 2. Uric acid thus obtained is a white powder, which 

feels harsh but not gritty, and is destitute both of taste and 

smell. It reddens the infusion of litmus. It dissolves in 

1720 parts of water at the temperature of 60^, and in 1150 
parts of boiling water. As this last solution cools, it depo- 

sites minute crystals of uric acid. The watery solution red¬ 

dens litmus, but produces no precipitate when dropped into 
earthy or metallic salts.f 

3. It is rapidly dissolved by fixed alkaline solutions, but 

less readily by ammonia. The alkaline carbonates have no 
effect on it whatever.t 

4<. It decomposes the alkaline hydrosulphurets, and pre¬ 
cipitates their sulphur. It likewise decomposes soap, pro¬ 
vided a sufficient quantity of it be employed. § 

* Comparative view of the phloojistic and antiphlogistic theories, 

p. 283. t Henry, I. Scheele, fourcroy, and lienry. § Henry. 
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5. It dissolves in nitric acid; and v^hen the solution is Stibdivis. I- 

cvaporated nearly to dryness, it assumes a fine pink colour, 

which becomes much deeper when water is added, so as to 

have a near resemblance to carmine. In this state it stains 
wood, the skin, &c. of a beautiful red colour. The watery 

solution of this matter loses its red colour in a few hours, 
and it cannot afterwm'ds be restored.* 

When the solution of uric acid in nitric acid is boiled, a 
I quantity of azotic gas, carbonic acid gas, and of prussic 

acid, is disengaged.f Dr. Pearson, by repeated distilla- 

I tions, converted the residue into nitrate of ammonia. 

When oxymuriatic acid gas is made to pass into water con- 

j taining this acid suspended in it, the acid assumes a gela- 

I tinous appearance, then dissolves; carbonic acid gas is 

! emitted, and the solution yields by evaporation muriate of 
i ammonia, superoxalate of ammonia, muriatic acid, and 

s malic acid f 
6. It combines with the different bases, and forms a genus 

I of salts called uratesfor the examination of which we are 

I chiefly indebted to Dr. Henry. 
I 7. When uric acid is distilled, about a fourth of the acid 

I passes over altered in its properties, and is found in the 

'i receiver crystallized in plates; a few drops of thick oil 

;i make their appearance; Ath of the acid of concrete car- 

I) bonate of ammonia, some prussiate'of ammonia, some water, 
i and carbonic acid pass over; and there remains in the 
5 retort charcoal, amounting to about A^h of the weight of ithe acid distilled.§ According- to Dr. Henry, the decom- ^ 

position goes on in the following manner: 1. A drop or 

two of water holding carbonate of ammonia in solution 

passes into the receiver; 2. Dry carbonate of ammonia; 

I 3. The acid sublimate; 4. The coal in the retort amounts 
j to about -^ th of the calculus distilled. 

The nature of the acid sublimate has been particularly Sublimate 

1 examined by Dr. William Plenry. Scheele had considered 
! it as analogous to succinic acid, and Dr. Pearson as ap- 

'' prbaching to benzoic acid in its properties. According to 
1 Dr. Henry, it is a salt composed of a peculiar acid com- 

* Sheele, Bergman, Pearson, and Henry, 
t Fourcroy, Ann. de Chim. xxvii, 267. 
I Brugnatelli, Ann. de Chim. xxvii. 267. Fourcroy, x, 222- 
§ Fourcroy, Ann, de Chim. xvi. 116. 
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Book II. bined with airifmoilia. The following he found to be its 
Division I. 

^ j properties. 
Its colour is yellowj and it has a cooling bitter taste. It 

dissolves readily in water, and in alkaline solutions, from 

which it is not precipitated by acids. It dissolves also 

sparingly in alcohol* It is volatile; and when sublimed a 

second time, becomes much whiter* The watery solution 

reddens vegetable blues; but a Very small addition of am¬ 
monia destroys this property. It does not produce an ef- 

jfervescence with alkaline carbonates. By evaporation it 

yields permanent crystals, but ill defined, from a portion of 

animal matter adhering. They redden vegetable blues. 
Potash, when added to these cr3^stals, disengages ammonia; 

When dissolved in nitric acid they do not leave a red stain, 
as happens with uric acid ; nor does their Solution in water 

decompose the earthy salts, as happens with the alkaline 
urates: neither has it any action on the salts of copper, 

iron, gold, platinum, tin, or mercury. With nitrates of 
silver and mercury, and acetate of lead, it forms a white 

precipitate soluble in an excess of nitric acid* Muriatic 

acid occasions no precipitate in the solution of these crys¬ 

tals in water. These properties show us, that the acid of 

the sublimate is different from the uric, and from every 
other known acid* Dr. Austin found, that by repeated 

distillations it was resolved into ammonia, azote, and prus¬ 

sic acid. Hence its constituents are, doubtless, the same as 
those of uric acid, varying only in proportion, 

domposi- From the experiments of Gay-Lussac, it appears that 
non. contains 2 atoms of carbon and 1 atom of azote.* 

If we suppose these combined v/ith 1 atom oxygen, the 

constitution of uric acid would be as follow’s : 

1 atom azote == 1*75 
2 atoms carbon = 1*50 

1 atom oxygen = 1*00 

4*25 

According to this constitution an integrant particle of it 

Would weigh 4*25. 

* Ann. de Cbim. xevi. 5S. 
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SECT. XVIL 

OF LACCIC ACID. 

Subdivia. L 
Chap, III. 

This is an acid lately obtained by Dr. John from stick 

iac.* His process was the following. Stick lac was re- 

duced to powder, and digested in water as long as it com¬ 
municated any colour. The aqueous solution was evapo- Prepara¬ 

rated to dryness, and the residue digested in alcohol. The 

alcoholic solution Avas likewise evaporated to dryness, and 

the dry residue digested in ether. The ether solution being 

also evaporated left a syrupy mass of a light yellow colour, 
which being again dissolved in alcohol, and the solution 

mixed with water, lets fall a little resin. The liquid now 

contains the laccic acid, united with a Mttle potash and lime 

from which it may be separated by precipitating it with 

lead, and decomposing the laccate by means of a quantity of 

sulphuric acid, just sufficient to saturate the oxide of lead. 
Thus obtained, it possesses the following properties. 

1. It is capable of crystallizing. Its colour is wine yel- Properties, 

low. Its taste is acid. It is soluble in water, alcohol, and 
i ether. 

2. It throws down lead and mercury from their solu¬ 

tions in acids white. But it does not precipate lime water, 

I nor the nitrates of silver and barytes. 

3. Whether pure, or combined with a base, it throws 
1 down the salts of iron white. 

4. Its compounds Avith lime, soda, and potash, are deli- 
r quescent and soluble in alcohol.f 

SECT. XVIIE 

OF MALIC ACID. 

This acid,* which was discovered by Scheele in 1785, has Prepara- 

I received the name of malic acid, because it may be obtained 

in abundance from the juice of apples, in which it exists 

; ready formed. Scheele has given us the following process 

* Lac is a substance formed by insects in India. It will be described 

■ hereafter when treating of resins. t SchAVeigger’s Journal, xv. 110, 
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Book II. for extracting it: saturate the juice of apples with potash^ 
Division L solution acetate of lead till no more precis 

pitation ensues. Wash the precipitate carefully with a 
sufficient quantity of water; then pour upon it diluted sul¬ 

phuric acid till the mixture has a perfectly acid taste, 

without any of that sweetness which is perceptible as 
long as any lead remains dissolved in it; then separate 

the sulphate of lead, which has precipitated, by filtration, 

and there remains behind pure malic acid.* * * § 

Vauquelin ascertained that it may be extracted, with 

greater advantage, from the juice of the sempervivum tec- 

torim, or common house-leek, where it exists abundantly 

combined with lime. The process which he found to an¬ 
swer best is the following: to the juice of the house-leek 

add acetate of lead as long as any precipitate takes place. 

Wash the precipitate, and decompose it by means of di¬ 
luted sulphuric acid in the manner directed by Scheele.f 

Malic acid may be formed also by the action of nitric 
acid on sugar. If nitric acid be distilled with an equal 

quantity of sugar, till the mixture assumes a brown colour 

(which is a sign that all the nitric acid has been extracted 

from it), this substance will be founxl of an acid taste; and 

after all the oxalic acid which may have been formed is se¬ 
parated by lime-water, there remains another acid, which 
may be obtained by the following process : saturate it with 
lime, and filter the solution; then pour upon it a quantity 
of alcohol, and a coagulation takes place. This coagulum 

is the acid combined with lime. Separate it by filtration, 

aud edulcorate it with fresh alcohol; then dissolve it in dis¬ 
tilled w’ater, and pour in acetate of lead till no more pre¬ 

cipitation ensues. The precipitate is the acid combined 

with lead, from which it may be separated by diluted sul¬ 
phuric acid.f 

Mr. Donovan has recently examined the different pro¬ 
cesses for procuring this acid, and he finds that of Vauque¬ 

lin the only one that can be depended on for obtaining it in 
a state of purity. § He recommends the following process 

* Swedish Trans, and Crell’s Annals for 1785. 
t Ann. de Chim. xxxiv. 127. 

t Swedish Trans, and Crelfs Annals for 1785. * 

§ Many years ago I made a set of experiments on the extraction of 

malic acid from the juice of apples, and on the formation of it by tlie / 
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lis the best. Evaporate the iuice of the sempervivum tec- Subdlvis. i. 

torum to two-thirds. Allow it to stand for some hours and ] 

then pass it through the filter. Mix it with its own bulk 

of alcohol. A coagulum falls, which is supermalate of 

lime. Wash this coagulum with alcohol, dry it in the open 
air, and dissolve it in water. Precipitate the malic acid by 

means of acetate of lead, wash the precipitate and then 
boil it for 15 minutes in a quantity of diluted sulphuric 

acid, not quite sufficient to saturate the whole of the oxide 

of lead which it contains. Then set it aside for some days; 

filter it to separate the sulphate of lead, and pass through 
it a current of sulphureted hydrogen till the whole of the 

lead still in solution is precipitated. Filter again, and boil 
the liquid in an open vessel till the sulphureted hydrogen 

is driven off. The liquid now contains only pure malic 

acid dissolved in w^ater.* 
2. Malic acid, thus obtained, is a liquid of a reddish Propertiis. 

brown colour and a very acid taste. When evaporated it 

becomes thick and viscid like a mucilage or syrup, but it 

does not crystallize. When exposed to a dry atmosphere 
in thin layers, it dries altogether, and assumes the appear¬ 

ance of varnish. 

When heated in the open fire it becomes black, swells 

up, exhales an acrid fume, and leaves behind it a very vo¬ 
luminous coal. When distilled, the products are an acid 

water, a little carbureted hydrogen gas, and a large pro¬ 
portion of carbonic acid.f 

3. It is very soluble in water. It gradually decomposes 

spontaneously, by undergoing a kind of fermentation in 
the vessels in which it is kept.:}: 

4. Sulphuric acid chars it, and nitric acid converts it 

into oxalic acid. § Hence it is evident that it is composed 

of oxygen, hydrogen, and carbon, though the proportions 
of these substances have not been ascertained. 

Malic acid combines with alkalies, earths, and metallie 

oxides, and forms salts known by the name of malates, 

action of nitric acid on sugar. I can fully authenticate the difficulties of 
both methods stated by Mr. Donovan in his paper. 

* Phil. Trans. 1815. f Fourcroy, vii. 199. 

J I once kept a quantity of it four years, without any other alteration 
in it than a deepening of the colour. It had been prepared from sugar, 

§ Scbeele and Ilermbstadt. 

N 2 
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Book TL This acid bears a strong resemblance to the citric, bot 
Division differs from it in the following particulars : 

(1.) The citric acid shoots into fine crystals, but this acid 

does not crystallize. 
(2.) The salt formed from the citric acid with lime is 

almost insoluble in boiling water; whereas the salt made 

with malic acid and the saftie basis is readily soluble by 

boiling water. 
(3.) Malic acic precipitates mercury, lead, and silver, from 

the nitrous acid, and also the solution of gold when diluted 

with water; whereas citric acid does not alter any of these 

solutions. 
(4.) Malic acid seems to have a less affinity than citric 

acid for lime; for wffien a solution of lime in the former 

acid is boiled one minute with a salt formed from volatile 

alkali and citric acid, a decomposition takes place, and the 

latter acid combines with the lime and is precipitated. 

SECT. XIX. 

OF SORBIC ACID. 

This acid w^as discovered in the year 1815, by Mr. Do¬ 
novan in the expressed juice of the berries of the mountahi 
ash, the pyriis aucMpana * of botanists. He procured this 

acid by the following process. 

i’repara- The berries are to be collected when fully ripe. They 

are to be first bruised in a mortar, and then squeezed in a 

linen bag. They yield nearly half their w^eight of juice of 

the specific gravity 1 ’O??. This juice is to be strained and 
mixed with filtered solution of acetate of lead. Separate 

the precipitate on a filter, and wash it with cold water. A 

large quantity of boiling water is then to be poured upon- 

the filter, and allowed to pass through the precipitate into 

glass jars. After some hours this liquid becomes opake, 
and deposites crystals of great lustre and beauty. The 

matter remaining on the filter has now become hard and 

brittle. But it may be made to furnish more crystals by 

* Its old name was sorbus aucuparia, hence the term sorbic given to 
the acid by Mr, Donovan. 
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the following treatment. Boil it for half an hour with Subdivis. L 

rather more diluted sulphuric acid than is sufficient to sa- 
turate the whole lead which it contains. Filter the liquid 

and treat it again with acetate of lead. The edulcorated 

precipitate, when treated as before with boiling water, yields 

an additional crop of crystals. This process may be re¬ 

peated till almost the whole acid has been obtained united 

to lead in a crystallized state. 
Collect the crystals formed, and boil them for half an 

' hour with 2*3 times their weight of sulphuric acid of the 

i specific gravity 1 ‘090, supplying water as fast as it evapo¬ 

rates, and taking care to keep the mixture constantly stirred 
with a glass rod. The clear liquor is to be poured off and 

put into a tali glass jar of small diameter. While still hot, 

a stream of sulphureted hydrogen gas is to be passed 

! through it. When the lead is all precipitated the fluid is 
I to be filtered and boiled in an open bason till the sulphu- 
i reted hydrogen is disengaged. The liquid now consists of 

j water, holding sorbic acid in solution. 

1. Sorbic acid thus procured is a transparent, colour-Properties. 

il less inodorous fluid, soluble in alcohol and in any portion 

i| of water. When evaporated it forms an uncrystallizablc! 

I solid mass which deliquesces; when subjected to distillation* 

} the liquor which passes over, shows no traces of acidity. 

I The taste of it is so sour that it occasions a pamful sensa- 

; tion on the organs of taste. It is not much altered by 
( being kept in an uncombined state. 

2. When boiled with malate of lead it decomposes that 
^ salt, and deposites sorbate of lead in crystals. 

3. It combines with oxide of lead in three proportions. 

I The suhsorhate of lead is a hard mass or a gritty powder. 

I The sorbate is a white powder; by solution in sorbic acid 

I it may be obtained in beautiful silvery crystals. The super~ 

\ sorbate has a sweet taste, and is soluble in water. 

4. With potash, soda, and ammonia, it forms crystal- 

i iizable salts, containing an excess of acid. They ara 

I soluble in water, but insoluble in alcohol. 

5. With lime and barytes it forms neutral salts which 
i are deposited in the state of powder. Carbonate of lime 

or carbonate of barytes, when agitated in sufficient quantity 
1 in sorbic acid, neutralize it completely. 

6. It is incapable of combining with alumina. 
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Book II. 7. It precipitates lead from its solutions; but the eifeets 
Divi^on L silver, mercury, and iron, have not 

been tried. ^ 

SECT. XX. 

or FORMIC ACID. 

History. This acid is first mentioned in the Philosophical Trans-^ 

actions for 1671, in a paper by Mr. Ray, giving an acr 

count of the observations of Mr. Halse, and the experi¬ 

ments of Mr. Fisher, on the acid juice which is spontane¬ 

ously given out by ants, and which they yield when dis¬ 
tilled.f Mr. Fisher compares this liquor with vinegar, but 

points out some differences between them. Scarcely any 

addition was made to these facts till Margraff published a 

dissertation on the subject in the Berlin Memoirs for 174-9, 

in which he describes the method of obtaining the formic 

acid from the formica 7ifa, or red ant, and points out its 

properties with his usual precision and method.l A new 

dissertation was published on the same subject by Messrs. 

Arvidson and Oehrn in 1782, in which the discoveries of 

Margraff were confirmed, and many new particulars added. 
Flermbstadt’s paper on the same subject appeared in CrelPs 

Annals for 1784. His researches were directed chiefiy to 
the purification of the formic acid. He demonstrated that 

tlie juice of ants contained several foreign bodies, and 
among others, that a portion ol’ malic acid might be de¬ 

tected in it. Richter published experiments on formic acid 

about the year 1793, pointing out a method of procuring it 

in a very concentrated state. J Deyeux soon after examined 

it, and found it analogous to the acetic acid. 1| This opi¬ 
nion of the French chemist was confirmed in 1802, by 

Fourcroy and Vauquelin, who published a dissertation on 
ants, and concluded from their experiments, that the foianic 

* The properties of this acid have been taken from Mr. Donovan's 

paper on it in the PhilosophicalTransactions for 1815. He is the only 
chemist who has hitherto examined it. f Phil. Trans, v. 2063. 

I Margraff's Opnsc. i. 291. § Gehlen, iv. 7. 
II Fourcroy, x. 491; Eng. Trans. I have not seen either the disser¬ 

tation of Richter or Deyeux. 
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acid is nothing else than a mixture of the acetic and malic Subdivis. I. 
acids.* The opinion maintained by these celebrated phi- 
losophers induced Suersen to examine the subject by ex¬ 

periment. This chemist, in an elaborate dissertation on 

formic acid, published in ]805,f shows that most of the 

facts pointed out by Fourcroy and Vauquelin had been al- 
I ready ascertained by preceding chemists; that the experi- 

( ments which they detail were not sufficient to warrant their 
j conclusions; that formic acid, when properly prepared, 

contains no malic acid; and that it possesses properties 
different from the acetic. Gehlen was induced to resume 

} the examination of this acid, by some observations which 

I made upon it in the last edition of this work. He pub- 

I lished an elaborate dissertation on it in 1812, in which he 

j compares the properties of formic acid with those of acetic 

j acid, and points out the peculiar characters of formic acid 
I with great clearness and precision.f 

The simplest method of procuring formic acid in a state Prepaia- 
of purity is that of Margraff as corrected by Richter. 
Suersen accordingly had recourse to it. This method is 

as follows: infuse any quantity of ants in about thrice 
their weight of water, put the mixture into a silver or tin 

coppered still, and draw off the water by distillation as 

long as it continues to come over without any burnt smell; 

for the distillation must be stopped as soon as that smell 

begins to be perceived. Saturate the water in the receiver 
with carbonate of potash, and evaporate to dryness. Mix 

the white mass thus obtained with as much sulphuric acid, 
previously diluted with its weight of water, as is sufficient 

to saturate the potash. Introduce the mixture into a retort, 

and distil slowly to dryness. The liquid which comes over 
into the receiver is to be again rectified by a very moderate 

heat, to get rid of any portion of sulphuric acid that may 
be present. 

Gehlen, to be still more certain of the purity of his for¬ 

mic acid, saturated the acid prepared by the above process 
with carbonate of copper, and by the requisite evaporation, 

separated the formiate of copper in crystals. He mixed in 

a retort 13 ounces of these crystals with 8 ounces 310 

* Phil. Mag. XV. 118. f Gdileffs Jour, ly, j, 

I Schweigger’s Journal, iv. 1. 
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Book II. grains of sulphuric acid of the specific gravity 1 and 
pivisj)n L obtained 6 ounces 410 grains of formic acid 

in a state of purity. The properties of this acid are as 

follows: 
Properties. 1. It has a sharp sour taste and cannot be crytallized, 

even by the application of artificial cold. 
2. Its specific gravity at the temperature of 68° is 1*1168,* 

while that of the most concentrated acetic acid does not 
exceed T08. 

Notwithstanding its greater specific gravity, it is capable 

of neutralizing much less of alkaline bodies than acetic acid, 

as appears from the following trials of Suersen. He re¬ 

duced formic and acetic acids each to the specific gravity 

1*0525, and ascertained how much carbonate of potash, 

carbonate of lime, and carbonate of magnesia, the same 

weight of each of these liquids was capable of neutraliz¬ 

ing. The result may be seen in the following little table; 

Formic Acid. Acetic Acid. 

Potash. 336*8 . 465*1 

Lime. 166 . 231 
Magnesia .150 .213 

3. When distilled with alcohol it forms an ether which 
has the odour of peach blossoms, although no prussic acid 
can be detected in it.f 

4. Gehlen has described at considerable length the pro¬ 
perties of formiate of soda and formiate of copper, and 
shown that their properties are very different from the 
acetates of the same bases. The formiate of copper crys¬ 
tallizes in six-sided prisms. They have a bluish green 
colour and a specific gravity of l*8i5, while the specific 
gravity of acetate of copper is 1*914. It is more soluble in 
w’ater and less soluble in alcohol than acetate of copper. 

5. Berzelius has latel}'^ analysed formic acid with much 

precision.:|; According to his experiments it is composed 

of 
Hydrogen.... 2*84 

Carbon.32*40 

Oxygen.64*76 

100*00 

* Schweigger’s Journ. iv. 14. 
J Annals of Philosophy, ix. 107. 

t Gehlen, ibid. 
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Formiate of lead, according to his experiments, is com- Subdivis. i. 

posed of . 
Formic acid.... 100 .4’696 
Oxide of lead .. 298*1 ....14 

According to this analysis, the equivalent number for for¬ 

mic acid is 4*696. Comparing this with the analysis of 
formic acid, we find that its constitution must be as follows: 

1 atom hydrogen = 0*125 

2 atoms carbon =1*5 

3 atoms oxygen = 3* 

4*625 

According to this estimate it agrees with oxalic acid in 
every thing, except the difference of the quantity of hy¬ 

drogen present. In formic acid there is 1 atom of hydro¬ 

gen, while in oxalic acid the hydrogen amounts only to 

^th of an atom. 

SECT. XXI. 
- 

LAOTIC ACID. 

When milk is kept for some time it turns sour, Scheele History and 

3 examined the acid thus evolved, and gave it the name of 

! lactic acid. He directs the following method of procuring 
it: 

! Evaporate a quantity of sour whey to an eighth part, and 

1 then filtrate it: this separates the cheesy part. Saturate 

: the liquid with lime-water, and the phosphate of lime pre- 

3 cipitates. Filtrate again, and dilute the liquid with three 

1 times its own bulk of water; then let fall into it oxalic acid, 
« di’op by drop, to precipitate the lime which it has dissolved 

i from the lime-water; then add a very small quantity of 

3 lime-water, to see whether too much oxalic acid has been 

i added. If there has, oxalate of lime immediately precipi- 

i tates. Evaporate the solution to the consistence of honey, 

pour in a sufficient quantity of alcohol, and filtrate again; 

the acid passes through dissolved in the alcohol, but the 
sugar of milk and every other substance remains behind. 

Add to the solution a small quantity of water, and distil 

2 
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with a small heat; the alcohol passes over and leaves behind 
the lactic acid dissolved in water.* 

From the properties of the acid procured by this process, 
Scheele concluded that it was very analogous to the acetic, 
but that it wanted something to bring it to that state. He 
even pointed out a method of procuring vinegar from milk 
in considerable quantity, and ascertained that it always 
yielded a little when distilled.f 

In the year 1802, Bouillon Lagrange published a set of 
experiments on lactic acid, from which he drew as a con¬ 
clusion that it is merely acetic acid contaminated with some 
saline and animal matter.^ Thenard drew the same con¬ 
clusion from his experiments in 1806.J Both of these 
chemists had obtained the acid which they examined by 
distillation. But Scheele had expressly stated, that lactic 
acid when distilled was converted into acetic acid. The 
existence of lactic acid, therefore, was by no means disprov¬ 
ed by their experiments. The subject w^as taken up by 
Professor Berzelius, in 1808. In the second volume of his 
Animal Chemistr}', he examined the properties of lactic 
acid in detail, and fully established its peculiar nature. [| 
He employed the following process for procuring pure 
lactic acid: 

Extract obtained by evaporating whey to dryness, con¬ 
sists of lactic acid, lactate of potash, muriate of potash, 
phosphate of lime, and some animal matter. It was dis¬ 
solved in alcohol and mixed with alcohol, holding Jg-th 
of its weight of concentrated sulphuric acid till there 
was an excess of sulphuric acid in the solution. Some 
sulphate of potash was precipitated. To get rid of the 
other acids it was digested over carbonate of lead, till 
the liquid acquired a sweetish taste. By this the sulphuric 
acid, the phosphoric acid, and most of the muriatic acid 
were separated ; but lactic acid forming a soluble compound 
with lead remained in solution. A current of sulphureted 
hydrogen gas being passed through the liquid threw down 
the lead. The liquid was now digested over quicklime till 
all the animal matter was separated. It now contained 

* Scheele, Stockholm Trans. 1780. f Scheele, il. 66. 
t Ann. de Chim. 1. 288. § Ann. de Chim. lix. 280. 

II ForeVasningar i D jurkemien, ii. *430. A translation of his account 
of Uictic acid is published in the Phil. Mag. xli. 241. 

6 
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only lactic acid, muriatic acid, and lime. A portion of it Subdiris. I. 

was taken and freed from its lime by means of oxalic acid. 

This portion was then satiifated with carbonate of silver. 

By means of this solution the remainder of the liquid was 
freed from muriatic acid. Finally, the lime was thrown 

down by means of oxalic acid, so that nothing remained 

but lactic acid dissolved in water. To get rid of a small 
portion of oxalate of lime which it may hold in solution, it 

is proper to evaporate it to dryness and redissolve it in 

water. 
1. Lactic acid, thus obtained, has a brownish yellow Properties, 

colour, and a sharp sour taste which is much weakened by 

diluting the acid with watei\ While cold it has no smell. 

but when heated it acquires a sharp sour odour, not unlike 
that of sublimed oxalic acid. It does not crystallize, but 
when evaporated to dryness forms a smooth varnish which 
gradually attracts moisture from the air. It dissolves rea¬ 

dily in alcohol. When heated it boils, emits a sour smell, 
and leaves a bulky charcoal not easily burnt. When dis¬ 

tilled it gives out empyreumatic oil, water, acetic acid, 
carbonic acid, and inflammable gas. 

2. All the salts which it forms with bases are soluble in 

water, and hardly any of them can be made to assume a 

crystallized form. 

3. Lactate of potash forms a light yellow transparent 

gummy mass, which cannot easily be made hard. When 
mixed with concentrated sulphuric acid no smell of acetic 

acid is perceived. It dissolves readily in alcohol. 

4. Lactate of soda possesses nearly the same characters. 
5. Lactate of ammonia has some tendency to crystallize. 

It forms a gummy mass, which acquires in the air an 
excess of acidity. When heated, most of the ammonia is 

driven off, and the residual acid salt deliquesces in the air, 
6. Lactate of barytes, when evaporated, leaves a gummy 

mass soluble in alcohol. Sublactate of barytes is a doughy 
matter which alcohol does not dissolve. 

7. Alcohol, likewise, divides lactate of lime into tw^o por¬ 

tions. It leaves a sublactate undissolved in the state of 

powder. It dissolves the neutral lactate and gives a shining 

yellow varnish which, when slowly dried, cracks all over, 
and becomes opake. 

8. Lactate of magnesia evaporated to the consistence of 
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a syrup, and left in a warm place, shoots into granular 

crystals. When hastily evaporated to dryness it forms a 

gummy mass, separable by alcohol into lactate and sub¬ 

lactate. 
9. Ammoniaco-magnesian lactate formed by precipitat¬ 

ing the preceding lactate by caustic magnesia as long as 

any precipitate falls, shoots into needle-form crystals, which 

are not altered by exposure to the air. 
10. Lactate of silver is of a light greenish yellow colour 

and metallic taste. When slowly dried, it forms a very 

shining varnish. 

11. Protolactate of mercury has a light yellow colour, 

deliquesces in the air, contains an excess of acid, and is 

soluble in alcohol. Perlactate of mercury is a red gummy 
deliquescent salt. 

12. There are three lactates of lead. The lactate of lead 

may be obtained by digesting a solution of lactic acid in 

alcohol on litharge. It forms grey cr3'Stalline grains. 

Sublactate of lead is obtained by digesting the liquid on a 
greater proportion of litharge. The litharge becomes 

lighter coloured, swells, and withdraws the acid from the 

liquid. Superlactate is obtained by digesting lactic acid 

on carbonate of lead. It does not crystallize, but forms a 

syrup-like mass with a sweet austere taste. 
13. Lactate of iron has a reddish brown colour. It does 

not crystallize, and is insoluble in alcohol. 

14. Lactate of zinc crystallizes. Lactic acid dissolves 
both zinc and iron, disengaging hydrogen gas. 

15. Lactate of copper, according to the different degrees 
of saturation, varies from blue to green and dark blue. 

Such are the properties of this acid determined by Ber¬ 

zelius. They are sufficient to distinguish it from every 
other species of acid, and to establish its peculiar nature. 

According to Berzelius, sublactate of lead is composed of 

Lactic acid.17. 2*867 
Oxide of lead .... 83.14 

If we suppose it a compound of 2 atoms oxide of lead 
and 1 atom acid, the weight of an atom of this acid would 

be 5*734. Probably 5*75 may be nearly the true number. 
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SECT. XXII. 

OF ZUMIC^ ACID. 

I GIVE this name to an acid recently discovered by M. Subdivis. I, 

Braconnot, to which he has applied the very improper ap- Chap. IIL 

pellation of nanceic acid from Nancy^ the name of the city 

where he happens to live. M. Braconnot procured this 

acid in the following manner: f 
He mixed a quantity of rice with water and left it to Prcpara- 

; ferment in a gentle heat. He obtained an acid liquid, which, 

i being strained and distilled, yielded a quantity of vinegar, 

i The evaporation being carried almost to dryness, a gummy 

( mass remained having a very sour taste. To separate the 

acid this substance was digested in alcohol. The alcohol 

being evaporated let fall crystals^ which w^ere found to consist 

of an acid united to a certain portion of lime. These 
crystals were dissolved in water, and the lime thrown down 

' by means of barytes water. The barytes was afterwards 
< separated by sulphuric acid added cautiously, and ju«t in the 

1 requisite quantity. The sulphate of barytes being separated 

; by filtration, nothing remained but a solution of zumic acid 

! in water. 
1. Zumic acid,-thus obtained, is colourless; it has a very Propcrtie«. 

4 acid taste, and when evaporated to the consistence of a 

1 syrup does not crystallize. When distilled, it yields char- 
! coal and acetic scid without any indication of containing 

azote. 

2. It precipitates none of the metals from their solutions, 

I except zinc, from very concentrated solutions of its salts. 

3. With potash and soda it forms incrystallizable deli¬ 
quescent salts, soluble in alcohol. 

' 4. Zumate of ammonia contains an excess of acid, and 

i' crystallizes in parallelopipedons united in groups. 

5. Neutral zumate of lime crystallizes confusedly in a 
’ form somewhat like cauliflower. It is opaque, very white,- 

!i has little taste, and has the appearance of having effloresced. 

When heated it melts, swells, blackens, takes fire, and 

* From leaven. f Ann, de ChiuL Ixxxvi. 84. 
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Book II. leaves carbonate of lime. It is soluble in 21 parts of water 

V at the temperature of 66^, 
6. It dissolves carbonate of strontian, and forms a salt, 

having at first the appearance of mucilage. But, when 
sufficiently concentrated, it becomes solid in 24 hours, and 

forms a white semitransparent mass, consisting of globular 

crystals somewhat similar to those of zumate of lime. 

7. Zumate of barytes is incrystallizable, and has the 

aspect of gum. 
8. It dissolves magnesia very readily, and forms small 

granular crystals, which seem to effloresce in the air, and 

i'equire 25 times their weight of water to dissolve them at 
the temperature of 66^. It does not melt when heated, but 

becomes black and is decomposed. 

9. Zumate of alumina is not altered by exposure to the 
air, and resembles gum. 

10. Zumate of manganese crystallizes in four-sided 
prisms, having tw^o faces broader than the other two* 

'I'hey are terminated by dihedral summits. This salt 
effloresces a little in the air. When heated it melts; at the 

temperature of 60^ it dissolves in 12 times its weight of 

water. 

11. Zumate of cobalt forms granular crystals of a fine 
red colour, and destitute of water of crystallization. At 

the temperature of 66° they are soluble in S8 times their 

w^eight of water. When heated they do not melt, but 
blacken and take fire, and leave oxide of cobalt mixed with 

charcoal. Sulphureted hydrogen does not separate the 

whole of the cobalt, but leaves a superzumate of cobalt in 
solution. 

12. Zumate of nickel cr\^stallizcs confusedly and has a 
fine emerald green colour. Its taste is sw^eet and metallic- 

At the temperature 66° it dissolves in thirty times its weight 
of water. 

13. Zumate of zinc forms irregular groups of cr^'^stals 

which, before the microscope, appear to be four-sided prisms 

with square bases, terminated by oblique faces. This salt 

requires fifty times its w eight of water to dissolve it. When 
heated it docs not melt, but blackens and burns, leaving 

behind oxide of zinc. 

14. Pretozumate of mercury crystallizes in needles and 

/ 
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is very soluble in water. When heated it melts, swells up, Subdivis. L 

becomes olive, exhales an odour of acetic acid, and leaves > 

running mercury mixed with some charcoal. When the 

solution of this salt is poured into acetate of potash, 

acetate of mercury immediately precipitates. 

15. Zumate of silver crystallizes in silky needles which 

collect in spherical groups. It has a white colour, but 

becomes reddish when exposed to the light. At 66° it dis¬ 
solves in 20 times its weight of water. When heated it 

melts, swells, becomes brown, takes fire, and leaves silver in 

the metallic state. Acetate of silver treated in the same 

way is reduced with scarcely any change of appearance. 
16. Zumate of lead is an incrystallizable substance re¬ 

sembling gum. It does not attract moisture from the at- 
j mosphere. 

17. Zumic acid dissolves a little oxide of tin and forms a 
supersalt, which crystallizes in cuneiform octahedrons. 

18. With oxide of copper it forms a ciystallizable salt 
which, when heated, melts, swells, and is decomposed. 

19. With the assistance of heat it rapidly dissolves iron, 
while hydrogen gas is emitted. The solution gradually 

deposites white needle-form crystals, which are not altered 

I in the air, and are but little soluble in water. When i heated they do not melt, but take fire and leave a red 

oxide of iron. By repeated solutions in water this salt is 

separated into two; the one has a brownish yellow colour, 

is soluble in water, and crystallizes with difficulty. The 
j other has a white colour, contains an excess of oxide, is 

j insoluble in water, but gradually becomes yellow. 

Zumic acid, wffien combined with red oxide of iron, forms 
I a brown incrystallizable salt. 

[ Such are the properties of zumic acid, as far as they have Resembles 

j been determined by Mr. Braconnot, the only chemist who 
; has hitherto examined it. It seems to be formed pretty 
i generally during the spontaneous fermentation of vegetable 

1 substances. Several of its properties have a close resera- 
! blance to those of lactic acid. The chief differences be- 

j tween them consist in the cry^stallizability of the salts, 
j which being dependant upon a variety of circumstances, it 

I seems to require examination whether lactate and zumic 
: acids may not be tlie same acid, perhaps a little disguised 

in the first state, by the presence of some animal matter. 
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SECT. XXIIL 

OF GALLIC ACID. 

There is an excrescence, known by the name o^niitgaU^ 
which grows on some species of oaks. This substance con¬ 

tains a peculiar acid, called from that circumstance gallic 

acid; the properties of which were first examined with atten¬ 

tion by the commissioners of the Academy of Dijon, and 

the result of their experiments was published in 1777, in the 
third volume of their Elements of Chemistry.* In these 

experiments, however, they employed the infusion of galls, 

in which the acid is combined with tannin. It was reserved 

for Scheele to obtain it nearly in a state of purity. 
1. He observed in an infusion of galls made with cold 

-vvater a sediment, which proved on examination to have a 

crystalline form and an acid taste. By letting an infusion 

of galls remain a long time exposed to the air, and removing 

now and then the mouldy skin which formed on its surface, 

a large quantity of this sediment was obtained; which being 
edulcorated with cold water, redissolved in hot water, fil¬ 

trated and evaporated very slowly, yielded an acid salt in 
crystals as fine as sand.f 

Deyeux has proposed a much speedier method of obiain- 

ing gallic acid but it does not succeed without a good 

deal of precaution. It consists in exposing pounded nut- 

galls in a large glass retort to a heat cautiously and slowly 

raised. A number of brilliant white crystalline plates are 

sublimed, which possess all the properties of gallic acid. 

Care must be taken not to apply too great a heat, and to 

stop the process before any oil begins to come over, other¬ 

wise the crystals will be redissolved, and the whole labour 
lost. 

A union of these two processes seems to furnish the sim¬ 

plest method. Let crystals of impure gallic acid be pro- 

» Vol. III. p.403. 

t Stockholm Trans. 1786.—^Tlie crystals obtained by this method al¬ 
ways contain a portion of tannin, and are of a brown colour. 

t This method was in fact discovered by Scheele; but Deyeux re¬ 

peated it, and pointed out the proper precautions. See Creli'.s Annals, 
i. 29. Eng. Trans. 
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cured by Scheele’s method. Dry them and sublime them Subdivis. i. 

in a glass vessel. They rise in a state of purity leaving be- 

hind them a quantity of tannin. 
The following method employed b}' Richter for procur¬ 

ing this acid, though expensive and tedious, deserves to be 

known. 
Infuse in cold water one pound and a half of gall nuts, Method of 

previously reduced to fine powder, taking care frequently to 

agitate the mixture. Pass the liquid through a cloth; add 
water to the pulp which refuses to go through, and again 

[ put it through the cloth, using a press to separate the water. 

Join the liquors, and with a gentle heat evaporate them, 

and a matter of a dark brown colour, and very brittle, will 

be obtained. 

‘‘ Pure alcohol poured on this matter, reduced to a fine 

powder, acquires a pale straw colour. The deposit infused 

I again in alcohol communicates but little colour to it. The 

brown residuum now left is composed almost wholly of pure 
: tannin. Mix the two alcoholic extracts, which distil in a 

i small retort to one eighth. What remains will be almost a 
:i solid mass. Pour water on it, and expose it to a gentle 

ij heat, and you will obtain a clear and almost colourless 
i solution. 

I 

Evaporate this solution, and you will obtain from it 

' very small, white, prismatic crystals. The liquor furnishes 

1 more, but they are commonly a little coloured. It is suffi¬ 

cient to levigate them with water to obtain them very white. 
By this process half an ounce of crystals is procured from 

one pound of galls; these crystals are extremely light, and 

consequently occupy a considerable space.’^’" 

2. Gallic acid, when pure, is in the form of transparent Properties, 

plates or octahedrons. Its taste is acid, and somewhat as¬ 
tringent ; and when heated it has a peculiar and rather un¬ 

pleasant aromatic odour. 
3. It is soluble in parts of boiling water, and in 12 Solubility, 

parts of cold Water* When this solution is heated, the acid 
t undergoes a very speedy decomposition. Alcohol dissolves 

|i one-fourth of its weight of this acid at the temperature of 
I the. atmosphere. When boiling hot, it dissolves a quantity 

equal to its own weight. It is soluble also in ether. 

* PJiil, Mag. xxlii. 74. 

VOL, ir. o 
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4. When exposed to the action of heat, it is sublimed, 

but its properties are somewhat altered, as Bouillon La¬ 
grange has shown. In like manner the acid sublimed by 

Deyeux’s process difters in its properties from the crystal¬ 
lized acid of Scheele and Richter. Deyeux announced, 

that when the gallic acid is distilled it yields oxygen gas. 
When Berthollet repeated the experiment he obtained 

only carbonic acid. Bouillon Lagrange has shown, that 

besides the carbonic acid, there comes over likewise a por¬ 

tion of heavy inflammable air, and that water is formed. 

By repeated distillations the whole acid may be decomposed 

and converted into these products. 
5. Gallic acid in crystals is not altered by exposure to the 

air. Neither oxygen gas, the simple combustibles, nor 

azote, seem to have any particular action on it. Its action 
on the metals has not been examined. When the solution 

of this acid in water is exposed to the air, it gradually ac¬ 

quires a brown colour, and the acid is destroyed ; the sur¬ 

face of the liquid becoming covered with mouldiness. 

6. It combines with alkaline bodies, separating the car¬ 

bonic acid if they were in the state of carbonates. The 
Compounds formed have received the name of gallates ; but 

hitherto have scarcely been examined. Indeed they may 

be said not to exist. For bases, as has been shown by Mr. 

Sertlirner, have the property of acting on gallic acid and 
speedily decomposing it.’^ 

7. In alkaline solutions it occasions no deposit, but when 
dropped into barytes water, strontian water, or lime water, 
it gives them a bluish red colour, and occasions a flaky pre¬ 

cipitate composed of the acid Combined with the earths.f 

Gallic acid occasions a precipitate when poured into so¬ 
lutions of glucina, yttria, and zirconia in acids. This pro¬ 

perty distinguishes these three bodies from all the other 

earths, none of which are precipitated from their solutions 
in acids by gallic acid, i 

8. Upon the metallic solutions it acts with considerable 

* Schvi^eigger^s Journal, iv. 410. 

f It is not unlikely that these precipitates are occasioned by the pre¬ 
sence of a little tannin, and that they would disappear if the acid were 
pure. 

X If we except their solutions in carbonic acid. Alumina is precipi¬ 
tated from acids by infusion of nutgalls. 

I 
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energy, changing the colour, and producing precipitates in Subdivis. i. 

many of them. Hence it is frequently used as a reagent to 

detect the presence of metallic bodies; but the difficulty of 
freeing it sufficiently from tannin renders it scarcely safe to 
trust the experiments hitherto made on that point. Richter 

has shown, that it is not capable of taking iron from sul¬ 

phuric acid, as has been hitherto supposed, unless it be 

assisted by the action of some other body which has an affi¬ 

nity for sulphuric acid. He has endeavoured to show, too, 
contrary to the experiments of Proust, that it strikes a black 

i with all the oxides of iron. Berthollet employed his inge- 
I nuity to establish the same doctrines, but he by no means 

I silenced Proust, who published experiments apparently de- 

i cisive. 
j 

I When it precipitates metallic oxides, gallic acid appears 

I to act by bringing them nearer to the state of metals, and 

some of them, as gold, are completely reduced. 

9. This acid has been lately analysed with much prech 

sion by Berzelius,* according to whose experiments it is 

I composed of 

Hydrogen ......... 5*00 Compos!- 

Carbon  . 56*64< 

Oxygen.38*36 

100*00 

j According to this analysis the constitution of gallic acid is 

\ as follows: 

i 3 atoms hydrogen.... = 0*375 

6 atoms carbon = 4*5 

I 3 atoms oxygen.= 3*0 

! Atom of acid weighs..... 7*875 
i 

According to the analysis of Berzelius, gallate of lead is 

i: composed of 

Gallic acid.100 •••. 8*047 

Oxide of lead.. 173*97 .... 14 

I According to this analysis the weight of an atom of gallic 

$cid is 83 while according to the analysis of the acid itself 

Annals of Philosophy, v. 1?6. 
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its weight is 7’875. The difference between the two w’eights 
is 0*1255 which is exactly an atom of hydrogen. If we 

consider the analysis of the gallate of lead as the more ac¬ 

curate, the acid instead of 3 must contain 4 atoms of hy¬ 

drogen. 

SECT. XXIV. 

OF TANNIN.* 

History. ' KuTGALLs contain several other ingredients besides gallic 
acid 3 but one of the most remarkable and important is the 
substance called tannin, which will occupy our attention in 
this section. 

The first attempt at a regular examination of the proper¬ 

ties of nutgalls was made by Dr. Lewis, during a set of 

experiments undertaken to astertain the best mode of making 

ink.f He detected in them a substance which precipitates 

black J with the oxides of iron, and coagulates with isin¬ 

glass : § but chemistry, in his time, had not made sufficient 
progress to enable him either to separate or examine this 

substance. Deyeux was, perhaps, the first chemist who as¬ 
certained the peculiar nature of tannin. He pointed it out 
in his analysis of nutgalls as a peculiar resinous substance, 

but without assigning it any name.]] Seguin soon after 

engaged in a set of experiments on the art of tanning 

leather; ** during which he discovered that tannin has the 

property of precipitating glue from its solutions in water, 

and of combining with the skins of animals. This led him 

to suppose it the essential constituent of the liquids employed 
for the purpose of tanning leather. Hence the names 

tannin and tanning principle giwen it by the French chemists; 

but it is to Mr. Proust that we are indebted for the first in¬ 

vestigation of the nature and properties of tannin, and of 

* The acid properties of tannin are fully as well marked as those of 

gallic acid. It would be better, therefore, perhaps, to give it the name 
of tannic acid. 

t Philosophical Commerce of the Arts, p. 377. 
X Ibid. p. 346. § Ibid. p. 387. 

11 Ann, de Chim, xvii. 23. Ann. de Chim. xx. 38. 
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tlie methods of obtaining it in a separate state.* Much Subdivis. i, 

curious and important information has likewise been ob- 

tained by the experiments of Sir H. Davy on the consti¬ 

tuent parts of astringent vegetables, and on their operation 

in tanning.t Fiedler,J Richter,§ Herat Guillot,lj and 
Bouillon Lagrange,have also published interesting expe¬ 
riments on this difficult subject. 

An elaborate dissertation on tannin was published by 

i Trommsdorf in the summer of 1804; ft in which he ana- 

j lysed the opinions of Proust, and examined the properties 
1 of tannin with his usual industry . Many of his conclusions 

I had been anticipated by Davy, whose labours, however, 

I they serve to corroborate and confirm; but the recent 
I labours of Mr. Hatchett have formed a new era'in the his- 

I tory of tannin. This sagacious philosopher, during a set 

! of experiments on resins and bitumens, discovered a method 
j of forming tannin artificially from almost every animal and 

I vegetable body, and thus furnished chemists with the means 

i of procuring it with facility in a state of purity. His dis- 
i sertations on an artificial tanning substance were read to 
I the Royal Society in the summer of 1805. 

1 These discoveries will make it proper for us to divide this 
I subject into two parts. We are now in possession of two 

1 kinds of tannin; one kind formed in plants by the processes 

!| of vegetation; another formed artificially by the methods 

pointed out by Mr. Hatchett: each of these appears capable 
: of assuming different modifications, either from slight 

I alterations in the constituents, or from the combination of 
small portions of foreign bodies. 

I. NATURAL TANNIN. 

1. Tannin exists in a great number of vegetable substan- 

i ces; but it may be procured most readily and in the greatest 

purity from nutgdlls and catechu^ 

* Ann. de Chim. xxv. 225.—xxxv. 32 ;—and xlii. 89. 
•J' Phil. Trans. 1803, p. 233 ; and Jour, of the Royal lustit. vol. ii. 

% Jour, de Chim. i. 86. § Jour, de Chim. hi. 307, and 334. 
II Ann. de Chim.xli. 323. ** Ann. de Chim. Ivi, 172. 

ft Gehlen’s Jour. iii. 111. 
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Prepara¬ 
tion from 
nutgalls. 

Nutgalls are excrescences formed on the leaves of the 

oak by the puncture of an insect which deposites its eggs on 

them. The best are known by the name of Aleppo gallsy 

imported in large quantities into this country for the use of 
the dyers, calico-printers, &c. They are hard like wood, 

round, often nodulated on the surface, of a bluish colour, 

and an excessively disagreeable taste. They are in a great 
measure soluble in water; what remains behind is tasteless, 

and possesses the properties of the fibre of wood. A very 

great proportion of water is necessary to carry off every 

thing soluble. Deyeux found that a French pound of 

nutgalls required 96 French pints of water, applied in 20 dif¬ 

ferent portions one after the other, and allowed to macerate 
each a considerable time.^ This, reduced to our standard, 

gives us about 150 English pints to a pound troy of nutgalls. 

But Trommsdorf exhausted the soluble part of nutgalls, 

by means of 40 times their weight of water, applied in three 

successive portions, each continuing two days on the galls, 

at the temperature of 66°.t 

From the analyses of Deyeux and Davy, it follows, that 

the soluble part of nutgalls consists chiefly of five ingre¬ 

dients ; namely, tannin, extractive, mucilage,J gallic acid, 
and gallate of lime. Davy found that 500 grains of 
Aleppo galls formed with water a solution, which yielded 

by slow evaporation 185 grains of matter. This matter 

he found composed of 

130 tannin 
31 gallic acid and extract 

12 mucilage and extract 
12 lime and saline matter 

185§ 

So that the tannin constitutes rather more than two-thirds 
of the wdiole. 

Methods of 2. No fewer than six methods have been proposed to 

it. separate tan from the infusion of nutgalls, and procure it 

* Ann. deChim. xvii. 12. f Gehlen's Jour. iii. 113. 

X Extractive and mucilage are vegetable substances, which will be 
treated of in a subsequent part of this work. 

§ Phil. Trans. 1803, 251. 
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in a state of purity; but none of them answers the purpose Subdivis. i. 

completely. Chap. IIL 

First, When a solution of muriate of tin is dropped into 
the infusion of nutgalls, a copious yellow precipitate imme¬ 
diately falls; which, when separated by filtration and dried, 

assumes the appearance of a bufi-coloured light powder. 

According to Mr, Proust, who first examined this powder, 

it is a compound of oxide of tin and tannin. If it be mixed 

with water, and a current of sulphureted hydrogen gas be 
passed through it, sulphuret of tin is formed, which remains 

• insoluble; and the tannin, as it is separated from the oxide, 
dissolves in the w^ater. This water, when freed from the 

sulphuret by filtration, and evaporated to dryness, leaves a 

I brown-coloured substance, which Proust considered at first 
i as pure tannin.* But as the infusion of nutgalls contains 
i a portion of extract, which is likewise precipitated by 

! muriate of tin, it is obvious, that by this process we do not 
I obtain pure tannin, but a combination of tannin and extract. 

I Neither is the whole of the tannin precipitated; a portion 
i of it combined with the oxide remaining in solution, unless 

I thrown down by an alkali.f Davy has rendered it probable 

:| that this preciptate contains also muriatic acid.f From these 
I facts it is obvious that pure tannin is not obtained by this 
I process. 

I Second, When the infusion of nutgalls, somewhat con¬ 

centrated by evaporation, is mixed with a saturated solution 
of carbonate of potash, a yellowish-white matter precipitates 

! abimdantly in the form of flakes. When this precipitate is 

; dried, it assumes the form of a whitish powder, which was 

first examined by Deyeux, to whom we are indebted for 
I the prdcess.§ Proust considers this precipitate as pure 

tannin ; and accordingly proposes this process as one of the 

easiest for procuring that substance from the infusion of nut- 

galls. According to him, carbonate of potash has a stronger 

affinity for water than tannin. Hence the regson that it 
' occasions its precipitation. 11 But this conclusion is by nq 

means consistent with the properties of the precipitate as¬ 

certained by Deyeux, and is altogether inconsistent with 

* Ann. de Chim. xxv. 226. I Proust, Ann. de Chim. xUi. 89. 

t Phil. Trans. 1803, p. 249. § Anq. de Chim. xvii. 19. 
|{ Ann. deChim. xxxv.32. 
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Book II. the properties ascertained by Dav3^ Its colour is white; it 
Division 1. jg nearly tasteless ; it is not completely soluble in water; 

when heated, it yields crystals of gallic acid. Davy has 

shown that it consists chiefly of tannin and gallic acid com¬ 

bined with the carbonates of potash and lime.* The results 

obtained by Davy are confirmed likewise by the subsequent 

experiments of Trommsdorf.f This method of course, 

does not yield pure tannin. 

Third, When concentrated sulphuric or muriatic acid is 

dropped into a strong infusion of nutgalls, a white curdy 

precipitate immediately falls. This fact was first observed 

by Dize.f According to Proust, the precipitate is a com¬ 

pound of tannin and the acid employed. If we wash it with 
cold water, dissolve it in boiling water, and saturate the 

acid with carbonate of potash, the tannin, according to 

him, separates in a state of purity. It may be washed with 

cold water and dried.§ But, besides, tannin extract must 

be present in this precipitate; for it is well known that it is 
thrown down by sulphuric acid. Davy has rendered it 
probable that it contains also some gallic acid. By distil¬ 

ling it in a heat above 212°, he obtained a yellowish- 
coloured liquid, wTich gave a black colour to persulphate 
of iron, though it formed no precipitate with gelatine; it 

therefore contained gallic acid.|| Trommsdorf’s experi¬ 

ments show us likewise that this method does not yield pure 
tannin.** 

Fourth, If lime-water be mixed with an infusion of nut- 

galls, a copious precipitate falls. When this precipitate is 
treated with diluted nitric or muriatic acid, an effervescence 

takes place, the liquid becomes deep-coloured; and wdien 
filtrated leaves behind it a substance of a brilliant black 

colour, which Merat-Guillot, to whom we are indebted for 
this process, considers as pure tannin.ff But Davy has 

shown that it must also contain the extractive matter, which 

is thrown down in combination wdth lime as well as the 

tannin.iff The effervescence indicates sufficiently the pre- 

* Phil. Trans. 1803, 245. 
I Ann. de Chim. xxxlv.37. 

II Phil. Trans. 1803, 240. 

ft Ann, de Chim, xli. 323. 

f Gehlen’s Jour. iii. 117. 
§ Ann. de Chim. p. xxxiv, 37. 

** Gehlen’s Jour. iii. 127. 

II Phil. Trans. 1803, 262. 
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sence of carbonic acid; a proof that the precipitate is even SubdivJs. i. 
still more complicated. This method^ then, is scarcely 

preferable to the former. 

Fifth, The process of Buillon Lagrange is as follows: 

Into an infusion of nutgalls drop a solution of crystallized 
carbonate of ammonia, as long as any precipitate continues 
to fall. Separate the precipitate by a filter, and wash it 

with cold water till the liquid comes off colourless. Then 

digest it repeatedly in alcohol, of the specific gravity 0*817? 
till the liquid ceases to redden the tincture of litmus. Dry 

it between folds of blotting paper.But it is obvious that 

this method cannot be sufficient to senarate the tannin from 
x. 

the extractive matter with w hich it appears to be chemically 

combined. 

Sixth, The process practised by Trommsdorf, though 

not unexceptionable, appears to yield tannin in a state of 

greater purity than any other hitherto thought of. It is as 

follows: Three parts of nutgalls were reduced to powder, 
and digested with 40 parts of water for three days, at the 

temperature of the mixture being frequently stirred. 

The whole was now passed through a linen strainer, the 

liquid set apart, and the powdered nutgalls remaining on the 
strainer were treated as before with 40 parts of water. This 

digestion with fresh water was continued till four different 
infusions in all had been drawn ofi* the nutgalls. The last of 
these was colourless, and produced no change upon the 

solution of iron. These infusions were mixed together, and * 
evaporated gently down to one-fourth in a porcelain basin. 

The liquid being now muddy was passed through a thick 

linen cloth, by means of which a quantity of extractive was 

separated. The whole was then evaporated to the con¬ 
sistence of a jelly, and placed upon a flat porcelain dish near 

a stove till it became quite dry. The brown-coloured 

substance thus obtained was digested with thrice its weight 

of pure alcohol; f and this digestion was repeated in all three 

times, till the last portion of alcohol was found to contain 
no trace of gallic acid. In order to make sure of removing 

the gallic acid, the dry residue was digested twice suc- 

* Ann. de Chinn. Ivi. 172. 
t Alcohol, of the specific gravity 0-796, is at present considered as 

jmre^ or free from water. 

6 
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Book II. cessively with alcohol containing ten per cent, of water. It 
Division I. considered as tannin in a considerable degree pure, 

but still contaminated with some extractive and mucila¬ 
ginous matter. To get rid of these, the wdiole was dissolved 

in distilled water, and repeatedly evaporated to dryness, in 

hopes of rendering the extractive insoluble; but nothing 
was separated by this process. When the solution was 

left for some time in a warm place, a mould collected on the 

surface, which was removed, and ascribed to a portion of 

mucilage which had been present. The solution being now 
filtered, and evaporated to dryness, left a residue consisting 

of tannin in a state of considerable purity, but still con¬ 

taminated with a quantity of sulphate of lime. To get rid 
of this salt, Mr. Trommsdorf employed the following 

method : The tannin was dissolved in water, and carbonate 

of potash dropped in as long as any precipitate fell. The 
liquid was separated from this precipitate by filtration, and 
mixed with acetate of lead. A powder fell, consisting of 

the oxide of lead combined with tannin. This powder was 

w^ashed and dried; and being mixed with water, a current 
of sulphureted hydrogen was passed through. By this 

means the lead was separated and remained in combination 
with sulphur, while the tannin dissolved in the w^ater. The 

liquid being now filtered, boiled, and evaporated to dryness, 

left a residue, which may be considered as tannin in a state 
of as great purity as it can be procured from nutgalls.* 

From cate- 3^ Catechu, or as it is also called, is a sub¬ 

stance obtained by decoction and evaporation from a species 

of mimosa which abounds in India. It has a reddish-brown 

colour, an astringent taste, leaving an impression of sweet¬ 

ness; it is not altered by exposure to the air. There are 

two varieties of it; one from Bombay, which has the lightest 

colour, and a specific gravity of 1*39; and one from Bengal, 
which is of the colour of chocolate; its specific gravity is 

l‘28.t lliis substance was examined by Davy, and found 
to consist chiefly (T tannin combined with a peculiar species 

of extractive. If the darkest parts of the catechu be 

selected, and infused in cold distilled water for a short 
time, the infusion, when evaporated to dryness, consists 

of tannin combined with a very minute quantity of extract. 

^ Gchlea, iii. llS;and 124. t Davy, Ibid, Q5Q. 
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It may, therefore, be employed to ascertain the properties 

of tannin. 

4. Tannin procured from nutgalls by Trommsdorfs 

method, is a substance of a brown colour, brittle, and 

breaking with a resinous fracture. Its taste is bitter and 

very astringent, like that of nutgalls. 

It dissolves readily in water, both hot and cold, and 
forms a solution of a brown colour, which, from Tromms- 
dorPs experiments, does not seem liable to become mouldy, 

nor to undergo a spontaneous decomposition when exposed 
to the air in a moderate heat. 

Pure alcohol does not dissolve tannin; but it is readily 

soluble in alcohol diluted with water, even though the 
portion of water be but small. Thus alcohol, of the spe¬ 

cific gravity 0*818, dissolves it, though it contains, accord¬ 

ing to Lowitz’s table, only -fVth of water. These im¬ 

portant facts seem first to have been observed by Richter, 
and to have furnished him with the method formerly de¬ 

scribed, of procuring gallic acid in a state of purity. 

5. From the experiments of Proust, Davy, and Deyeux, 

we learn that it is capable of combining with oxygen; but 

at the same time it is either decomposed altogether, or 

its nature completely altered. Thus nitric acid converts it 

into a yellowish brown matter soluble in alcohol, and si¬ 

milar in its properties to an extract.* Chlorine produces 

similar effects; and Mr. Proust has observed, that the per^ 

oxide of tin changes it also into an extract,f perhaps by 
communicating oxygen. 

6. The action of the simple acidifiable combustibles on 

tannin has not been examined. 

7. The action of the metals upon tannin does not seem 

to be great; but almost all the metallic oxides have an 

affinity for it, and are capable of combining with it ; the 
compound is usually nearly insoluble in v/ater. Hence the 
reason why the infusion of nutgalls precipitates metallic so¬ 

lutions so readily. These compounds have been hitherto 
in a great measure overlooked by chemists. The following 

observations contain the facts at present known. 

When the peroxide of tin or zinc is boiled in the in¬ 

fusion of galls, it acquires a dull yellow colour, and ab- 

Subdivis. I.’ 
Chap. HI. 

Properties. 

Insoluble in 
alcohol. 

Action of 
oxygen. 

Action of 
metallic 
oxides. 

* Davy, Phil. Trans. 1803, 2-11. f Ann. de Chiiii. xlii. 93. 
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Tannin 
combines 
with gela¬ 
tine. 

stracts all the constituents from the infusion, leaving behind 
only pure water. The oxides thus combined with tannin, 

&c. are partly soluble in muriatic acid, and the solution in¬ 
dicates the presence of tannin and gallic acid.* When 
peroxide of tin is allowed to act upon the cold infusion, it 
abstracts all its constituents in a few days ; but Mr. Proustf 

affirms, that in that case the gallic acid is mostly destroyed, 

and a portion of the tannin brought to the state of ex¬ 

tractive. 

When the metallic salts are mixed with the infusion of 
galls, the precipitate consists of the metallic oxide com¬ 

bined with the tannin, the extract, and the acid of the in¬ 
fusion ; and, according to Davy, it contains also a portion 

of the acid of the metallic salt.:]: 

Tannin does not seem to produce any change upon the 

solution of sulphate of iron: but when it is mixed v/ith a 

solution of the persulphate of iron, a deep blue-coloured 

precipitate immediately appears, consisting of the tannin 

combined with the oxide. This precipitate, when dried, 

assumes a black colour. It is decomposed by acids. 

When too great a proportion of persulphate of iron is 
poured into a solution of tannin, the sulphuric acid, set 

at liberty by the combination of the iron and tannin, is 

sufficient to re-dissolve the precipitate as it appears: but 

the precipitate may easily be obtained by cautiously satu¬ 
rating this excess of acid with potash. When the expe¬ 

riment is performed in^ this manner, all the persulphate of 

iron which remains in the solution undecomposed is con¬ 
verted into sulphate. Mr. Proust supposes that this change 

is produced by the tannin absorbing oxygen from the 
iron. 

8. One of the most important properties of tannin is the 

insoluble compound which it forms with glue or gelatine^ as 

this substance is termed by chemists. It is therefore em¬ 

ployed to detect the presence of gelatine in animal fluids; 

and, on the other hand, solutions of gelatine are employed 

to detect the presence of tannin in vegetable fluids, and to 
ascertain its quantity. Now although the compound of ge¬ 

latine and tannin is insoluble in water, it is soluble both in 
) 

* Davy, Phil. Trans. 1803, p. 244. f Ann. de Chim. xlii. 92« 

X Phil. Trans. 1803, p. 241. ! 
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the solution of tannin and gelatine when sufficiently di- Subdivis. 1. 
O J iOV, ITT 

luted. It is necessary, therefore, that the solution of ge- ^ ; 

latine, used to detect tannin, should be as concentrated as 

is consistent with its perfect fluidity; for glue, when gela¬ 
tinous, does not act upon tannin. It is necessary also that 

it should be employed quite fresh; for when in a state of 

putrefaction, it loses its property of precipitating tannin.^ 
Davy has ascertained, that the best proportion for use is a 

solution of 120 grains of isinglass t in 20 ounces of water, 

, Care must be taken not to add an excess of the solution to 

the liquid from which the tannin is to be separated ; because 

the compound of tannin and gelatine is re-dissolved by the 

I solution of gelatine. According to the analysis of Davy, 

1 this compound, when dried in the temperature of 150°, is 
! composed of 
I 54* gelatine 

46 tannin 

loot 
‘ 9. Potash and soda combine with tannin, and form with Action of 

1 it a compound less soluble in water than pure tannin, and ^ ^ 

I which does not precipitate glue till the alkali is saturated 

I with an acid.§ Ammonia produces the same effects. The 

:! fixed alkalies occasion a precipitate in concentrated solu- 

tions of tannin, but ammonia throws down nothing.]] 

I When potash or soda is added to the infusion of nut- 

j galls, the liquid assumes a reddish-brown colour, and loses 
I the property of precipitating gelatine till the alkali is satu- 

1 rated with an acid. When the alkalized infusion is evapo- 

j rated to dryness, an olive-coloured mass remains, of a 

faint alkaline taste, which deliquesces in the air. Ammonia 

i produces the same effect upon the infusion of galls; but 
when the mixture is exposed to the heat of boiling water, 

' part of the ammonia flies off, a precipitate falls, consisting 

* I find that even the addition of as much alcohol as is consistent with 

I the gelatine remaining in solution does not preserve it in a proper state 
: for use. 

t Isinglass is glue or gelatine nearly pure, as has been shown by Mr. 
I' Hatchett. 

!; J Phil. Trans. 1803, p. 235 and 250. 
I' § Trommsdorf, Gehlen, iii. 144. Il Ibid. 
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Of earths. 

Of acids* 

of most of the tannin and gallic acid, while the extract re* 

mains in solution.* 
10. When barytes or lime water is poured into a solu¬ 

tion of tannin, a precipitate falls, consisting of tannin com¬ 

bined with the earth, and the solution becomes nearly co¬ 

lourless. The precipitate dissolves with difficulty in water, 

and does not act upon the infusion of glue till the earth is 

saturated with an acid.f 
When newly precipitated magnesia is agitated with the 

infusion of tannin, it unites with a portion of it, and forms 

a smoky brown powder insoluble in water, but soluble in 

acids. Alumina produces the same effect, and forms a si¬ 

milar compound.^ 

When barytes, strontian, or lime-water, is poured into 
the infusion of galls, an olive-coloured precipitate falls, 

which consists not only of the tannin, but also of the 
extract, and most of the gallic acid combined with the 
earth. When magnesia is mixed or boiled with this infu¬ 

sion, it combines with all its constituents; the gallate re¬ 
mains mostly in solution, and gives the liquid a green co¬ 

lour ; while the tannin and the extract form with the mag¬ 
nesia an insoluble compound, and give it a dirty yellow co¬ 

lour, Alumina in small quantity produces exactly the same 

effect; but when used in a greater proportion, it separates 
all the constituents of the infusion. § 

When the earthy carbonates are boiled in the infusion of 

galls, they separate the tannin and the extract, while they 

combine with the acid, and form with it a salt which re¬ 
mains in the liquid, and gives it a green colour. || 

11. Most of the acids have the property of combining 
with tannin, and of forming solutions more or less soluble. 

Acetic, phosphoric, oxalic, and malic acids, occasion no 

precipitate when dropped into a concentrated solution of 

imtgalls. Arsenic acid produces a copious precipitate, so* 
iuble in boiling water, and precipitating glue after the acid 

has been neutralized by an alkali. Muriatic acid likewise 

* Davy, Phil. Trans. 1B03, p. 241. 

t Tromrasdorf, Gehlen’s Jour. iii. 145. 
t Ibid. 

§ Davy, Phil. Trans. 1803, p, 241, 

11 
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produces a precipitate mostly soluble in hot water. The Subdivis. i. 

same remark applies to sulphuric acid. But this acid alters 

and gradually decomposes tannin. Nitric acid produces no 

precipitate in the infusion of nutgalls. The mixture be¬ 
comes hotj and assumes a red colour, which gradually 

changes to a yellow. By the action of this acid a bitter- 

tasted substance is formed, which possesses the properties of 

malic acid.* 
12. When tannin is distilled, it yields an acid liquor, 

which blackens solutions of iron, because it contains a little 

tannin unaltered: there comes over also some empyreu- 

matic oil, and a voluminous coal remains behind, amount¬ 
ing to ^ of the tannin distilled.f 

13. Tannin has been lately analysed with much precision Composi- 

by Berzelius.f He first formed a neutral compound of^‘“"* 

tannin and yellow oxide of lead, or a tannate of lead. He 

found its composition as follows: 

Tannin. 100. 26*923 
Oxide of lead . 52.14? 

From this it appears that the weight of an atom of tannin 

is no less than 26*923. We shall consider 26*875 as the 

weight of an atom of tannin as determined by this analysis. 

He afterwards determined the constituents of tannin to be 
the following: 

Hydrogen... 4*186 
Carbon.51*160 

Oxygen. 44*654 

100*000 

Now the constitution of tannin, as determined by these 

numbers, which comes nearest to its wei<yht as resulting from 
tannate of lead, is as follows: 

9 Atoms hydrogen = T125 

18 Atoms carbon ., = 13*5 

12 Atoms oxv^^en. . = 12* 

26*625 

* Trommstlorf, Gehlen’s Jour. iii. 143. 
t Proust, Ann. de Chim. xxxv. 35. 
I Annals of Philosophy, v. 183, 
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Book II. 'Ilie difference between these two nmnbei*s is equivalent 

atoms of hydrogen. I think it most probable that the 
number 26*625 is nearest the truth.* 

14?. Such are the properties of the tannin of hutgalls, as 
far as they have been ascertained. The difficulty of pro¬ 
curing it in a state of purity renders some of them ambigu¬ 

ous, and has induced chemists to employ as a reagent the 

entire solution of nutgalls. 

Writing This solution is employed in considerable quantities by 

*^^* the dyers, and it forms the principal ingredient in luriting 

ink. It is not known at what period this important liquid 

came into use; but the ink of the ancients was composed 
of very different ingredients, being analogous to the ink 

used by the printers at. present. We are indebted to Dr. 

Lewis for a valuable set of experiments on the best mode of 
making ink. 

This liquid consists of a solution of sulphate of iron in 
the infusion of nutgalls, and seems to ov/e its black colour 

chiefly to a combination of the tannin with the oxide of 

iron, or perhaps with the sulphate, and partly also to the 
combination of gallic acid and oxide of iron. The fullest 

black is produced when equal weights of green vitriol and 
galls are used; but the ink very soon fades. To make it 
permanent, the galls ought to be thrice the weight of the 

vitriol. No other solution of iron but the sulphate forms 

with nutgalls a full black. When the mixture of the infu¬ 
sion of nutgalls and green vitriol is diluted with much water, 

the black matter precipitates, and forms a sediment not again 
soluble. The addition of logwood inci’eases the blackness 

of the ink. The following formula was ascertained by Dr. 
Lewis to yield the best ink: 

Logwood.1 ounce 
Nutgalls in powder .... 3 
Green vitriol.1 

Water. 1 to 2 quarts. 

Boil the logwood and nutgalls in the water, adding new 
liquid in proportion to the evaporation, then strain through ' 

a cloth, and add the vitriol to the water, adding at the same 

* Probably the real weight is 8*875, or It differs from gallic acid in 
containintr 1 atom more of oxviicn. 



TANNIN. W9 

r 
/ 

time from one to two ounces of gum arabic. As soon as Subdivis. i. 

these have dissolved, the ink is fit for use.* Some recom- 

mend the addition of a little cloves in powder to prevent 
mouldiness. 

15. Mr. Proust has announced it as his opinion, that there 

exist various species of tannin in the vegetable kingdom, 
differing from each other like the oils, resins, &c. Pie has 

even enumerated several of these varieties, and pointed out 

their characteristics.f • 

It is by no means unlikely that this opinion is w^ell Species of 

founded, and the experiments of Mr. Platchett serve to con- 

firm it: but it is impossible to admit it as demonstrated till 

a process be discovered for obtaining tannin, in a state of 

purity; for the differences between the varieties pointed out 
by, Proust may be owing to the presence of foreign sub¬ 

stances which disguise its properties. At any rate, this sub-' 
ject will come under our consideration more properly in the 

Second Part of this Work, when we enumerate the differ¬ 
ent vegetable substances that contain tannin. 

II. ARTIFICIAL TANNIN. 

The important discovery, that a substance possessing si- Discovery, 

milar properties to the tannin of nutgalls may be formed ar¬ 

tificially by a very simple process, was made by Mr. 
Hatchett in the course of a set of experiments on the slow 

carbonization of vegetable bodies, and detailed by him in 
two papers read to the Royal Society in 1805. 

1. To form this artificial tannin, we have only to digest Formation, 

diluted nitric acid on charcoal till the whole, or nearly the 

whole, is dissolved. Mr. Hatchett usually employed 100 

grains of charcoal, and 500 grains of nitric acid of the spe¬ 
cific gravity 1*40, diluted with twice its weight of water. On 
heating this mixture in an open matrass a considerable effer- 

vescence was produced, and much nitrous gas escaped. 
After tw'o days digestion, more nitric acid was added, and 

the digestion was continued till the solution was complete. 

The solution thus obtained was transparent, and of a dark 
brown colour; which being evaporated to dryness, leaves a 

brown coloured mass. This is the artificial tannin. To 

* See Lewises Phil. Com. p. 377. t Ann. de Chira. xlii. 94. 

VOL, II. P 
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Division I. 

Properties, 

Precipitates 
glue. 

Action of 
acids. 

free it from the last portions of nitric acid, Mr. Hatchett 

found the best method was to dissolve it repeatedly in water^ 

and evaporate cautiously to dryness with a gentle heat. 
By this method 100 grains of charcoal were converted 

into 120 grains artificial tannin ; but of these Mr. Hatch¬ 

ett supposes three grains to be moisture. 

2. Tannin thus prepared is a substance of a browm co¬ 

lour, has considerable lustre, and breaks with a vitreous 

fracture. Its taste is bitter and highly astringent. It has 

no smell. 
It dissolves readily in cold water, forming a transparent 

solution of a deep brown colour. Alcohol also dissolves it.* 

3. The solution of artificial tannin immediately precipi¬ 

tates glue, or isinglass, from water. The precipitates are 
more or less brown accordine: to the strength of the solu- 

tions, and always insoluble both in hot and cold water. To 

ascertain the proportion in which these bodies unite, Mr. 
Hatchett dissolved 50 grains of artificial tannin in 4 oz. of 
water, and then precipitated by means of a solution of isin¬ 

glass. Forty-six grains of the tannin were precipitated in 

combination with eighty-one grains of isinglass. Hence 
the precipitate is composed of about 

36 tannin 

64 isinglass 

100 

The solution containing the four grains not precipitated by 

the isinglass being evaporated to dryness, left a light brittle 

substance of a pale brown colour, smelling strongly of pre- j 
pared oak bark, especially when dissolved in water. The | 

solution tasted bitter, and from its properties approached 

nearer to the vegetable matter called extractive than tannin ; 
a proof that even the artificial tannin prepared from char- ^ 
coal is not quite free from foreign bodies. 

4. When sulphuric acid is added to a solution of artificial | 
tannin, a copious brown^recipitate falls, soluble in boiling 

* The alcohol used by Mr. Hatchett was probably weak. The action 

of pure alcohol has not been tried. Were it soluble in it, this would form ‘ 
a marked distinction between natural and artificial tannin. I tried the 

effect of alcohol of the specific gravity 0*800, the strongest I had in my 
possession. It formed a pale yellow solution. 
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water, and capable of throwing down gelatine. Muriatic Subdivis. h 
acid produces precisely the same effect. Artificial tannin 
dissolves readily in nitric acid, but is not altered in its pro¬ 
perties, though that acid be repeatedly distilled off it. In 
this respect it differs very materially from all the species of 
natural tannin hitherto examined, which were found by Mr. 
Hatchett to be entirely decomposed by nitric acid, though 
with differfent degrees of facility. 

5. Artificial tannin unites readily with the alkalies, both Alkalies, 

fixed and volatile. When dissolved in ammonia, evaporated 
to dryness, and again dissolved in water, the new solution 
does not precipitate gelatine unless it be previously mixed 
with a small portion of muriatic acid. A proof that it still 
retains the ammonia in combination. When the fixed 
alkalies are added to a solution of artificial tannin, the colour 
is immediately deepened, and after some hours the solution 
becomes turbid. Carbonate of potash produces the same 
effect, and after some time a brown magma is deposited. 

6. The alkaline earths unite with artificial tannin, and Earths, 

form compounds little soluble in water. Hence it forms a 
precipitate when mixed with nitrates of lime, barytes, &c. 

7. It precipitates likewise most of the metallic oxides from Oxides, 

their solutions in acids. The colour of the precipitate is 
usually brown, inclining to chocolate. 

8. When artificial tannin is thrown upon a hot iron, it 
emits an odour similar to that of burning feathers. When 
exposed to a graduated heat in a retort there passes over. Action of 

in the first place, a portion of water; and this is succeeded 
by a little nitric acid, from which it is difficult to free it 
completely. A little yellow liquor next makes its appear¬ 
ance ; and upon raising the fire, ammoniacal gas is disen¬ 
gaged with great rapidity. This is followed by the evolu¬ 
tion of carbonic acid gas, together with a small portion of 
gas, which seems to possess the properties of azote. A 
bulky coal remains in the retort, amounting in weight to 
0*425 of the original tannin. This coal being burned, left 
some brown ashes, consisting chiefly of lime. 

From this decomposition by the action of fire, it is obvi- Constitu- 

ous, that artificial tannin is composed of oxygen, azote, 
hydrogen, and carbon. The last ingredient obviously pre¬ 
dominates ; though the proportions have not hitherto been 
ascertained. 

p 2 
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Third va¬ 
riety. 

Such are the properties of the artificial tannin from char¬ 
coal, as far as they have been hitherto ascertained by Mr. 

Hatchett, to whom we are indebted for all the facts above 

detailed.^ From the experiments of this indefatigable che¬ 

mist, we learn that every kind of charcoal yields it equally, 
from whatever substance it has been formed, whether vege¬ 

table, animal, or mineral, provided it be in the state of char¬ 

coal. But the action of nitric acid on charcoal, though the 
readiest and easiest process, and that which yields the great¬ 
est quantity, is not the only one by means of which artificial 

tannin may be formed. Mr. Hatchett has pointed out two 

others, by means of which certain vegetable substances may 

be converted into tannin. 

9. The first of these consists in digesting nitric acid with 

certain substances that appear to contain an uncommon 

portion of carbon in their composition; indigo, for instance, 
and many of the bodies called resins. Indigo dissolves 

readily in diluted nitric acid, and the solution, when gently 

evaporated to dryness, leaves an orange-coloured mass of an 

intensely bitter taste, soluble in water, and possessing the 

property of forming an insoluble precipitate with gelatine. 
Hence it resembles tannin; but it acts more feebly on the 

metallic salts than tannin from charcoal. A similar sub¬ 

stance was procured from common resin by digesting it for 

a long time in diluted nitric acid. Most of the resins and 
gum resins gave a similar product; but no tannin could be 
procured from the gums. 

10. The other process for procuring artificial tannin con¬ 

sists in dissolving resins and camphor in sulphuric acid, di¬ 

gesting the solution till it becomes black, and then preci¬ 
pitating by throwing it into cold water. A black powder 

falls. If this powder be digested in alcohol, a brown sub¬ 

stance is taken up, which is soluble both in water and alco¬ 

hol, forms an insoluble precipitate with gelatine, but acts 
only feebly on persulphate of iron. Camphor by this pro¬ 

cess yields nearly half its weight of a brown resinous-like 
matter, which possesses the property of forming an insoluble 

precipitate with gelatine; and when digested with a little 

* From the subsequent experiments of ChevreuI, it seems to follow 

that this artificial tannin is a compound of nitric acid and charcoal. See 
Ann. de Chim.lxxiii. 36. 
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nitric acid, becomes precisely similar to tannin from char- Subdivis. I, 

coal. ■ 
Thus there are three species of artificial tannin. 1. 

Tannin procured by the action of nitric acid on charcoal, 

2. Tannin, by digesting nitric acid on indigo and resins. 3. 

Tannin, by dissolving resins or camphor in sulphuric acid.* 

SECT. XXV. 

GENERAL REMARKS. 

In this chapter I have given an “account of all the acids 

containing no other simple supporter than oxygen at present 

known. They amount to no fewer than 44. The acids 

containing a single combustible basis are 20, while the com¬ 

bustible acids amount to 24. 
Though considerable progress has been made within these 

few years in the analyses of the combustible acids, the sub¬ 

ject is of so difficult a nature that many experiments must 

still be made before their constitution can be considered as 

completely developed. From the sagacity and precision of 
Berzelius, who is engaged in the investigation, we have 

every reason to expect every thing that can be accomplished 

in the present state of the science. The following table ex- Composi- 

hibits a synoptical view of the constitution of those acids 

which have been analysed, arranged according to the sim- acids. 

plicity of their constitution: 

Atoms of Weight of an in¬ 
tegrant particle 

of acid. Hydrogen. Carbon. 
' -1 

Oxygen. 

Oxalic .. • • V ... . .. 2 .... ., 3 . .. 4*5104 

Formic ... 1 ... ... 2 _ .. 3 . 

Mellitic ... 1 ... . .. 4 ,... .. 3 . .. 6*125 

Succinic... 2 .., 

Acetic. 3 ... . .. 4 _ .. 3 . ,. 6-37.5 

Citric .... 3 ... .. 4 . ,. 7-375 

Tartaric... 3 ... . .. 4 _ ,. 8-375 

Oallie. 3 ... .. 3 . . 7*875 

Saclactic .. 5 .. . .. 8 . 

Benzoic... 6 ... ... 15 _ .. 3 . 

Tannin ... 9 ... .. 12 .... . 26-625 

* See Mr. Hatchett^s papers, Phil, Trans. 1805 and 1806. Froni 

which all the facts respecting artificial tannin have been taken. 
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Book II. Oxalic acid, as has been already observed, presents an 
pivi^on L which cannot be reconciled with the atomic theory, 

as we cannot according to that theory conceive the exists 

ence of the 12th part of an atom of hydrogen in a com¬ 
pound. Yet it differs from formic acid only in the quantity 
of hydrogen which it contains, although oxalic and formic 

acids possess very different properties. 

Succinic and acetic acids likewise differ from each other 
merely in the proportion of hydrogen which they contain; 
acetic acid having an additional atom of hydrogen, but in 

other respects being the same in its composition as suc¬ 

cinic acid. 

Acetic, citric, and tartaric acids differ from each other, 

merely in the proportion of oxygen which they contain. If 
there existed a base composed of 3 atoms hydrogen + 4 
atoms carbon, these three acids would all belong to that 

base, and consist of 3, 4, and 5 atoms of oxygen united 

respectively to it. 
From these two examples it seems to follow that, when in 

combustible acids the hydrogen is increased, (the other con¬ 

stituents remaining the same) the solubility of the acid in 
water increases ; but when the oxygen is increased the solu¬ 
bility of the acid diminishes. 

The constitution of gallic acid and tannin in the preced¬ 

ing table appears very different, because the number of 
atoms of tannin (or its equivalent number), was determined 

by Berzelius’ annalysis of the tannate of lead. But I do 
not think that much confidence can be put in such an 

analysis. It is very probable that a tannate of lead may ex¬ 

ist containing three times as much oxide of lead as the tannate 
analysed by Berzelius. Now if we w^ere to determine the 
composition of tannin from such a a tannate (supposing it 

to exist) it would consist of 

Flydrogen.... 3 atoms 
Carbon.6 
Oxygen.4 

Or it would differ from gallic acid merely by containing 

1 additional atom of oxygen. The great facility with which 

these two bodies are changed into each other, gives consi¬ 
derable probability to the supposition, that its constitution 

is as I have just stated. 

The acids being so very numerous, some general remarks 
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on the mode of distinguishing them from each other will Subdivis. i. 

be of considerable utility. Chap, m. 

Suppose we possess an acid, and that we wish to determine 
its name. 

1. Saturate a little of it with ammonia, and form a neutral Method of 

solution. Let a drop or two of this solution fall into nitrate 

of lead. If no precipitate fall, the acid under examination acids, 

must be one or other of the following: 

1. Nitric. 5. Formic. 
2. Nitrous. 6. Lactic. 

3. Hypophosphorous. 7. Zumic. 
4. Acetic. 

2. Evaporate a little of the solution of the ammoniacal 

salt, formed with the acid under examination to dryness, 
and put a little of it into a few drops of sulphuric acid 

! placed on a slip of glass. If it be nitric, nitrous, acetic, or 

i formic, it will emit a smell, and by the odour you can easily 
determine which of these acids is present. 

3. If it emits no smell, take a little of the salt and expose it 
to the heat of a candle upon a slip of platinum. If it take 
fire and give out the smell of phosphorus, it is hypophospho¬ 
rous acid. If it blackens, and swells, and leaves oxide of 

lead, the aeid is lactic or zumic, and they may be distin- 

; guished from each other by the properties stated in the de- 

1 scription of these acids. 

4. If the compound of the acid and ammonia occasions 
a precipitate in nitrate of lead, examine the appearance 

I of this precipitate. ' 
5. If the precipitate be red, the acid is the chromic. 

6. If it effervesces when thrown into nitric acid and emits 
a gas destitute of smelly the acid is the carbonic. 

7. If it fuses readily before the blowpipe and crystallizes 
{ on cooling into dodecahedrons, the acid is the phosphoric. 

8. If it flies off in a white smoke before the blowpipe, 

s having the smell of garlic, the acid is the arsenic or arse-- 
' nious. 

I 9. If the precipitate formed in nitrate of lead be soluble 
: on adding a considerable quantity of water and agitating, 
I the acid is the benzoic. 

10. If the acid under examination be a dry powder inso- 

i lubie in water, it is pne or other of the following: 
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Molybdous. 

Tungstic. 

Columbic. 

a white smoke before the blow¬ 

pipe, it is antimonic or antimonious. Which of the tw^o is 

easily determined by the colour. 

12. If the precipitate in nitrate of lead be yellow, and if 

the acid when dissolved in an acid and a rod of tin is put 

into the solution become blue, the acid is molyhdic, 
13. If the acid be a yellow powder and if when melted 

before the blowpipe with borax it forms a blue glass, but 

with phosphate of soda gives a green glass, it is the tungstic. 

14. If it be in scales, little soluble in water, and when 

heated to redness fusing into a colourless glass, it is boracic, 

15. Sulphuric acid is easily distinguished by the property 

which it has of forming with muriate or nitrate of barytes a 

white precipitate insoluble in nitric acid. 

16. Sulphurous acid is easily distinguished by its smell. 

17. Succinic^ moroxylic^ boletic^ suberic^ and pyrotartaric 

acids may be volatilized without decomposition; and they 

may be easily distinguished from each other by the charac¬ 
ters assigned to each in the preceding sections. 

18. Oxalic acid is well characterized by its crystalline 
form. When saturated with ammonia it throws down lime 
immediately from neutral nitrate or muriate of lime, which 

neither tartrate nor citrate of ammonia is capable of doing. 

19. Tartaric acid is easily recognised by the property 

w'hich it has of occasioning a precipitate of cream of tartar, 

when dropped into sulphate or nitrate of potash. 

20. Gallic acid and tannin throw down sulphate of iron 

of a very dark blue or black colour. With the other salts 
of iron they strike a purple, 

21. Malic acid forms a soluble salt with lime which is 
thrown down from water by alcohol. 

22. Citric acid crystallizes. It does not throw down mer¬ 
cury, lead, or silver from nitric acid. 

23. Saclactic acid is almost insoluble in water. It forms 
an insoluble salt with lime. 

24. Uric acid when dissolved in nitric acid and evapo¬ 
rated to dryness leaves a pink sediment. 

25. For the characters of the newly discovered acids, I 

refer to the sections in wdiich they are described. 

216 

Book II. 
Division 1. 

Antimonic. 
Antimonious. 

Molybdic. 

11. If it evaporates in 

I 
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' SUBDIVISION 11. 

OF COMPOUNDS OF CHLORINE WITH SUPPORTERS AND 

COMBUSTIBLES. 

This subdivision may hereafter extend as far as the pre¬ 

ceding. But as only a few years have elapsed since chlo-^ 

riiie began to be viewed as a supporter of combustion, our 

knowledge of the compounds which it forms is still very 

imperfect. It will be sufficient, therefore, at present, if we 
divide this part of our subject into three chapters. In the 

first chapter I shall treat of the compounds which chlorine 
forms with oxygen, in the second of the chlorides^ and in 

the third of the acids formed by the union of chlorine with 
the simple combustibles. 

—_m 

CHAP. I. 

OF THE COMPOUNDS OF CHLORINE AND OXYGEN. 

We have seen in a former part of this work that chlorine 

combines with no fewer than four proportions of oxygen, 

forming two oxides and two acids.* The description which 

we then gave of the oxides contains all the facts concerning 

them with which we are at present acquainted. But it 

would have been improper to have entered into the requisite 
details respecting the acids of chlorine in that early part of 

the work, because we were then unacquainted with the dif¬ 

ferent bases with which these acids unite. In this chapter, 

then, we have to give an account of the acids formed by the 

union of chlorine and oxygen. 

Subdiv. II. 
Chap. I. 

* See vol, I. p. 187. 
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Book II. 
Division L 

SECT. I. 

OF CHLORIC ACID. 

Berthollet was the first person who suspected the ex¬ 

istence of this acid. He obtained chlorate of potash by 

passing a current of chlorine through a solution of car¬ 

bonate of potash in water; and, from the properties of this 

salt, he concluded that it contained an acid different from 
chlorine. Mr. Chenevix, in his paper on the hyperoxymu- 

riates, published in the Philosophical Transactions for 

1802, demonstrated the accuracy of Berthollefs opinion. 

But he was unable to obtain the chloric acid in a separate 
state. Gay-Lussac procured it in 1814, and determined 

its properties.* The salts which it forms with the different 
bases were afterwards examined by Vauquelin.f 

The process for procuring this acid in a separate state is 

as follows: He prepared a quantity of chlorate of barytes^ 

dissolved it in w^ater, and added diluted sulphuric acid cau¬ 

tiously to the solution till the whole of the barytes was 
"exactly precipitated. The sulphate of barytes being sepa¬ 

rated by the filtre, the liquid consisted of water holding pure 
chloric acid in solution. 

Properties. Chloric acid, thus obtained, is a colourless liquid, desti¬ 

tute of smell (except when very much concentrated), having 

a very acid taste, and capable of reddening vegetable blues 

without destroying them immediately; but after acting on 

them for some days they disappear entirely.:]; It is not 

decomposed by exposure to the light. By a gentle heat 
it may be concentrated, and then it acquires an oily con¬ 
sistency. When heated strongly it is partly decomposed 

into oxygen and chlorine, and partly distilled over without 

alteration. Muriatic acid, sulphurous acid, and sulphu- 

reted hydrogen, when mixed with it, decompose it. But 
nitric acid occasions no alteration in it. 

It does not precipitate any of the metals from their solu¬ 

tions in acids. It rapidly dissolves zinc, disengaging 

oxygen gas. But it acts slowly upon mercury. According 

Discovery. 

Prepara¬ 
tion. 

* Ann. de Chim. lei. 108. 

+ Vauquelin, Ann. de Chim. lev. 94. 
4 Ann. de Chim. lev. 91,113. 
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to the experiments of Gay-Lussac it is a compound of 1 Subdiv. II, 

atom chlorine + 5 atoms oxygen, or by weight of ** 

Chlorine.. 4*5.100 
Oxygen.,. 5 .. 111*11 

I shall now describe the different salts which it forms 

with the different bases, as far as they have hitherto been 
examined, These salts were formerly distinguished by the 
name of hyperoxymuriates ; but Gay-Lussac has given them 

the appellation of chlorates^ a term which we shall adopt, 

I because we consider it as far preferable to the old unwieldy 
I name. The reader will observe that the weight of an atom 

j of chloric acid is 9*5, and that the composition of all the 

I chlorates may be determined by conceiving 9*5 of the acid 
; to unite with the weights of the salifiable bases given in 

j the table which will be found in vol. I. p. 522 of this 

I work, 
1 1. Chlora te of ammonia. This salt was first formed and Chlorate of 

ij described by Mr. Chenevix.* It was afterwards more par- 

tj ticularly investigated by Vauquelin.f It may be formed by 
dissolving carbonate of ammonia in chloric acid, or by 

mixing a solution of carbonate of ammonia with a solution 

of an earthy chlorate. 

It crystallizes in fine needles. It is very soluble in water 

and alcohol. It is volatile. Its taste is exceedingly sharp. 

I On a burning coal it fulminates with a red flame. When 

: heated strongly it is decomposed; chlorine is evolved, mixed 
f with azote and oxygen, and some sal ammoniac remains in 

the vessel. Though this salt has not been analysed there 
I can be no doubt that it is a compound of 

Chlorine..... 9*5 

Ammonia.... 2*125 

2. Chlorate of potash. This salt was discovered by Ber- Of potash, 

I tholletjf and has been very much investigated by chemists 

i in general. 

' * On hyperoxygenized muriatic acid. Phil. Trans. 1802. 

f Ann.deChim. lev. 97. 
% It was, in fact, first discovered by Dr. Higgins, who mentions it in 

; 1786; but appears to have mistaken it for nitre. See Higgins on acetous 

i acid, &c. p. 180. 
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Book 11* 
Division I. 

^Properties. 

Detonates 
with com¬ 
bustibles. 

It IS prepared by dissolving one part of carbonate of potash 

in six parts of water, putting the mixture into a Woulfe^s 

bottle, and saturating the potash with oxymuriatic acid 
gas.^ When the saturation is nearly completed, the oxy- 

muriate falls down in crystals. It may be purified by solu¬ 
tion in boiling water. As the water cools, the pure hyper- 
oxymuriate crystallizes. The cr^^stals are to be dried 
between folds of blotting-paper. 

According to Haiiy, the primitive form of the crystals of 

chlorate of potash is an obtuse rhomboidal 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 spontaneous evaporation, that it is obtained in 

large regular rhomboidal crystals. 

Its taste is cooling, austere, and disagreeable, somewhat 
analogous to that of nitre. Its specific gravity is l* * * §989.t 
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 fiO®, and in 2^ parts of boil¬ 

ing water.§ It is not sensibly altered by exposure to the air. 
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 can be obtained in the state of the 
greatest purity. After the elFervence is over, there remains 

common chloride of potassium. 

The most astonishing of its properties are those which it 

exhibits when mixed with combustibles. All combustible 

substances whatever are capable of decomposing it, and in 

general the decomposition is attended with violent detona¬ 
tions. 

When three parts of this salt and one part of sulphur are 

triturated in a mortar, the mixture detonates violently: the 

same effect is produced when the mixture is placed upon an 

anvil, and struck smartly with a hammer. Nay, it even 

sometimes detonates spontaneously without any perceptible 

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

otherwise no crystals of chlorate can be obtained, as I have more than 

once experienced. 

f Hassenfratz,Ann. de Chim. xxvili.12. J Fourcroy, iii. 221. 
§ Hoyle, Nicholson’s Jour. ii. 292. 

1 
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irictlon, and otiglit not, therefore, to be kept ready mixed. Subdiv. il. 

Charcoal produces tlie same effects, though not so violent. ^ 

This property induced Berthollet to propose it as a substi¬ 
tute for nitre in the preparation of gunpowder. The 

attempt was made at Essone in 1788 ; but no sooner had 
the workmen begun to triturate the mixture of charcoal, 
sulphur, and chlorate, than it exploded with violence, and 

proved fatal to Mr. Letors and Mademoiselle Chevraud. 

The force of this gunpowder, when it is prepared, is 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 hardly ever be substituted with advan¬ 
tage for common gunpowder. 

Phosphorus also detonates with this salt either by tritura- 

I tion or percussion. The quantities of each used ought not 

! to exceed half a grain, or at most a grain, otherwise the 
( experiment may be attended with some danger. It detonates 

I also when treated in the same way with almost all the metals, 
i and likewise with cinnabar, pyrites, sugar, gums, oils, alco- 
;( hoi, &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 

I part of it; and when prussiate of lime is poured into the 
) solution, the liquid becomes of a greenish-white colour.^ 
i 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 some- 

t times takes fire. It always does so when, after the tritura- 

1 tion has been continued for some time, sulphuric acid is 

i| poured upon the cotton. When nitric acid is poured upon 

|; a mixture of chlorate of potash and phosphorus, flakes of 

i fire are emitted at intervals for a considerable time.t 
I The theoz'y of these explosions was first pointed out by 

|) Berthollet. The oxygen of the acid combines witli the 

v combustible, and at the same time lets go a quantity of 
I caloric; and trituration or percussion acts merely by bring- 

j : ing the particles which combine within the sphere of each 
ii other’s attraction. 

i The composition of chloric acid has been inferred from 

* Morveau, Aim. de Chim. xxv. 18. 

f Collier, Manchester Mem. v. 229. 
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Book II. the aDalysis of this salt. As chlorate of potash may be 
Division 1. formed directly by dissolving carbonate of potash in chloric 

acid, there seems no reason for concluding that it consists 

of any thing else than chloric acid and potash united toge¬ 
ther. According to the experiments of Berzelius,* 100 

parts of chlorate of potash, when heated to redness, yield 
<^mposi- 38*69 parts of oxygen, and leave a residuum of 60*94 parts 

of chloride of potassium. This chloride is composed of 

Potassium ... 32*07 
Chlorine .... 28*87 

60*94 

The potassium existing in the salt in the state of potash 
must have been combined with -i-th of its weight of oxygen, 

or 6*41 parts. If we subtract this from the 38*69 parts of 
oxygen emitted by the salt, there will remain 32*28 for the 

quantity of oxygen in the chloric acid; therefore, chloric 

acid must be composed of 

Chlorine.. 28*87 ...... 4*5 
Oxygen... 32*28. 5*03 

Or of 1 atom chlorine + 5 atoms oxygen. And chlorate 

of potash must be a compound of 

Chloric acid.. 9*5...... 100 

Potash.6*0. 63*157 

Chlorate of 3. Chlorate 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 f scarcely conveys 

any precise information. It may be prepared by the same 
process as chlorate of potash; but it is difficult to obtain it 
pure, as it is nearly as soluble in water as muriate of soda, 
Mr. Chenevix procured a little of it pure by dissolving the 

mixtures of muriate and chlorate of soda in alcohol, and 
crystallizing repeatedly. But the easiest mode of preparing 

it is to dissolve carbonate of soda in chloric acid. It does 

not crystallize till it be reduced almost to a syrupy consis¬ 

tence. Its crystals are square plates, similar to those of 

chlorate of potash. Its taste is very sharp and cooling. 

On burning coals it melts into globules, and produces a 

* Ann. de Chim. Ixxx. 27. + Ibid. i. 227. 
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yellow light. According to Vauquelin, 500 parts of dry Subdiv. ii. 

carbonate of soda produce 1100 parts of crystallized chlorate ^ j 

of soda. 

When distilled it gives out oxygen gas mixed with some 

chlorine, and the salt which it leaves behind has alkaline 

properties. It is composed of 

Chlorine... 9*5.100 
Soda. • • • e • 42*1 

Numbers which do not differ much from the determina- Compo: 

tion of Chenevix, according to whom it is composed of 

66.2 acid 

29*6 soda 

4*2 water 

100*0* 

4. Chlorate of lime. This salt may be procured and puri- Of lime, 

fied 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 

Chloric acid... 9*5 .100 

Lime. 3*625. 38*16 

According to the analysis of Chenevix, its constituents 
are 

55*2 acid 

28*3 lime 

16*5 water 

lOO-Of 

5. Chlorate of barytes. It is much more difficult to pro- Of barytes, 

cure the earthy hyperoxymuriates than the alkaline; the 
affinity between their constituents seems to be much weaker. 

The best method of obtaining the chlorate of barytes is to 
pour warm water on a quantity of the earth procured 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 chlorate is obtained. Now these two salts-j 

* Chenevix on Hyperoxygenized Muriatic Acid. Phil. Trans. 1809. 
t Chenevix, i. Ibid. 

6 
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Book 11. when barytes is their base, possess the same degree of solu- 
Divi^on L resemble each other in the form of their crystals, 

Formation caiinot be obtained separate by repeated crys- 
of earthy tallizations. Mr. Chenevix succeeded by the following in- 
chlorates, method: Phosphate of silver, when boiled in solu¬ 

tions of the earthy muriates, has the property of decompos¬ 

ing them; the phosphoric acid combines with the earth, and 

the muriatic acid with the oxide of silver. But this salt pro¬ 
duces no such change on the earthy chlorates. Now both 

the phosphate of barytes and the muriate of silver are inso¬ 
luble in water. Of course, when phosphate of silver is 

boiled in a solution of muriate and chlorate of barytes, the 

whole muriate is decomposed into muriate of silver and 
phosphate of barytes, which are insoluble, and the only 
substance which remains in solution is chlorate of barytes. 

It crystallizes in square prisms terminated by an oblique 

face. Its taste is sharp and austere. It dissolves in about 

four times its weight of cold water. The solution is neither 
precipitated by nitrate of silver nor muriatic acid. This salt 

is insoluble in alcohol. When heated, it loses 39 per cent, 

of weight, owing to the escape of oxygen gas. The residue 

possesses alkaline properties.* It is composed of 

Chloric acid.. 9*5 .100 

Barytes. 9*75 . 102*63 

According to the analysis of Mr. Chenevix, its constitu- 
<^nts are 

4-7‘0 acid 
4*2*2 barytes 

‘ 10*8 water 

100*0t 

Chlorate of 6. Chlorate of sfrontian. This salt was prepared and purl- ■ 
strontian. Chciievix by the same processes as the last 

species, with which indeed it agrees in most of its proper- • 

ties. It is deliquescent, and more soluble in alcohol than 
muriate of strontian. It crystallizes in needles, which i 

melt 'in the mouth, and produce the sensation of cold. On ! 
burning coals it fuses rapidly, producing a beautiful purple 
flame. Its constituents arc 

* Vauquelli), Ana. cle Clhm. lev. 100. 

•f Chenevix on Hyperoxygenized Muriatic Acid. Phil. Trans. 1802. 
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Chloric acid ,.., 9*5 

Strontian.6’5 
100 

68*42 

^225 

Sabdiv. If. 
Chap. 1. 

According to the analysis of Mr. Chenevix, its consti- Composi- 

tuents are tion. 

46 acid 

26 strontian 
28 water 

100^ 

7. Chlorate of magnesia. This salt may be prepared in Chlorate of 

I the same way as chlorate of lime, which it resembles in 
t most of its properties. Its constituents are 

, Chloric acid.... 9*5 .... 100 
I Magnesia.2*5 .... 26*31 

I According to the analysis of Mr. Chenevix, its con- 

j| stituents are 
I 60*0 acid 
i 25*7 magnesia 
i 14*3 water 

10G*0t 

8. Chlorate of iron. As far as we jcnow at present this Of iron, 

salt does not exist. Chloric acid dissolves iron with great 

rapidity without the evolution of any gas. The iron very 

speedily passes to the red oxide at the expense of the 

chloric acid which it decomposes. When a current of 
chlorine gas is passed through water, having the red oxide 

of iron diffused through it, the oxide is dissolved ; but the 
compound formed appears to be merely a compound of 
chlorine and red oxide of iron, or a chloride of the red 

oxide.J 
9. Chlorate of zinc. This salt may be obtained by dis- Of zinc, 

solving carbonate of zinc in chloric acid. The carbonic 
acid is disengaged; but it is difficult to saturate the chloric 

acid with oxide of zinc. This salt has a very astringent 

taste: when evaporated to the consistence of a syrup it 
crytallizes in low octahedrons. Its solution in water does 
not precipitate nitrate of silver. On burning coals it fuses 

* Chenevix On Hyperoxygenized Muriatic Acid. Phil. Trans. 1802. 

t Ibid. X Vauquelin; Ann. de Chim. xcv. 121. 

VOL. II. 2 
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Book II. 
Division I. 

0f copper. 

Protochlo¬ 
rate of mer 
cury. 

and produces a yellow light, but does not detonate. When 

mixed with sulphuric acid it assumes an orange red colour, 
and produces a slight effervescence; but the chloric acid is 
not decomposed. For when the mixture is diluted with 

water, it does not precipitate sulphate of silver.* 
Chloric acid dissolves zinc without effervescence. It 

would appear from the experiments of Vauquelin that the 

solution is a mixture of chlorate of zinc and chloride of 

zinc. When a current of chlorine gas is made to pass 
through water, having carbonate of zinc diffused through 

it, the same two compounds appear to be formed.f 

10. Chlorate of lead. This salt may be formed by dis¬ 

solving litharge in fine powder. The solution has a very 

sweet and astringent taste. When left to spontaneous eva¬ 
poration it deposites brilliant crystalline plates. On burn¬ 

ing coals it fuses and gives out a white smoke, leaving some 

globules of metallic lead. When distilled it yields oxygen 
gas mixed with a little chlorine. The quantity of oxygen 

amounts to about one-fifth of the weight of the salt. Sul¬ 

phuric acid and the alkalies throw down a white precipitate 
from the solution of this salt.f 

When chlorine is passed through water, having litharge 
diffused through it, a portion of the oxide is converted into 

peroxide of lead, and another portion into chloride of 
lead. No chlorate whatever is formed. 

] 1. Chlorate of copper. Peroxide of copper dissolves 

readily in chloric acid. It is not possible to neutralize the 

acid by this oxide. The salt does not crystallize readily. 
Its colour is green. On burning coals it fuses slightly, and 
gives out a green light. Paper dipped into the solution of 
this salt burns with a fine green flame, at a temperature in¬ 

ferior to what would be requisite to set fire to the paper 
itself. § 

12. Protochlorate of meratry. Chloric acid readily dis- 

■ solves protoxide of mercury. As the saturation goes on, 
the protochlorate precipitates in the state of yellowish 

grains. This protochlorate has very much the appearance 
of phosphate of silver. It has a mercurial taste, and dis¬ 

solves very sparingly in boiling water. When heated it 

* Vauquelin ; Ann. de Chira. xcv. 116. 

t -ihiJ. p. 127. 
t Ibid. 
§ Ibid. p. 133. 
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detonates, oxygen gas is given out, and corrosive sublimate Subdiv. ii. 

formed.* ^Ch^. 

13. Perchlorate of merairy. This salt was first obtained perchl^e 
by Mr. Chenevix. It may be formed readily by dissolving of mercury, 

peroxide of mercury in chloric acid. It crystallizes in 

needles, is pretty soluble in water, and has a strong taste 
like that of corrosive sublimate. It always contains an 

excess of acid. When heated in a glass tube it gives out a 
great deal of oxygen ; a yellow matter remains which ap¬ 

pears a mixture of red oxide of mercury, corrosive subli¬ 
mate, and calomel. The first portion of oxygen is disengaged 

with rapidity; but the last portion not till the heat is con¬ 

siderably elevated.! 
14. Chlorate of silver. This salt was discovered by Mr. Chlorate of 

Chenevix. It may be formed by boiling phosphate of silver 

in chlorate of alumina, or by dissolving oxide of silver in 

chloric acid. It is soluble in about two parts of warm 
water; but as the solution cools, it crystallizes in small 

rhomboids, opaque and dull, like nitrate of lead or barytes. 
It is soluble in alcohol. Muriatic acid decomposes it, as 

does nitric, and even acetic acid. The silver is thrown 
down from its solution by the addition of chlorine. 

When this salt is exposed to a moderate heat, it melts, 
oxygen is given out, and chloride of silver remains behind. 
When mixed with half its weight of sulphur, and struck 

slightly, it detonates with prodigious violence. The flash 

is white and vivid, and accompanied by a sharp and quick 

noise, and the silver is reduced and volatilized.^ 
The remaining chlorates are still unknown. 

SECT. II. 

OF PERCHLORIC ACID. 

This acid has been hitherto examined by Count Von 

Stadion only. All the facts respecting it with which I am 

» Vauquelin; Ann. deChim. xcv. 103. f Ibid. p. 107, 
1 Chenevix On the Oxygenized and Hyperoxygenized Muriatic Acids, 

p. 39, 
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Book II. 
Division I. 

acquainted have been given in a former part of this work.* 
As I feel some doubts respecting the accuracy of the 

Count’s description of the perchlorate of potash, and of 
course respecting the existence of this peculiar acid, it is 

very much to be wished that his experiments were verified 

by repetition. 

CHAR 11. 

OF CHLORIDES. 

Chlorine appears capable of combining with all the 
simple combustibles, except carbon. These compounds 

(unless when they possess acid properties) are called 

chlorides. They are analogous to the oxides, and are pro¬ 

bably as numerous as these bodies. But it is only a few 
years since they became known to chemists as a distinct 

class of bodies. On that account it is not surprising that 

they have not yet been all examined. I thought it better 
in the present state of our knowledge, to describe the dif¬ 

ferent chlorides^ while treating of their various bases. The 

reader therefore will find an account of them in the chapter 
which treats of simple combustibles. 

CHAP. III. 

OF ACIDS COMPOSED OF CHLORINE AND A COMBUSTIBLE. 

At present we are acquainted with two acids only of this 
nature. The first is a compound of chlorine and hydrogen, 
which constitutes the well known acid called muriatic acid. 

The second is a compound of chlorine and carbonic oxide; 
so that it consists of two supporters^ chlorine and oxygen^ 

united to the simple combustible, carbon. This acid may be 

denominated chlorocarbonic acid. I shall describe the pro¬ 

perties of these two acids in the two following sections. 

§ See Vol. I. p. 191. 
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SECT. L 

OF MURIATIC ACID. 

Subdiv. II. 
Chap. III. 

§ 
] 

j, 
'i 

i 

This acid appears to have been known to the alchymists. History. 

I find it mentioned in the writings of Basil Valentine. But 
Glauber seems to have been the chemist who contrived the 

present mode of obtaining it, by distilling a mixture of 

sulphuric acid and common salt. It was distinguished by 
the names of sphit of salt, marine acid, and muriatic^ acid, 

doubtless because it is obtained from common salt, Mr. 

Cavendish first obtained this acid in the gaseous state, 
and mentioned the circumstance in his paper on Factitious 

Airs, published in 1776;t but he does not seem to have 
been aware of the nature of the elastic fluid which he ob¬ 

tained. The subject was afterwards taken up by Dr. 

Priestley, who ascertained the nature and properties of 
muriatic acid gas, and must therefore be considered as the 
true discoverer of it.J In 1774, Scheele discovered 
chlorine gas, and stated the composition of muriatic acid 
to be chlorine united to phlogiston. By phlogiston he meant 

hydrogen. Therefore, according to the opinion of Scheele, 

muriatic acid is a compound of chlorine and hydrogen. 
This opinion was neglected for many years; but was re¬ 

vived again in 1810 by Sir H. Davy, in consequence 
chiefly of the experiments of Gay-Lussac and Thenard. 
The numerous experiments of Davy, assisted by the sub¬ 
sequent discovery of iodine, and its striking analogy to 

chlorine, seem now to have established the theory of Davy. 

It is admitted as true by almost all the eminent chemists in 

' Europe. § 
Since the composition of muriatic acid has become known 

Gay-Lussac has thought proper to give it the new name of 
hydrochloric acid in order to point out its composition. But 

I do not think it right to follow his example. The term 

muriatic acid has been so long in common use, that the evils 

* Muria is used by Cicero for hrine or salt water. 
f Phil. Trans, vol. Ivi. p. 157. I Priestley on Air, ii. 276. 

§ Berzelius constitutes almost the only exception. That eminent 
chemist still adheres to the old doctrine that chlorine is a compound of 
muriatic acid and oxygen. 
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Prepara¬ 
tion. 

which would result from changing it, seem to more than 
counterbalance the slender advantages that would result 

from the use of a name pointing out its composition. Mu¬ 
riatic acid gas may be obtained in a state of purity by the 

following process. 
Let a small pneumatic trough be procured, hollowed out 

of a single block of wood, about 14 inches long, 7 broad, 

and 6 deep. After it has been hollowed out to the depth of 

an inch, leave 3 inches by way of shelf on one side, and cut 

out the rest to the proper depth, giving the inside of the 

bottom a circular form. The figure re¬ 
presents a section of this trough. Two 
inches from each end cut a slit in the 

shelf to the depth of an inch, and broad 
enough to admit the end of small glass 

tubes, or the points of small retorts. 
This trough is to be filled with mercury to the height of -L 

inch above the surface of the shelf. Small glass jars are to 

be procured of considerable thickness and strength, and 
suitable to the size of the trough. One of them being filled 
with mercury by plunging it into the trough, is to be placed 

on the shelf over one of the slits. It ought to be supported 

in its position; and the most convenient method of doing 
that is, to have a brass cylinder two inches high screwed into 
the edge of the trough just opposite to the border of the 
shelf. On the top of it is fixed two flat pieces of brass ter¬ 

minating each in a semicircle, moveable freely upon the 

brass cylinder, and forming together a brass arm terminat¬ 

ing in a circle, the centre of which is just above the middle 

of the slit in the shelf, when turned so as to be parallel to 
the edge of the shelf. This circle is made to embrace the 

jar; being formed of two distinct pieces, its size may be in¬ 

creased or diminished at pleasure, and by means of a brass 
slider it is made to catch the jar firmly. 

The apparatus being thus disposed, two or three ounces 

of common salt are to be put into a small retort, and an 
equal quantity of sulphuric acid added; the beak of the 

retort plunged below the surface of the mercury in the 

trough, and the heat of a lamp applied to the salt in its bot¬ 

tom. A violent effervescence takes place; and air bubbles 

rush in great numbers from its beak, and rise to the surface 

of the mercury in a visible white smoke, which has a pccu- 
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liar odour. After allowing a number of them to escape, till Subdiv. ii. 

it is supposed that the common air which previously existed 

in the retort has been displaced, plunge its beak into the slit 

in the shelf, over which the glass jar has been placed. The 
air bubbles soon displace the mercury and fill the jar. The 

gas thus obtained is called muriatic acid gas. It possesses 
the following properties. 

1. It is invisible like common air and capable like it of Properties, 

indefinite contraction and expansion. Its smell is peculiar, 

and when Jet into common air it becomes visible by forming 
a white smoke in consequence of the avidity with which it 

absorbs moisture. It reddens vegetable blues and has a very 

sour taste. 

2. Its specific gravity is T2847, that of common air be¬ 

ing 1. Hence 100 cubic inches of it at the temperature of 
60°, and when the barometer stands at 30 inches, weigh 

39’162 grains. 
3. Animals are incapable of breathing it ; and when Does not 

plunged into jars filled with it, they die instantaneously in comb^uLon 
convulsions. Neither will any combustible burn in it. It nor life. 

is remarkable, however, that it has a considerable effect 
upon the flame of combustible bodies; for if a burning taper 

be plunged into it, the flame, just before it goes out, may 

be observed to assume a green colour, and the same tinge 

appears the next time the taper is lighted.* 
4. If a little water be let up into a jar filled with this gas. Absorbed 

the whole gas disappears in an instant, the mercury ascends, 
fills the jar, and pushes the water to the very top. The 

reason of this is, that there exists a strong affinity between 

muriatic acid gas and water: and whenever they come in 

contact, they combine and form a liquid; or, which is the 
same thing, the water absorbs the gas. Hence the necessity 
of making experiments with this gas over mercury. In the 

water cistern not a particle of gas would be procured. Nay, 

the water of the trough would rush into the retort and fill it 

completely. It is this affinity between muriatic acid gas and 
water which occasions the white smoke that appears when 

the gas is mixed with common air. It absorbs the vapour 
of water which always exists in common air. The solution 

* Priestley, ii. 293. 
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Book II. of muriatic acid gas in water is usually denominated simply 
Division I. • -j u ^ ^ V ^ j muriatic acid by chemists. 

„ A cubic inch of water at the temperature of 60^, baro- 
Proportion. . ^ ^ . 

meter 29*4°, absorbs 515 inches of muriatic acid gas, which 

is equivalent to 308 grains nearly. Hence water thus im¬ 

pregnated contains 0*548, or more than half its weight of 

muriatic acid, in the same state of purity as when gaseous. 

I caused a current of gas to pass through water till it re¬ 

fused to absorb any more. The specific gravity of the acid 

thus obtained was 1*203. If we suppose that the water in 
this experiment absorbed as much gas as in the last, it will 
follow from it, that 6 parts of water, by being saturated with 

this gas, expanded so as to occupy very nearly the bulk of 
II parts \ but in all my trials the expansion was only to 9 

parts. This would indicate a specific gravity of 1*477; yet 
upon actually trying water thus saturated, its specific gravity 

was only 1*203. Is this difference owing to the gas that 

escapes during the taking of the specific gravity ? 

During the absorption of the gas, the water becomes 

hot. Ice also absorbs this gas, and is at the same time li¬ 

quefied. The quantity of this gas absorbed by water dimi¬ 

nishes as the heat of the water increases, and at a boiling 
heat water will not absorb any of it. When water impreg¬ 
nated with it is heated, the gas is again expelled unaltered. 
Hence muriatic acid gas may be procured by heating the 

common muriatic acid of commerce. It was by this pro¬ 
cess that Dr. Priestley first obtained it. 

Properties. The acid thus obtained is colourless: it has a strong pun¬ 

gent smell similar to the gas, and when exposed to the air 
is constantly emitting visible white fumes. The muriatic 

acid of commerce is always of a pale yellow colour, owing 
to a small quantity of iron which it holds in solution. 

As muriatic acid can only be used conveniently when dis¬ 

solved in water, it is of much consequence to know how 

much pure acid is contained in a given quantity of liquid 

muriatic acid of any particular density. The following 

table drawn up by Mr. Dalton* chiefly from the experi¬ 

ments of Mr. Kirwan, gives the quantity of real acid in 

liquid acid of various densities. 

* New System of Chemical Philosophy, ii. 295. 
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Atoms. 
Acid. Water. 

Acid per 
cent, by 
weight. 

Acid per 
cent, by 
measure. 

Specific gra¬ 
vity. 

Subdiv. 11. 
Boiling 
point. 

IT 1 73*3 -— 

T 2 57*9 — — -— 

T 3 47*8 71-7? 1-500? 60°? 
T 4 40*7 -- — — 

T 5 35-5 — — — 
T 6 31*4 — — — 

T ' 7 28*2 — —• — 

T 8 25*6 30*5 1*99 120 ? 
T 9 23*4 27*5 1*181 145 ? 
T 10 21*6 25*2 1*166 170 

T 11 20*0 23*1 1*154 190 
T 12 18-7 21*4 1*144 212 
T 18 17*5 19*9 1*136 217 
T 14 16*4 18*5 1*127 222 
T 15 15*5 17*4 1*121 228 
T 20 12*1 13*2 1*094 232 
T 25 9*91 10-65 1*075 228 
T 30 8*40 8*93 1*064 225 
T 40 6*49 6*78 1*047 222 
T 50 4*21 5*39 1*035 219 
T IOC 2*65 2*70 1*018 216 
T 20C 1*36 1-37 1*009 214 

5. When equal volumes of chlorine and hydrogen gas are Composi- 

t mixed together, if the mixture be exposed to the direct rays 
I of the sun or if an electric spark be made to pass through it 

II an explosion takes place, the two gases combine without any 

] change of bulk and are converted into muriatic acid gas. 

: Hence muriatic acid is a compound of equal volumes of the 
; two gases, or it is composed by weight of 

Hydrogen.... 0*125 .... 1 

Chlorine.4*5 .... 36 

’ So that muriatic acid contains -^th part of its weight of hy- 

I drogen, and |-^ths of its weight of chlorine. 

II. Muriatic acid does not seem capable of uniting with 
‘ any of the simple supporters of combustion. 

III. Many of the simple combustibles are capable of de- 

k composing muriatic acid and of combining with its chlorine. 

This is the case with the greater number of the metals. 
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Book II. The method is to combine the metallic oxides with muriatic 
Divi^on L g^cid, and to expose the muriates thus formed to a strong 

heat. In general the oxygen of the oxides combines with 
the hydrogen of the muriatic acid and flies ofl* in the state 

of water, w^hile the metallic basis remains combined with 

the chlorine in the state of a chloride. This decomposition 

does not always take place. Sometimes the heat drives off 
the muriatic acid and leaves the oxide without undergoing 

decomposition. 
Muriates. IV. Muriatic acid combines with the different salifiable 

bases, and forms a genus of salts called mimates, 

I shall give a description of the muriates in this place, 
because they cannot with propriety be placed among the 

salts composed of acids which contain oxygen. Gay- 

Lussac has given them the name of hydrochloi'ates. But 
this innovation, even if called for, (which I think it is not} 

could not with propriety be introduced till all controversy 
respecting the composition of the muriates is at an end. 

Muriate-of 1. Muriate of ammonia. This salt has been in common 
ammonia, centuries. But I do not see any proof that 

the ancients were acquainted with it. Tournefort appears 
to have known the constituents of this salt in 1700. Geoffroy 

junior pointed them out experimentally in 1716 and 1723,* 

as was afterwards done more precisely by Duhamel in 

1735.t For many years the whole of the sal ammoniac 
used in Europe was imported from Egypt; but it is now 

made in great abundance both in Britain and on the con¬ 

tinent. 
Properties. Sal ammoniac is usually in the form of a hard elastic 

cake; but by solution in water and proper evaporation it 

may be obtained in crystals. The primitive form of these 

crystals is, according to Haiiy, the octahedron; and that 

of its integrant particles the tetrahedron: j but it crystal¬ 

lizes most frequently in long four-sided pyramids. It often 

assumes the form of plumose crystals; the individual crys¬ 

tals of which are long hexahedral pyramids. 

The specific gravity of this salt, according to the expe¬ 
riments of Dr. Watson, is r4'50.§ A saturated solution 

of it in water at 42° is of the density 1‘072. 

* Mem. Par. f Ibid. + Hauy's Mineralogie, ii. 380. 

§ Essays, v. 67. Wallerius makes it 1*463 (Chemistry, i. 266) j and 
Kirwan, 1*420. 
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In its ordinary compact state sal ammoniac is soluble in Subdiv. ii. 

times its weight of cold water; * but the crystals, ac- 

;; cording to Gren, dissolve at the temperature of 50® in 

I 2*727 parts of water.f Wenzel found it soluble in 2*24? 

i parts of water of the temperature 14?4*5®.J A hundred 
: parts of alcohol of the strength 0*834? dissolve 1^^ of this 

i salt. 
■ 

j In its common form (which is an opaque mass) this salt 

f is not much affected by the air, but its crystals are liable to 

deliquesce. 
When heated, it sublimes without decomposition in the 

form of a white smoke, which exhales a peculiar odour. 

When this salt is sublimed with gold leaf, there is found 
in the neck of the retort an amethyst-coloured matter, 

bordering on purple, soluble in water, and forming a pur¬ 

ple solution. When filtered, there remains behind a purple 

powder. This salt seems from this to be capable of oxidiz- 
ing golcl.§ 

This salt is composed of equal volumes of ammoniacal Sand muriatic acid gases. It is composed therefore of 1 

atom acid + 1 atom gas. Hence its constituents are 

Muriatic acid.... 4*625 .... 68*52 .... 100 
* 

Ammonia. 2*125 .... 31*48 .... 45*94 

100*00 

1 

i 

, 

I 

[it 

2. Muriate of potash. As no correct distinction can be Of potash^ 

pointed out between this salt and chloride of potassium, I 

refer tofthe description of that chloride in Vol. I. p. 322 of 

this work. 
3. Muriate of soda. This also agrees in its properties with Of soda, 

chloride of sodium, which is described in Vol. I. p. 330 of 
this work. 

The acid is easily extracted from this salt by means of 

sulphuric acid : but to obtain the alkali at a cheap rate is 

not so easy. The methods which have hitherto succeeded 

may be reduced to two. 
(1.) Muriate of soda is decomposed by means of some Decompo- 

substance which has a stronger affinity for muriatic acid 

* Wallerius’ Chemistry, i. 266. f Gren’s Handbuch, i. 488. 

1 Verwandtschaft, 309. 
§ Storr, CrelFs New Discoveries, &c. Part ii. p. 41. 

1 
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Book II. 
Division I. 

1. By li¬ 
tharge. 

ACIDS COMPOSED OF CHLORINE AND A COMBUSTIBLE. 

than soda has. The soda by this process is set at liberty, 
and may be obtained by evaporation and crystallization. 
Barytes and potash would answer this purpose completely; 
but unluckily these bodies cannot be obtained sufficiently 
pure, except at an expence which precludes their employ¬ 
ment. There are, however, three substances, which are 
also capable of setting the base of common salt at liberty, 
and of furnishing soda, either pure or in the state of car¬ 
bonate. These are litharge^ lime^ and iron. 

When about four parts of litharge and one of common 
salt, properly pounded and mixed, are macerated in a little 
w^ater for several hours, and stirred repeatedly, the muri¬ 
atic acid gradually combines with the oxide of lead, and 
forms a muriate, while the soda is left in solution, and may 
be obtained separately by filtration and evaporation. The 
decomposition goes on still more rapidly if the mixture be 
heated during the process. 

The fact, that the red oxide of lead decomposes muriate 
of soda, which was first observed by Scheele, has given 
occasion to much speculation among chemists. Mr. Has- 
senfratz endeavoured to account for it, by supposing that 
the oxide is combined with carbonic acid, and that there¬ 
fore it is a case of compound affinity. Mr. Curaudau has 
proved that carbonic acid, instead of promoting, impedes 
the decomposition; and that, in fact, carbonate of lead is 
incapable of decomposing muriate of soda. He concludes, 
therefore, that the phenomenon cannot be accounted for 
by the commonly received laws of affinity.* Vauquelin 
has proved more lately, that the decomposition by means 
of litharge is complete, provided the quantity of that oxide I 
be greater than that of common salt; that the resulting 
compound is a submuriate of lead totally insoluble in water, 
and which is not decomposed by alkalies. Hence he as¬ 
cribes the decomposition to the attraction of muriate of 
lead for an excess of oxide.f But this does not account 
completely for the decomposition, provided it be true that 
oxide of lead has a weaker affinity for muriatic acid than 
soda has. Berthollet has at last explained this apparent 
anomaly by proving, that when two substances are mixed 
with a third, for which each has an affinity, they divide it 

* Ann. de Chim. xiv. lo. f Ibid, XXxi. 3. 
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between them in proportions corresponding to the quantity Subdiv. il. 

of each: and if the compound formed by one of these J 
substances with the third be insoluble, that substance com¬ 

bines with the whole of the third body, and takes it com¬ 

pletely from the other; because the insoluble compound 
being in fact totally abstracted from the mixture, the de¬ 
composition and partition commences again as at first after 

every partition. Thus when the oxide of lead and muriate 
of soda are mixed together, the oxide and alkali divide the 

muriatic acid between them, so that some of the common 
salt is decomposed, and some muriate of lead formed im¬ 

mediately after the mixture. But this being in the state of 
submuriate, or altogether insoluble, separates completely 
from the rest; in consequence of which a new partition of 

the muriatic acid between the oxide and the alkali takes 

place; and this continues, provided the quantity of li¬ 

tharge be sufficient, till the common salt is entirely decom¬ 

posed. 

That the alkali may be extracted from common salt by 2. By lime, 

means of lime, may be considered as a fact for which like¬ 

wise we are indebted to Scheele. Cahausen indeed had 

hinted at it in 1717 ; but his treatise had been forgotten.* 

Scheele ascertained that a mixture of lime and common 
salt, formed into a paste, and placed in a moist cellar, was 

covered wdth an efflorescence of soda in 15 days.f In 
1782 Morveau and Carny procured a patent from the 

French government to establish a manufactory at Croisic 
for extracting soda from common salt by means of lime. 
Their process was exactly the same with that of Scheele, 

only upon a larger scale. It does not appear, however, that 
the manufactory was ever established. B^rthollet has ren¬ 
dered it probable that the soda which is found abundantly 

on the coast of Egypt, is formed naturally by a similar 

process.^ 

To Scheele likewise we are indebted for the discovery 3. By iron, 

that common salt may be' decomposed by iron. He ob¬ 

served that a wooden vessel placed in a cellar, and con¬ 

taining brine, had its iron hoops covered with an efflores¬ 

cence of soda. This induced him to dip a plate of iron 

into a solution of common salt, and to suspend it in a cel- 
V 

^ See his Helmontins Extaticus, f Scheele, ii. 15. 
I Ann. de Chim. xxxiii, 345. 

2 
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Book II. lar. After an interval of fourteen days, he found his iron 
Division I. iiicrusted with soda.* The same decomposition takes place 

also if zinc or copper be substituted for iron.f 

(2.) The second method of extracting soda from common 

salt is less direct. It consists in displacing the muriatic acid 
by means of some other acid, which may be afterwards 

easily decomposed or displaced in its turn : thus the soda 

is left behind at last in a state of purity. The acids which 

have been made choice of are the sulphuric and the acetic; 

the boracic, phosphoric, and arsenic acids, might indeed 

be employed, as they decompose common salt in a high 

temperature. The products in that case would be borate 
of soda, or the phosphate, or arseniate, of the same base, 
according to the acid. These salts might be afterwards 

decomposed by means of lime, and the soda obtained se¬ 

parate. But these acids are a great deal too high priced to 
admit of their employment. 

4. By sul- Sulphuric acid may be either employed in a separate 
phuric acid combination wdth bases, when the salts which 

com- it then forms can be procured at a sufficiently cheap rate, 
pounds. Alum, sulphate of lime, and sulphate of iron, have been 

respectively employed wdth advantage to decompose com¬ 

mon salt, and obtain sulphate of soda. Alum is said to 

have been first employed for that purpose by Constantini, a 

physician of Melle, near Osnaburg, about 1750. The 
process, it is affirmed, does not succeed except at a low 

temperature.^ Sulphate of lime decomposes common salt 

when formed with it into balls, and exposed to a strong 

heat.J Much discussion has taken place among the Ger¬ 
man chemists about the possibility of decomposing com¬ 

mon salt by means of sulphate of iron. That sulphate of' 
soda may be obtained by exposing a mixture of these twofc 

salts to a strong heat, was first announced by Vander 
Ballen. This was contradicted by Hahneman, but con- •- 

firmed by the experiments of Tuhten, || Lieblein,** and 1^ 

Wiegleb.ff It succeeded completely with the French com¬ 

missioners, Lelievre, Pelletier, Darcet, and Giroud, who 

r 

* Scheele, ii.-14. 
X Jour, de Min. No. ili. p. 55. 
§ Malherbe and Athenas, Ann. de Chim. xix, 

II Crell’s Annals, 1790, ii. 406. 

ii- Ibid..l793, i. 204. 

f Athenas, Ann. de Chim. xix. 92. 

** Ibid. p. 509. 
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were appointed in 1794? to examine the different processes Subdiv. IL 

for obtaining soda from common salt. They ascertained 

j also that pyrites or super sulphur et of iron may be employed 

i for the same purpose.* * * § 
j After obtaining the sulphate of soda, it is necessary to 

expel the acid in order to procure the soda separately. 
I This is accomplished by calcining the salt mixed with a 

j certain portion of charcoal or of pit-coal. By this process 

I it is converted into sulphuret of soda, and the sulphur may 
I be abstracted by the intervention of iron or chalk. When 

I the sulphuret of soda is nearly in fusion, small bits of iron 

I (the parings of tin-plate answer best) are thrown in gra- 

I dually in sufficient quantity to decompose the sulphuret. 
I The fire is raised till the mixture melts. The sulphur, hav- 
I ing a stronger affinity for the iron, combines with it and 
I leaves the soda, which may be separated by solution in 

I water, filtration, and evaporation.f Carbonate of lime 

!l may be employed also for the same purpose. J 

Some chemists have proposed to decompose common salt 5. By aee^ 

M by means of acetate of lead, using either the acetate of 
\i commerce, or one formed on purpose, by combining li- 

[1 tharge with the acid liquor obtained by distilling wood. 

a The acetate of soda formed by mixing common salt with 

ij these acetates is afterwards calcined, in order to decompose 

( and expel the acetic acid. But these salts are too high 

! priced to be employed with advantage to extract soda from 

{ common salt.§ 
I 4. Muriate of lime. Though this salt in all probability Muriate of 

i exists always rather in the state of muriate of lime than 

1 of chloride of calcium, yet as the chloride when formed 
' I artificially, exactly resembles the muriate in its properties, 
: * no accurate distinction can be pointed out between them. 

! I refer therefore to the description of chloride of calcium, 

i i in Vol. I. p. 337 of this work. < 
5. Muriate of barytes. This salt likewise will be found Of barytes^ 

* Ann. de Chim. xix. 58. 
t Alban, Ann. de Chim. xix. 77.—The process was discovered by 

: ‘ Malherbe. See Jour, de Min. No. iii. p. 67. 

X Leblanc, Ann. de Chim. xix. 61. 
§ For a detailed account of the processes of making salt followed in 

I different countries, the reader is referred to Brownrigg-s Art of making 
! Common Salt, and to Watsoifs Chemical Essays, ii. 3S. 



ACIDS COMPOSED OF CHLORINE AND A COMBUSTIBLE. 

Muriate of 
yttria. 

Muriate of 
alumina. 

Book II. described under the name of chloride of barium in Vol. I. 
Division I. work. 

6. Muriate of strontian» Described in Vol. I. p. 350, 
under the name of chloride of strontium, 

7. Muriate of magnesia. Described in Vol. I. p. 354, 

under the name of chloride of magnesium. 

8. Muriate of yttiia. This salt has been examined by 
Ekeberg,* Vauquelin, f and Klaproth.f It has a strong- 
resemblance to the nitrate of yttria. Like that salt, it dries 

with difficulty, melts in a gentle heat, and attracts moisture 

very rapidly from the atmosphere. It does not crystallize, 
but runs into a jelly. 

9. Muriate of glucina. This salt has only been examined 

by Vauquelin; and little more is known at present concern¬ 

ing its properties than that it resembles nitrate of glucina, 

but is more easily crystallized. When dissolved in weak 

alcohol, it forms an agreeable sweet liquid. 

10. Muriate of alumina. This salt was first described by 

Margraff in his dissertation on the Earth of Alum, published 
in the Berlin Memoirs for 1754. § Scarcely any addition 

has been made to the facts which he ascertained, except by 

Bucholz 11 and Wenzel.*^ 

It is prepared by dissolving alumina in muriatic acid. It 
is always in the state of a supermuriate. 

It is scarcely possible to obtain it in the form of crystals: 

it is usually either gelatinous, or in the state of white 

powder. 

It is extremely soluble in water, one part of that liquid 

being sufficient to reduce four parts of the dry salt to the 

consistence of a syrup.ff When exposed to the air, it 

speedily deliquesces into a liquor of a glutinous consistence. 
Pure alcohol, in the mean temperature of the atmosphere, 

dissolves half its weight of this salt; and when boiling, it 

takes up at least two-thirds of its weight, but deposits again 

a part as the solution cools, iff 

When heated, it melts and loses its acid, while the 

alumina remains behind in a state of purity.§§ 

Pro{>€rties. 

* Crell’s Annals, 1799, ii. 70. 

t Beitrage, iii. 69. 

II Beitrage, iii. 109. 

ft Bucholz, ibid. p. 115. 

§§ Ibid. p. 111. 

f Ann. de China, xxxvi. 157. 

§ Margraft'^s Opusc. ii. 118. 

** Verwandtschaft, p. 111. 

XI MargrafF, p. 111. 
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Its constituents, according to the analyses hitherto made, Subdiv. ii. 

!!ire as follows: Ch^p, iii. 

Acid...... 29*8^  .52*llt 

Base.S0°0  .47*89 

Water .... 40*2 

• Total.100 .100 

Composi¬ 
tion, 

I , i 1. Muriate of zirconia. This salt was first examined Muriate of 

^ by Klaproth : it was afterwards described more particularly 
j by Vauquelin. 

; It is easily formed by pouring muriatic acid on newly 
I precipitated zirconia. It is colourless; its taste is very 

i astringent; by evaporation it furnishes small transparent 
■| crystals in needles, which lose their transparency in the air. 

] Muriate of zirconia is very soluble in water and in alcohol; 

:| to the flame of which it does not communicate any particular 
j colour. Heat decomposes it; and it is decomposed like¬ 

wise by the saliva when taken into the mouth, 

i , When muriate of zirconia contains a little silica, it forms 
cubic crystals without consistence, and resembling a jelly. 

I These crytals, when exposed to the air, gradually lose 

j their transparency, and diminish in volume; and there are 

I formed in the middle of the salt white silky needle-shaped 
j crystals. 

I Muriate of zirconia is decomposed by sulphuric acid; 

^ part of the sulphate precipitates, and part remains dissolved 

i in the muriatic acid. When this acid is driven off by heat, 

i| the remainder of the sulphate is gradually deposited : if the 

'I evaporation be stopped before the mass be reduced to dry- 

I ness, it forms a kind of jelly when cold. It is also decom- 

:| posed by the phosphoric, citric, tartaric, oxalic, and saclactic 

i acids, which form with zirconia insoluble compounds that 
I precipitate in white flakes. 

I The gallic acid poured into muriate of zirconia produces Action of 

a white precipitate; but a green, bordering on grey, if the 
. zirconia contains iron; and this last precipitate becomes, 

when dry, of a bright black colour, and resembles China 

ink. The liquid preserves a greenish colour: new portions 
of gallic acid produce no farther precipitation; but car- 

^ Bucholz, Beitrage, iii. 111. 
t Theoretical composition, supposing the salt a submuriate composed 

of 1 atom acid -f Q atoms alumina. 
VOL. II. 
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Book 11. 
Division I. 

Muriate of 
iron. 

J. {Voto- 
inuriate. 

bonate of ammonia separates in great abundance a flaky 

matter of a purplish colour, not unlike that of the leys of 

wine. From these experiments it follows, that gallic acid 

has a greater affinity for zirconia than muriatic acid has; 

and that the gallates of zirconia and iron are soluble in 

muriatic acid. 
Carbonate of potash decomposes muriate of zirconia, and 

part of the carbonic acid combines with the earth, and ren¬ 

ders it easily soluble in acids though dried. 
Carbonate of ammonia occasions a precipitate, which is 

mostly dissolved by adding more carbonate. 
Prussiate of mercury produces an abundant precipitate, 

which is soluble in muriatic acid; and which consequently 

is not muriate of mercury. 
A plate of zinc, introduced into a solution of muriate of 

zirconia, occasions a slight effervescence; the liquor becomes 

milky, and in a few days assumes the form of a white semi¬ 

transparent jelly. 
Alumina decomposes muriate of zirconia with the assist¬ 

ance of a slight heat; the alumina dissolves, the liquor 

becomes milky, and assumes the form of a jelly. When the 

muriate contains iron, it remains in the solution, and the 

precipitated zirconia is quite pure. Here, then, is a method 
of freeing zirconia from iron.* 

12. Muriate of iron. Muriatic acid attacks iron with great 

rapidity; hydrogen gas is emitted in consequence of the 
decomposition of water, and the iron is oxidized and dis¬ 

solved. 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 properties of which have been 

described by Davy. Their existence has been previously 

pointed out by Proust. The common muriate of iron, 
usually obtained 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 

^ Vauquelin, Ann. de Chira. xxil. 201, 
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llie air, is of a pale green colour, and yields, when evapo* Subdiv. il. 

rated, crystals of muriate of iron of a pale green, which are 

extremely soluble in water, and soluble also, according to 
I Davy, in alcohol. The solution attracts oxygen from the Properties. 

i| air and from nitric acid. It absorbs nitrous gas even in 
ij greater quantity than sulphate of iron, and acquires, when 

j saturated, a dark brown colour, and a much more astringent 
ij| taste than muriate of iron in its usual state. When heated, 

i the greatest part of the gas is driven off, some red oxide of 
^ iron is precipitated, and some ammonia formed, precisely 

ii as happens to a solution of sulphate of iron impregnated 
; with nitrous gas.^ This salt may be formed very readily 

i by dissolving sulphuret of iron in muriatic acid; the sul- 
i phureted hydrogen gas evolved preventing the absorption 

i of oxygen from the atmosphere.f 

(2.) Permuriate of iron. This salt may be formed by dis- 2. Perma- 

solving the red oxide of iron in muriatic acid, by treating 

j the muriate of iron with nitric acid, or simply by exposing 
i it in solution to the air. The solution of this salt is of a 

i deep brown; its odour is peculiar, and its taste, even w'hen 

1 much diluted with w^ater, is exceedingly astringent. When Properties. 

( evaporated to dryness, it yields an uncrystallizable orange- 
:1 coloured mass, which deliquesces in the air, and is soluble 
i in alcohol. This salt gives a yellow tinge to animal and 

vegetable substances, as is the case with chlorine. W^hen 

1; sulphuric acid is poured upon it, the odour of chlorine 

1 is perceptible. This salt does not absorb nitrous gas. 
I; VvTen 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.f 

i When this salt is distilled, chlorine passes over, and 

" the iron is reduced to the state of black oxide. This acid 

is also formed and exhaled during the solution of red oxide 

i of iron in muriatic acid, at least if the solution be promoted 

; by the application of heat. 

If the heat be increased after the permuriate of iron is 

' evaporated to dryness, the whole salt sublimes, not however 
in the state of permuriate, but of simple muriate, which is 

I capable of crystallizing. 

I * Davy, p, 180. f Davy, Journal of the Royal Institution, i. 308, 

I Davy, Journal of the Royal Institution, p, 181. 

R 2 
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Book II. 13. Muriate of nickel. Muriatic acid scarcely attacks 
Pivis^on I. nickel, especially if it has been hammered. The best 

Muriate of This solution, which has a 
nickel. green colour, yields when evaporated irregular crystals of 

muriate of nickel, which are decomposed by heat and by 

long exposure to the air, though at first they deliquesce 
like nitrate of nickel.f 

The colour of this salt is apple-green. It stains paper 

yellow. When heated it loses 55 per cent, of water, 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 flowers, 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 

loot 

Of cobalt. 14.’ 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 ef¬ 
fervescence occasioned by the emission of chlorine 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 sufficiently 
concentrated, yields small deliquescent crystals of muriate 
of cobalt. These crystals are blue, but become red when 
they absorb moisture. 

Sympathe- The solution of this salt constitutes the first and best 
<ic ink. 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 

* Richter, Gehlen’s Jour, iii, 257. f Bergman, ii, 268, 

t Ann. de China, lx. 273. 
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I be repeated as often as we please, provided care be taken Subdiv. n, 

I not to heat the paper too much, otherwise the characters 

I acquire a permanent brown colour. Klaproth affirms, that 

:| this change to green only takes place when the cobalt solu- 

:| tion is contaminated with iron : if the cobalt be pure, the 

I characters, instead of a green, acquire a blue colour when 

heated.’^ This sympathethic ink was first made knowm by 

? Waitz in 1705 ; f it was described a second time by Teich- 

3 meyer in 1731;:]: and a third time by Hellot in 1737. J 
j The cause of this singular change of colour has not hitherto 

i| been explained in a satisfactory manner. It takes place 
I equally in close vessels; so that it can scarcely be ascribed 
5 to the action of the air or of moisture. At present it is 

: supposed, but without any direct proof, to be owing to the 
I 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. Thenard 

4 has observed with justice, that the appearance of the green 

I colour, when the paper is heated, is owing to the concen- 
£ tration of the solution; and its disappearing, when cold, 

3 to its dilution, by absorbing again the moisture it had 

It lost. II It is therefore exactly similar to the change of the 

I solution from green to red when diluted with water; but 

!l the reason of this change remains still to be’assigned. 

I When this salt is heated to redness in a retort, those 
[| parts of it only that touch the glass are decomposed, mu- 

riatic acid and chlorine are disengaged, and the glass 

(j is tinged blue. The rest of the muriate melts, and 
1 sublimes in grey coloured flowers. These flowers dissolve 

' with great difficulty in water. At last, however, a solution 

of common muriate of cobalt may be obtained.** 

15. Muriate of manganese. Muriatic acid readily dis¬ 

solves the protoxide or carbonate of manganese. It dis- 

i j solves likewise the metal wdth the evolution of hydrogen 
i| gas, the solution has a rose red colour. John procured it 

, in crystals by evaporating a portion of it to dryness, and 
LI putting the dry mass in a very concentrated solution of the 

I salt, and keeping the liquid for some days in a temperature 

I * Klaproth's Observations on the Fossils of Cornwall, p. 64. Eng. Tran, 

i f See Wiegleb's Geschichte, i. 126. t Commerc. Literarura, p. 91. 

i § Mem. Par. 1737. || Ann. de Chim. xlii. 214, 

* Proust, Ann. de Chim. lx. 269. 

1 
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Book II. between 77° and 88°. The crystals are long four-sided 

tables terminated each way by two planes. Sometimes the 
ed<jes are so truncated as to convert them into six-sided 

O _ 

tables. They have a rose red colour, are transparent, and 
have a caustic taste, leaving a saltish impression on the 

tongue. They speedily deliquesce in the air. When kept 

in close vessels at a temperature above 77°? they become 

opake, and are covered by a white powder, owing to the 

escape of part of their water of crystallization. When 

heated they undergo the watery fusion, then lose their 

water, and at a red heat the greatest part of their acid. 
Both water and alcohol dissolve more than their weight of 
this salt. The alcholic solution burns with a red flame. 

The specific gravity of the crystals is 1*560. According to 

Dr. John this salt is composed of 

Acid. 
Protoxide. 
Water .. . 

. 20*04 
. 38*50 
. 40*46 

100-00* 

From this analysis it follows that the salt examined by 

John is a submuriate. If we suppose it a compound of 1 

atom acid, 2 atoms protoxide of manganese, and 8 atoms 
water, its constituents will be 

Muriatic acid .. 20*44 

Protoxide.39*78 
Water  .39*78 

100*00 

Mviriatcof 16. Muriate of cerium. When red oxide-of cerium is 
c-num. treated with muriatic acid, a considerable effervescence is 

produced, and chlorine gas escapes. The solution ob¬ 

tained is a yellowish red, and the shade is the lighter the 

longer the liquid has boiled. By concentration and cool¬ 
ing, small four-sided prismatic crystals are deposited of a 

yellowish white colour. They are soluble in alcohol, and 

deliquesce when exposed to the air. Their taste is astrin¬ 

gent and sweet. When the permuriate of cerium, thus 
formed, is exposed to heat, it is completely decomposed. 

The water of crystallization and excess of acid pass over 

first, and then chlorine; the residue is a white oxide, 

* Annals of Philosophy, ii. 267. 
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difficultly soluble in acids. If iron be present it is vola- Subdiv. ii. 
tilized in the state of muriate. Chap, i n. 

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.* ** 

17. Muriate of uranium. Uranium, in the metallic state. Of ura- 

is scarcely attacked by muriatic acid ; f but it dissolves the 
oxide, and forms with it deliquescent crystals of a yellowish 
green colour, having the form of four-sided tables. J 

18. Muriate of zinc. Muriatic acid dissolves zinc rapidly. Of zinc, 

and with effervescence, owing to the emission of hydrogen 
gas. 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. Its specific 

gravity is T577.$ 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 solu¬ 
tion. Ij 

19. Muriate of bismuth. Muriatic acid has scarcely any Of bismuth, 

action on bismuth while cold; but when distilled off that 

metal previously reduced to powder, it gradually oxidizes, 

and brings it to the state of a white powder. Muriate of 
bismuth may be readily formed by dissolving the metal in 

nitromuriatic acid. When the solution is evaporated, it is 
said to yield small prismatic crystals. 

20. Muriate of lead. This salt may be formed readily of lead, 

by pouring muriatic acid or an alkaline muriate into a solu¬ 

tion of nitrate of lead. The muriate precipitates in the 

state of a white powder. It has a sweetish taste. Its spe¬ 
cific gravity is T8226.*^ It is soluble in 22 parts of cold 
water, and this solubility is increased considerably by the 

presence of an acid.ft It is soluble in acetic acid; a pro- 

* Klaproth, Gehlen’s Jour. ii. 312. Hisinger and Berzelius, ibid. 

Vauqueiin, Ann. de Chim, liv. 54. 

t Bucholz, Gehlen’s Jour. iv. 36. 

I Klaproth, Crell’s Annals, i. 130. English Edition. 

s Hassenfrati, Ann. de Chim. xxviii. 13. H Fourcroy, v. 383. 

** Hassenfratz, Ann. de Chim. xxviii. 12. 

ft Chenevix, Nicholson's Journal, iv. 223.—^According to Wenzel, 

water, though boiled on muriate of lead, takes up only -joth of that salt. 

V'erwandtschaft, p. 311. 
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Book II. perty by which it may be readily distinguished from sul- 
Pivis^n 1. qjp When its solution in boiling water is al¬ 

lowed 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. It is soluble in nitric acid. Its constituents are 

Muriatic acid.24<‘83 

Protoxide of lead ... 75*17 

100*00 

Suhmuriate of lead. This salt may be procured either 

by treating muriate of lead with a pure alkali, or by de¬ 
composing common salt by means of four times its w^eight 

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 chemists.* It had been previously 
mentioned by Bergman. It is insoluble in water. When 

heated, it assumes 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. 

Of tin, 21. Muriate of tin. This salt is obtained by dissolving 
tin in about 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 

4*2932.+ Water, when poured on it in small quantity, 

readily decomposes it; a submuriate precipitates, while a 
supermuriate remains in solution. 

This salt has a strong affinity for oxygen, and absorbs it 

with avidity from the air, and from nitric acid, and is con¬ 

verted into permuidate of tin, as Pelletier first observed. 

It absorbs oxygen also from arsenic acid, and arsenious 

Deoxidizes acid. When these bodies are treated with muriate of tin, 
metals. precipitated, completely deprived of oxygen, in the 

state of a black powder. Molybdic acid and yellow oxide 

of tungsten, or their combinations, when dropped into a 

solution of muriate of tin, immediately assume a blue 
colour, being changed into oxides with a minimum of 

oxygen. The red oxide of mercury, the black oxide of 

* Ann. de Cliira. xxxi. 3. f Hassenfratz, Ann, de Cbim. xxvili. 12. 
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Dianganese, the wliite oxide of antimony, the oxides of zinc Subdiv. Ii. 

^nd of silver, are likewise deprived of their oxygen by this ^^ap. IIL 

salt, and reduced to the metallic state. The oxygenized 
salts of iron and copper are also reduced to salts with a 

minimum of oxygen, and the muriate of gold occasions a 
purple precipitate, consisting of gold reduced to the state 
of purple oxide. For these interesting results we are in¬ 

debted to Pelletier and Proust. They alFord a sufficient 
key to explain ail the singular changes produced upon the 
greater number of metallic salts by this muriate.* 

22. Muriate of copper. Muriatic acid, while cold, does Of copper, 

not act on copper in close vessels, though in an open vessel 

it gradually corrodes and dissolves it. When heated it 

readily oxidizes and dissolves the metal, while at the same 
time hydrogen gas is evolved, and part of the acid volati¬ 

lized. By this process the copper is oxidized to a maximum, 
But muriatic acid is also capable of combining with the first 

oxide of copper, and of forming another salt, first disco¬ 

vered by Mr. Proust, and afterwards more precisely ex¬ 
amined by Mr. Chenevix. 

(1.) Permuriate of copper. This salt may be obtained either i. Permu- 

by dissolving copper in muriatic acid by the assistance of 

heat, or by throwing the oxide of copper into that acid cold. 

The solution, which is of a fine green colour, yields, when 

sufficiently concentrated, and allowed to cool slowly, crystals 

of permuriate of copper, in the form of rectangular paral- 
lelopipeds of a fine grass-green colour. 

This salt is exceedingly acrid and caustic. Its specific 

gravity is l*6776.t It is very soluble in water; and when 
exposed to the air, very soon attracts moisture, and is con¬ 
verted into a liquid of the consistence of oil. At a moderate 
heat it melts, and assumes a solid form when cold. Its 

composition is as follows: 

Acid.40*2:|:. 40*93j 
Peroxide ... 59*8 . 59*07 

100 100 

* Pelletier, Ann. de Chlra. xii. 225.—Proust, Jour, de Phys. 11. 173. 

t Hassenfratz, Ann. de Chlm. xxvill. 12. 

t Berzelius, Ann. de Chira. Ixxvlli. 119. 

§ Theoretical composition, on the supposition that it Is composed 

<if 3 atoms acid and 2 atoms oxide, or that it is a sesquhmiriate. 
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Book IL The crystals, according to Proust, contain 36 per cent. 
Division I. water.* If so, they are a compound of 1 atom anhydrous 

salt + 8 atoms water. 
This salt may be distilled to dryness without alteration; 

but if the heat be increased, chlorine passes over, the copper 

loses part of its oxygen, and there remains behind proto¬ 
muriate of copper. When potash is poured into the solu¬ 

tion of permuriate of copper, a green powder is precipitated, 

which is a subpermuriate, containing 72 parts in the 
hundred of brown oxide of copper. When copper is dis¬ 

solved imnitromuriatic acid, a similar green powder sepa¬ 

rates. Its constituents are 

Acid. 14-36+. 13-35 + 
Peroxide .. 85-64 . 86*65 

100-00 100 

Permuriate of copper is not decomposed by sulphuric or 

nitric acid; but the alkalies and alkaline earths precipitate, 

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.^ 

2, Proto- (2.) Muriate of copper. This salt, which contains copper 
muriate, combined with a niinimum of oxygen, was discovered by 

Mr. Proust, while engaged in his experiments on tin. He 
observed, that when the salts of copper were mixed witlf 

the muriate of tin, that last salt deprived 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 examina¬ 
tion, proved to be a muriate of copper. j| 

Formation. Mr. Chenevix has discovered' a very simple process 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 precipitating that 
metal from its solution in muriatic acid by means of a plate 

of iron. The mixture was put along with muriatic acid 
into a well-stopped phial. A violent disengagement of 

* Ann. de Chlm. xxxii. 47. f Berzelius, Ann.de Chlm, Ixxviii. 121. 

t Theoretical composition, on the supposition that it is a subtrito- 

muriate, or a compound of 1 atom acid and three atoms peroxide. 

^ Ann. de Chim. xxxii, 47. |j Ann. de Chim. xxviii. 218. 

2 
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caloric took place, the liquor became of a red orange-colour, Subdiv. II. 

and the whole was dissolved except 7* * * §5 of metallic copper. 
The solution consisted entirely of muriate of copper.* 

It may be obtained also, as Proust has shown, by distil¬ 

ling permuriate 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 chlorine; a 

grey mass remains in the retort, w^hich, when dissolved, 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 gradually form upon 
the plate; and when the colourless acid is diluted with 

water, muriate of copper precipitates in the state of a white 
powder.f 

This salt crystallizes in tetrahedrons. When its con¬ 

centrated solution is diluted with water, the salt precipitates 

in the state of a white powder, being no doubt deprived of 

the excess of acid which held it in solution. When re¬ 

peatedly washed with water, its acid is carried off, and the 
orange oxide of copper only remains.^ The constituents 
of this salt are as follows: 

Acid.. 26-42§.25*51 [j 

, Protoxide.. 73*58 . 74*49 

100 100 • 
When this salt is exposed to the air, it very speedily 

attracts oxygen, and is converted into permuriate of copper. 

The sulphate ofiron, when dropped into a solution contain¬ 

ing it, precipitates the copper in the metallic state, while it 
passes itself to the state of persulphate."^^ 

It dissolves in ammonia, and forms a colourless solution, 

which gradually attracts oxygen when exposed to the air, 

and at the same time acquires a fine blue colour.f f 

* Phil. Trans. 1801, p. 237. f Jour, de Phys. li. 181. 

I Chenevix, Phil. Trans. 1801, p. 230. Though this compound is pro¬ 

bably, or certainly, a chloride of copper, I have thought it best to give 

the account of it as it was drawn up by the original experimenters. 

§ Berzelius, Ann. de Chim. Ixxviii. 118. 

{| Theoretical composition, on the supposition that it is a subseque- 

muriate, or a compound of 2 atoms acid and 3 atoms protoxide. 

Proust, Ann. de Chim. xxviii. 220. 

tt Proust, Jour, de Phys. li. 182, 
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Book II. 23. Muriate of mercury. We are not acquainted with 
Division L Calomel and corrosive sublimate are chlo- 

rides of mercury, and have been described as such. See 
Ofmercuo-, ^ 

Of silver, 24. Muriate of Silver, Neither do we know any muriate 

of silver. Horn-silver is a chloride, and has been described 

already. See vol. I. p. 476. 
Of gold, 25. Muriate of gold. This salt, which was well known 

to the alchymists, and much valued by them, may be 

formed by dissolving gold in a mixture composed of one 

part of nitric and four parts of muriatic acid. The metal is 

attacked instantly, and dissolves with a strong effervescence, 
occasioned by the emission of nitrous gas. The liquid, 
when saturated, which is known by its refusing to dissolve 

more gold, forms a solution of a deep yellow colour. It 
tinges the skin indelibly of a deep purple colour, and pro¬ 

duces the same effect upon almost all animal and vegetable 

bodies, and even upon marble. The colour is owing to the 

partial reduction of the yellow oxide of gold, and its perma¬ 

nency to the strong affinity between metallic oxides and the 

^ epidermis. 
When this solution is evaporated, muriate of gold is 

obtained in small crystals of a fine yellow colour, having 

the form of four-sided prisms or truncated octahedrons. 

They are obtained more readily if the solution be evaporated 
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 be scarcelv taken out of the retort without con- 
«/ 

siderable loss. In summer it becomes liquid in the morn¬ 

ing, and crystallizes towards evening, passing through this 
alternation during the continuance of the hot weather. Its 

taste is acerb with a little bitterness, but without that after¬ 
taste of metal which renders the solutions of silver, mercury, 

&c. so disagreeable. It dissolves readily in alcohol, and 

may be separated by distillation without undergoing any 

change.* ; 
When its solution is heated gradually in a retort, there 

passes over chlorine; and a minute quantity of muriate of 

gold is also carried along with it undecomposed.f The 

* Proust, Nicholson’s Jour. xlv. 239. 

t To the liquid obtained by distilling over the solution of gold in nltro- 

inurlatic acid, the alchymists gave the name oi leo rubeus^ “ red lion." 
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gold remains spongy? and without lustre at the bottom of Subdiv. ii* 

the retort. 

This salt is soluble in ether. The solution has a yellow 

colour; and the gold is gradually reduced to the metallic 
state, doubtless by the action of the ether on it. Ether 
seems to dissolve muriate of gold more readily than watery 
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 yellow oxide 
of gold being separated. But ammonia re-dissolves this 

oxide, and so do the fixed alkalies if added in sufficient 

quantity, forming probably triple salts which have not been 
examined. 

It is decomposed also while liquid by hydrogen gas, phos- Decompos-^ 
phorus, and sulphurous acid; and the gold is precipitated 
in the metallic state, being deprived of its oxygen by these 
combustible bodies: but when dry this decomposition does 

not happen. For these very interesting facts we are in¬ 
debted to the ingenious Mrs. Fulhame. She found, that 

when a piece of silk, dipped in a solution of gold in nitro- 
muriatic acid, is exposed to hydrogen gas while moist, the 
gold is instantly reduced; but if the silk be dried previously, 

the reduction does not take place. The same reduction 

takes place when the silk is dipped into phosphureted ether. 

If a bit of silk, moistened with phosphureted ether, be 

dipped into the nitro-muriatic solution, its surface is im¬ 

mediately 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 it not altered. This is 
not peculiar to the action of combustibles on metallic salts : 

it holds als6, as we shall see afterwards, with respect to the 
metals. But it is by no means easy to see what makes 
water so indispensably 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 

that the water is decomposed. The combustible combines 
with its oxygen, while its hydrogen combines with the 

oxygen of the gold, and reproduces water. This tlieory 
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Book 11. accounts very well for the phenomena; but it would require 
Division L gQj^g direct proof to establish it completely. 

Precipitated The greater number of the metals, when plunged into 
by metals, the solution of muriate of gold, occasion a precipitate either 

of gold in the metallic state, or of its purple oxide ; while 

at the same time a portion of the precipitating metal is 

oxidized and dissolved by the acid. Zinc, iron, bismuth, 

copper, mercury, precipitate it in the metallic state. Lead, 
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 converted into persulphate by the 

oxygen which it has absorbed; whereas the persulphate 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 

precipitate well known by the name of py'ecipitate of Cassius^ 

and used to give a red colour to porcelain and glass: but 
the permuriate of tin, which is already at a maximum of oxy¬ 

gen, produces no such effect: because it does not absorb 

oxygen from the gold. 

Mr. Proust has published a number of experiments on 

the purple of Cassius, 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 to be quite convincing, though they 

certainly render the opinion plausible. There can be no 

doubt that the two constituents of this powder are chemi¬ 

cally combined. When the liquid, from which purple of 

Cassius is precipitated, contains an excess of acid, the pre¬ 
cipitation 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, otherwise the precipitate is conta¬ 

minated with a mixture of uncombined oxide of tin. From 
Proust’s experiments we learn, that this powder is a com¬ 

pound 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. Nitric acid dissolves a portion of the tin, and 

brightens the colour of the powder; but is not capable of 

dissolving the whole. 

* Nicholson's Jour. xlv. S36. 
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26. Muriate of platinum. This salt may be formed by subdiv. ii. 

dissolving platinum in chlorine; but it is more easily ob- 

rained by means of nitro-muriatic acid. Sixteen parts of a 

mixture, composed of one part of the strongest nitric and platinum, 

three parts of • muriatic acids, when boiled upon platinum 
previously reduced to powder, gradually dissolve it with a 

violent effervescence, during which chlorine gas is disen¬ 
gaged. This solution assumes at first a yellow colour, which 
gradually 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 sufficiently concen- 

trated by evaporation, very small irregular crystals of 

muriate of platinum are deposited of a reddish-brown colour: 

when properly edulcorated and dried, they are less soluble 
in water than sulphate of lime.* This salt has a disagree- ' 

ably astringent metallic taste. Heat decomposes it by 
driving off the acid. The earths, as far as they have been 

tried, t decompose the solution of this salt by precipitating 
its oxide: and the same effect, as Bergman first demon¬ 

strated, is produced by a sufficient quantity of soda.f But 

the other two alkalies combine with the muriate of platinum, 

and form triple salts. 
When the solution of this salt is evaporated to dryness, 

the insoluble muriate which remains is composed of 

70 peroxide of platinum 

30 acid and water 

100^ 
•f 

V. Morveau first showed that muriatic acid, in the state Muriatic 

of gas, neutralizes putrid miasmata, and by that means de- guoys^pu- 
stroys their bad effects. In 1773, the cathedral of Dijon trid mias- 

was so infected by putrid exhalations, that it was deserted 

altogether after several unsuccessful attempts to purify it. 

Application was made to Mr, Morveau, at that time pro¬ 

fessor of chemistry at Dijon, to see whether he knew any 

* Bergman,ii. 167. 

t Mr. Chenevix found that lime precipitates only a portion of the ox¬ 

ide, and not the whole. 

t Berginan, p. 172. § Chenevix on Palladium, p. 27. 
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Book li.^ method of destroying these exhalations. Having poured 

V —J two pounds of sulphuric acid on six pounds of common salt, 
contained in a glass capsule, which had been placed on a few 

live coals in the middle of the church, he withdrew preci¬ 
pitately, and shut all the doors. The muriatic acid gas soon 
filled the whole cathedral, and could even be perceived at the 
door. After twelve hours, the doors were thrown open, and 

a current of air made to pass through to remove the gas. 
Tliis destroyed completely every putrid odour.* 

SECT. II. 

OF CHLOROCARBONIC ACID. 

This acid was discovered by Dr. John Davy in 1812. 

He gave it the name of phosgene gas, I have given an ac¬ 

count of its properties in a former part of this work.f It 

has been hitherto so imperfectly examined that the few facts 
ascertained respecting it found a place under the head of 

carbon. It is the only acid at present known which is formed 
of two supporters united to a simple combustible. Many of 

the bases decompose it. But it is possible that it might 
unite with the chlorides and form a class of salts altocrether 
new. 

SUBDIVISION III. 

COMPOUNDS OF IODINE WITH SUPPORTERS AND COM¬ 

BUSTIBLES. 

Iodine having been known to chemists only for a very 

few years, it is not surprising that the compounds which it 

forms have been hitherto but imperfectly investigated. 

Three chapters will exhaust all that we know at present of 
these bodies. In the first we shall describe the combinations 

of iodine with simple supporters, in the second the iodides^ 

and in the third the acids formed by the union of iodine with 
simple combustibles. 

* Jour, de Phys. i, 43C. t See vol. I. p. 237. 
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OF THE COMPOUNDS OF IODINE WITH SUPPORTERS. 

Iodine is capable of combining both with oxygen and 

! chlorine, and with each of these bodies it forms an acid. 

The compound of iodine and oxygen is called iodic acid^ 
the compound of iodine and chlorine chloriodic acid. These 

I two acids will occupy our attention in the two following 
j sections. 

Subdiv. III. 
Chap. I. 

SECT. I. 

I OF IODIC ACID, 
j • I' This acid in a separate state was first discovered and 

described by Sir H. Davy. I have given an account of its 
properties and constitution in a former part of this work.* 

But the compounds which it forms with acids and with the 

salifiable bases still remain to be described. 

I. The compounds which it forms with the acids were Com- 

discovered by Sir H. Davy.f They have not hitherto been 

distinguished by any name, though there seems no reason 
to doubt that they are real chemical combinations, 

i 1. When sulphuric acid is dropped into a concentrated Sulphuric 

! solution of iodic acid, a solid substance precipitates, consist- 

li ing of the two acids united together. When heated this 

I substance melts, and on cooling forms rhomboidal crystals 

I of a pale yellow colour, which are very fusible and which 

1] do not alter at the temperature in which iodic acid is de- 
il composed. When strongly heated it is partly sublimed and 

j ; partly decomposed into oxygen, iodine, and sulphuric acid. 
2. With phosphoric acid, iodic acid forms a solid, yellow. Phosphoric 

’ crystalline compound, the formation of which is attended 

with similar phenomena. 
?>. When nitric acid is poured into a concentrated solu- Nitric acid, 

i tion of iodic acid, white crystals are deposited, having die 

* See vol. I. p.l9G. f Pih. Trans. 1815; p. S04. 

VOL. IT. S 
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Book II. 
Division 1. 

Boracic 
acid. 

Phospho¬ 
rous and 
oxalic acids. 

Com¬ 
pounds 
with bases, 

Todate of 
ammonia. 

form of rhomboidal plates. When dried they are partly 

sublimed and partly decomposed into oxygen, iodine, and 

nitric acid. 
4. Boracic acid may be dissolved in concentrated iodic 

acid by the assistance of heat. When the solution is eva¬ 

porated a solid white substance is obtained, not so easily 

decomposed by heat as iodic acid itself. 

5. Phosphorous acid and oxalic acid dissolve in concen¬ 

trated iodic acid, but when the solution is heated the iodic 

acid is decomposed and phosphoric acid or carbonic acid 

formed. Muriatic acid immediately decomposes iodic acid, 

and chloriodic acid is formed. 

II. The existence of compounds of iodic acid and sali¬ 
fiable bases, or of iodates as they are now' called, seems to 

have been ascertained about the same time, both by Sir H. 

Davy and by Gay-Lussac; but it was Davy that published 

the first account of them. 

1. lodate of ammonia. This salt may be obtained by sa¬ 

turating iodic acid with ammonia. It crystallizes in small 

grains, the form of which has not been ascertained. When 
thrown upon burning coals it detonates with a hissing noise, 

emitting a weak violet light and giving out vapours of 

iodine. When decomposed by heat a mixture of azote and 

oxygen gases are evolved.* If we suppose it a compound 

of 1 atom iodic acid + 1 atom ammonia, its constituents by 
weight will be 

Iodic acid.... 20*625 

Ammonia.... 2*125 

• • • • 100 

10*30 

Of potash, 2. lodate of potash. This salt is easily obtained by dis¬ 

solving iodine in potash lye. A colourless solution is ob¬ 
tained which lets fall a w'hite powder, consisting chiefly of 
iodate of potash. By digesting it in alcohol the small quan¬ 

tity of hydriodate with wLich it is mixed may be dissolved 

aw'ay, and the iodate obtained in a state of purity. Its 

crystals are so small that their figure has not hitherto been 

ascertained. This salt is not altered by exposure to the 

air. One hundred parts of w'atei* at 57-|-° dissolve 7*13 
parts of this salt. When heated to redness, oxygen gas is 
disengaged and iodide of potassium remains, on burning 

* Gay-Lussac, Aim. de Ciiim. xci- 80. 

7 
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1 coals it fuses and deflagrates like nitre.* 
posed of 

Iodic acid .... 20*625 .... 

Potash. 6*000 .. .. 

This salt is com- Subdiv. iii. 
Chap. I. 

100 

29*09 

i 3. lodate of soda. This salt may be obtained by the same Of soda, 

process as the preceding one. It crystallizes in small prisms 

j| united together in tufts. Gay-Lussac obtained it in small 
! cubes. One hundred parts of water at the temperature of 

I 574-° dissolve 7*3 parts of it. When heated sufficiently it gives 
;i out 24'*45 per cent of oxygen gas, and iodide of sodium re- 

li mains behind. On burning -coals it fuses and deflagrates 

li like nitre. Like the preceding salt it detonates feebly when 

f. mixed with sulphur and struck upon an anvil.f It is com¬ 

posed of 

Iodic acid ..., 20*625 .... 100 

Soda. 4*000 _ 13*29 

When iodine is dissolved in soda lye till the liquid begins 
u to become coloured, the solution yields when evaporated 

i fine crystals in six-sided prisms terminated by flat hexahe- 

I drons perpendicular to the axis of the crystal. These crys- 

I. tals are very soluble and contain much water of crystalliza- 

ii tion. Their nature has not been determined. Gay-Lussac 

II considers them as subiodate of soda; but this opinion is not 

very probable. A subiodate of soda exists, indeed, but it 
I* crystallizes in needles. 

‘ 4. lodate of lime. This salt may be obtained by dissolv- Of lime, 

I ing carbonate of lime in iodic acid, or by mixing a salt with 
if base of lime and iodate ofpotash. It is usually in powder; 

i but it may be obtained in crystals, by dissolving it in the 

!' solution of muriate or hydriodate of lime. Its crystals are 

ii small quadrangular prisms. One hundred parts of boiling 

Iv water dissolve 0*98 of this salt; 100 parts of water at the 

II temperature of 64-4° dissolve 0*22 of it. The phenomena 
i which take place when it is exposed to heat are similar to 

i those which appear when iodate of potash is heated, ex- 

l| cepting only that iodate of lime requires a stronger heat to 

li decompose it. Its'water of crystallization amounts to about 

I: 3 per cent.f The constituents of this salt are. 

« Gay-Lussac, Ami. de Chim. xci. 74. f Ibid, 77. J Ibid. 84. 
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Of barytes. 

Iodic acid.... 20*625 .... 100 

Lime. 3*625 _ 17*57 

5. lodate of barytes. This salt is obtained easily by a 

similar process as the last It precipitates in powder and 
becomes farinaceous in drying. It cannot be deprived of 

the whole of its water by exposure to a temperature equal to 

that of boiling water. When heated sufficiently it is decom¬ 

posed into oxygen, iodine, and barytes. One hundred 

parts of boiling water dissolve 0*16 of this salt; 100 parts of 
w'ater at 63 f dissolve only 0*03 of it. On burning coals it 

does not fuse and scarcely deflagrates.* Its constituents are, 

Iodic acid .. a. 20*625 .... 100 
Barytes. 9*75 .... 47*27 

Of stron- 6. lodate of strontian. This salt is obtained in the same 
way as the preceding. It forms small crystals which when 

viewed by the microscope appear to be octahedrons. One 

hundred parts of boiling water dissolve 0*73 of this salt; 

100 parts of water at 59° dissolve only 0'24 of it. It con¬ 

tains water of crystallization. When exposed to heat it 

exhibits exactly the same phenomena as iodate of barytes.f 
Its constituents are, 

Iodic acid.... 20*625 .... 100 

Strontian .... 6*5 .... 31*51 

Of zinc, 7. lodate of zinc. This salt may be formed by dissolving 

carbonate of zinc in iodic acid. It may be procured also 

by mixing with a soluble iodate a solution of sulphate of 

zinc, not too much concentrated. After an interval of 

some hours the iodate of zinc precipitates in spherical grains. 
This salt is but little soluble in water. It deflagrates on 

O 

coals, but much more feebly than iodate of potash. J 

Of silver, 8. lodcite of Silver. This salt may be formed by mixing 

a solution of nitrate of silver with iodate of potash. The 

iodate of silver precipitates, Tliis salt is soluble in am¬ 

monia. Hence by ammonia we can separate iodide of 
silver, chloride of silver, and iodate of silver from each 

other. Ammonia dissolves the two last, but does not touch 

the first of these bodies. When sulphurous acid is added 
to the solution, the iodate of silver is changed into iodide, 

^ Gay-Lussac, Ann. de Chim. xci. 81. f Ibid. 84. % Ibid. 85. 
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and thus becomes insoluble in ammonia ; it therefore pre-Subdiv. in. 
cipitates, and nothing remains in solution but chloride of 
silver.* 

9. Nitrate of silver, protonitrate of mercury, persulphate 
of iron, nitrate of bismuth, and sulphate of copper, give 
with iodate of potash, precipitates which are soluble in 
acids. Pernitrate of mercury, and sulphate of manganese, 
are not precipitated by this salt.f 

The remaining iodates still continue unknown, not hav¬ 
ing hitherto been examined by chemists. 

SECT. II. 

OF CHLORIODIC ACID. 

Tris acid has been described at sufficient length in a 
former part of this work.! It does not appear capable of 
combining with bases. Whenever a base was presented to 
it, water was always decomposed, and muriatic acid and 
iodic acid formed. 

CHAP. II. 

OF IODIDES. 

In the present state of our knowledge of these bodies, I 
thought it better to describe them while treating of their 
different bases. An account, therefore, of all of them with 
which we are unacquainted will be found in the chapter on 
simple combustibles. 

CHAP. III. 

OF ACIDS COMPOSED OF IODINE AND A COMBUSTIBLE. 

We are acquainted with only one acid formed by the 
union of iodine and a combustible; namely, hydriodic acid^ 

* Gay-Lussac, Ann. de Chirn. xci. p. 84. f Ibid. p. 8d. 
t See vol. I. p. 198. • ' 
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Book 11. composed of iodine and hydrogen. This acid will con- 
Divis^on L subject of the following section. 

SECT. I. 

OF HYDRIODIC ACID. 

Hydriodate 
of ammo¬ 
nia, 

This acid seems to have been discovered by M. Clement. 
But for the investigation of its properties we are indebted 

to Davy and Gay-Lussac. The easiest method of prepar¬ 

ing it is to put a quantity of iodine into water, and to 

cause a current of sulphureted hydrogen gas to pass through 
the liquid. The hydrogen of the gas unites with the iodine 

while the sulphur is precipitated. When the whole of the 
iodine is dissolved, allow the liquid to remain at rest for 

some time till the sulphur is deposited, then decant off the 
clear liquid. By heating the liquid the excess of sulphu¬ 

reted hydrogen may be driven off, and by cautious evapo¬ 

ration it may be considerably concentrated. 

The properties and constitution of hydriodic acid having 
been described in a previous part of this work,* it remains 

for us at present to describe the compounds which it forms 

by uniting with the different bases. The composition of 
these compounds is easily determined by recollecting that 

the weight of an atom of hydriodic acid is 15*75, and that 
in each compound this weight of acid unites with the weight 
of each base which is given in the last column of the table, 

printed in VoL I. p. 522 of this work. 

1. Hydriodate of ammonia. This salt is formed when 

equal volumes of hydriodic acid and ammoniacal gas are 

mixed together. The easiest w'ay of obtaining it is to dis¬ 

solve liquid ammonia in hydriodic acid. It crystallizes in 

cubes. It is very soluble in water and deliquesces when 
exposed to the air. It may be sublimed in close vessels 
without decomposition. But in the open air it is partially 

decomposed when sublimed, and it becomes coloured. But 

it may be rendered colourless again by exposure to the 

open air, or by the addition of a little ammonia.f Its con¬ 

stituents are, 

* See vol. I. p. 226. f Gay-Lussac, Ann. de Chiin. xci. p. 62. 
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Hydriodic acid ... .15*75 ......100 

Ammonia.2*125. 13*49 

Subdiv.lII. 
Chap. III. 

i 
2. Hydriodate of potash, Hydriodic acid dissolves car- Of potash^ 

bonate of potash with effervescence, and the saturated solu¬ 
tion may be considered as a liquid hydriodate of potash. 
But when we attempt to separate it in crystals, it is con¬ 
verted into iodide of potassium, and in that state separates 
in cubes similar in appearance to common salt. That this 
decomposition actually takes place is evident from the fol¬ 
lowing experiment of Gay-Lussac. He dissolved a given 
weight of iodide of potassium in water, and then separated 
it in crystals, the weight of the iodide was not altered.* 
The constituents of this salt are as follows: 

Hydriodic acid.15*75.100 
Potash.6 .38*09 

3. Hydriodate of soda. This salt may be formed in the Of soda, 

same way as the preceding. It crystallizes in flat rhomboids, 
which uniting together form larger crystals somewhat simi¬ 
lar to those of sulphate of soda. It contains much water of 
crystallization, and notwithstanding is very deliquescent. 
When dried it must be considered as an iodide of sodium.f 
Its constituents are, 

Hydriodic acid.15*75..100 

Soda.4 .25*39 

1 

4. Hydriodate of lime. This salt is obtained in a state of of lime, 

purity by saturating hydriodic acid with carbonate of lime. 
It is very soluble in water and very deliquescent. It may 
be dried in the air without undergoing decomposition.f 

Its constituents are, ^ 

Hydriodic acid .. . .15*75 .100 
Lime. 3*625. 23*01 

5. Hydriodate of barytes, I his salt crystallizes in fine Of barytes, 

prisms similar in appearance to muriate of strontian. It is 

very soluble in water and but feebly deliquescent. When 

long exposed to the air, a portion of the hydriodic acid is 
decomposed and dissipated, carbonate of barytes is formed, 

and hydriodate of barytes coloured by iodine may be dis- 

* Ann. de Chlm. xci. p. 5-1, 
i Ibid, p. 60. 

t Gay-Lussac, p, 55. 
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Of stron- 
tian. 

Of niagne 
sia, 

Of zinc. 

ACIDS COMPOSED OF IODINE AND A COMBUSTIBLE. 

solved by water. In close vessels it may be heated to red¬ 

ness without undergoing any alteration. But if air or 
oxygen gas have access to it while red-hot, vapours of iodine 

are exhaled, and the salt becomes alkaline. By a red heat 

this salt is converted into iodide of barium.* Its consti¬ 

tuents are, 
Hydriodic acid.15*75.100 
Barytes.9*75 ..61*90 

6. Hydriodate of strontian. This salt is very soluble in 

water. It fuses when heated to a temperature rather below 

redness. This fusion produces little alteration in close 

vessels; but in the open air vapours of iodine are exhaled, 

and the salt becomes alkaline. There can be no doubt that 

by fusion in close vessels it is converted into iodide of stron- 
tium.f The constitutents of this salt are, 

Hydriodic acid .... .15*75.100 

Strontian.6'5 .41*20 

7. Hydriodate of magnesia. This salt is deliquescent and 

crystallizes with difficulty. When heated to redness, out 

of the contact of air, the acid flies off and leaves the mag- 
nesia.f Its constituents are, 

Hydriodic acid.15*75 ......100 

Magnesia.. 2*5 . 15*87 

8. Hydriodate of %inc. This salt is easily obtained by 
heating iodine with an excess of zinc under water. The 

liquid at first acquires a deep brown colour; but if we con¬ 

tinue the heat, more zinc is dissolved, and the whole be¬ 

comes at last as colourless as water. It cannot be crystal¬ 
lized by evaporation. But if it be evaporated to dryness 

and fused, it crystallizes in beautiful prisms similar to those 
of white oxide of antimony. When thus heated, it is con¬ 

verted into iodide of zinc. When heated in the open air 

it is decomposed, the acid is driven off under the form of 

iodine, and oxide of zinc remains.§ The constituents of 
this salt are as follows: 

Hydriodic acid.15*75 .100 

Oxide of zinc. 5*125. 32-5.8 

* Gay-Lussac, Ann. de Chim. xci. p. (rj. f Ibid. p. 6©. 

I Ibid. p. 63. § Ibid. p. 
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9. Hydriodate of potash does not precipitate solutions of Subdiv. IV. 

manganese, nickel, or cobalt. Hence the hydriodates of 

these metals are soluble in water. Gay-Lussac is of opinion 
that all the hydriodates of the metals, capable of decompos¬ 
ing water, possess solubility. But the solutions of the me¬ 
tals, incapable of decomposing water, are precipitated by 
hydriodate of soda. 

The precipitate of copper is greyish white ; that of lead a 
fine orange yellow ; that of protoxide of mercury greenish 

yellow; that of peroxide of mercury orange red; that of 
silver is white ; that of bismuth morone.^ 

i! 

|i 

% 
11 

I 
1 

SUBDIVISION IV. 

OF COMPOUNDS OF FLUORINE WITH SUPPORTERS AND COM¬ 

BUSTIBLES. 

Fluorine not having been hitherto obtained in an un¬ 

combined state, we are much less perfectly acquainted with 
the compounds which it is capable of forming with other 

bodies, than with similar combinations of chlorine or even of 

iodine. We do not know whether it be capable of uniting 

with the other supporters of combustion, and of forming 

acids with them, as is the case with oxygen, chlorine, and 

iodine. Analogy leads us to suppose that such a class of 

bodies as fluorides must exist, though hitherto not one of 

them has been formed and examined. We know, at pre¬ 

sent, only three compounds of fluorine and three combus¬ 

tible bodies, all of which possess acid properties. This 

subdivision then will contain, in the present state of our 
knowledge, only one chapter. 

CHAP. 1. 

OF ACIDS COMPOSED OF FLUORINE AND A COMBUSTIBLE. 

The three combustible bodies with which fluorine com¬ 

bines are, hydrogen, boron, and silicon, and united with each 

* Gay-Lussac, Ann. de Cliim. xcl. p. 6d. 
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Book IL it constitutes a powerful acid. These acids are the fluoric^ 
pivi^on I. Jimboric^ and the Jlitosilidc, They will constitute the 

subject of the three following sections. 

SECT. I. 

OF FLUORIC ACID. 

History. The mineral called jimr or fusible spar, and in this coun¬ 
try Derbyshire spar, was not properly distinguished from 

other spars till MargrafF published a dissertation on it in 

the Berlin Transactions for 1768. He first proved that it 

contained no sulphuric acid as had been formerly supposed; 
he then attempted to decompose it by mixing together 

equal quantities of this mineral and sulphuric acid, and dis¬ 
tilling them. By this method he obtained a white sublimate, 
which he supposed to be the fluor itself volatilized by the 

acid. He observed with astonishment that the glass retort 

was corroded, and even pierced with holes. Nothing more 

was known concerning fluor till Scheele published his expe¬ 

riments three years after; by which he proved that it is 

composed chiefly of lime and a particular acid, which has 
been called fluoric acid. 

As Scheele always employed glass vessels in his experi¬ 

ments, he obtained not fluoric acid, but fluosilick acid. It 

was this last acid, likewise, that Dr Priestley investigated 

in the gaseous state. Real fluoric acid remained unknown 

till its properties were investigated by Gay-Lussac and 

Thenard, in 1808."^ The subject was resumed by Dr. 
John Davy, who added some important facts in 1812.f 

Sir H. Davy examined it in 1813 with much sagacity, in 
order to verify, if possible, the hypothesis of Ampere, re¬ 
specting its nature.:j: 

In a former part of this work I have described the method 

of obtaining this acid in a state of purity, given an account 

of its properties, and stated the reasons for considering it as 

a compound of 1 atom fluorine and 1 atom of hydrogen. 

It remains for us, in this place, to give an account of the 

* Recherches Physico-chlmiques, ii. p. 1. 

t Phil. Trans. 1812, p. 352. f: Ibid. 1813, p. 263. 
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compounds which fluoric acid makes with the different Subdiv. IV. 

bases. None of these Jiuates, as they are called, have been 
hitherto analysed; but an idea may be formed of their con¬ 

stitution by considering the weight of an atom of fluoric 

acid to be 2*125, and by supposing the fluates compounds of 

1 atom fluoric acid and 1 atom of each of the different sali¬ 
fiable bases. 

1. Fluate of ammonia. This salt may be formed by satu- Fluate of 

rating pure fluoric acid with ammonia. While in a liquid 

state, it is neutral; but when evaporated, it becomes acid 
in consequence of the escape of a portion of the ammonia. 

It does not crystallize, but when heated may be volati¬ 

lized in thick wliite vapours. It precipitates the solutions 
of all the alkaline earths, and earths proper, in acids, be¬ 

cause fluoric acid forms insoluble compounds with all the 

earths.* 
2. Fluate of potash. When pure potash is poured into Of potash, 

fluoric acid, a combination takes place with the evolution 

of much heat. This salt has a very sharp taste, crystallizes 
with difficulty, is very deliquescent, and of course very 
soluble in water. When heated it undergoes first the 

aqueous, and then the igneous fusion. Sulphuric acid 
decomposes it, driving off fluoric acid in vapour. All the 

earthy salts precipitate Its acid in combination with their 

bases.f 

3. Fluate of soda. This salt may be formed by the same Of soda, 

process as the preceding. It has much less taste than fluate 

of potash. When heated it decrepitates and undergoes 
the igneous fusion. It is not altered by exposure to the 

air. It is rather more soluble in hot than in cold water. 

It separates on cooling in small crystals, or more fre¬ 

quently forms a solid and transparent crust on the surface 

of the water. It is decomposed by the earthy salts and by 

sulphuric acid precisely like fluate of potash.f 
4. Fluate of lime. This salt exists abundantly native. Of lime. 

It is from it indeed that fluoric acid is always extracted. 

It is found frequently crystallized. The primitive form 

of its crystals, according to Haiiy, is the octahedron, but 
it occurs more frequently in cubes; sometimes the angles, 

* Gay-Lussac and Thenard, Recherclies Physico-chimiques, ii. p. 23, 
f Ibid. p. 18. X Ibid, p, 21. 
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Phospho¬ 
resces. 

4)f barytes, 

and sometimes the edges of these cubes, are truncated. 

The form of its integrant particles is the regular tetrahe¬ 

dron. 
This salt has no taste. Its specific gravity is 3*15. It 

is insoluble in water, and not altered by exposure to the 

air. 
When heated, it decrepitates and phosphoresces strongly 

in the dark. It emits this light even under water, or in 

the vacuum of an air pump. When kept hot for some 
time, it ceases to shine, and the phosphorescent property 
cannot be again restored to it by any process known, ex¬ 

cept by decomposing it altogether by means of sulphuric 

acid, and forming it anew. Scheele ascertained that new- 
formed fluate of lime is equally phosphorescent with native. 
The cause of this curious property is not well understood. 

After being heated, the salt, though it refuses to phospho¬ 

resce any more, has not lost any perceptible weight, nor is 

it altered in any of its other qualities. When strongly 

heated, fluate of lime melts into a transparent glass. Ac¬ 

cording to Saussure, this takes place at the temperature of 

51° Wedgewood.* 

We must consider this compound as in reality a fluoride 
of calcium, or a compound of fluorine and calcium. Ac¬ 

cording to Davy’s analysis corrected by the hypothesis of 
its being a fluoride, its constitution is 

Fluorine .... 2 .... 100 

Calcium .... 2*625 .... 131*25 

5. Fluate of barytes. This salt is easily obtained by 
dropping fluoric acid into barytes water. White flocks 
precipitate, which constitute the fluate in question. It is 
tasteless, insoluble in water; but soluble in an excess of 

fluoric acid, and likewise in nitric and muriatic acid.f 
There can be little doubt that this compound is in reality a 

fluoride of barium. On that supposition it will be com¬ 
posed of 

Fluorine .... 2 .... 100 
Barium. 8*75 .... 437*5 

6. Fluate of strontian. This salt may be formed in the 

^ Jour, (le Phys. xlv. 16. 

t Gay-Lussac and Thenard; Hechcrchcs Physico-chimiques, ii. 24. 
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same way as the preceding, and possesses the very same Subdiv. IV. 
properties. It is a white powder, insoluble in water, but i.^ 

soluble in fluoric acid, and likewise in nitric and muriatic 
acids. 

7. Fluate of magnesia. Carbonate of magnesia dissolves Of magne- 

with eifervescence in fluoric acid. The fluate is a tasteless 

white powder, insoluble in water, and scarcely soluble in 

acids. When this salt is formed by pouring fluate of potash 

into sulphate of magnesia, it precipitates at first in a gela¬ 

tinous form, and is then soluble in acids; but as soon as it 

dries it becomes insoluble in these bodies.f 

8. Fluate of yttria. This salt may be formed by drop- Of yttria, 

ping fluate of potash into muriate of yttria. It is a white 
tasteless powder, totally insoluble in water.:|: 

9. Fluate of gliicina. This salt may be formed in the 

same way as the preceding. A gelly precipitates, which 
dissolves in hot-water, and precipitates in small crystals 
as the liquid cools.§ 

10. Fluate of alumina. This salt may be obtained by Ofalumina. 

pouring fluate of potash into a solution of alum. Fluate 
of alumina precipitates in a white powder. It is insoluble 

in water, but soluble in an excess of acid. After being 

well dried the acids attack it with difficulty, [j 
11. Soda-fluate of alumina. This curious compound Cryolite, 

has been found native in Greenland, and described by mi¬ 

neralogists under the name of cryolite. It has the appear¬ 

ance of a stone. 
Its colour is greyish white; it has some transparency; 

when broken its fragments are cubical. It is softer than 

fluor spar, brittle, and of the specific gravity 2*950. 

Before the blow-pipe it melts. According to the analyses 

of Klaproth and Vaiiquelin it is composed of 

Acid and water 40 .47 

Soda.36 .32 

Alumina.24 .21 

100** lOOft 

12. Fluate of zirconia. This salt may be obtained by Fluate of 
zirconia, 

* Gay-Lussac and Thenard ; Recherches Physico-chimiques, ii. 25. 
t Ibid. p. 26. I Ibid. p. 29. § Ibid. 27. || Ibid. 

Klaproth’s Beitrage, iii. 214. ft Vauquelin, Haiiy’s Mill. ii. 400. 
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Of iron. 

Of cobalt. 

Of manga¬ 
nese. 

Of zinc. 

Of lead. 

Of tin, 

dropping fluate of potash into muriate of zirconia. It is 

a white insoluble powder similar to the other earthy 

fluates.* 
It is exceedingly probable that all these earthy fluates 

are in reality fluorides, or combinations of fluorine with the 

metallic bases of the earths. 
13. Fluate of iron. Fluoric acid dissolves iron but very 

slowly, no doubt in consequence of the insoluble nature of 

the fluate of iron. This salt may be easily obtained by 

mixing fluate of potash and sulphate of iron. The fluate 
precipitates in the state of a white tasteless insoluble pow- 
der.f 

14. Fluate of cohalt. Oxide of cobalt may be readily 
dissolved in fluoric acid. The salt has a red colour and 

contains an excess of acid. When evaporated it deposites 

small red crystals which are less acid than the solution. 

When these acids are treated with w^ater they are divided 

into two distinct salts, a superfluate which dissolves, and a 

fluate which remains in the state of a red powder.f 
15. Fluate of manganese. This salt is easily obtained by 

pouring fluate of potash into the sulphate or muriate of 

manganese. The fluate precipitates in a white powder, in¬ 
soluble in water, but soluble in acids.§ 

16. Fluate of zinc. Zinc dissolves readily in diluted 

fluoric acid. After a certain time the fluate precipitates in 

gelatinous flocks. It is white, tasteless, and insoluble in 

water. It is easily obtained by mixing fluate of potash 
with sulphate of zinc.jl 

17. Fluate of lead. Fluoric acid has no sensible action 
on lead. But when the acid is dropped into a solution of 
acetate of lead, fluate of lead precipitates in brilliant plates. 

It acts feebly as an acid on paper stained with litmus. It 

is insoluble in water, but very soluble in nitric, muriatic, 

and fluoric acids. It melts w^hen heated to redness, and 

becomes yellow, losing a portion of its acid. Sulphuric 

acid decomposes it, dissengaging vapours of fluoric acid.** 
18. Fluate of tin. Fluoric acid does not act upon tin, 

even when assisted by heat, at least wdien diluted with water. 

^ Gay-Lussac and Thenard; Recherches Physico-chlmiques, ii. 29. 
t Ibid. p. 30. X Ibid. p. 33. § Ibid. p. 31. 

jj Ibid. p. 29. *'* Ibid, p, 34. 
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It readily dissolves peroxide of tin, provided there be a Subdiv. iV. 
considerable excess of acid. When the solution is con- Chap, i.^ 

centrated, it becomes opaque in consequence of the sepa¬ 

ration of fluate of tin. The addition of water re-dissolves 

the fluate almost completely. But when the solution is 

evaporated to dryness, the fluate of tin remains and is in¬ 

soluble in water.* 
19. Fluate of copper. Fluoric acid does not attack copper, of copper, 

but it readily dissolves the peroxide, provided there be an 

excess of acid. When the liquid is evaporated, small blue- 

coloured crystals are deposited. Sulphate of copper is not 

precipitated by fluate of potash, unless it constitute a con¬ 

centrated solution.f 
20. Fluate of mercury. Fluoric acid does not act upon Of mer- 

mercury; but it unites with the red oxide of mercury by 

means of heat, and dissolves a portion of it. When the 
solution is evaporated it deposites small lamellar yellow crys¬ 

tals. They contain an excess of acid, and by repeated 

affusions of water almost all the acid may be washed away, 

and the red oxide of mercury left behind.^ 
21. Fluate of silver. Fluoric acid readily dissolves the Of silver, 

oxide of silver. The fluate has a strong metallic taste, is 
very soluble in water, and does not crystallize. It is not 
volatile. When heated it melts, loses its excess of acid, 

but still continues soluble in water. It blackens the fingers. 

It is precipitated by muriatic acid. All the bases precipi¬ 
tate the fluoric acid from it except ammonia. This salt 

cannot be formed by the direct action of fluoric acid on 
silver. But it is formed when fluate of mercury is made 
to act upon silver. Fluate of potash does not occasion a 

precipitate in nitrate of silver,§ 
The remaining fluates are still unknown. 

SECT. II. 

FLUOBORIG ACID. 

! This acid was discovered by Gay-Lussac and Thenard; 
i : but it was Sir H. Davy that first explained its real nature 

• * Gay-Lussac and Thenard; Recherches Physico-chimiques, ii. 31. 
I t Ibid, p, 32, J Ibid. p. 35. § Ibid. p. 33. 
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Composi¬ 
tion. 

Fluborate 
of ammo¬ 
nia. 

and composition. I have given an account of the mode of 
obtaining this acid, and described its properties in a pre¬ 

ceding part of this work.* 
When potassium or sodium is heated in fluoboric acid 

gas, the fluorine combines with the alkaline metal, and 

converts it into a fluoride, while the boron is separated. 
But the boron beincr intermixed with the solid fluoride 

prevents us from recognising its properties. The fluoride 

when dissolved in water is converted into fluate of potash 

or soda, while the boron is disengaged in the form of a 
powder.f 1 consider this experiment as affording a satis¬ 

factory proof that fluoboric acid is in reality a compound 

of fluorine and boron. If w^e suppose it to contain an 

atom of each constituent, its composition will be 

Fluorine.... 2 .... 100 .... 228*57 

Boron.. 0*875 _ 43*75 _100 

I ought here to describe the compounds formed by the 

union of fluoboric acid with the salifiable bases, compounds 

to which the name of Jiuoborates has been given. But none 
of these salts has been hitherto examined, except the^7??/o- 
borate of ammonia^ first formed by Gay-Lussac and The- 
nard, and afterwards more carefully studied by Dr. John 
Davy. 

Fluoboric acid and ammonia unite in three proportions ; 
the first salt is a compound of 1 volume fluoboric acid gas, 

and 1 volume ammoniacal gas. Hence its constituents 

by weight are 

Fluoboric acid .... 72*312 .... 8*536 

Ammonia. 18*000 .... 2*125 

The second salt is a compound of 1 volume fluoboric 

acid + 2 volumes ammoniacal gas. Flence its consti¬ 
tuents are 

Fluoboric acid .... 72*312 .... 4*268 

Ammonia. 36*000 _2*125 

The third salt is a compound of 1 volume fluoboric acid 

F 3 volumes ammoniacal gas. Hence its constituents arc 

Fluoboric acid.... 72*312 .... 2*845 

Ammonia. 54*000 .... 2*125 

* See Vol. I. p. 249. 
t Gay-Lussac and Thenard; Ilechercbes Physico-chimiques, ii. 4.a. 
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If fluoboric acid be a compound of 1 atom fluorine, and Subdiv. IV. 

one atom boron, the weight of an atom of it would be 

only 2*875. On this supposition the third salt would be a 

compound of 1 atom acid + 1 atom ammonia. But this 

supposition is not very probable. It Would indicate an un¬ 

common condensation in fluoboric acid gas. 
, The first of these fluoborates of ammonia is a solid 

opaque substance, similar to the other ammoniacal salts. 

The second and third of them are liquids though they con¬ 
tain no w^ater. The first may be volatilized in close vessels 

by the application of a gentle heat. The second and third 
when exposed to the atmosphere gradually give out am^ 

monia, and are converted into the first kind.* 

SECT. III. 
« 

OF FLUOSILICIC ACID. 

This was the acid discovered by Scheele, and afterwards 
examined in the gaseous state by Dr. Priestley. I adopt 
the opinion of Sir H. Davy that it is a compound of 
fluorine and silicon; which I think corresponds much 

better with the phenomena than the commonly received 
opinion, that it is a solution of silica in fluoric acid. An 
account of the properties of this acid has been given in a 

preceding chapter of this work.t It now remains only to 

describe the compounds which it forms with the different 
salifiable bases. 

1. Fluosilicate of ammonia. This salt is easily obtained by Fluosilicate! 

mixing its two constituents in the gaseous state. One vo- 

lume of fluosilicic acid condenses two volumes of ammo¬ 

niacal gas. Hence it is composed by weight of 

Fluosilicic acid. 108*992 .... 6*433 

Ammonia.. 36 .... 2*125 

This seems to indicate a compound of 2 atoms fluosili¬ 

cic acid with 1 atom of ammonia. But the data upon 

which the weight of an atom of fluosilicic acid is founded, 

^.John Davy; Phil. Trans. 1812, p, 368. 

VOL. II. T 

t See Vol, 1. p. 255. 
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Of potash, 

Of soda, 

are too imperfect to entitle us to put much stress on any 

such determinations. 
Fluosolicate of ammonia is a white powder, which may 

be sublimed by a moderate heat in dry vessels. It is de¬ 

composed by the contact of water, part of the silicon being 

precipitated in the state of silica. 
We are not acquainted with any other pure fluosilicates 

except that of ammonia. All those which I am going to 

describe are formed by the union of the salifiable bases to 

the acid dissolved in water, and of course deprived of about 

one-third of its silicon. It is probable that this acid is a 

compound of 2 atoms silicon and 3 atoms fluorine. But the 

subject is still so obscure that nothing better than conjecture 
respecting it can be offered. 

2. Fluosilicate of potash. If into fluosilicic acid dissolved 

in water a quantity of potash, or the carbonate, sulphate, 
nitrate, or muriate of that alkali, be dropped, a gelatinous 
precipitate immediately appears, which, when dried, 

becomes white like chalk, and separates into small loose 

grains like the sand of an hour-glass. This powder is a 

combination of fluosilicic acid and potash. Its nature W'as 
first ascertained by Scheele. 

It has an acid taste, and is soluble in about 150 parts of 

boiling water; but is again partly deposited as the solution 

cools. When strongly heated, it melts into a transparent 
glass, and loses its acid.* 

Gay-Lussac and Thenard have likewise described this 

salt; t but they do not seem to have been aware that it had 

been already examined by Scheele. When heated to red¬ 
ness, fluosilicic acid is disengaged. It is decomposed w'ith 

effervescence by sulphuric acid. It always reddens vege¬ 

table blues, and is not deprived of this property though kept 
for many hours in contact with potash, soda, or ammonia. 

But when heat is applied, potash or soda lye dissolve this 
salt completely.:|; 

3. Fluosilicate of soda. Scheele affirms that this salt may 

be formed in the same way as the preceding, and that it 

possesses exactly the same properties.§ Gay-Lussac and 

* Scheele^ Crell’s Annals, i. 214. Eng. Trans. 
f Recherches Physico-chimiques, ii. 19. 

j| Gay-Lussac au<l Theuard, ibid. § Memoires de Cbimie, i. 27. 



FLUOSILICIC ACID. 215 

Thenard were able only to procure common fluate of soda.* Subdiv. V. 

I am inclined to the opinion that Scheele’s experiments are 
correct. 

4. Fluosilicate of lime. This salt is very common, native, of lime, 

and has not been hitherto distinguished from fluor spar. 

It may be easily recognized by reducing a little of it to 

powder, and heating it in metallic vessels with sulphuric 
acid, as it yields fluosilicic acid gas, which pure fluor spar 
does not. 

5. Fluosilicate of barytes. When nitrate or muriate of Of barytes, 

barytes is poured into fluosilicic acid no immediate change 

takes place; but, after an interval of some minutes, the 
mixture becomes opaque, and a number of small hard 

crystals are deposited, w^hich are insoluble in water, and 

in nitric and muriatic acid, and which are not altered when 
strongly heated with lamp black. These crystals are fiuo^ 

silicate ofharyt€S.-\ 

The remaining fluosilicates still continue unknown, no 

attempt having been hitherto made to examine them. 

SUBDIVISION V. 

OF COMPOUNDS OF CYANOGEN WITH SUPPORTERS AND 

COMBUSTIBLES. 

Cyanogen differs from the simple supporters of combus¬ 
tion in being a compound of 2 atoms carbon and 1 atom 
azote, and in being itself combustible, in consequence of 
the carbon which it contains. But it possesses a striking 

analogy with these bodies in being capable of uniting with 

certain supporters and combustible bodies without under- 
ging decomposition, and of forming with them compounds 

possessed of very remarkable properties. In consequence of 

this analogy I have placed these compounds as a sequel to 

those consisting of the simple supporters united to combus¬ 
tibles. The compounds of cyanogen and combustibles are 

probably numerous. Some of them are analogous to oxides, 

* Hecherches Phys. Chim. ii. 21. 
f Gav'-Lussac and Thenard, ibid. p. 25. 

T 2 
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and on that account may be distinguished by the name of 

cyanodides. But those which deserve the greatest attentionj 

in the present state of our knowledge, possess acid proper¬ 

ties. I shall satisfy myself with describing them, and I 

shall notice, while giving an account of them, the few 

cyanodides with which we are at present acquainted. This 

subdivision, therefore, will be divided into two chapters. 

In the first I shall treat of the compounds of cyanogen with 

supporters; in the second, of the acid compounds of cyano¬ 

gen with combustibles. 

CHAP. 1. 

OF COMPOUNDS OF CYANOGEN AND SUPPORTERS. 

Cyanogen has been described in a preceding part of this 

work.* At present we know only of one supporter with 
which it is capable of combining, without undergoing de¬ 
composition. This supporter is chlorine. The compound 

which it forms with this supporter has received the name 

of chlorocyanic acid. It will occupy our attention in the 
following section. 

SECT. I, 

OF CHLOROCYANIC AClD. 

This acid was first recognised to exist by Berthollet, who 
gave it the name of oocyprussic acid. Its real nature was first 

ascertained by Gay-Lussac, in the year 1815.f He gave it 
the name of chlorocyaiiic acid. 

He prepared this acid by passing a current of chlorine 

gas through a solution of hydrocyanic acid in water till the 
liquid discoloured indigo dissolved in sulphuric acid. He 

then deprived it of the excess of chlorine which it contained 

by agitating it with mercury. To separate chlorocyanic 

See vol. I. p. 238. t Ann. de Chim. xcv. 135. 
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^cidfrom this liquid, he took a glass cylinder, filled it two- Subdiv.v. 

thirds full of mercury, it was then filled to the brim with 

the hydrocyanic acid, saturated with chlorine, and inverted 

into a bason of mercury. This bason, with the cylinder in 

it, was put under the receiver of an air-pump, and the air of 

the receiver drawn out till the whole of the mercury, and 

even of the liquid, was displaced, and the cylinder filled 

with chlorocyanic acid in the state of an elastic vapour. 
On letting the air into the receiver, the vapour was con¬ 

densed into a liquid, and the mercury again made its way 

into the cylinder. Chlorocyanic acid, thus obtained, pos¬ 

sesses the following properties: 

It is a colourless liquid, having a very strong and peculiar Properties, 

odoui’, so that a very small quantity of it irritates the 

pituitary membrane, and occasions tears. It reddens infu¬ 

sion of litmus, is not inflammable, and does not detonate 

when mixed with twice its weight of oxygen, or with hydro¬ 
gen. Its specific gravity, in a state of vapour, determined 

by calculation, is 2*152. Its solution, in water, does not 

precipitate nitrate of silver, nor barytes water. The alkalies 

absorb it rapidly, but an excess of them is required to destroy 

its odour completely. If an acid be added to this solution, 
a strong effervescence takes place, carbonic acid is emitted, 

and if an excess of lime be mixed with the acid solution 

the odour of ammonia becomes perceptible. Thus the chlo¬ 

rocyanic acid is decomposed, and carbonic acid, muriatic 

acid, and ammonia, formed in its place. Gay-Lussac has 

shown that a volume of chlorocyanic acid, decomposed in composi- 

this manner, produces tion. 

1 volume of muriatic acid 

1 volume of carbonic acid 
1 volume of ammoniacal gas. 

Hence it follows that its elements are 

2 volumes carbon 
1 volume azote 

1 volume chlorine. 

Now, 2 volumes carbon + 1 volume azote, condensed 

into 1 volume, constitute cyanogen. And Gay-Lussac has 
shown that when the chlorine of chlorocyanic acid is ab¬ 

sorbed by antimony, it loses one-half of its bulk. Hence 

it follows that chlorocyanic acid is a compound of 1 volume 
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of cyanogen -1- 1 volume of chlorine, united together with¬ 
out any change of bulk. Of course its specific gravity must 
be the mean between the density of chlorine gas and cyano¬ 
gen gas, and this is the specific gravity assigned above. 
Chlorocyanic acid, then, is a compound of 1 atom cyanogen 
4^ 1 atom chlorine; or it consists, by weight, of 

Cyanogen. .. 3*250. 100 
Chlorine .... 4*5 .138*46 

Chlorocyanic' acid may be obtained mixed with carbonic 
acid (which gives it a gaseous state) when hydrocyanic acid, 
saturated with chlorine, is distilled.* 

This acid has the property of throwing down iron from 
its solutions, of a green colour. The method of proceeding 
is to pour chlorocyanic acid into a solution of iron, to this 
mixture a little potash is added, and, finally, a little acid, 
which produces the precipitation of the iron. This pro¬ 
perty was recognized by Berthollet. It was it that induced 
him to consider chlorocyanic acid as a peculiar body. 

The compounds which this acid forms with bases would 
receive the name of chlorocyanates. From the facts above 
stated, it appears that they possess but little permanence. 

CHAP. II. 

dF xiCID COMPOUNDS OF CYANOGEN AND COMBUSTIBLES. 

Cyanogen is capable of combining with hydrogen, sul¬ 
phur, and iron, and of forming acids with each of these 
bodies. They may receive the names of hydrocyanic acid, 
sulphocyanic acid, and ferroajanic acid. These acids will 
occupy our attention in the three following sections. 

* Gay-Lussac; Ann, de Chira. xcv. 200, 
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; SECT. I. 

OF HYDROCYANIC OR PRUSSIC ACID. 

I We are indebted to an accident for our knowledge of this History, 

i important substance. About the year 1710 Diesbach, a 

preparer of colours in Berlin, wishing to prepare some lake 
by precipitating a decoction of cochineal, alum, and'green 

vitriol, with potash, borrowed some alkali for that purpose 

from Dippel. This chemist was the discoverer of a peculiar 

31 animal oil which goes by his name. He prepared it from 
j blood; and the alkali with which he furnished Diesbach 
I had been employed in the process. Instead of the red pre- 

II cipitate which he expected, a beautiful blue powder fell to 

t the bottom. On mentioning the circumstance to Dippel, 

( that chemist ascribed the formation of the powder to the 
} action of his alkali on the alum and vitriol. It is not un- 
j likely that he had calcined the potash together with a por- 

I tion of blood. Be that as it may, he succeeded in discover- 

f ing a method of procuring the blue powder at pleasure, and 

i it was announced as a pigment in the Berlin Miscellanies for 
.■i 1710, The preceding history, however, was only commu- 

I nicated to the public by Stahl 20 years after.* 
This powder was cdlledi Pmssian blue; and the method 

I of procuring it remained concealed, because it had become 

a lucrative article of commerce, till Dr. Woodw^ard pub- 

I! lished a process in the Philosophical Transactions for 1724, 
which he had procured, as he informs us, from one of his 

I friends in Germany. This method was as follows : Deto- Prepara- 

j nate together four ounces of nitre and as much tartar, in 

I order to procure an extemporaneous alkali; then add four 

5 ounces of dried bullock's blood; mix the ingredients well 

i together, and put them into a crucible covered with a lid, in 
! which there is a small hole; calcine with a moderate fire till 

i| the blood emits no more smoke or flame capable of blacken- 
i| ing any white body exposed to it; increase the fire towards 

'1 the end, so that the whole matter contained in the crucible 
shall be moderately but sensibly red. In this state throw 
it into four pounds of water, and boil it for half an hour. 

i 

[ * Stahl’s Experimenta, Observat. Aniraadvers. ccc. numero. Chim. el 

il Phys. p. 281. 

Subdiv. V. 
Chap. II. 
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ACID COMPOUNDS OF CYANOGEN AND COMBUSTIBLES. 

Decant off this water, and continue to pour on more till it 

come off insipid. Add all these liquids together, and boil 

them down to four pounds. Dissolve an ounce of sulphate 
of iron in half a pound of water,' and eight ounces of alum 

in four pounds of boiling water: mix all the three solutions 

together while boiling hot. An effervescence takes place, 

and a powder is precipitated of a green colour. Separate 

this precipitate by filtration, and pour muriatic acid upon it 

till it becomes of a beautiful blue ; then wash it with water 
and dry it.* 

Different explanations were given of the nature of this 

precipitate by different chemists. Mr. Brown immediately 

repeated the process of Woodward, ascertained that other 
animal substances, as beef, may be substituted for blood; 

that the alum is useful only to dilute the colour; and that 
the blue pigment is produced by the action of the alkali 

(altered by blood) on the iron of the vitriol. He ascertained, 

loo, that Prussian blue is insoluble in muriatic acid, and that 
the green colour is owing to a mixture of prussian blue and 

oxide of iron, and that the muriatic acid developes the blue 

colour by dissolving the oxide of iron.f 

These facts were of considerable importance; but they 
threw no light upon the theory of the process. An expla¬ 

nation of this was first attempted by Geoffroy, who had 

ascertained that any animal body whatever might be substi¬ 
tuted for blood. Accordino* to him, the blood communi- 

cates a portion of inflammable matter, or phlogiston, to the 

alkali, and this inflammable matter revives the iron of the 

vitriol and brings it to the metallic state. A greater quan¬ 
tity of blood, by increasing the inflammable matter, will 

enable the alkali to revive still more of the iron, and thus to 

strike a blue at once, instead of a green.f Though this 

explanation was approved of at the time by the best che¬ 
mists, it was far from satisfactory.§ Macquer soon after 

proceeded, by way of experiment, and added a new step to 

to the facts ascertained by Brown. 
That celebrated chemist ascertained the following facts 5 

1. When an alkali is added to a solution of iron in any acid, 

the iron is precipitated of a yellow colour, and soluble in 

* Phil. Trans, xxxili, 15. 

I Mem. Par. 1725. 

t Ibid. 1724. xxxiii. 17. 
§ Lewis’s Neuman’s Chem. p. 72. 
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acids; but if iron be precipitated from an acid by an alkali* Sabdiv. v. 

prepared by calcination with blood (whicli has been called ^ 

Si Prussian alkali), it is of a green colour. 2. Acids dissolve 

only a part of this precipitate, and leave behind an insoluble 

powder which is of an intense blue colour. The green pre¬ 

cipitate therefore is composed of two different substances, 

one of which is prussian blue. 3. The other is the yellow- 
oxide of iron ; and the green colour is owing to the mixture 
of the blue and yellow substances. 4. When heat is applied to 

-this Prussian blue, its blue colour is destroyed, and it be¬ 

comes exactly similar to common oxide of iron. It is com¬ 

posed therefore of iron and some other substance, wdiich 

heat has the property of driving off 5. If it be boiled with 

a pure alkali, it loses its blue colour also, and at the same 

time the alkali acquires the property of precipitating of a 
blue colour solutions of iron in acids, or it has become pre¬ 

cisely the same with the prussian alkali. 6. Prussian blue, 

therefore, is composed of iron and something which a pure 
alkali can separate from it, something which has a greater 

affinity for alkali than for iron. 7. By boiling a quantity 

of alkali with prussian blue, it may be completely saturated 
with this something, which may be called colouring matter, 

and then possesses the properties of a neutral salt. 8. No 

acid can separate this colouring matter from iron after it is 

once united with it. 9. When iron dissolved in an acid is 

mixed with an alkali saturated with the colouring matter, 

a double decomposition takes place; the acid unites with 

the alkali, and the colouring matter with the iron, and forms 

prussian blue. iO. The reason that, in the common me¬ 

thod of preparing prussian blue, a quantity of yellow oxide 
is precipitated, is, that there is not a sufficient quantity of 

colouring matter (for the alkali is never saturated with it) 

to saturate all the iron displaced by the alkali; a part of it 

therefore is mixed with prussian blue. Muriatic acid dis¬ 
solves this oxide, carries it off, and leaves the blue in a state 

of purity.—Such were the conclusions which Macquer drew 

from his experiments; experiments which not only disco¬ 
vered the composition of prussian blue, but threw a ray of 
light on the nature of affinities, which has contributed much 

tov/ards the advancement of that important branch of che¬ 
mistry. 

The nature of tlie colouring matter, however, \vas still 



282 ACID COMPOUNDS OF CYANOGEN AND COMBUSTIBLES. 

Book II. .unknown. Macquer supposed it to be phlogiston. Accord- 
Division I. ing to him, prussian blue is nothing else than iron supersa- 

turated with phlogiston. This overdose protects the iron 

from acids, and prevents the magnet from acting on it. Heat 
drives off this dose, and leaves the prussian blue in the state 

of common iron.* From this theory', which differed but 

little from that of Geoffroy, the alkali saturated with the 

colouring matter of prussian blue received the name of 

phlogisticated alkali. Macquer having observed that it did 

not act on alkaline and earthy solutions, while it precipi¬ 

tated all the metals, proposed it as an excellent test for de¬ 

tecting the presence of these last bodies. 
The subsequent experiments of chemists threw an air of 

suspicion on Macquer’s theory. Baum^ ascertained, that 

when prussian blue is distilled; it always yields a portion of 

animal oil ;f a product not very likely to appear if the pow¬ 

der contained nothing but phlogiston and iron. Deyeux 
and Parmentier, Bergman, Erxleben, Delius, and Scopoli, 

submitted prussian blue to distillation, and obtained a quan¬ 

tity of ammonia. Fontana ascertained that prussian blue 
detonated with nitre. Landriani obtained, by distillation, 

a little acid liquid and oil, and a great quantity of azotic gas 

and carbureted hydrogen gas. These facts were still more 

inconsistent, if possible, with Macquer’s theory. Morveau 

advanced another in 1772; namely, that the phlogisticated 

alkali, besides phlogiston, contained also an acid which 

acted the principal part in the phenomena produced.^ Sage 

affirmed that the colouring matter in phlogisticated alkali 
was phosphoric acid ; but this opinion was refuted by La¬ 

voisier. § Bergman also announced his suspicions that it 
was^n acid, but an unknown one. |j 

Such was the knowledge of chemists respecting the na¬ 

ture of this colouring matter, when Scheele all at once re¬ 

moved the veil, and explained its properties and composi- 

Of Scheele. tion. This he performed in two dissertations on prussian 

blue, published in the Stockholm Transactions for 1782 and 
1788.** 

He observed that the prussian alkali, after being ex- 

^ See Macquer’s Dictionary, i. 177. ‘ f Baum^’s Chemistry, ii. 601. 

I Digressions Academiques, p. 249. § Mem. Par. 1777, p. 77. 
|! Notes on Scheffer, § 165, ** Scheele, ii. 141. 
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posed for some time to the air, lost the property of forming Subdiv. V. 

Prussian blue; the colouring matter must therefore have 
left it. 

He put a small quantity of it into a large glass globe, Discovery 

corked it up, and kept it some time; but no change was 

produced either in the air or the prussian alkali. Some¬ 
thing must therefore displace the Colouring matter when 

the alkali is exposed to the open air, which is not present in 

I a glass vessel. Was it carbonic acid gas? To ascertain 

! this, he put a quantity of prussian alkali into a glass globe 

I filled with that gas, and in 24 hours the alkali was incapa- 

i ble of producing prussian blue. It is therefore carbonic 

' acid gas which displaces the colouring matter. He re- 

t peated this experiment with this difference, that he hung in 
t the globe a bit of paper which had been previously dipped 

I into a solution of sulphate of iron, and on which he had let 

I fall two drops of an alkaline lixivium in order to precipi- 
1 tate the iron. This paper was taken out in two hours, 

i and became covered with a fine blue on adding a little mu- 
: riatic acid. Carbonic acid, then, has the property of sepa- 
i rating the colouring matter from alkali without decom* 

I posing it. 

I He found also that other acids produce the same effect. 

I Hence he concluded that the colouring matter might be ob- 
f tained in a separate state. Accordingly he made a great 

many attempts to procure it in that state, and at last hit 
upon the following method, which succeeds perfectly. 

Mix together 10 parts of prussian blue in powder, 5 parts Prepara- 

I of the red oxide of mercury, and 30 parts of water, and boil 

the mixture for some minutes in a glass vessel. The blue 

I colour disappears, and the mixture becomes yellowish green. 
Pour it upon a filter; and after all the liquid part has 
passed, pour 10 parts of hot water through the filter to wash 

the residuum completely. The oxide of mercury decom¬ 
poses prussian blue, separates its colouring matter, and 

forms with it a salt soluble in water. The liquid therefore 

which has passed through the filter contains the colouring 

matter combined with mercury. The other component 

i parts of the prussian blue being insoluble, do not pass 
i through the filter. Pour this mercurial liquid upon 24- 

parts of clean iron filings, quite free from rust. Add at the 
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Book 11. same time 1 part of concentrated sulphuric acid, and shake 
Dtvision 1. mixture. The iron filings are dissolved, and the mer¬ 

cury formerly held in solution is precipitated in the metallic 

state. The cause of this sudden change is obvious: The 
O 

iron deoxidizes the mercury, and is at the same instant dis¬ 

solved by the sulphuric acid, which has a stronger affinity 

for it than the colouring matter has. There remains in so¬ 

lution therefore only sulphate of iron and the colouring 
matter. 

Now the colouring matter being volatile, which the sul¬ 

phate of iron is not, it was easy to obtain it apart by dis¬ 
tillation. Accordingly he distilled the mixture in a gentle 

heat: the colouring matter came over by the time that one- 

fourth of the liquor had passed into the receiver. It was 

mixed, however, with a small quantity of sulphuric acid; 

from which he separated it by distilling a second time over 

a quantity of carbonate of lime. The sulphuric acid com¬ 

bines with the lime and remains behind, which the colouring 
matter cannot do, because carbonic acid has a stronger affi¬ 

nity for lime than it has. Thus he obtained the colouring 

matter in a state of purity. 

It remained now to discover its component parts. He 

formed a very pure prussian blue, which he distilled, and 
increased the fire till the vessel became red. The small 
quantity of water which he had put into the receiver con¬ 

tained a portion of the blue colouring matter and of am¬ 
monia ; and the air of the receiver consisted of azote, car¬ 
bonic acid gas, and the colouring matter. He concluded 

from this and other experiments, that the colouring matter 

is a compound of ammonia and oil. But when he attempted 
to verify this theory by combining together ammonia and 

oil, he could not succeed in forming colouring matter. This 

obliged him to change his opinion; and at last he con¬ 

cluded that the colouring matter is a compound of ammonia 

and charcoal. He mixed together equal quantities of 

pounded charcoal and potash, put the mixture into a cruci¬ 

ble, and kept it red-hot for a quarter of an hour; he then 
added a quantity of sal ammoniac in small pieces, which he 

pushed to the bottom of the melted mixture, kept it in the 
fire for two minutes till it had ceased to give out vapours of 

ammonia, and then threw it into a quantity of water. The 
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solatioii possessed all the properties of the prussian alkali. Subdi’, 

Thus Mr. Scheele succeeded in forming the colouring matter. 

This colouring matter was called prussic acid by Mor- 
veau in the first volume of the chemical part of the Fmcy’- 
dopedie Methodique; an appellation which soon became 
general in Great Britain and France. 

These admirable experiments of Scheele were repeated 
and carried still farther by Berthollet in 1787 j who applied 

to the explanation of the composition of the colouring mat¬ 
ter the light which had resulted from his previous experi- 

I ments on the component parts of ammonia. This illustrir 
I ous chemist ascertained, in the first place, that the phlo- 
I gisticated alkali is a triple salt, composed of prussic acid, 
! the alkali, and oxide of iron; that it may be obtained in 

I octahedral crystals j and that when mixed with sulphuric 
j acid, and exposed to the light, it lets fall a precipitate of 

j prussian blue. His next object was to ascertain the com- 
I ponent parts of prussic acid. W^hen chlorine is poured 
I into prussic acid, obtained by Scheele’s. process, the acid be- 
i| comes more odorous and more volatile, less capable of com- 

I bining with alkalies, and precipitates iron from its solutions, 

j not blue, but gree/i. He conceived that in this case it had 

I combined with oxygen, acquired new properties, and been 

converted into a new substance, which he called oxy-prussic 
acid, 

I From these experiments, and others similar to them, Ber- 

j thollet concluded, that prussic acid does not contain am- 
I monia ready formed; but that it is a triple compound of 

I carbon, hydrogen, and azote, in proportions which he was 

not able to ascertain. This conclusion was verified by Mr. 
Clouet, who found, that when ammoniacal gas is made to 

* pass through a red hot porcelain tube containing charcoal, 

a quantity of prussic acid is formed.* This experiment does 
i not succeed unless a pretty strong heat be applied to the 
I tube.t 

In the year 1806, a most valuable paper on prussic acid 
i audits compounds was published by M^. Froust.^- Thouo'h 

he did not succeed in procuring the acid in a separate state, 

I noi in ascertaining its constituents i with rigid accuracy he 

Ann. de Chim xl. 30. f Jour, de TEcoIe Polytecbn. 1. iii. 436. 
1 t Ann. de Chim. lx. 185. 
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Book II. pointed out a great number of new and important facts 
Di^sion 1. which were of much utility, and which facilitated the sub- 

sequent investigations of Gay-Lussac, To this last illus- 
ment^of l^^ious chemist we are indebted for an easy process for ob- 
Gay-Lus- taining prussic acid in a state of purity,* * * § for an accurate 

description of its properties when thus obtained, and for a 
rigid determination of its composition and constitution.f 

How ob- Pure prussic or hydrocyanic acid may be obtained by the 
me pure. process. Put into a small tubulated retort a 

mixture of prussiate of mercury f and muriatic acid. The 
quantity of acid should be less than would be requisite to 
decompose the prussiate of mercury completeh\ To the 
beak of the retort fit a glass tube about 2 feet in length and 
about T%*ths of an inch wide. Fill the first third of this 
tube with fragments of • marble in order to retain any mu¬ 
riatic acid that might come over, (but care should be taken 
to prevent this as much as possible.) The remainder of the 
tube is to be filled with chloride of calcium to retain the 
water. To the extremity of this tube adapt a small receiver 
and surround it with ice, or, still better, with a mixture of 
snow and salt. Apply a moderate heat to the retort. The 
hydrocyanic acid passes over and condenses at first on the 
marble. But it is easy, by applying a gentle heat, to drive 
it along the tube, and into the receiver.^ 

Properties. Hydrocyanic acid, thus prepared, is a colourless liquid, 
having a strong smell similar to that of peach blossoms. 
Its taste is sharp, and at first appears cooling, but it -soon 
excites a burning sensation in the mouth, and it is very 
asthenic, and indeed a virulent poison. At the tempera¬ 
ture of 44i°, its specific gravity is 0*7058 ,* at the tempera¬ 
ture of 64A°, its specific gravity is 0*6969. It boils at the 
temperature of 79*7°? and congeals about the temperature :: 
of 5^. The cold which it produces when allowed to evapo¬ 
rate in the open air, even at the temperature of 68®, is suf¬ 
ficient to congeal it. The density of its vapour, compared 
to that of air, is by experiment 0*9476. By calculation its 
specific gravity ought to be 0*9368. 

* Ann. de Chim. Ixxxiii. 215. t Ibid. xcv. 136. 
X This salt is obtained by boiling red oxide of mercury and prussiaa i- 

blue together, and evaporating the solution formed till it crystallizes, 
iThe crystals constitute pi'ussiate of mercury. 

§ Ann. de Chim. xcv. p. 144. 
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When the vapour of this acid is mixed with oxygen gas, Subdiv. V, 
and an electric spark passed through it, a detonation takes Chap. 

place. For complete combustion, 100 in volumes of the 

vapour require 125 of oxygen. The products are 100 car¬ 

bonic acid mixed with 50 azote. 100 of the oxygen went 
to the formation of carbonic acid. The remaining 25 of 

oxygen must have combined with hydrogen, and the quan¬ 

tity of hydrogen with which they combined must have been 
50. Hence it follows that hydrocyanic acid must consist in 
bulk of 

1 volume carbon, 
A volume azote, 
A volume hydrogen, 

condensed into 1 volume. Hence we obtain its specific 

j gravity by adding together the specific gravity of a volume 

I of carbon, half the specific gravity of azotic gas, and half 
I the specific gravity of hydrogen gas. These added together 

I! constitute 0*9368, which comes within about 1 per cent, of 
1 the specific gravity, as determined by experiment. 

When potassium is heated in vapour of prussic acid the Composi- 

whole vapour disappears, and is replaced by a quantity of 
hydrogen gas ammounting to half its bulk. The potassium 

i is converted into a grey spongy mass, which soon melts and 

! acquires a yellow colour. When this matter is thrown into 

< water it melts without effervescence, and the water con- 
( tains a solution of common prussiate of potash. From this 

* experiment it is obvious that the potassium absorbs all the 

hydrocyanic acid, except the hydrogen. But if the hydro- 
I gen be taken from this acid there remains only cyanogen. 

I It is evident, then, that hydrocyanic acid is a compound of 

I cyanogen and hydrogen. Nor can there be a doubt that it 

consists of equal volumes of these two bodies, united toge¬ 
ther without any condensation. Hence its specific gravity 

! is the mean of the specific gravity of cyanogen and of hy- 

' 1 drogen. 

Sp. gravity of cyanogen .T804< 

——-of hydrogen 0*0694? 

Mean... 0*9367 = Sp. gr. of hydro¬ 
cyanic acid. 

' Or in other words, hydrocyanic acid is a compound of 1 
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Book IL atom cyanogen + 1 atom hydrogen. So that its weight is 
V ; 3*375; and its constituents by weight are, 

i 

Cyanogen .., ,3’25 .100 
Hydrogen ... .0*125 ...... 3*846 

Hydrocyanic acid cannot be preserved for any length of 

time without undergoing decomposition. Ammonia is 
Ibrmed, and a quantity of charry matter deposited. This 

charcoal must, of course, contain two thirds of the whole 

azote in the acid; so that it must be an azoturet of carbon^ 
Action of II. Iodine may be volatilized in this acid vapour, with- 
^upporters. occasioning any change in it. Oxygen decomposes it 

with combustion when mixed with it, and fired by the 

electric spark. Chlorine displaces the hydrogen and forms 

chlorocyanic acid. 

Action of III. Azote has no action on hydrocyanic acid. Neither 
is it acted on by hydrogen, carbon, boron, silicon, or phos¬ 

phorus, at least, as far as is known. Sulphur^ decomposes 
it, displacing the hydrogen and converting it into sulpho-^ 

cyanic acid. Arsenic does not act upon it. The effect of 
tellurium has not been tried. 

Potassium and sodium when heated in hydrocyanic acid 

absorb the cyanogen, and are converted into cyanodides, 
while the hydrogen is disengaged. 

Barytes, potash, and soda, in like manner, absorb the 

cyanogen when assisted by heat, and become cyanides, al¬ 
lowing the hydrogen to escape. 

When hydrocyanic acid vapour is passed through red 

hot iron, it is completely decomposed. Carbon is depo¬ 

sited around the iron and partly combines with it, while 

equal volumes of azote and hydrogen are disengaged in 
the gaseous state. The same decomposition is produced by 
passing the vapour through red-hot platinum wire. 

When vapour of hydrocyanic acid is passed through 
peroxide of copper heated to redness, the oxide is reduced, 

and the acid completely decomposed. Water is formed 
and a gas disengaged, which is a mixture of 2 volumes of 

carbonic acid, and 1 volume of azote. At the common 

temperature of the atmosphere, the oxide of copper con¬ 

verts the hydrogen of the acid into water, and cyanogen is 

evolved. 

The peroxide of niangaiiese absorbs completely the va- 

1 ' 
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pour of hydrocyanic acid in a few hours. Water is formed^ Subdiv, V. 

but cyanogen is not evolved. Chap. II. 
V c? 

When red oxide of mercury is heated in hydrocyanic 
acid vapour, a violent action takes place, and so much heat 
is evolved as to destroy the compound formed. When the 

experiment is made without the application of heat, the 
vapour is absorbed by the oxides When the oxide thus 
saturated with vapour of hydrocyanic acid is heated, water 
is disengaged, and there remains the substance formerly 

known by the name of prussiate of mercury. Hence it is 

obvious that this compound is in reality a cyanide of mer¬ 
cury.* 

The following facts respecting the action of this acid on Experi- 

metallic oxides, determined by Scheele, deserve to be re- 

membered. 

Of all the metallic solutions tried by Scheele, pure prussic 

acid occasioned only a precipitate in three: namely, 

1. Nitrate of silver precipitated white. 

2. Nitrate of mercury precipitated black. 

3. Carbonate of iron precipitated green becoming blue. 
It has no action on the oxides of 

1. Platinum, 4. Lead, 7. Manganese, 
2. Iron, 5. Bismuth, 8. Arsenic, 

3. Tin, • 6. Antimony, 9. Molybdenum. 

10. Gold precipitated by the alkaline carbonates is ren¬ 

dered white by this acid. 

11. It disengages carbonic acid from the oxide of silver, 

precipitated by the same alkalies; but the oxide remains 

white. 

12. It dissolves red oxide of mercury, and forms with it 

a salt which may be obtained in crystals. This salt is 

cyadide of mercury. 
13. Oxide of copper precipitated by carbonate of potash 

effervesces in it, and acquires a slight orange-yellow colour. 

14. Oxide of iron precipitated from the sulphate of iron 

by carbonate of potash, effervesces in it, and becomes blue. 
15. Oxide of cobalt precipitated by the same alkali, gives 

in it some marks of effervescence, and becomes yellowish 
brown.f 

* The properties of hydrocyanic acid detailed in this section, were de** 
termined by Gay-Lussac. See Ailn. de China, xcv. 144. 

t Scheele, ii. 169. 

VOL. II. U 
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The salts which this acid forms with the different bases 
have been called hydrocyarmies. They have little perma¬ 

nence, of course can scarcely be applied to any useful pur¬ 

pose, and indeed have scarcely been examined, since the 

time of Scheele, who first made them known. 

SECT. IL 

OF SULPHOCYANIC, OR 8ULPHURETED CHYAZIC ACID. 

This acid was discovered by Mr. Porrett in 1808, and 

an account of it published by him soon after, under the 

name of prussous acid, because he considered it as differing 

from common prussic acid by containing less oxygen.* He 

afterwards ascertained that it contained sulphur, and pub¬ 

lished a detailed account of its properties, in the year 1814, 

under the name of sulphureted chyazic acid, considering is as 

a compound of prussic acid and sulphur.f Gay-Lussac 

formed it during his experiments on cyanogen, and mentions 
it without seeming to have been aware of the circumstance.:!: 

His experiments tend to show that this acid contains not 
merely cyanogen and sulphur, but likewise hydrogen, which 

is conformable to the views of Mr. Porrett. But I think it 

more probable that it is, in reality, a compound of 1 atom 

cyanogen and 1 atom sulphur, differing from hydrocyanic 

acid in sulphur being substituted for hydrogen. 

Sulphocyanic acid may be obtained by the following 

process. Dissolve in water one part of sulphuret of potash, 

and boil it for a considerable time with three or four parts 

of Prussian blue in powder, and added at intervals. Sul¬ 
phuret of iron is formed, and a colourless neutral liquid con¬ 

taining a considerable quantity of sulphocyanic acid com¬ 
bined with potash, but mixed with much hyposulphite of 

potash and sulphate of potash. To this liquid add a suffi¬ 

cient quantity of sulphuric acid to give it decidedly acid 

properties. Keep it for a short time near the boiling point, 

* Published in the 27th volume of the Transactions of the Society for 
the Encouragement of Arts, Manufactures, and Commerce. From i 

which it is copied into the Phil. Mag. xxxvi. 196. 

f Phil, Trans. 1814; p. 527. J Ann. de Chim. xcv. p. 196. 
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and when cold add a little peroxide of manganese in fine Subdiv.V. 
jl o Chctu II 

powder, which will give it a beautiful crimson colour. , ^ i 

Filtre this crimson liquid, and add to it a solution containing 

persulphate of copper, and protosulphate of iron, in the pro¬ 
portions of two of the former salt to three of the latter, until 

the crimson colour disappears. A copious white precipitate 
falls, which is a compound of sulphocyanic acid with prot¬ 

oxide of copper. Boil this salt with a solution of potash, 

which dissolves the acid and leaves the protoxide of copper. 
If sulphuric acid be now mixed with the potash liquid, and 

the mixture distilled in a retort, the sulphocyanic acid 

comes over into the receiver. It contains a little sulphur 
and sulphuric acid mixed with it, from which it may be 

freed by saturating it with carbonate of barytes, and then 

throwing down the barytes by a careful addition of sulphuric 
acid.* * 

Sulphocyanic acid, thus obtained, is a transparent Properties. 

! colourless liquid,f having an odour as strong, and a little 

! resembling that of acetic acid. Its specific gravity, in the 

I most concentrated form in which it was obtained by Mr. 

! Porrett, was 1*022. At a boiling heat it dissolves a little 

I sulphur. The greatest portion of this substance precipitates 
again when the liquid cools. The presence of sulphur in 

} solution in it may be detected by nitrate of silver, which the 
, acid, while pure, throws down white; but the colour of the 

! precipitate is dark when the acid contains sulphur dissolved 

) in it. 
When this acid is distilled it leaves behind it a little 

I sulphur and a portion of it is decomposed, so that it would 

i be possible, by repeated distillations, to destroy the whole 

of it. 
When the acid is mixed with nitrate of lead, no change 

1 takes place in the cold. But if a little nitric acid be added 

I: to the mixture, and heat applied, a considerable action 
takes plaee, nitrous gas escapes, and sulphate of lead preci¬ 
pitates. Hence we see that the acid contains sulphur as a 

constituent. Five grains of sulphocyanate of copper, con- 

i taining 1*84 grains of acid were decomposed by means of 

i nitric acid, in which muriate of barytes had been previously 

* Porrett; Phil. Trans. 1814, p. 547. 
f Sometimes it acquires a pinkish hue. 

u 2 
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Book n. dissolved. They afforded 8'86 grains of sulphate of barytes. 
Division L contained 1*2 grain cff sulphur. When some of the 

acid is boiled upon native malachite, hydrocyanic acid 
escapes, the peroxide of copper is converted into protoxide, 

which precipitates in combination with a portion of sulpho- 

cyanic acid, while, at the same time, some sulphuric acid is 

formed. From these experiments, and some others of a 
similar nature, Mr. Porrett concludes that this acid is a 

Composi- compound of sulphur and hydrocyanic acid in the follow- 

ing proportions: 

Sulphur. 1*2 . 100 . 6*328 

Hydrocyanic acid 0*64. 53*3. 3*375 . 

The weight of an atom of hydrocyanic acid is 3*375, and 
that of an atom of sulphur 2. But 6*328, not being a mul¬ 
tiple of 2, this statement does not accord well with the 

atomic theory. It agrees much better with that theory if 

we suppose the acid to be a compound of sulphur and cya¬ 
nogen. Its constitution will then be 

Sulphur.... 1*2 . 100 .6*09 

Cyanogen .. 0*64...... 53*3.3*25 

Thus we see that it is a compound of 1 atom of cyanogen 
and 3 atoms sulphur.' 

According to Gay-Lussac, when cyanogen gas and sul- 

phureted hy'drogen gas are mixed together, they slowly 

combine and form a solid substance of a yellow colour, in 
very fine needles interlacing each other. This substance is 

soluble in water, does not precipitate nitrate of lead, does 
not form prussian blue, and it is a compound of 1 volume 

of cyanogen and H volume of sulphureted hydrogen.* This 
substance, as far as its short description goes, agrees exactly 

with the sulphureted chyazic acid of Porrett. If we abstract 

the hydrogen of the sulphureted hydingen, which probably 

did not enter into the composition of the compound, it will 

be a compound of 1 atom of cyanogen and ] -L atom of 

sulphur, or in whole numbers of 2 atoms cyanogen and 3 

atoms sulphur. So that it will contain just half the quantity 
of sulphur which Mr. Porrett found. 

It would be premature to decide that this compound is 

*' Alin, de Chim. xcv. 19.5. 
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really the sulphureted cbyazic acid of Porrett. But I am SuLdiv. V. 

j rather inclined to believe that it is, and to adopt the con- 

stitiition of sulphocyanic acid above stated, namely, 2 atoms 

cyanogen + 3 atoms sulphur. Its weight, on that suppo¬ 
sition, will be 12*5. As it is much easier to determine the 
volumes of gaseous bodies that unite, than the weights of 
the constituents by analysis, I think it more probable, cceteris 

I paribus.) that Mr. Porrett has fallen into an error in his ana¬ 
lysis than Gay-Lussac. 

I shall now state the facts that have been ascertained 

respecting the compounds of this acid with salifiable bases— 
compounds to which the name of sulphocyanates may be Sulphocya- 

given. For every thing known respecting these salts we are 

j indebted to Mr. Porrett.* 
I 1. Siilphocyanate of ammonia. This is a soluble salt 

I which does not crystallize, but is soluble in alcohol, 

j 2. Siilphocyanate of potash, A deliquescent salt, soluble 

I in alcohol. 
I 

I 3. Siilphocyanate of soda. A deliquescent salt, soluble in 

j alcohol. It crystallizes in rhomboids. 

4*. Sulphocyanate of lime. A deliquescent salt, soluble in 

. alcohol, from which it may be obtained in a mass of needle- 

! form crystals. 

5. Sulphocyanate of barytes, A deliquescent salt, crystal- 

I iizing in long slender prisms of a brilliant white colour, 

I This salt, according, to the analysis of Mr, Porrett, is com¬ 

posed of 

Sulphocyanic acid.. 2*95 .... 100 .... 4*150 

Barytes. 6*93.... 234*915.... 9*750 

9*88 

6. Sulphocyanate of strontian. A deliquescent salt, crys- 

: tallizing in long slender prisms in groups, radiating like 

zeolite. 
7. Sulphocyanate of magnesia. A deliquescent, incrystal- 

i lizable salt. When dried it has a micaceous appearance. 
8. Sulphocyanate of alumina. It crystallizes in octa¬ 

hedrons, and does not deliquesce. 
9. Protosulphocyanate of iron. A colourless salt, very 

I soluble in water. 

* Phil, Trans. 1814, p. 552. 
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.Book 11. 10. Persulphocyanate of iron, A salt of a beautiful crim- 
Division L colour, deliquescent, and only obtainable in a solid 

form by exposure to an atmosphere artificially dried. 
11. Sulphocyanates of nickel, cobalt, manganese, uranium, 

zinc, bismuth. Very soluble. 

12. Sulphocyanate of lead. A soluble salt. Crystals 

obtuse rhombs. In a moist atmosphere slowly deliquesces. 
13. Sulphocyanate of tin. Very soluble. 

l^. Protosulphocyanate of copper. A white powder, inso¬ 

luble in water and in most acids, decomposable by alkalies, 

or by distillation with sal ammoniac; also by mixture with 

pernitrate of iron. When mixed with five times its weight 

of chlorate of potash it explodes by heat, friction, the contact 

of sulphuric acid, or the electric spark. This salt, accord¬ 

ing to the analysis of Mr. Porrett, is composed of 

Sulphocyanic acid... 36*56 .... 100 .... 5*186 
Protoxide of copper . 63*44.... 173*52.... 9 

100*00 

The equivalent number for sulphocyanic acid by this 

analysis is 5*186. By the analysis of sulphocyanate of 

barytes it is 4*150. I think from the circumstances that 
the analysis of the protosulphocyanate of copper is the 
most correct. Now 5*186 for an equivalent number indi¬ 

cates the acid to be a compound of 1 atom sulphur + 1 

atom cyanogen. For the weight of an atom of each of 
these bodies being 

Sulphur.. 2 

Cyanogen 3*25 

We have.5*25 for the weight of an 
atom of sulphocyanic acid, which comes very near the 

equivalent given by the analysis of protosulphocyanate of 

copper, I am disposed to consider this as nearer the truth, 

because I think the analysis of this salt more easy, and 

therefore likely to be more precise than that of the acid 
itself. 

15. Fersulphocyanate of copper. This salt may be formed 

by mixing together sulphocyanate of soda and persulphate 

of copper. It is then in the state of a bright pea green 
liquid, to which if any deoxidizing substance be added as 

sulphurous acid, an alkaline sulphite or the salts of prot^ 
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I oxide of tin or of iron, protosulphocyanate of copper is Subdiv. V. 

! immediately produced and precipitates in the state of a 

white powder. 
I 16. Protosulphocyanate of mercury, A white insoluble 

powder. 

17. Sulphocyanate of silver, A white insoluble salt. 

I 18. Sulphocyanate of palladium. Very soluble. 
19. Sulphocyanate of potash united to cyanide of mercury, 

Mr. Porrett informs us that these two substances are ca- 
I pable of uniting together and forming a compound salt, 

t which has a brilliant silvery lustre, is but little soluble in 
cold water, but very soluble in hot, from which it may 

be obtained in crystals by cooling. 

SECT. III. 

OF FERROCYANIC ACID. 

When hydrocyanic acid is combined with the salifiable Discovery, 

i bases it forms salts which cannot be exposed to the atmos- 

j phere without undergoing decomposition, and whose acid 

j is diplaced by every other acid with which we are ac- 

I quainted. But when salts are formed by boiling the sali- 
t fiable bases together with prussian blue, we obtain com- 

I pounds of a very different nature. They are not only per¬ 

manent in the atmosphere, but their acid adheres with so 

much obstinacy that it is not easily displaced by any other 

acid however powerful. It was long ago perceived that the 

salts formed by this last process contained as a constituent 
a considerable proportion of oxide of iron. Yet this iron 

cannot be made manifest by the usual reagents. It is not 

precipitated by phosphoric acid, or by alkalies, as happens 
in all other cases when iron is held in solution by acids. 

The nature of these salts therefore was somewhat enigma¬ 

tical, as they presented phenomena inconsistent with what 

we behold in other cases. The difficulty has been at last 
removed by Mr. Porrett, who has shown that these salts 

contain an acid hitherto unknown, composed of protoxide 
of iron and hydrocyanic acid, and to which he has given the 

name of ferrureted chyazic acid. But I think it more pro» 
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Book II. 
Pivision I. 

Prepara 
tion. 

Properties. 

Composi¬ 
tion. 

bable that it is a compound of iron in the metallic state and 
cyanogen. On that account the term ferrocyanic acid seems 

more appropriate. This acid may be obtained by the fol¬ 

lowing process: 
Dissolve in cold water the salt hitherto called triple Prus¬ 

sia te of barytes; and for every ten grains of the salt so 

dissolved add 2*5S grains of real sulphuric acid, agitate 

the mixture, and set it aside for some time. The whole of 
the barytes and sulphuric acid precipitate in combination, 

and leave the ferrocyanic acid dissolved in the water.* This 

acid possesses the following characters. 

It has a pale lemon yeMow colour, and is destitute of 

smell. It is decomposed by a gentle heat or by exposure to 
a strong light. Hydrocyanic acid is then formed, and 

white triple prussiate of iron, which by exposure to the air, 

quickly becomes blue. When combined with the salifiable 
bases it forms the salts called triple prussiates. It dis¬ 

places acetic acid from its combinations without the as¬ 

sistance of heat, and forms triple prussiates with the bases 
previously united to that acid. It expels all acids from sor 

luble combinations when it is capable of forming insoluble 

salts with the bases to which they were united.f 

That ferrocyanic acid is a peculiar acid, is farther proved 

by what happens when a solution of triple prussiate of soda 

is exposed to the action of the galvanic battery. Its acid 

(including the iron) was deposited at the positive pole, 

where, in consequence probably of the deconipositibn of 

water, hydrocyanic acid was volatilized, and blue prussiate 
of iron deposited. 

From the analysis of Mr. Porrett it appears that this 
acid is composed of 

Cyanogen .... 34*22 .. .. '"8*904 

Iron. 13*44 .... '3*5 

This approaches to 3 atoms of cj^anogen and 1 atom of 

iron. If we suppose this to be the real constitution of the 
acid, its constituents will be 

Cyanogen.... 37*43 .... 100 .... 9*75 

Iron.13*44 .... 35*89 .... 3*5 

But such a composition is quite ..ifreconcileable'to the 
•I AiO/s'' • 

* Phil. Trans. 1814, p. 530. ■[ Porrett, Ibid. p. 530, 



FERROCYANIC ACID. 297 

I equivalent number for ferrocyanic acid derived from the Subdiv. V. 

j analysis of the ferrocijanate of barytes. This salt according 

I to the experiments of Mr. Porret is composed of 
I 

Ferrocyanic acid . .. 34*31 .... 6*813 

Barytes.49*10 .... 9*75 
Water. 16*59 

I 100*00 

We see that by this analysis the equivalent number for 

I ferrocyanic acid is 6*813. Nov/ this agrees very nearly 

I with the supposition that the acid is a compound of 1 atom 
I cyanogen + 1 atom iron. For the weights of an atom of 

these bodies are as follows : 

C3^anogen .. 3*25 

Iron.3*5 

6*75 

I The difference between 6*75 and 6*813 does not exceed 
I 1 per cent. I am disposed therefore to consider this as the 

f true constitution of ferrocyanic acid. 
I Let us now describe the compounds which ferrocyanic 
f acid forms with the salifiable bases. These compounds 

were formerly called triple prussiates, Mr. Porrett has 

given them the name of ferrureted chyazates. We of course Ferrocya- 

must adopt the appellation feirocyanates, as we have called ^^^^* 

the acid which they contain ferrocyanic. 

- 1. Ferrocyanate of ammonia. This salt was discovered 

by Macquer, It forms hexangular crystals of a light lemon 

yellow colour, is very soluble in water, and deliquesces 
when exposed to the air. 

2. Ferrocyanate of potash. This salt, known also by the Ferrocya- 

names of prassian alkali, phlogisticated alkali, prussian test, 

triple prussiate of potash, &c. has been chosen by chemists 
as the best combination of ferrocyanic acid for detecting the 

presence of metals, and more especially for detecting the 

existence of iron. To chemists and mineralogists it is an 

insti’ument of some importance; as when properly pre¬ 

pared, it is capable of indicating whether most metallic 

substances be present in any solution whatever, and even of 
pointing out the particular metal, and of ascertaining its 

cp^antity. This it does by precipitating the metals from 
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Book II. their solution in consequence of the insoluble compound 
Division I. j|- forms with them. And the colour of the preci- 

pitate indicates the particular metal, while its quantity 

enables us to judge of the proportion of metallic oxide con¬ 

tained in any solution. 
In order to be certain of the accuracy of these results, 

it is necessary to have a ferrocyanate perfectly pure, and to 

be certain beforehand of the quantity, or rather of the 

proportions, of its ingredients. To obtain a test of this 
kind has been the object of chemists ever since the disco¬ 
veries of Macquer pointed out its importance. It is to the 

use of impure tests that a great part of the contradictory 

results of mineralogical analyses by different chemists is to 

be ascribed. 
The great object of chemists at first was to obtain this 

ferrocyanate entirely free from iron; but their attempts 
uniformly failed, because iron is one of its necessary com¬ 

ponent parts. This was first properly pointed out by Mor- 

veau. 
Often im- There are two * ways in which this test may be rendered 

impure, besides the introduction of foreign ingredients, 

which it is needless to mention, because it is obvious that 
it must be guarded against. 1. There may be a super¬ 

abundance of alkali present, or, which is the same thing, 

there may be mixed with the salt a quantity of pure alkali; 

or, 2. There may be contained in it a quantity of ferrocy¬ 

anate of iron, which is soluble in solutions of this salt. 

If the salt contain a superabundance of alkali, two in¬ 

conveniences follow. This superabundant quantity will 
precipitate those earthy salts which are liable to contain an 

excess of acid, and which are only soluble by that excess: 

hence alumina and barytes 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 by this salt. 

This mistake was first corrected by Meyer of Stettin.f 
Another inconvenience arising from the superabundance 

of alkali in this salt is, that it gradually decomposes the 

ferrocyanic acid, and forms a portion of ferrocyanate of 
iron. 

On the other hand, when the salt contains a quantity of 

See Kirwan’s Miu. i. 487. f Creli’s Annals, 1786. p. 142. 
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ferrocyanate of iron, as great inconveniences follow. When Subdiv. \r. 
the test is exposed to the air, the carbonic acid, which the 
atmosphere always contains, assisted by the action of the 

oxygen of the air occasions the precipitation of a quantity 

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 preci¬ 

pitation of Prussian blue would appear), and could not 

therefore be employed with any confidence. 

To describe the various methods proposed by cheniists 
for preparing this salt would be unnecessary, as the greater 

number do not answer the purpose intended. * The method 

practised by Klaproth, first made known to chemists by 

Westrumb, t and afterwards described 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 large Prepara- 

crucible heated to whiteness a mixture of equal parts of 

purified nitre and crystals of tartar; when the whole is in¬ 

jected, 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 filter the 

solution while warm. ^ 

Pour this solution into a glass receiver, placed in a sand 

furnace heated to 170° or 180°, and then gradually add the 

best Prussian blue in powder, injecting new portions ac¬ 

cording as the former becomes grey, and supplying 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 appear: 

* A historical account of the different preparations, with their pro¬ 

perties and defects, may be seen in Westrumb’s Treatise, (CrelPs Neu. 
Endt. in d. Chim. Th. xii.), in Morveau’s Dissertations on the Prussic 

Acid (Encyc. Method. Chim. i. 225), and Kirwan's Treatise on the 
Method of analysing Minerals (Kirwan’s Min. i. 487.) 

t Crell’s Annals, 1785, i. 405. t Mineralogy, i. 494. 
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Book II. when this ceases, filter off the whole, and wash the preci- 
Divisio|U. 

^ Evaporate the filtered liquor to about one quarter, and 
set it by to crystallize : after a few days, yellowish crystals 

of a cubic or quadrangular form will be found mixed wuth 
some sulphate of potash and oxide of iron; pick out the 

yellowish crystals, lay them on blotting paper, and re¬ 

dissolve them in four times their w'eight of cold water, to 

exclude the sulphate of potash. 

Essay a few drops of this solution in barytes water, to 

see whether it contains any sulphuric acid, and add some 
barytes water to the remainder if necessary: filter off the 

solution from the sulphate of barytes w^hich will have pre¬ 
cipitated, and set it by to crystallize for a few days, that 

the barytes, if any should remain, may be precipitated. 

If the crystals now obtained be of a pale yellow colour, 
and discover no bluish streaks when sprinkled over with 

muriatic acid, they are fit for use ; 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 contain 

should be ascertained, by heating 100 grains to redness for 
lialf an hour in an open crucible: the cyanogen will be 

consumed, and the iron will remain in the state of a red¬ 

dish brov/n magnetic oxide, which should be w^eighed and 

noted. This oxide is half the weight of the prussian blue 

afforded by the ferrocyanate of potash: 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 weioEs con- 
siderably more than it should. 

Another Another good method of preparing this salt has been 
method, lately given by Dr. Henry; but it is rather too expensive 

for general use. It consists in first forming a ferrocyanate 

of barjttes, and adding it in crystals to a solution of car- 

j 
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bonate of potash till the solution no longer restores the Subdiv. V. 

colour 'of reddened litmus paper. After digesting the 

mixture for half an hour, filter the liquid, and evaporate 

it gently. The ferrocyanate of potash crystallizes."^ 
The ferrocyanate of potash, when pure, forms fine trans¬ 

parent crystals of a yellow colour; they have the form of 

cubes or paraillelopipeds, and contain, when prepared ac¬ 

cording to Klaproth’s method, 0*24 parts of black oxide 

of iron. Proust has shown that they contain c>f their 
w'eight of w^ater. Proust found that 100 parts of this Composi- 

prussiate contain as much potash as 116 parts of sulphate 

of potash. The constituents of this salt no doubt are 

Ferrocyanic acid .. 6*75 .... 100 

Potash.6 .... 88*8 

As the crystals contain their weight of vrater, 
their composition must be as follows: 

Ferrocyanic acid . 
Potash. 

Water... 

. 47*65 

. 42*35 

. 10*00 

100*00 

3. Ferrocyanate of soda. This salt may be prepared F errocya- 

by a process similar to that described for preparing the 

preceding salt. For the first detailed description of it we 

are indebted to Dr. .John. 

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 wdiite powder, 

and lose 37^- per cent, of their weight. At the temperature 

of 55° they require 4^ times their weight of water to dis¬ 
solve them ; but tliey are much more soluble in boiling 
w^ater, a portion of the salt crystallizing as the solution ^ 

cools. The specific gravity of the crystals is 1*458. They 
are soluble in alcohol.f 

4. Ferrocyanate of lime. This salt was perhaps first Of lime, 

mentioned by Mr. Hagen; J but we are indebted to Mor- 

* Nicholson’s Jour. Iv. 31. f Gehlen’s Jour. 2d Series, iii. 171. 
\ Crell’s Annals, 1784, i. 291. 
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Book II. first accurate account of its properties and pre- 
Division I. paration.* 

Upon two parts of prussian blue of commerce, previously 
well washed with a sufficient quantity of boiling 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 ferrocyanic 

acid, which is known by its no longer altering paper stained 

with turmeric: it is then to be filtered. 

This liquid, which contains the ferrocyanate of lime in 
solution, has a greenish-yellow colour; its specific gravity 
is I *005; and it has an unpleasant bitterish taste. When 

evaporated to dryness, it yields small crystalline grains, 

soluble without alteration in water. It is insoluble in 
alcohol. 

Of barytes. 5. Ferrocyanate of barytes. For the first accurate decrip- 

tion of this salt we are indebted to Dr. Henry. It may be 
formed by adding prussian blue to hot barytes water till it 

ceases to be discoloured. The solution, when filtered and 

gently evaporated, yields crystals of ferrocyanate of ba¬ 

rytes. 

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 destroyed. 

They are soluble in nitric and muriatic acids; sulphuric acid 

occasions a precipitate of sulphate of barytes.f Mr. Por- 
rett 'I has analysed this salt with much precision. Accord¬ 

ing to his experiments it is composed of 

Ferrocyanic acid .. 34*31 

Barytes.49*10 

Water. 16*59 

100*00 

Of stron- 0. Ferrocyanate of strontian. This salt was also first 

examined by Dr. Henry. It may be formed by the same 

process as the last species; but the solution does not crys¬ 

tallize nearly so readily. When evaporated to dryness it 

* Encyc. Method. Chini. i. 242. f Nicholson's Journal, iii. 170. 
I Phil, Trans. 1814, p. 535. 
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does not deliquesce, and is again soluble in less than four Subdiv. v, 
parts of cold water.^ ^Chap. IL^ 

7. Ferrocyanate of magnesia. This salt was examined by 

Hagen in 1782; but since that time scarcely any attention 
has been paid to it. 

8. The ferrocyanate of yttria, glucina^ alumina^ and zir~ 

conia^ have not been hitlierto examined. 
9. Protoferrocyanate of iron. This salt was discovered by Of iron, 

Proust.f It is a white powder which is precipitated when 
ferrocyanate of potash is dropped into protosulphate of iron, 

freed by boiling from atmospherical air. By exposure to 

the atmosphere it is speedily converted into prussian blue. 
10. Perferrocyanate of iron. This is the blue pigment 

which has been so long known by the name of prussian 

blue. It is a deep blue powder, insoluble in water, and 

scarcely soluble in acids. 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. When boiled with alkaline 

lye, in the state of a very fine powder, the whole of the 

acid may be removed. And if the residual powder be suf¬ 

ficiently washed with water, it contains nothing but per¬ 

oxide of iron, supposing the prussian blue to have been 

free from all impurity. This salt, according to the experi¬ 

ments of Mr. Porrett,:]: is composed of 

Ferrocyanic acid .. 53‘38.100 •.. .6*750 

Peroxide of iron , 

Water.12*39 

34*23.64*12_4*328 

100*00 

I think it likely that the true proportion of the consti¬ 

tuents is, 
Ferrocyanic acid .. . .6*75 
Peroxide of iron ... .5* 

This would make the quantity of peroxide of iron a little 

more than Mr. Porrett found it to be. 
11. As the remaining ferrocyanates have not been 

* Nicholson's Journal, iii. 171. f Nicholson's 4to. Journal, i. 453. 

X Phil. Trans, 1814, p. 536, 
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hitherto examined with much attention by chemists, I shall 
satisfy myself with giving the following table of the colours 
of the various prec^^nitates formed by pouring ferrocyanate 

of potash into solutions of the different metallic bodies. 

Colour of Metals. Colour of Precipitates. 
metallic Iron. .. Blue. 
precipitates. 

Nickel. .. Milk white. 

Cobalt. .. Grass green. 

Manganese. .. Peach blossom. 
Cerium. .. White. 
Uranium.. ,. Brownish red like blood. 

Zinc. .. White. 

Bismuth . .. White. 

Lead.* .. .. .. White. 

Tin . .. White. 

Pertoxide of copper.. .. White. 

Protoxide of copper.. .. Reddish brown. 

Mercury. .. 0. 
Silver. .. White, becoming blue. 

Gold. .. 0. 
Platinum .. .. O. 
Palladium.. .. Olive. 

Khodium.. .. O. 
Iridium. .. .. Becomes colourless. 

Antimony. .. O. 
Chromium. .. Green. 
Molybdenum . .. O. 
Tungsten. .. O. 
Columbium. .. Olive. 
Titanium. .. Yellowish browm.* 

SUBDIVISION VI. 

OF COMPOUND COMBUSTIBLES. 

IdiouGH the substances belonging to this division appear, 
at first sight, very different from those belonging to the 
five preceding subdivisions, I believe that the difference is 

* Grass green if any iron be present. See Vauquelin, Jour, de Phys. 
Ixvl. 345. 

f> 
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more apparent than real, and that all of them might, with- Subdiv. vi. 
out difficulty, be arranged under three divisions similar to 

the divisions under which the compounds of oxygen and 
combustibles have been reduced. For many of the com¬ 

pound combustibles possess properties analogous to acids; 
some of them possess properties analogous to salifiable bases; 

and those few which are neither referable to acids or bases 

might be placed under the head of oxides. But I do not 
think the science sufficiently far advanced to derive advant¬ 
age from such an arrangement. I shall not, therefore, 
attempt it at present. Neither shall I introduce into this 

part of the work the whole of the compound combustibles, 
which comprehend the greater number of animal and vege¬ 

table substances. The investigation of vegetable and animal 
bodies is too incomplete; their properties are too imper¬ 

fectly known to allow us to introduce them into the first 
principles of the science; and the utility of the greater 
number of them as chemical instruments is too inconsider¬ 

able to warrant any such introduction, even if their proper¬ 
ties were completely investigated. For these reasons, it 

will be proper to treat in this chapter of those compound 
combustibles only which are employed in chemistry as in¬ 

struments of investigation, reserving the remainder for the 

second part of this work. These may be reduced under 

five classes; namely, 

1. Alcohol 

2. Ether 

4. Fixed oils 

5. Bitumens 

S. Volatile oils 

The properties of these bodies form the subject of the fol¬ 

lowing sections. 
O 

CHAP. I. 

OF ALCOHOL. 

The liquid called u/co/io/, or spirit of ivme, is obtained Historyo , 

by distilling ivine, heer^ and similar fermented liquors. 

These liquors appear to have been knowm in the earliest 

ages. The Scripture informs us that Noah planted a vine¬ 

yard and drank wine; and the heathen writers are unani- 
VOL, n. X 
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Book 11. mous in ascribing the invention of this liquor to their 

u y earliest kings and heroes. Beer, too, seems to have been 
discovered at a very remote period. It was in common 

use in Egypt during the time of Herodotus.* Tacitus in¬ 

forms us that it was the drink of the Germans.f Whether 
the ancients had any method of procuring ardent spirits 
from these or any other liquors does not appear. The 

Greeks and Romans seem to have been ignorant of ardent 
spirits altogether, at least we can discover no traces of any 

' such liquor in their writings : but among the northern na¬ 

tions of Europe, intoxicating liquors were in use from the 

earliest ages. Whether these liquors resembled the beer 
of the Germans we do not know. 

At what period these liquors were first subjected to dis¬ 
tillation is unknown; though it can scarcely have preceded 

the time of the alchymists. The process is simple. Nothing 
more is absolutely necessary than to boil them in a still. 
The first portion of what comes over is ardent spirits. It 

is certain, at least, that the method of procuring ardent 
spirits by distillation was known in the dark ages ; and it 

is more than probable that it was practised in the north of 

Europe much earlier. They are mentioned expressly by 
Thaddseus, Villanovanus, and Lully. J 

It is by the distillation of fermented liquors that ardent 
spirits are obtained; and they receive various names ac¬ 

cording to the nature of the substance employed. Thus 
brandy is procured from wine, rum from the fermented 

juice of the sugar cane, u/hisky and gin from the fermented 
infusion of malt or grain. Now ardent spirits, whatever 

be their name, consist almost entirely of three ingredients; 
namely, ivater, pure spirit or alcohol, and a little oil or 

resin, to which they owe their flavour and colour. 

Rectified L When these spirituous liquors are re-distilled, the first 
spirits, portion that comes over is a fine light transparent liquid, 

known in commerce by the name of rectified spirits, and 

commonly sold under the denomination of alcohol or spirit 
of wine. It is not, however, as strong as possible, still 

containing a considerable portion of water. 

Prepara- The method usually practised to (ret rid of this water is 
tion of al- r o 
cohol. 

* Lib. il. n. 77. 

I Bergman, iv. art. il. 4. 
f De Morib. Germ. ch. xxiji. 
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to mix the spirits with a quantity of very dry and warm Subdiv. vi. 

salt of tartar.'^ This salt has a strong attraction for water, ^ 

and the greatest part of it is insoluble in alcohol. It ac¬ 

cordingly combines with the water of the spirit; and the 
solution thus formed sinks to the bottom of the vessel, and 
the alcohol, which is lighter, swims over it, and may easily 

; be decanted off; or, what is perhaps better, the solution of 

potash may be drawn off from below it by means of a stop¬ 

cock placed at the bottom of the vessel.f The alcohol, 
; thus obtained, contains a little pure potash dissolved, which 

I may be separated by distilling it in a water bath with a 

I very small heat. The spirit passes over, and leaves the 

j potash behind. It is proper not to distil to dryness. This 
process is first mentioned by Lully. The liquid procured 

by means of it has been usually distinguished by the name 
f of alcohol. 

Alcohol is said to have been discovered, or at least first 
accurately described, by Arnold de Villa Nova, who was 

I born about the end of the thirteenth century. This 

! chemist, who was professor of medicine at Montpelier, first 

I formed tinctures, and introduced them into medicine.f 
The specific gravity of spirits, as highly rectified as pos- Strength of 

sible by repeated distillations, seems to be about 0*820, at 
the temperature of 60°; but the alcohol of commerce, 
which is nothing else than rectified spirits, is seldom under 

*8371. By means of salt of tartar Muschenbroeck brought 

it as low as *815 ; but, in general, the alcohol concentrated 

by that process is not under *821, owing to tiie weakness 
i of the spirits employed. Even at the specific gravity *815 

: the alcohol is by no means pure, still containing a consi- 
I derable portion of water. Dr. Black, by repeated distil¬ 

lations off muriate of lime, obtained it as low as *800 ; but 
it was Lowitz of Petersburg!! who first hit upon a method 

of obtaining alcohol in a state of absolute purity, or at 

least very nearly so. His process was published in 1796 ; § 

and the same year Richter made known another, by which 

* Impure potash not fully saturated with carbonic acid. 

t See this process described by Hoffman as new, in his Observationes. 

Phys.-Chyrn. Select, p. 36, published in 1722. 
I He is said also to have been the first who obtained the oil of tur¬ 

pentine. He procured it by distilling turpentine, and employed it as a 
solvent of resins, § Crelfs Annals, 1796, i. 195. 

X 2 
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Book IL 
Division I. 

Method of 
procuring 
pure alco¬ 
hol. 

I 

Properties. 

tlie same purification was accomplished with still greater 

facility.* 
The process of Lowitz is as follows: take a quantity of 

fixed alkali f perfectly dry, and still warm, and nearly fill 
with it a retort. Upon this pour such a quantity of alcohol 
(previously brought to *821 by means of salt of tartar) as 

can be absorbed by the alkali completely, so that the whole 
shall have the appearance of a solid mass without any al¬ 
cohol swimming above. In general, the portion ought to 
be two parts alkali and one part alcohol. Allow this mix¬ 

ture to remain for 24 hours, and then distil by a heat so 
moderate, that about two seconds elapse between the falling 

of the drops of alcohol from the beak of the receiver. 
When this interval increases, the receiver must be changed; 

for it is a sign that all the strong alcohol has come over. 
What comes over next is weaker. By this process Lowitz 

obtained alcohol of the specific gravity 0*791 at the tem¬ 

perature of 68°. 

When Richter repeated the experiment of Lowitz, he 
reduced the alcohol to the specific gravity 0*792 at the 

temperature of 68°, but could not bring it any lower. He 
found, upon trial, that the following method, which is 
much more expeditious, answered equally well with that of 
Lowitz: he exposed a quantity of the salt called muriate of 

lime to a red heat, reduced it to powder, and introduced it 
while yet warm into a retort, and poured over it at inter¬ 

vals a quantity of alcohol, of 0*821, nearly equal to it in 

weight. A violent heat was produced. Idie retort was 
put upon a sand-bath, a receiver adjusted, and the liquid 

made to boil. The salt was dissolved, and formed with 
the alcohol a thick solution. The portion that had passed 
over into the receiver was now poured back, and the whole 
distilled by a gentle boiling nearly to dryness. The alcohol 

that came over was of the specific gravity 0*792 at the 
temperature of 68°. 

2. Alcohol obtained by these processes is a transparent 

liquor, colourless as water, of a pleasant smell, and a 

strong penetrating agreeable taste. When swallowed it 

produces intoxication. Its properties differ somewhat ac- 

* Crelfs Annals, 1796, ii. 211. 

t I presume in the state of sub-carbonate. 

5 
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cording to its strength. When procured by Lowitz’s or Subdiv. vi. 
Richter’s process, we may distinguish it by the name of Chap^L 

I pure alcohol, or absolute alcohol, as no method known can 

deprive it of any more water. When the specific gravity 

is higher, the alcohol is contaminated with water, and the 

: proportion of that liquid present increases with the specific 

I gravity. Chemists, in general, have employed this im- 

! pure alcohol, or this mixture of alcohol and water, in their 
^ experiments; and as they have too often neglected to poiift 

out the specific gravity of the spirit used, we are still in 

some measure ignorant of the properties of this important 
liquid.* 

S. Alcohol is perfectly limpid and remarkably fluid, and 
it may be exposed to a lower temperature than any other 

known substance without losing its fluidity. Mr. Walker 

of Oxford reduced an alcohol thermometer to the tempera¬ 
ture of —91° without producing any change in it. But 

Mr. Hutton of Edinburgh announced in 1813, that he had 
been able to freeze it by exposing it to a cold of ~ 110°. 
The alcohol employed by him was of the specific gravity 

i 0*798 at the temperature of 60°. He says that the alcohol 
I divided into three layers. The uppermost was yellow, the 

I undermost was alcohol. What the middle one was he does 
i not say.t But as Mr. Hutton has thought proper to con¬ 

ceal the method which he employed, and as no one else has 
been able to produce so great a degree of cold, the freezing 

of alcohol must still be considered as doubtful. 

It is a very volatile liquid. Fahrenheit found that alco- 

^ Fahrenheit was one of the first who ascertained some of the re- 

I markable properties of alcohol with exactness. His alcohol was of the 

I specific gravity *825 at the temperature of 48°. See Phil. Trans. 1724. 
vol. xxxiil. p. 114. Fourcroy informs us that the specific gravity of the 

j most highly rectified alcohol is 0*8293, without specifying the tempe- 

‘ rature. The extremity of Baume’s hydrometer for spirits (according to 

I Nicholson's table, Quarto Jour. i. 39), answers to the specific gravity 

*817, temp. 55°. This may be considered as beyond the strength of the 

alcohol used. In Germany, before Lowitz’s experiments, the strongest 

alcohol seems seldom to have exceeded 0 821 at 68°; and in this 

country it is commonly considerably weaker. The highest point of 

Clark's hydrometer corresponds with alcohol of about *834 at 30^. 

Dr. Lewis states the purest alcohol of the specific gravity *8^0—Neu¬ 

man's Chem. 
t Annals of Philosophy, i. 221. 
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Division 1. 

Combina¬ 
tion with 
water. 

hol of the specific gravity of about *820, at the temperature 

of 60°, boiled when heated to 176°.* When of the specific 

gravity *800 it boils at 1734-°. At this heat it assumes the 
form of an elastic fluid, capable of resisting the pressure of 
the atmosphere, but which condenses again into alcohol 

when that temperature is reduced. In a vacuum it boils at 

56°, and exhibits the same phenomena : so that were it not 

for the pressure of the atmosphere, alcohol would always 
<^ist in the form of an elastic fluid, as transparent and in¬ 
visible as common air. This subject was first examined with 
attention by Mr. Lavoisier.f The fact, however, had been 
known long before. The specific gravity of the vapour of 

alcohol according to the experiments of Gay-Lussac is 

l*6133.t 
4. Alcohol has a strong affinity for water, and is miscible 

with it in every proportion. The specific gravity varies ac¬ 

cording to the proportion of the two liquids combined ; but, 

as happens in almost all combinations, the specific gravity 

is always greater than the mean of the two liquids; conse¬ 
quently there is a mutual penetration: and as this penetra¬ 
tion or condensation varies also with the proportions, it is 

evident that the specific gravity of different mixtures of al¬ 

cohol and water can only be ascertained by experiment. As 

the spirituous liquors of commerce are merely mixtures of 
alcohol and water in different proportions, and as their 

strength can only be ascertained with precision by means of 

their specific gravity, it becomes a point of very great im¬ 
portance to determine with precision the proportion of al¬ 

cohol contained in a spirit of a given specific gravity: and 

as the specific gravity varies with the temperature it is ne¬ 
cessary to make an allowance for that likewise. 

The importance of knowing with precision the propor¬ 
tion of alcohol contained in spirits of every specific gravity, 

has induced many differeut persons to make experiments in 
order to ascertain this point with exactness; but as they 

set out from alcohol of very different strengths, it is not easy 
to compare their results with each other. We have seen 

that the pure alcohol, by Lowitz’ process, is of the specific 

gravity *791 at the temperature of 68°. That chemist mixed 

* Phil. Trans. 1724, vol. xxxiii. p. 1. 

t Ann. de Chirn. et Fhys. i. 218. 

t Jour, de Phys. 1785. 
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j various proportions of this alcohol with given weights of Sabdiv. vi, 

pure water, and after allowing the mixtures to remain for 

I 24* hours, took the specific gravity of each at the tempera- 
I ture of 68°. The foilowino; table exhibits the result of these 

I experiments. The first two columns contain the proportion 
I of alcohol and w'ater (in weight) mixed together, and the 

I third the specific gravity of the mixture at 68°. I have 

I added a fourth column, containing the specific gravity at 
I 60°, the temperature commonly preferred in this country.’^* 

loo Parts. Sp. Gravity. 100 Parts. j Sp. Gravity, 
I 

'Alcob. Wat. at 6S». j at 60'’. Alcob 1 Wat. 1 at 6S°. at 60°. 

100 791 
1 ^ 
1 796 71 29 866 870 

99 1 794 798 70 30 868 871 
98 2 797 801 69 31 870 874 
97 3 800 804 68 32 872 875 
96 4 803 807 67 33 875 879 
95 5 805 809 66 34 877 880 
94 6 808 812 65 35 880 883 
93 7 811 815 64 36 882 886 
92 8 813 817 63 37 885 889 
91 9 816 820 62 38 887 891 
90 10 818 822 61 39 889 893 
89 11 821 825 60 40 892 896 
88 12 823 827 59 41 894 898 
87 13 826 830 58 42 896 900 
86 J4 828 832 57 43 899 903 
85 15 831 835 56 44 901 904 
84< 16 834 838 55 45 90S 906 
83 17 836 840 54 46 905 908 
82 18 839 843 53 47 907 910 
81 19 842 846 52 48 909 912 
80 20 844 848 51 49 912 915 
79 21 847 851 50 50 914 917 
78 22 849 853 49 51 917 920 

•77 23 851 855 48 52 919 922 
76 24 853 857 47 53 921 924 
75 25 856 860 46 54 923 926 
74 26 859 863 45 55 925 928 
73 27 861 865 44 56 927 930 
72 28 863 867 43 57 930 933 

Table of the 
strength of 
alcohol of 
various 
densities. 

^ Crell’s Annals, 1796, i. 202. 
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Division I. loo Part?. Sp. Gravity. 100 Parts. Sp. Gravity. 

Alcoh. Wat. at 68®. at 60°. Alcoh. Wat. at 68°. 1 at 60°. 

42 58 932 935 20 80 973 974 

41 59 934 937 19 81 974 975 
40 60 936 939 18 82 976 
39 61 938 941 17 83 977 
38 62 940 943 16 84 978 
37 63 942 945 15 85 980 
36 64 944 947 14 86 981 
35 65 946 949 13 87 983 
34 66 948 951 12 88 985 
33 67 950 953 11 89 986 
32 68 952 955 10 90 987 
31 69 954 957 9 91 988 
30 70 956 958 8 92 989 
29 71 957 960 7 93 991 
28 72 959 962 6 94 992 
27 73 961 963 5 95 994 
26 74 963 965 4 96 995 
25 75 965 967 3 97 997 
24 76 966 968 2 98 998 
23 77 968 970 1 99 999 
22 78 970 972 . — 100 1000 
21 79 971 973 

Mr. Tralles of the Berlin Academy published an elabo¬ 
rate set of experiments upon this subject in the year 1811.* 

The following table which exhibits the result of his experi¬ 

ments, I consider as deserving to be generally known, 
though, as he used volumes instead of -weights, his experi¬ 

ments cannot be expected to possess the accuracy of those 
of Mr. Gilpin, which I shall give afterwards. 

100 measure? 
contain of 
alcohol 

Sp. gravity 
at 60°. 

DiePerences. 
100 measures 

contain of 
alcohol 

Sp. gravity 
at 60°. Differences. 

0 0-9991 
' 1 

6 0-9906 13 
1 0-9976 15 7 0-9893 13 
o 0-9961 15 8 0-9881 12 
3 0-9947 14 9 0-9869 12 
4 0-9933 14 10 0-9857 12 
5 0-9919 14 11 0-9845 12 

* Gilbert’s Annalen, xxxviii. 369. 
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100 measures 
contain of 
alco 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

Sp. gravity 
at 60“. Dififerences. 

100 measures 
contain of 
alcohol 

Sp. gravity 
at 60®. 3iiFerences. 

0*9834 11 57 0*9192 22 
0*9823 11 58 0*9170 22 
0*9812 11 59 0*9148 22 
0*9802 10 60 0*9126 22 
0*9791 11 61 0*9104 22 
0*9781 10 62 0*9082 22 
0*9771 10 63 0*9059 23 
0*9761 10 64 0*9036 23 
0*9751 10 65 0*9013 23 
0*9741 10 66 0*8989 24 
0*9731 10 67 0*8965 24 
0*9720 11 68 0*8941 24 
0*9710 10 69 0*8917 24 
0*9700 10 70 0*8892 25 
0*9689 11 71 0*8867 25 
0*9679 10 72 0*8842 25 
0*9668 11 73 0*8817 25 
0*9657 11 74 0*8791 26 
0*9646 11 75 0*8765 26 
0*9634 12 76 0*8739 26 
0*9622 12 77 0*8712 27 
0*9609 13 78 0*8685 ' 27 

i 0*9596 13 79 0*8658 27 
0-9583 13 80 0*8631 27 
0*9570 13 81 0*8603 28 
0*9556 14 82 0*8575 28 
0*9541 15 83 0*8547 28 
0*9526 15 84 0*8518 29 
0*9510 16 85 0*8488 30 
0*9494 16 86 0*8458 30 
0*9478 16 87 0*8428 30 
0*9461 17 88 0*8397 31 
0*9444 17 89 0*8365 32 
0*9427 17 90 0*8332 33 
0*9409 18 91 0*8299 33 
0*9391 18 92 0*8265 34 
0*9373 18 . 93 0*8230 35 
0*9354 19 94 0*8194 36 
0*9335 19 95 0*8157 37 
0*9315 20 96 0*8118 39 
0*9295 20 97 0*8077 41 
0*9275 20 98' 0*8034 43 
0*9254 21 99 0*7988 46 
0*9234 20 100 0*7939 49 
0*9213 21 

Subdiv. VL 
Chap. I. 
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Book II. 
Division I. 

Gilpin’s ta- 
bles. 

The importance of this object, both for the purposes of 
revenue and commerce, induced the British Government to 
employ Sir Charles Blagden to institute a very minute and 
accurate series of experiments. An account of these was 

published by Blagden in the Philosophical Transactions for 
1790; and a set of tables, exhibiting the result of them, was 

drawn up by Mr. Gilpin, who had performed the experi¬ 

ments, and published in the Philosophical Transactions for 
1794. The following table, extracted from these, contains 

the specific gravity of different mixtures of alcohol and water 

at every 5° of temperature from 30^ to 100*^. The alcohol 

employed as a standard was of the specific gravity 0*825 at 

the temperature of 60°; and was composed, according to 
the experiments of Mr. Gilpin, of 100 parts of alcohol pf 

the specific gravity 0*814 and 4*5 of water. From the pre¬ 

ceding table, we see that alcohol of *825 is composed of 
89 pure alcohol 

11 water 

100 

i 
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c 05 X X •H r- X (05 X CM x^ X X VO o 
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o X • X X X X X X X X X X X X X X 

• CO G^ VO X o CM X o o X 
S o 05 I'- fH r- X o X CM X X X 
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o 
o VO o VO o VO o VO o VO o VO o lo o 
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rH 

Subdiv. VL 
Chap, I. 
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By the excise laws at present existing in .this country, the Subdiv. VI. 

duty on spirits is levied by the bulk, estimated at a parti- 

cular strength, to which all spirits of whatever strength are 
brought by means of a set of tables calculated. This strength 

is regulated by a very inconvenient hydrometer, invented in 

1730 by Mr. Clarke,* since which time it has undergone 
various changes and improvements. This instrument was 

adapted to a very absurd kind of language, which had pre¬ 
viously come into common use among dealers, and seems 

from them to have made its way into the excise laws. A 
mixture of equal bulks of alcohol and water was called 

proof spirit^ and sometimes double spirit. Clarke’s hydro¬ 

meter consists of a thin copper ball, terminating above in a 

flat, slender stem, and below, in a metallic button, to keep 
it perpendicular. It is so light as to swim in pure alcohol. 

There is a mark upon the middle of the stem; and small 
weights accompany the instrument, to be put on in order to 
suit the various temperatures of the liquid. There is a 

weight marked proof so adjusted that when it is placed 
upon the stem along with the proper weight for the tem¬ 
perature, the stem sinks till the mark on the middle of it is 
on a level with the surface of the liquid. 

From an act of parliament passed in 1762, we learn that, 

I at the temperature of 60°, the specific gravity^ of proof spirit 
ought to be 0*916. But Clarke’s hydrometer, loaded with 
the proper weights, sinks to the mark indicating proof in 
spirits of the specific gravity 0*920, at the same tempera¬ 
ture. From the table of Lowitz, given above, we learn that 

a mixture of equal w^eights of w'ater and pure alcohol has 
the specific gravity *917 at 60°. The legal proof spirit dif- 

i fers but little from this; Clarke’s proof consists of 49 parts 

I of pure alcohol and 51 of water. The near coincidence of 

I these numbers to the truth indicates a considerable ap¬ 
proach to accuracy. Had Sir Charles Blagden made choice 
of an alcohol of *800 for his standard, the specific gravity of 

proof spirit would have been found to deviate very little from 
that of Clarke. But if by proof spirit were to be under¬ 
stood equal bulks of water and alcohol, as was doubtless the 

case, then both the legal and Clarke’s proof differ very far 

from the truth. 

* See the first description of it in Phil.Trans. 1730, vol. xxxvi. p. 277. 
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Book IL The strength of spirits stronger than proof, or ove^'-proof. 
Division L -j. jg jg indicated on Clarke’s hydrometer by the 

bulk of water necessary to reduce a given bulk of spirits to 

the specific gravity denominated proof. Thus, if one gallon 

of water be required to bring 20 gallons of the spirits to 

proof, it is said to be one to 20 over proof; if one gallon of 

water be necessary to bring 15, 10, 5, or 2 gallons of the 

spirits to proof, it is said to be I to 15, 1 to 10, 1 to 5, 
1 to 2 respectively, over proof, and so on. 

The strength of spirits weaker than proof, or under-proof 

is estimated by the quantity of water which it would be ne¬ 
cessary to abstract, in order to bring the spirits in question 

up to proof. Thus, if from 20 gallons of the spirits one 
gallon of water must be abstracted to bring it to proof, it is 

said to be one in 20 under proof; if from 15, 10, 5, 2, &c. 

gallons of the spirits, one gallon of water must be abstracted 

to bring it to proof, it is said to be respectively 1 in 15, 
1 in 10, 1 in 5, 1 in 2, &c. under proof. 

The following table points out the specific gravity of spi¬ 
rits of the various strengths indicated by Clarke’s hydro¬ 
meter at the temperature of 60.* 

Degrees of 
Clarke’s 

Degrees. Sp. gravity. Degrees. Sp. gravity. 
1 in 2 .. .. .... 9644 1 to 20 .. .. 

hydrome- 1 — 3 .. . ...... 9543 1 —15_ 
ter. 1 — 4_ 1 - -10_ 

1 — 5_ .... 9424 1 — 9_ 
1 — 6- . 9385 1 —- 8_ 
1 — 7 .... 1— 7 .... .... 9047 
1 — 8_ .... 9344 1 — 6_ .... 9006 
1 — 9_ .... 9334 1 — 5_ .. .. 8961 
1 —10_ .... 9320 1— 4_ .. .. 8913 
1 —15_ .... 9280 1 - -3_ .. .. 8817 
1 —20_ .... 9265 1 — 2_ .... 8590 
Proof .. .. .... 9200 Alcohol.. .. .. .. 8338 

To remove all confusion from the duties on spirits, they 
ought to be levied by the weight, and not by the bulk. This 
might be done with sufficient accuracy either by actual 
weighing, or by constructing tables indicating the weight 
from the bulk and specific gravity. 

The importance of this subject induces me to give one 

* Wilson’s Tables, p. 1. 
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more table on account of its utility. It exhibits the specific Subdiv. vi. 

gravity at every degree of temperature from 30° to 80° of a 

mixture of 100 parts of Gilpin’s standard alcohol, and 

65*6486 parts of water by weight. This mixture constitutes 
spirits 8 per cent, above proof, according to the language of 

Sykes’ hydrometer, or 1 to 10 above proof by Clarke. 

Temp. Sp. gravity. Temp. Sp. gravity. Temp. Sp. gravity. Temp. Sp. gravity. 

30° 0*92206 43° 0*91659 56° 0*91090 69° 0*90519 
31 0*92165 44 0*91616 57 0*91046 70 0*90474 
32 0*92124 45 0*91573 58 0*91003 71 0*.90428 
33 0*92082 46 0*91531 59 0*90960 72 0*90382 
34 0*92040 47 0*91488 60 0*90917 73 0*90336 
35 0*91998 48 0*91445 61 0*90873 74 0*90290 
36 0*91956 49 0*91403 62 0*90829 75 0*90243 
37 0*91914 50 0*91359 63 0*90785 76 0-90197 
38 0*91872 51 0*91314 64 0*90741 77 0*90151 
39 0*91830 52 0*91269 65 0*90697 78 0*90104 
40 0*91788 53 0*91224 66 0*90653 79 0*90058 
41 0*91745 54 0*91176 67 0*90609 80 0*90012 
42 0*91702 55 0*91134 68 0*90564 

5. Neither common air nor oxygen gas has any action on Action of 

i alcohol in moderate temperatures, whether in the liquid or a^- 
I gaseous state; but in high temperatures the case is different, cohol. 

When set on fire in the open air it burns all away with a blue 

flame, without leaving any residuum. Boerhaave observed, 
that when the vapour which escapes during this combustion 
is collected in proper vessels, it is found to consist of nothing 

but water. Junker had made the same remark : and Dr. 

Black suspected from his own observations, that the quantity 

of water obtained, if properly collected, exceeded the weight 

of the alcohol consumed. This observation was confirmed 

by Lavoisier; who found that the water produced during 

the combustion of alcohol exceeded the alcohol consumed 

by about -^th part.* Mr. Saussure junior has shown that 

100 parts of alcohol when burnt yield 132 parts of water.f 
A proof that it contains a considerable proportion of hydro¬ 

gen as a constituent. 
When the vapour of alcohol is mixed with oxygen gas in 

the proper proportion, the mixture detonates when presented 

to a lighted taper, or when fired by electricity, as a mixture 

I * Mem. Pay. 1781, p. 493. f Nicholson’s Journal, xxi. 263. 

VOL. JI. Y 
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Book II. of oxygen and hydrogen gases do. This fact seems to have 
Division L gj.g^ observed by Dr. Ingenhousz, or at least his ex¬ 

periments on ether appear to have led to it.* The density 

of the vapour of alcohol is considerable, and hence the 

quantity of oxygen necessary to consume it is great. The 
products of the combustion are water and carbonic acid.f 

6. Alcohol has but little action on the simple combusti¬ 
bles. On hydrogen, carbon, and charcoal, it does not ap¬ 

pear to have any effect. 
Phosphu- Jt dissolves a little phosphorus when assisted by heat. 

This phosphorized alcohol exhales the odour of phosphu- 

reted hydrogen gas. When a little of it is dropped into a 
glass of water, a flame instantly makes its appearance, and 

waves beautifully on the surface of the water.J This phe¬ 
nomenon, which is occasioned by the emission of a little 

phosphureted hydrogen gas, can only be observed when the 
experiment is performed in a dark room. 

Sulphuret- When sulphur and alcohol are brought into contact in 
e a CO 0 . state of vapour, they combine and form a reddish co¬ 

loured liquid, which exhales the odour of sulphureted 

hydrogen. This compound was first formed by the Count 

de Lauraguais, who employed the following process. Some 

flowers of sulphur were put into a large glass cucurbite, 

having a glass vessel in its centre, containing alcohol. 

A head was adjusted, the cucurbite placed in a sand- 

bath, and heat applied. The sulphur was volatilized, 

and the alcohol converted into vapour at once. These 

meeting together in the head, united and formed the 
red liquor wanted.§ It was supposed by chemists that sul¬ 
phur cannot be dissolved in alcohol, except by a similar 

process; II but from the experiments of Favre, this does not 
appear to be the case.*"^ He digested, during 12 hours, 1 

part of flowers of sulphur in 8 parts of alcohol, of the spe¬ 

cific gravity 0*837, in a heat not sufficient to produce boil¬ 
ing. The alcohol assumed a yellow colour, and acquired 

* See his Experiences et Observations sur divers Objets de Phys. 

p. 173. 

f Cruikshanks, Nicholson’s Quarto Jour. v. 205. 

t Brugnatelli, Ann. de Chim. xxiv. 71. This experiment was first 
made by Boyle. See Shaw’s Boyle, iii. 196. 

§ Mem. Par. 1768, p. 9. 

II See the Elemens de Chymle of the Dijon Academy, iii. 287. Four- 
croy’s Connoissances Chymiques, viii. 

** Gehlen’s Jour. ii. 343. 
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the smell and taste of sulphlireted hydrogen. Another por- Subdiv. vi. 
tion of the same alcohol was digested for a month, cold, on 
sulphur. The effect was the same. On trying alcohol of 

various strengths from *817 to *867, he found, that the alco¬ 
hol acted with more energy in proportion to its strength. 

The sulphureted alcohol prepared by Lauraguais’ me¬ 
thod contains about of sulphur. The sulphur is pre¬ 
cipitated by water. 

7. Alcohol dissolves the fixed alkalies Very readily, and Action of 

forms with them a reddish-coloured acrid solution. It is 
from this solution only that these alkalies can be obtained in 

a state of purity. When heat is applied to it the alcohol 
may be distilled over. It appears however, to be partly de¬ 

composed ; but the nature of the products has not been ac¬ 

curately ascertained. Ammonia also combines with alcohol 

with the assistance of heat: but at a temperature somewhat 
below the boilling point of alcohol, the ammonia flies off in 

the state of gas, carrying with it, however, a little alcohol in 
solution. 

8. None of the earths are acted upon by alcohol, unless Earths, 

strontian and barytes be excepted. It absorbs about its own 

weight of nitrous gas, which cannot afterwards be expelled 

by heat.* 
9. Of the acids, the sulphuric and nitric decompose al- Acids, 

cohol; but all the other acids are soluble in it, except the 

metallic acids, and phosphoric acid. 
10. Alcohol is capable of dissolving a great many saline Salts, 

bodies. A considerable number of these, with the quanti¬ 
ties soluble, is exhibited in the following tables.f 

I. SUBSTANCES DISSOLVED IN LARGE QUANTITIES. 

Tempera- 240 parts of Al- 
turc. cohol dissolve Names of the substances. 

Persulphate of iron 

Nitrate of cobaltf . 5i-5° _ 240 parts 

copperf .. 54*5 .... 240 

aluminaf... 54*5 .... 240 

limej . • • • • 300 

magnesiaf.. 180-5 - 694 

Muriate of zincf. 54*5 .... 240 

aluminaf . 54-5 - 240 

magnesiaf. 180*5 .... 1313 

■* Priestley, i. 379, f Morveau, Jour, de Pkys, 1785. 

Y 2 
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Book II. 
Division I. 

Names of the Substances. 
Tempera¬ 

ture. 
240 parts of Al¬ 

cohol dissolve 

Muriate of ironf. . .. 180-5 .... 240 

copperf. ... 180*5 .... 240 

Acetate of lead. . .. 154-5 .... 240 

copper* 

Nitrate of zinc decomposedf 

iron decomposedf 

bismuth decomposedf 

31, SUBSTANCES DISSOLVED IN SMALL QUANTITIES. 

Names of the Substances. 
240 parts of Alcohol 

at the boiling tempera- 

Muriate of limef .... 

ture dissolve 

Nitrate of ammoniaf. ... 214 

Corrosive sublimate. ... 212 

Succinic acidf. ... 177 

Acetate of sodaf..... ... 112 

Nitrate of silverf . ... 100 

Refined sugarf.. 

Boracic acidf. 

Nitrate of sodaf. 
Acetate of copperf. 18 

Muriate of ammoniaf. ... 17 

Superarseniate of potashf ... 9 

Oxalate of potashf. 7 

Nitrate of potashf......... 

Muriate of potashf. 5 

Arseniate of sodaf. 4 

White oxide of arsenief ... 9 
Tartrate of potashf . 1 
Nitrate of lead§ 

Carbonate of ammonia § 

III. SUBSTANCES INSOLUBLE IN ALCOHOL. 

Sugar of milk 
Boraxf 
Tartarf 
Alumf 
Sulphate of ammoniaf 

lime 
barytes§ 
iron 
copper f 

Sulphate of silverf 
mercury 
zinc 
potash f 
sodaf 
magnesiaf 

Sulphite of soda 
Tartrate of soda and 

potash 

Withering, Phil. Trans. Ixxii. 336. 
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' Nitrate of mercuryt Common saltf 
Muriate of leadf Carbonate of potash 

V silver:!: soda 

These experiments were made chiefly by Macquer and 
Wenzel.* The alcohol employed by Macquer was of the 

specific gravity 0*840. Wenzel does not give the density 
of his alcohol; but as he compares it with that of Macquer, 
we may suppose it nearly of the same strength. As the 
solubility of salts depends upon the strength of the alcohol 

employed, the experiments of these chemists must be consi¬ 
dered as defective, because they have confined themselves 

to one particular density. This defect is in part supplied 
by the following very valuable table of Mr. Kirwan’s, con¬ 
structed from his own experiments.f 

Subdiv. VI, 
Chap. I. 

Solubility of Salts in 100 pa;rts of Alcohol of different 
Densities, 

Salts. 

Alcohol of’ 

0*900 0*872 0*848 0*834 0*817 

Sulphate of soda 0* 0* 0* 0* 0* 

Sulph. of magnesia 1* 1* 0* 0* 0* 

Nitrate of potash 2-76 1* 0* 0* 

Nitrate of soda 10*5 6* 0*38 0* 

Muriate of potash 4*62 1*66 0*38 0* 

Muriate of soda 5*8 3-67 0*5 

Muriate of ammon. 6*5 4*75 1*5 

Muriate of magne¬ 
sia dried at 120° 

21*25 23*75 36*25 50* 

Muriate of barytes 
Ditto crystallized 

1* 
1*56 

0*29 
0*43 

0*185 
0*32 

0*09 
0*06 

Acetate of lime 2*4 • 4*12 
f 

4*75 4*88 

* Verwandtschaft, p. 300. The solubility of all the salts raarkedf was 

ascertained by Wenzel; those marked t, hy Macquer; and those marked §, 
by Withering. 1 On Mineral Waters, p. 274, 
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Book II. When alcohol containing certain saline bodies in solution 
pivi^on L jg often tinged of different colours 

according to the body. Thus nitrate of strontian tinges it 
Its flame ^ ° 
tinged by purple; boracic acid and cupreous salts tinge it green; mu- 
salts. riate of lime gives it a red colour; nitre and corrosive sub¬ 

limate a yellow colour. 
Composi- 11. Different opinions were entertained by chemists about 

the nature of alcohol. Stahl thought that it was composed 

of a very light oil, united by means of an acid to a quantity 
of water. According, to Junker, it was composed of phlo¬ 

giston, combined with water by means of an acid. Car- 

theuser, on the other hand, affirmed that it contained no 

acid, and that it was nothing else than pure phlogiston and 

water. But these hypotheses were mere assertions sup¬ 
ported by no proof whatever. Lavoisier was the first who 

attempted to analyse it. He burnt a quantity of alcohol of 
the specific gravity 0*8295 in a glass jar, standing over mer¬ 

cury and filled with oxygen gas, and he calculated the con¬ 

stituents of the alcohol from the quantity of oxygen gas con¬ 

sumed, and the quantity of carbonic acid formed by the com¬ 
bustion of a given weight of alcohol.* But the results which 

he obtained by this process could not be accurate because a 
quantity of the alcohol would evaporate without burning, 
and he had no means of determining the proportion which 

this quantity bore to the whole. In the year 1807 Mr. 
Theodore de Saussure resumed the investigation of the com¬ 

position of alcohol. He tried the method of Lavoisier. He 
likewise detonated a mixture of vapour of alcohol and oxy¬ 
gen gas by means of electricity. But the method upon which 

he put the greatest reliance was to decompose alcohol by 

passing it through a red hot porcelain tube and to analyse 

the combustible gas which was produced.f The results 

which he obtained by these different processes differed con¬ 
siderably from each other. They were no doubt nearer the 

truth than those of Lavoisier; because considerable pro¬ 
gress had been made in the art of analysis since the time of 

that philosopher. But they could be considered only as 
approximations. M. De Saussure turned his attention to 
this subject again in 1813 and published a new analysis of 

alcohol which may be considered as approaching as nearly 
to precision as the present st^te of the science of che- 

* Mem. Par. 1781. f Nicholson’s Journal, xxi. 225. 
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mistry wiil admit. He employed for his analysis, alcohol Subdiv. vi. 

of the specific gravity 0*8302 at the temperature of 62*8°, 

obtained by rectifying common spirits. This acohol was a 
compound of 13*8 water and 86*2 of the absolute alcohol of 
Richter, the water being subtracted from the products ob¬ 
tained, the residue gave the composition of the absolute 

"^alcohol of Richter. His method of analysis was to pass the 

alcohol through a red-hot porcelain tube, and along a glass 

tube near six feet in length surrounded with ice. All the 
products were carefully collected and weighed. There was 
a little charchoal deposited in the porcelain tube and a very 
little oil in the glass tube. The water condensed amounted 

to of the weak alcohol employed, and it contained 

of its weight of absolute alcohol. The combustible 
gas weighed 912*3 grains, (the weak alcohol employed was 

1256*7 gr.) and there was a loss of 55*82 grains. The gas 
was burnt in a eudiometer with oxygen gas. The products 

were carbonic acid and water. For every 2 volumes of car¬ 
bonic acid produced, 3 volumes of oxygen were consumed. 
Now this is the property of olefiant gas. Hence it follows, 

that the gas is precisely the same in its composition, as if it 
were a mixture of vapour of water and olefiant gas. The 

result of the of the analysis was, that the absolute alcohol of 
Richter is a compound of 

Hydrogen.13*70 
Carbon.51*98 
Oxygen.34*32 

100*00 

Or the composition may be thus stated. 

Olefiant gas.61*63 

Water.38*37 

100*00 

If we suppose it a compound of 1 volume of olefiant gas 

and 1 volume of vapour of water reduced to 1 volume, »its 

specific gravity when in the state of vapour will be just equal 

to the specific gravity of these two elastic fluids added to¬ 

gether. Now the specific gravity of these bodies is 

Olefiant gas.0*974 
Vapour of water.. 0*625 

1*599 
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Book II. And the specific gravity of the vapour of alcohol as deter- 

V mined by Gay-Lussac is 1*6133, which almost coincides 

with the preceding result. On this supposition the com¬ 
position of alcohol will be as follows: 

Olefiant gas. 29*72 _62*2_ 100 _1*851 

Vapour of water 18*062.... 37*8.... 60*77.... 1*125 

Hence it is a compound of 2 atoms of olefiant gas and 1 
atom of water. So that the constitution of alcohol may be 
stated as follows: 

3 atoms hydrogen .. = 0*375 
2 atoms carbon .. .. = 1*5 

1 atom oxygen».... 5= 1*0 

2*875 

So that it is a compound of 6 atoms, and an integrant par* 

tide of it weighs 2*875. 

CHAP. II. 

OF ETHERS. 

When alcohol is mixed with various acids and subjected 

to distillation, a fragrant and very volatile liquid is obtained 

imperfectly soluble in water. This liquid is distinguished 

by the name of Ether, As the properties of the ether vary 
with the acid employed to form it, each species is distin¬ 
guished by prefixing the name of the acid by means of which 

it is formed. Thus sulphuric ether means ether formed by 
means of sulphuric acid. In like manner Jiitric ether, mu¬ 

riatic ether, acetic ether indicate ethers formed by means of 

nitric, muriatic, and acetic acids. We are at present ac¬ 
quainted with seven different species of ethers, namely. 

Species. L Sulphuric ether. 5. Hydriodic ether. 
2. Nitric ether. • 6. Acetic ether. 

3. Chloric ether. 7. Formic ether. 
4. Muriatic ether. 

These different species will constitute the subject of the 

seven following sections. 
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•SECT. I. 

OF SULPHURIC ETHER. 

Subdiv. VI. 
Chap. II. 

The method of making sulphuric ether is described in the History, 

dispensatory of Valerius Cordus, published at Nuremberg 

about the year 1540: from which Conrad Gesner tran¬ 

scribed it into his Thesaurus JLuonymi de Remediis Secretis^ 

published in 1552, where it is called Oleum Vitrioli didce.^ 
It appears to have been known, though not in a state of 

purity, both to Basil Valentine and Paracelsus. But in the 

writings of chemists published about the end of the 17th 
century, I have not been able to find any traces of it,t 

except in those of Mr, Boyle, He was evidently acquainted 

* Whoever will consider the formula given for preparing this Oleum 

Vitrioli duke by Gesner, will be satisfied that it was very different from 

the dulcified acids of the moderns, and that it must have been a mixture 

of alcoholj ether^ and sweet oil of wine. The following is the passage of 

Gesner, as quoted by Hoffman, from whom has been taken the historical 

facts respecting the knowledge of ether possessed by the alchymistical 

writers. Recipe vini ardentis acerrimi etter sublimati uncias quinque, 

olei vitrioli austeri tantundem, rnisce in venetiano vitro, et pone in cu- 

curbitam parvam angusto orificio, et luto optimo orificium claude, di- 

mitte ita per integrum mensem aut duos. Deinde effunde in cucurbi- 

tarn, cui sit immediate annexura alembicum, jcujus figuram subjiciemus, 

pone deinde in parvam fornacem, ac dimidiam ejus partem cinere obrue, 

postea applica recipientem et luto juncturam claude dili^enter, etextrahe 

uncias sex vini ardentis quas infudisti. Ut vero tutius hoc fiat, pone in 

balneum Marise ; sic solum vinum absque oleo ascendet. Cum extraxeris 

autem per balneum infusat uncias sex vini usti, pone id, quod residuum 

est, in fornacem, ut arena medium cucurbitse partem attingat, ac novo et 

vacuo recipiente eoque non magno applicato, luto juncturam diligenter 

claude. Accende deinde modestum ignem, et sensim extrahe omnera 

humiditatem quae relicta est in cucurbita, donee nihil humidi amplius in 

fundo apparent; adhibita semper maxima cura et diligentia, ut ignem ita 

modereris, ne ebulliat usque ad alembici canalem. Nam si hunc ebulli- 

tio attigerit, sedare non potes, neque prohibere, quin in receptaculum 

egrediatur, ac totum oleum perdat; solet enim facillime ebullire. Turn 

videbis duo contineri in eo, aqueum videlicet humorern ac pinguem; 

segregabis vero unum ab altero statim, ita ut nihil aqueum in oleo relin- 

quatur, nam aqua ilia oleum corrumpit; segregatum oleum usui reserva.” 

t The Oleum Vitrioli duke of Lemery, for instance, is very different 

from that described by Gesner. (See his Cours de Chymie, p, 502. 

1 
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Prepara¬ 
tion. 

with it, as appears from different passages of his writings,’* 

though he no where describes it particularly. But it was a 

paper in the Philosophical Transactions for 1730, by a 
German who called himself Dr. Frobenius, describing 
several of its most singular properties, that first drew the 

attention of chemists to this curious liquor.f In this paper 

it first received the name of ether. The German chemists 

long distinguished it by the name of naphtha, 
1. Sulphuric ether is usually prepared by the following 

process: J A mixture of equal parts of alcohol and sulphuric 

acid is put into the retort, to which a large receiver is then 

luted. It is proper to surround the receiver with ice, or at 
least with cold water. Heat is applied; and as soon as the 

mixture boils, the ether comes over and is condensed, and 

runs in large striae down the sides of the receiver. As soon 
as it amounts to one half of the alcohol employed, the 

process must be stopped. The ether, thus obtained, is not 

quite pure, almost always containing a little sulphurous 

acid. 

The separation of the liquid from the sulphurous acid, 
with which it is mixed, is called the rectification of the ether. 

The usual method, and I may add, the best, is the following, 

first employed by Mr. Wolfe: Fill three-fourths of a bottle 
with the impure ether, add a little water and a portion of 

slacked lime. Agitate the bottle with violence, and keep it 
for some time in water before taking out the cork. If the 

smell of the acid be not removed, add a little more lime, 
and agitate a second time. Decant off the ether into a 
retort, and distil it over.§ 

The ether procured by this process is not quite pure, 
even after all the acid has been removed. The first portion 

» See Shaw s Boyle, i. 530; and i. 269; where the process for 

making ether, and some of its most remarkable properties, are detailed 
at length. 

Phil. Trans, xxxvi. 283. This paper is little else than a rhapsody in 

the alchy mistical style. At the end of it there is a note by Mr. Godfrey 

(Hankwitz,) Mr. Boyle’s operator, mentioning the experiments formerly 

made upon it by Mr. Boyle and Sir Isaac Newton. 

X Frobenius’ process was first published in the Philosophical Trans¬ 
actions, vol. xli. 

§ Proust, Ann. de Chini. xlii. 256. 
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I of liquid that comes over during the distillation is merely Subdiv. VI. 

i alcohol impregnated with a little ether. Common ether is 
j in reality a mixture of ether and alcohol. The usual method 

! of separating this liquid is by mixing the ether with water, 

I and then proceeding to distillation with a very moderate 

. heat. But Mr. Lowitz has shown that this method does not 

i succeed. The following process yielded him an ether much 
purer than any that had been previously obtained. Into 16 

1 parts of ether, of the specific gravity *775 in the temperature 

of 60% he threw dry powdered salt of tartar, till the last 

portions were no longer wetted by the liquor. The mixture 

i being allowed to digest, the ether was then drawn off. Its 
i specific gravity was now only *746. By this means it was 

I deprived of the water which it contained. To remove the 

I alcohol, dry powdered muriate of lime was thrown into the 

liquid in the same manner, as long as it would dissolve. 
On standing, the mixture separated into two portions; the 

alcohol holding the salt in solution sunk to the bottom; the 
I ether swam on the surface. When separated from the infe- 
1 rior liquor, its specific gravity was now only *632 in the tem¬ 

perature of 60°. It was, therefore, much purer than any 
former ether described by chemists, since it never before 

had been procured lighter than 0*725.* The ether thus 

! prepared contains a little of the salt, from which it may be 

I freed by distillation. But in that case its specific gravity in¬ 

creases. The reason seems to be, that the purest portion of 

the ether assumes the form of elastic fluid. M. Theodore 
de Saussure purified ether by nearly the same process, 

excepting that he distilled it off the muriate of lime. He 

obtained it of the specific gravity 0*7155 at the temperature 

of68°.t 
2. Ether, thus obtained, is a limpid and colourless liquor. Properties, 

of a very fragrant smell, and a hot pungent taste. 
It is so volatile that it can scarcely be poured from one 

vessel to another without losing a considerable portion of it 
by evaporation. When poured out in the open air, it dis¬ 
appears in an instant; and, during its evaporation, produces 

a very considerable degree of cold., If a glass vessel con- 

ifiiining water, and surrounded with a cloth, be dipped into 

^ Lowitz, Crell’s Annals, 1796, i. 429, 

t Annals of Philosophy, iv, 40. 
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ether, two or three times, and the ether each time be 

allowed to evaporate from the cloth, the water in the glass 
freezes. In the open air ether boils at 98°, and in a vacuum 

at — 20°. Were it not, therefore, for the pressure of the 
atmosphere it would always exist in the gaseous state. 

When exposed to the open air it speedily assumes the 

gaseous form. This happens, for.instance, if a little of it 
be poured into a glass phial. The vapour of ether displaces 

a considerable portion of the air of the phial, and is not soon 

dissipated. Ingenhousz has shown that the specific gravity 

of this vapour is very considerable.* 

Mr. Dalton has found it 2*25, the specific gravity of 
common air being 1. Gay-Lussac has lately determined 
the specific gravity of this vapour with much care. Accord¬ 

ing to his experiments, it is 2*5860, that of air being l.t 
This is about a sixth part greater than the determination of 

Mr. Dalton. 

Ether, when exposed to a cold of — 46°, freezes and crys- 

. tallizes.J 
3. Neither oxygen gas nor common air produce any 

effect upon ether in moderate temperatures; but in high 

temperatures the case is very different. Ether is exceedingly 
inflammable, and when kindled in the state of vapour burns 

with rapidity, with a fine white flame, and leaves behind it 

a trace of charcoal. During its combustion carbonic acid 
is generated. How well soever it has been rectified, it 

always exhibits traces of sulphuric acid.^ 
When ether is admitted to any gaseous body standing 

over mercury, it always doubles the bulk of the gas, as Dr. 

Priestley first observed. If oxj^gen gas, thus expanded by 

ether, be presented to a lighted candle, the ether burns 
wnth great rapidity, but produces no explosion. But if one 

part in bulk of this expanded oxygen be mixed with three 
parts of pure oxygen gas, and kindled, a very loud explo¬ 

sion takes place: the products are water and 2^- parts of 

carbonic acid, i! Mr. Cruickshanks, to whom we are in¬ 

debted for this instructive experiment, ascertained, that one 

*■ See his Nouvelles Experiences, p, 180, 

f Ann. de Chim. et Phys. i. 218. 

t Fourcroy and Vauqueiin, Ann. de Chim. xxix. 28P. 

§ Scheele, ii. 108. 

jj Cruikshanks, Nicholson’s Journal, V. 205. 
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part of the vapour of ether takes 6*8 parts of oxygen gas to Subdiv. vi 

consume it completely; and from the relative proportions of 
the two products, he has shown that the carbon which ether 
contains is to its Hydrogen as five to one. 

According to Dalton, one part of ether by w^eight 

requires for its combustion 3 parts of oxygen ; the products 

are 1| part of water, and of carbonic acid.* Saussure, 
junior, has lately endeavoured to ascertain the constituents 
of ether, by mixing a known quantity of etherial vapour 
with oxygen gas, detonating the mixture, and estimating 

the proportion of oxygen consumed and of carbonic acid 

formed. The following is the result of his experiments. Coniposl- 

Ether is composed of 

Hydrogen ., 14*40 

Carbon.67*98 
Oxygen .... 17*62 

100*00 

Now these proportions are equivalent to 

Olefiant gas., 80*05.. 100 

Water. 19*95. 25 

lOO-OOf 

It appears from this analysis that ether is composed of 4 
parts, by weight, of olefiant gas and 1 part of water. Now, 

as the weight of an atom of olefiant gas is 0*875, and that 

of an atom of water 1*125, the smallest number of atoms of 

these respective bodies that will suit the preceding composi¬ 

tion is 5 atoms olefiant gas + 1 atom water. On that sup¬ 

position, the constitution of sulphuric ether will be as fol¬ 
lows : 

6 Atoms hydrogen = 0*75 

5 Atoms carbon .. = 3*75 
1 Atom oxygen... = 1 

5*5 

So that the weight of an integrant particle of ether is 5*5, 

and it is a compound of no fewer than 12 atoms. I think 

* New System of Chemical Philosophy, i, 95. 

' j- Annals of Philosophy, iv, 40. 
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it more probable that sulphuric ether.is a compound of 4 

atoms olefiant gas and 1 atom water. On this supposition 
its constitution would be 

Olefiant gas ., 3*5 .... 100 

■ Water. 1*125.... 32*14 

4*625 

The weight of an integrant particle of it would be 4*625, 

and it would be composed of 10 atoms; namely, 

^ Atoms hydrogen = 0*625 

4 Atoms carbon ,. = 3*000 
1 Atom oxygen. ,. = 1*000 

4*625 

Ingenhousz was the first who ascertained that the vapour 

of ether detonates with common air and oxygen gas. His 

account of the experiment was first published in a letter to 

Dr. Priestley, in one of the original volumes of that philo¬ 
sopher on air^ and likewise in the 69th volume of the Phi¬ 

losophical Transactions. His method was exceedingly 
simple. A single drop of ether, let fall into a bottle holding 

about 10 cubic inches of air, gives it the property of deto¬ 
nating. Too much ether destroys the detonation. With 
oxygen gas the same method succeeds.* 

When ether, in the state of vapour, is made to pass 
through a red-hot porcelain tube, it is decomposed com¬ 

pletely, and a great quantity of carbureted hydrogen gas is 
obtained, t Saussure, junior, has lately repeated the expe¬ 

riment with precision. He passed 1103 parts of the ether 
through a red-hot porcelain tube; the products were as fol¬ 
lows : 5^- parts of charcoal in the tube, 3 parts of volatile oil 

crystallized in thin scales and smelling of benzoin; 43 parts 

of a volatile oil nearly black, partly fluid and partly of the 
consistence of honey; 3 parts of water and 948 parts of 
heavy inflammable air. The loss, amounting to 100*75, 

parts was chiefly owing to the escape of oil in the state of 

vapour.J 

* See Ingenhousz’Experiences, p. 171. 

i Dutch Chemists, Jour, tie Phys. xlv. 184. 

i Nicholson’s Journal, xxi. 323. 
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4. Ether does not combine with water in any proportion: Subdiv. vi. 

when the liquids are shaken together, they separate again; 
but the water retains a portion of the ether, while the ether, 

on the other hand, remains united to a part of the water. 

From the experiments of the Count de Lauraguais, we learn 
that ten parts of water take up one of ether.* Alcohol, on 
the other hand, unites with ether in any proportion what¬ 
ever. 

5. Of the simple combustibles, ether seems to act only on Dissolves 

phosphorus and sulphur. phospho- 

It is capable of dissolving a small proportion of phospho¬ 
rus. The solution is transparent; but the addition of a 

I little alcohol to it renders it milky. This furnishes us with 
I a method of ascertaining whether ether be sophisticated with 

i alcohol, t 
Ether was supposed incapable of acting on sulphur. And sui-^ 

except when both were in the state of vapour, according to 
the experiments of Lauraguais; but Favre has shown that 

a solution may be obtained by digesting flowers of sulphur I in cold ether, and that the solvent power of the ether, is 

promoted by exposure to the light. By a month’s digestion, 
he dissolved nearly one part of sulphur in 12 of sulphuric 

ether; the solution was nearly colourless, but had the taste 
and smell of sulphureted hydrogen.J 

6. Ether has no action on metals, but revives those that 
1 have a weak affinity for oxygen when mixed with their solu- 

li tion in acids, as gold and silver. It dissolves the muriate of 

; gold and corrosive sublimate. 

7. It is probable that it has no action on fixed alkalies 

and earths; but it combines, or at least mixes readily with 

ammonia. 
i It absorbs nitrous gas in considerable quantity. 

8. Sulphuric acid seems capable of converting it into a Action of 

peculiar kind of oil known by the name of sweet oil of wine. 

If we fill a bottle capable of holding three or four English 
pints with chlorine gas, taking care to expel the water as 

I completely as possible, and then throw into it about a dram, 

* Mem. Par. 1758. From his experiments it seems to follow, that the^ 
portion taken up by water is not ether, hut a substance which may be ob¬ 
tained in crystals by evaporation, 

t Brugnatelli, Ann. deChim. xxiv. 73. 

X Gehlen’s Jour, iv, 227. 
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Book II. or half a dram, of good ether, covering its mouth immedi- 
Division I. ately with a piece of light wood or paper, in a few seconds 

Constitu¬ 
tion. 

white vapour will be perceived moving circular in the bottle: 
this will be soon followed by an explosion accompanied 
with flame; at the same time a very considerable quantity 
of charcoal will be deposited, and the bottle will be found 
to contain carbonic acid gas.* The action of the other 
acids upon ether has not been examined with attention. 

9. Ether dissolves the fixed and volatile oils, bitumens, 
those at least which are fluid, and resins; but it does not 
act upon gum.f 

10. When we compare the constituents of alcohol and 
sulphuric ether with each other, the only difference between 
them is, that ether contains less vapour of water than alco¬ 
hol by about one-half. If we consider sulphuric ether as a 
compound of 2 volumes olefiant gas and 1 volume of vapour 
of water reduced to 1 volume, its specific gravity, derived 
from this supposition, will agree almost exactly with the 
specific gravity of the vapour of sulphuric ether obtained by 
experiment. For the specific gravity of olefiant gas being 
0*974, two volumes of it weigh 1*948 
The specific gravity of vapour of water is *625 

2*573 

Thus we get 2*573 for the specific gravity of vapour of 
ether; and Gay-Lussac determined its specific gravity, by 
experiment, to be 2*586, which is within less than half a 
per cent, of the calculated number.:|: 

11. From the late experiments of Boullay, we learn that 
sulphuric ether may be prepared likewise by substituting 
phosphoric § or arsenic H acid in place of sulphuric. This 
serves still farther to confirm the preceding theory of the 
formation of this ether. 

* Cruikshanks, Nicholson’s Jour. v. 205. 
f Eleniens de Chymie by the Dijon Academy, iii. p. 318. 
1 Gay-Lussac ; Ann. de Chim. xcv. 311. 
§ Arm. de Chim. Ixii. 192. f| Ibid. Ixxviii, 284- 
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SECT. II. 

OF NITRIC ETHER. 

Subdiv. VI. 
Chap. II. 

Nitric ether is first mentioned in an epistle written by 

' Kunkel to Voight, and published in 1681 but no atten¬ 
tion was paid to it by succeeding chemists till it was dis¬ 

covered a second time by Navier in 174'2,f and a third 

: time by Sebastian! in 1746.:j: 
I The method of preparing it, proposed by Navier, was Prepara- 

this : twelve parts of alcohol are put into a strong bottle, 
f which is kept surrounded wdth water, or rathCr with ice: 

f eight parts of nitric acid are poured in at intervals, the 

f mixture being agitated after every addition. The bottle is - 
i then well corked, and the cork secured by leather. Ether 

gradually forms at the surface of the liquid. After five or 

six days, when the formation is supposed to be over, the 

cork is to be pierced with a needle, to allow a quantity of 
nitrous gas to escape, which would otherwise carry the 

[ ether along with it. The cork is then to be drawn; the 

j whole liquid is to be poured into a funnel, and by means 

of the finger the liquid below is allowed to run out while 

the ether is retained. 

i This method is somewhat hazardous; for the quantity of 
nitrous gas evolved is so great as often to burst the bottle. 

Dr. Black substituted in place of it a very ingenious pro¬ 
cess. He put into a glass phial the proper quantity of 

nitric acid ; over this was poured gently a stratum of water, 

and the alcohol was poured over all. Thus there were 

three strata of liquids in the vessel : the acid lowermost, 
and the alcohol uppermost, separated from each other by 

the water. The acid and alcohol gradually combined with 
the water, and coming into contact acted on each other 

i without violence; and thus the ether was formed without 
risk. 

Dehne has given another process for obtaining nitric 

ether exceedingly tedious, but not attended with any risk. 

The alcohol is put into a tubulated retort, to which a large 

receiver is luted; -^ig^th part of nitric acid is to be added 

i 

I - * Epistola contra Spiritum Vini sine Acido. 
t Mem, Par. 1742> f Diss. de Nitro, 1746. 
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Book 11. every four hours, drop by drop, till it amounts' to about 
pivision I. weight of alcohol; then the mixture becomes hot, 

and the ether passes over into the receiver. After this a 

little more nitric acid is to be added every morning and 

evening. Ether gradually forms on its surface. The acid 
is to be added till it falls down to the bottom of the retort 

in the form of green globules, indicating the perfect satu¬ 

ration of the acid with nitrous gas. This is a proof that 

no more ether will be formed. 

Various other methods of preparing nitrous ether have 

been proposed by chemists, as the distillation of a mixture 
of sulphuric acid, nitre, alcohol, &c. But the process 
preferred by artists is that of Chaptal as corrected by 
Proust. A large retort is luted to a glass globular vessel 

furnished with a tube of safety. From this globe a tube 

passes to a second, likewise furnished with a tube of safety; 
and to this last vessel is connected three Woulfe^s bottles 

in the usual way, which must be half full of alcohol. A 

mixture of 32 parts of alcohol and 24 of acid, of the 

specific gravity 1 *3, is put into the retort. The heat of a 

chaffing dish is applied, and removed as soon as the effer¬ 

vescence begins. The greatest part of the ether is de¬ 
tained by the alcohol in the first Woulfe’s bottle. This 

mixture is to be saturated with an alkali, and the ether 
separated by distillation.* 

These processes are all of them so defective and com¬ 

plicated, that little precise knowledge was acquired of nitric 
ether, till Thenard undertook an investigation of it in 
1807. He distilled a mixture of alcohol and nitric acid, 

and carefully collected and examined all the products both 

liquid and gaseous, A considerable part of the ether 

formed he found made its escape in the gaseous form, 

* Proust, Ann. do Chim. xlil. 262.—Brugnatelli has proposed the 

following method; but I find that the proportion of ether obtained by it 

is much smaller than the other processes, though Brugnatelli affirms the 

reverse. Put an ounce of sugar into a retort, and pour over it two 

ounces of alcohol. Lute to it a large receiver with slips of paper, and 

then add three ounces of nitric acid. The sugar is dissolved, the mix¬ 

ture boils, and the ether passes over pure, equal in weight to the alco¬ 

hol. See Jour, de Chim. iii. 68.—Perhaps my want of complete suc¬ 

cess was owing to the use of a stronger acid than that employed by 

Brugnatelli. 
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while the liquid in the receiver, hitherto considei^ed nitric Subdiv. VI, 

ether, was a mixture of alcohol, water, ether, nitrous, and 
acetic acids. These results led him to the following method 
of procuring pure nitric ether. 

Equal weights of alcohol and nitric acid, of the specific Thenard’s 

gravity 1*283, were put into a retort. To the beak of the 
retort was luted a glass tube, which was plunged to the bot¬ 
tom of a long narrow glass jar half filled with a saturated 
solution of common salt in water. From the top of this jar 
passed another tube, which went to the bottom of another 
similar jar, likewise half filled with a solution of common 

I salt. In this manner five similar jars were connected Avith 
; each other, each half filled with a saturated solution of 
I common salt. From the last a tube passed to a water 

trough to receive the gaseous products in proper jars. 
Each of these five jars was surrounded with a mixture of 
snow and salt to keep it as cool as possible. A moderate 
heat being applied to the retort a violent effervescence 

I began. It was found necessary to withdraw the fire, and 
i even to moisten the outside of the retort with water, in 
I order to prevent the vessels from bursting. The gaseous 
I matter evolved was thus forced to pass through the differ- 
[ ent jars containing the common salt solution, and there it 
[ deposited the greatest part of its ether. The ether was 
i found floating on the surface of the solutions in each, but 
1 the greatest part of it in the first jar. It was separated; 

and to free it from the nitrous and acetic acids with which 
it was contaminated, it was agitated in a close phial with a 
sufficient quantity of chalk, till it ceased to produce any 
change on vegetable blues. It was then decanted off. Thus 
purified it possessed the following properties. 

It had a slightly yellow colour, and a very strong ethe- Properties 

i real odour. Its taste was strong and quite peculiar. It 
was rather heavier than alcohol, but much more volatile 
than sulphuric ether. Hence it only moistened bodies for 
a moment, and produced a very considerable degree of 
cold by its evaporation. The heat of the hand was suffi¬ 
cient to set it a boiling. 

It was lighter than water, and required 48 parts of that 
liquid to dissolve it, and communicated to it an odour like 
that of apples. It dissolved in alcohol in every proportion. 
It burnt very brilliantly with a white flame like sulphuric 

! z 2 
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Book II. 
Division 1. 

Composi¬ 
tion. 

ether. When kept for some time, both nitrous and acetic 

acids were formed in it. The same acids were evolved if 
the ether was heated, or if it was agitated with water. 

When brought in contact with a little of these acids, it in¬ 

stantly absorbed them, and acquired the property of con¬ 

verting vegetable blues into red. 

When brought in contact with nitrous oxide, or any 

other gas, at the temperature of 70°, it instantly quin¬ 

tupled its bulk, being converted into vapour. At that tem¬ 
perature its vapour was capable of supporting a column of 

mercury 28*74 inches high. At the temperature of 70°, 

and when the barometer stands at 30 inches, it is liquid ,* 
but if we increase the heat or diminish the pressure, it as¬ 

sumes the state of vapour. It is much more elastic than 

sulphuric ether. At the temperature of 70°, the vapour of 

sulphuric ether is capable of sustaining a column of mer¬ 

cury only 16 inches high. 

Such are the properties of nitric ether ascertained by 

Thenard.* They show us that it differs essentially from 

sulphuric ether. The gradual evolution of nitrous acid in 

it demonstrates that it must contain azote as one of its 

constituents. Thenard endeavoured to ascertain the pro¬ 
portion of its constituents by passing it through a red-hot 

porcelain tube, and examining the new substances evolved. 

They were water, carbonic acid, charcoal, oil, and a con¬ 
siderable quantity of gas which contained azote and nitrous 
gas, and a heavy inflammable air, which detonated with 

oxygen, and yielded carbonic acid and water. A little 

ammonia appeared also to have been produced. By esti¬ 
mating the weight of each of these substances and their 

constituents, Thenard concluded, that 100 parts of nitric 
ether were composed of 

48*52 oxygen 

28*45 carbon 

14*49 azote 
8*54 hydrogen 

10*000.t 

But this analysis is liable to several exceptions. There was 

* Mem. dArcueil, i. 75. f Ibid. i. SCO. 
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! a considerable loss, and the composition of several of the Subdiv. VL 

substances evolved is not sufficiently determined. A better 

i mode of analysis would have been, to have mixed the 

i vapour of the ether with a sufficient quantity of oxygen, 

I and to have decomposed it by electricity. By this method, 

I knowing the specific gravity of the vapour, and the pro- 
i ducts furnished by its decomposition, it would have been 

I easy to have deduced its constituents. I think it not im- 

: probable from analogy that nitric ether is in reality a com- 

: pound of four atoms olefiant gas, with one atom nitric acid, 
i On that supposition it would differ from sulphuric ether, 

i simply by the substitution of nitric acid for water. Were 
this its composition its constitution would be 

j 
4 atoms hydrogen = 0’50 

i 4 atoms carbon = 3*00 
1 atom azote = 1*75 

I 5 atoms oxygen = 5*00 

10*25 

Thus its weight would be 10*25 and it would be a com¬ 

pound of no fewer than 14 atoms. 

During the formation of nitric ether a vast quantity of Gaseous 
; gas is evolved. The Dutch chemists examined this gas. Products, 

i and considered it as a compound of nitrous gas and ether | 
I but Thenard has shown, that it is much more complicated 

in its nature. The result of his examination is, that it 
consists chiefly of nitrous oxide gas, mixed with a little 

I nitrous gas, azote, carbonic acid, acetic acid, nitrous acid, 

and a considerable proportion of ethereal vapour. But the 

I proportion of this last ingredient diminishes according to 
the degree of cold to which it has been subjected. 

After the mixture of alcohol and nitric acid has ceased And residue 

to give out ether, there remains in the retort about three- examined, 

fifths of the original quantity. This residue Thenard also 
subjected to examination. It has a yellow colour and an 

acid taste. It consists chiefly- of water, holding in solu¬ 

tion some nitric acid, some alcohol, a very small portion of 
acetic acid, and a matter with Thenard could not separate, 

but which very readily assumed the state of charcoal. 

Thus it appears, that both the alcohol and acid are de¬ 

composed during the process of making nitric ether, and 
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1. Nitrous 
etherised 
gas. 

V 

2. Oxalic 
acid. 

Rook II. that the constituents of both enter into the composition of 
Division I. ether formed. Some light may be thrown upon the 

subject by a careful examination of the phenomena which 
take place during the action of nitric acid on alcohol. 

Action of 1. When equal parts of alcohol and nitric acid are mixed, 

on alcohol. ^ violent effervescence takes place; spontaneously if the 
acid be concentrated; on the application of heat if the 

acid be diluted. This effervescence is ownng to the emission 

of the gas, which the Dutch chemists considered as a 
mixture of ether and nitrous gas, but which Thenard has 

shown to consist chiefly of nitrous oxide and ether. The 
Dutch chemists have called it nitrous etherized gas * 

This gas has a disagreeable ethereal odour: it burns with 

a yellow flame; is completely absorbed by water, alcohol, 

and the solution of potash ; ammonia has no action on it. 

When fired along with oxygen gas it detonates. Sulphuric, 

sulphurous, nitric, and muriatic acids, decompose it. 

2. When one part of alcohol and three parts of nitric 

acid, of the specific gravity T261, are mixed together, and 
a very moderate heat applied, a great quantity of gas is 
disengaged, which consists chiefly of nittoiis etherised gas 

and nitrous gas. When only part of the liquid re¬ 
mains in the retort, if it be allowed to cool, a number of 

crystals of oxalic acid are formed.f By this process 1*167 

parts of oxalic acid may be obtained from 16 parts of 
alcohol.j: 

3. When one part of nitric acid is poured upon its own 

weight of alcohol, and one part of sulphuric acid is added 
a little after, the mixture takes fire and burns with great 
rapidity. When this experiment is performed in close 
vessels, the products are ether and oil, besides what rer 

mains in the vessel in which the combustion takes place. § 

4. When nitric acid, partly saturated with mercury, is 

mScu^y poured upon alcohol, and heat applied, the products are 
nearly the same, but the phenomena are very different. 

The curious appearances which accompany this mixture 

were first observed and explained by Mr. Howard. I| The 
process, as described by him, is as follows: dissolve, by 

Combus¬ 
tion of al¬ 
cohol. 

Howard’s 

* Jour, de Phys. xlv. 245. f Scheele and Hermbstadt. 

J Sage, Jour, de Phys. 1. 346. 

§ Brugnatelli, Ann. de China, xxix. 327. 

{| Nicholson's Journal, iv. 173. 
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I means of heat, 100 grains of mercury in a measured ounce Subdiv. VL 

find a half of nitric acid, of the specific gravity of about 
1*3. Pour this solution upon two measured ounces of al¬ 

cohol, and apply heat till the mixture begins to effervesce. 

I The heat is then to be withdrawn. The action becomes 

I violent, and continues for some time; a dense white smoke 
I issues from the vessel, which is heavier than the atmosphe- 

i ric air, and may be poured into glass jars, where it con¬ 

tinues for some time like fine white clouds. Mr. Howard 

1 has made it probable that this fume is composed of ethe- 
I rised nitrous gas holding oxide of mercury in solution, 

i Meanwhile a white powder falls to the bottom of the mix- 
f ture. When the effervescence is over, this white powder 

! is to be separated by filtration, washed with pure water, and 

I dried in a heat not exceeding 212°. 

j Mr. Howard has examined the properties of this powder, 

which has the appearance of minute crystals. Pie has given 
it the name of fulminating mercury. 

When heated to the temperature of 368°, it explodes 
with considerable violence. The same effect is produced 

by friction, by the blow of a hammer, by electricity, and 

by flint and steel. The products, after combustion, are 

carbonic acid gas, azotic gas, water, and mercury. It 

produces very violent effects, but only at a small distance. 

Concentrated sulphuric acid, when poured upon it, causes 
an immediate explosion; diluted sulphuric acid likewise 

decomposes it, but without exploding. A gas passes over, 

which is a mixture of carbonic acid, and of a peculiar in¬ 
flammable gas w'hich burns wnth a greenish flame : the same 

into which the etherised nitric gas is converted by the action 

of diluted sulphuric acid. There remains in the sulphuric 
acid a white powder, consisting of oxalate of mercury and 
a few globules of mercury.* 

From the experiments of Mr. Howard, it follows that Compos!- 

I this powder is composed of oxalate of mercury and nitrous 

etherised gas. But the subsequent analysis of Fourcroy 
has shown, that it varies in its nature according to the 

* Howard, NicholsoiCs Journal, Iv. 173. Brugnatelli has announced, 

that by pouring one ounce of alcohol and one ounce of nitric acid on 100 
grains of dry nitrate of silver, (lunar caustic) in a beer glass, a fulminat¬ 

ing silver is produced, much more powerful than fulminating mercury. 

Nicholson’s Jour. vii. 285. 
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Division I. 

mode of preparing it. When prepared in Howard’s way 
with little heat, it is a compound of nitric acid, oxide of 
mercury, and a peculiar vegetable substance. When the 

heat is continued during the whole fermentation, the 
powder has a greenish colour. It detonates more feebly, 

and on hot coals emits a blue flame.. It is composed in that 

case of ammonia, oxide of mercury, and more of the pe¬ 

culiar vegetable matter. When the mixture is boiled for 

half an hour, the powder is composed of oxalate of mer¬ 
cury and a very small quantity of vegetable matter. It 
does not detonate, but decrepitates when heated.* * * § These 

experiments of Fourcroy enable us to reconcile the seem¬ 
ingly opposite results of Howard and Berthollet.f 

SECT. III. 
i 

OF CHLORIC ETHER.:|: 

I GIVE this name to the compound formed by the union 
of equal volumes of chlorine and olefiant gas. It has been 

already described in the first volume of this work. § It is 

composed of 2 atoms olefiant gas, and 1 atom of chlorine; 
so that its constitution is as follows: 

2 atoms hydrogen = 0’25 
2 atoms carbon .. = 1:50 
1 atom chlorine .. = 4*5 

6-25 

I have little doubt that the ether made by distilling a 

mixture of alcohol and-different chlorides, as the perchlo- 

* Journal of the Royal Instit. i. 256. 

f According to Berthollet, fulminating mercury is composed of am¬ 

monia, oxide of mercury, and altered alcohol, which produces carbonic 

acid when decomposed. Phil. Mag. xii. 92. 

X I have some suspicion that this compound should rather be consi¬ 

dered as a species of alcohol than of ether. But in the present state of 

our knowledge I did not venture to adopt that arrangement. But I have 

no doubt that hereafter different .species Of alcohol wdll be recognized as 

well as of ether. 

§ See vol. i. p. 240. 
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: ride of mercury, the chlorides of iron, arsenic, and anti- Subdiv. vi. 
mony, and especially the fuming liquor of Libavius is, in 

j reality, chloric ether. JBy means of this chloride, Courtan- 
[ vaux formed ether, in 1759, by the following process : three 

I parts of fuming muriate of tin and one part of alcohol 

I are mixed together; and after the vapours and heat produ- 

I ced have subsided, the mixture is put into a retort, to which 

j two large receivers are attached, and distilled. There 
I comes over first a little alcohol, then the ether.* This 

! chloride has been recommended as very proper for making 
I ether by Klaproth.f 

I 

I SECT. IV. 
1 

OF MURIATIC ETHER. 

After the discovery of sulphuric and nitric ethers, 

! various attempts were made to obtain ether by the action 
I of muriatic acid on alcohol: but this acid in its usual state 
I is too much diluted with water to act with much energy 

( upon alcohol. It was thought necessary, therefore, in 

order to procure muriatic ether, to employ the acid in a 

f different state. The method of obtaining this ether is as 

i follows: 

Pure alcohol is saturated with muriatic acid gas as free Prepara- 

from water as possible. The following is the formula re- 

commended by Mr. Basse. Keep a . quantity of common 

salt for an hour in a state of fusion, in order to deprive it of 

its water of crystallization. Put 20 parts of this salt into a 

tubulated retort, to the beak of which is fitted a bent tube, 
plunging into Woulfe’s bottle, containing 10 parts of alco¬ 

hol as strong as possible. 

Introduce into the retort, in small quantities at a time, 

10 parts of the most concentrated sulphuric acid, allowing 
the common air to escape from the bottle containing the 
alcohol; then distil in a sand bath till the muriatic acid 

comes over, keeping the alcohol bottle as cool as possible 

during the process. The alcohol, thus saturated with 

* Jour, de Scav. 1759, p. 549. This process was discovered byRou-- 

elle. See Jour, de Phys. Ivi. 219. • ; 

t CrelFs Annals, 1796, ii. 99. 
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Book II. acid, is put into a retort, and one half of it distilled over. 
» 1. 

^ ivismn . ^jjjg portion with an alkaline ley, and then decant 

off the ether which swims on the surface: it usually amounts 

to 24- parts.* 
Very little was known of the properties of muriatic ether, 

tillGehlen published a dissertation on the subject in 1804.t 

He employed two processes: 1. the action of the fuming 

liquor of Libavius on alcohol; 2. the process of Basse de¬ 

tailed above. Both of them furnished ether, the peculiar 

properties of which he has described with accuracy. The- 

nard published three dissertations on it in 1807,1 pointed 
out the simplest process for obtaining it, examined the 
effect of chlorides on alcohol, described the properties of 
muriatic ether in detail, and made a set of experiments to 

ascertain its constituents. To the dissertations of these two 

chemists we are indebted for all that we know of this very 

remarkable substance. 

Thenard’s The process recommended by Thenard for procuring 
process. following: Equal bulks of muriatic acid 

and alcohol, both as strong as possible, are put into a retort, 

of such a size as not much more than to hold the mixture. 

A few grains of sand should be put into the retort, to pre¬ 
vent the violent boiling which might otherwise lake place. 
From the beak of the retort a tube passes into a glass jar, 

twice the size of the retort, and furnished with three mouths. 
This jar should be half filled with water, of the tempera¬ 

ture of about 70”. Into the second mouth a straight tube 

of safety is luted, and into the third a tube, which passes 

into a water trough to receive the gas. When heat is ap¬ 
plied, the mixture soon emits bubbles. There passes into 
the receiver alcohol with acid and water: but the whole of 

the ether makes its eseape in the state of gas, and must be 

received improper vessels. From 500 grammes of acid and 

the same bulk of alcohol, between 20 and 30 litres of ethe¬ 

real gas are obtained. Or, in round numbers, a mixture of 

acid and alcohol, weighing about 30 ounces troy, will yield 

between 1220 and 1830 cubic inches of ethereal gas. 
This gas is colourless, it has a strong ethereal smell, and 

a sweetish taste. It produces no change on the infusion of 

* Jour, de Chim. iv. 86. 

t Men. d^Arcueil, i. 115, 140, 337. 

3 

t Gehlen’s Jour. ii. 206. 
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litmus, the syrup of violets, or lime water. Its specific Subdiv.vi. 

gravity is 2-219, that of air being 1. At the temperature 
of 64° water dissolves its own bulk of this gas. 

When exposed to a cold of 52®, it loses its aerial form Properties 

and becomes liquid ether. It may be procured abundantly of the ether, 

in that state by passing it into a dry glass jar surrounded 

with ice. Muriatic ether, in its liquid state, is colourless 
like water, very liquid, has no action on vegetable blues, 

and has the same smell and taste as in the gaseous state. 

At the temperature of 41®, Thenard found it of the specific 
gravity 0*874.* It is much more volatile than alcohol, or 

even sulphuric ether, assuming the gaseous state when riot 

hotter than 64®. None of the usual tests indicate the pre- 
1 sence of any muriatic acid. It does not affect vegetable 

f blues, nor give out acid when agitated with an alkaline ley, 

i or occasion an immediate precipitate when mixed with 
nitrate of silver. But when brought in contact with a 

combustible it burns readily with a green-coloured flame, 

! a very considerable portion of muriatic acid is immediately 
I disengaged in the state of vapour. This very extraordi- 

I nary fact was first observed by Gehlen: it has been mi- 
! nutely examined by Thenard. When allowed to remain 

I for a long time in contact with an alkali, it does give out a 

I portion of muriatic acid, and it slowly produces a precipi- 

1 tate in nitrate of silver after the interval of several days, 
1 and the quantity of precipitate increases with the time. 

I But in neither case is the ether decomposed, or deprived of 
the property of giving out muriatic acid when burnt. 

Thenard has endeavoured to ascertain the composition Composi- 

1 of muriatic ether. From the quantity of muriatic acid 
which disappears during its formation, he has calculated 

that 100 parts of muriatic ether contain 29*44 of acid; an 

enormous quantity, since it exceeds the proportion of real 
1 acid in the strongest muriatic acid of commerce. By mix¬ 

ing determinate portions of muriatic ether gas with oxygen 

gas, firing the mixture, and ascertaining the products, which 
are only carbonic acid and water, he endeavoured to ascer¬ 

tain the proportion of the other constituents. The follow- 

is the result of his examination: 

* Basse obtained it of the specific gravity 0820, and Gehlen of 0845. 
Here we must consider weight as a mark of purity. Hence it is obvious 

i that the muriatic ether of the German chemists was less pure than The- 
nard’s. 

! 
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29*44? muriatic acid 

36*61 carbon 
23*31 oxygen 
10*64 hydrogen 

00*00* 

I have very little doubt that this ether is a compound of 

1 volume of olefiant gas + 1 volume muriatic acid gas con¬ 

densed into 1 volume. On this supposition, the specific 

gravity will be that of olefiant gas and that of muriatic acid 

gas added together. Now, the specific gravity of these 
bodies is as follows: 

Olefiant gas.0*974 

Muriatic acid gas.. 1*284 

2*258 

But 2'258 agrees very nearly with 2*219, the specific 

gravity of muriatic ether gas obtained experimentally by 

Thenard. If this supposition be well founded, muriatic 

ether must be a compound of 4 atoms olefiant gas and 1 

atom muriatic acid, so that its constitution will be as follows: 

5 Atoms hydrogen = 0*625 

4 Atoms carbon .. = 3*000 

1 Atom chlorine.. = 4*5 

348 

Book IL 
Division 1, 

8*125 

It is composed of 10 atoms, and it weight 8*125. 

SECT. V. 

OF HYDRIODIC ETHER. 

This ether was discovered by M. Gay-Lussac. He 
formed it by mixing together 2 volumes of absolute alcohol 

and 1 volume of hydriodic acid, of the specific gravity 

1*7, and distilling in a water bath. He obtained an alcoho¬ 

lic liquid perfectly neutral, colourless, and limpid. When 

mixed with water, a liquid precipitated in small globules, at 

* Mem. D’Arcueil, i. 341, 
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first milky, but which gradually became transparent. This Subdiv. Vf, 

liquid was hydriodic ether. What remained in the retort 

was hydriodic acid, much coloured by an excess of iodine. 

Hydriodic ether, after being well washed with water, is Properties, 

perfectly neutral. Its odour is strong, and, though pecu« 

liar, it is analogous to that of other ethers. In a few days it 
acquires a reddish colour, w^hich does not increase in inten¬ 

sity. Mercury and potash instantly destroy this colour by 

removing the iodine to which it is owing. Its specific gra¬ 
vity, at 72°, is 1*9206. It boils at the temperature of 

1484-°. It is not inflammable, but merely gives out purple 
vapours wdien put upon burning coals. Potassium may be 
kept in it without alteration. Potash does not alter it im¬ 

mediately, neither do nitric, and sulphurous acids, or chlo¬ 
rine. Sulphuric acid renders it instantly brown. When 

; passed through a red-hot tube, it is decomposed, an inflam- 
I mable carbureted gas is obtained, hydriodic acid evolved^ 
and some charcoal deposited.* 

This ether has not been analysed; but we may consider 

it fi'om analogy as a compound of 4 atoms olefiant gas and 

1 atom hydriodic acid. On this supposition its constitution 

will be 

5 Atoms hydrogen = 0*625 
4 Atoms carbon... = 3*000 

1 Atom iodine ,., =15*625 
< 

19*250 

So that it will be a compound of 10 atoms, and itis 

weight will be 19*25. 

SECT. VI. 
I 

OF ACETIC ETHER, 

Ether may be produced also by the action of acetic acid 
on alcohol. This was discovered by the Count de Laura- 

guais in 1759.t He obtained it by distilling a mixture of 

* Ann, de Chiin. xci. 89. f Jour, de Seav. 1759^ p. 8S4. 
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acetic acid and alcohol with the same precautions as are 
employed in the distillation of sulphuric ether. 

The process, as corrected by Pelletier, is as follows: 
Mix together, in a retort, equal quantities of acetic acid 

(from acetate of copper) and alcohol, and distil over the 

alcohol. Pour it back into the retort, and distil a second 
time. What comes over must be poured back a second 

time, and subjected to a third distillation. The product of 

this third distillation is a mixture of acetic acid and ethei*. 

Saturate the acid with potash, and distil with a moderate 
heat. Acetic ether comes over pure.* Bucholz has given 

another process, which is much more economical. Put 

into a retort 16 parts of acetate of lead, 6 parts of strong 

sulphuric acid, and 9 parts of alcohol. Distil over 10 parts. 
Agitate this liquid with a third of its bulk of lime-water, 

and decant off the ether, which will swim on the surface. 

It usually amounts to six parts.f 
Scheele could not succeed in obtaining ether by Laura- 

guais’ process; most likely because he neglected to return 

the distilled liquid a sufficient number of times into the 

retort. But he discovered another, by which it may be 
obtained without difficulty. Nothing more is necessary 
than to add a little sulphuric acid to the mixture; or" 
acetic ether may be obtained by dissolving one part of 

acetate of potash in three parts alcohol, adding more sul¬ 

phuric acid than is sufficient to saturate the potash, and then 

distilling.^ 

Schultz, an apothecary at Kiel, repeated the experiments 

of Scheele, and found them accurate. His experiments 
were repeated by Gehlen and Lichtemberg with the same 

result. They affirm that pure acetic acid does not form 

ether with alcohol, but that ether is formed if there be 

present the smallest quantity of any other acid.J The 
subject has been lately examined by Henry H and by 
Thenard; both of whom have shown in the most satis¬ 
factory manner, that acetic acid and alcohol yield an ether 

by the process of Lauraguais and Pelletier. 
Thenard employed nearly equal weights of a very strong 

* Jour, de Phys. xxviii. 141. 

X Scheele, ii. 117. 

{[ Ann. de Chim.lviii. 199. 

f Jour, de Chiin. iii.^22. 

§ Ann. de Chim. Ivii. 94. 

** Mem. D’Arcueil, i. 1^3. 
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acid and alcohol of the specific gravity 0*8056, and repeated Subdiv. VI. 

the distillation 12 times. No gas of any kind was evolved 

during the process. He then mixed the whole together, 

and endeavoured to neutralize the acetic acid by potash. 
The neutrallization succeeded but imperfectly; abundance 

of crystals of acetate of potash precipitated. By a cautious 

distillation the acetic ether came over in the first place, and 
afterwards a portion of alcohol, holding a little ether and 

acetic acid in solution. By a subsequent distillation off 

acetate of potash, the acetic ether was obtained perfectly 

pure. During the formation of this ether, a quantity of 

acid as well as of alcohol disappear; both of course enter 

I into the composition of the ether, or at least their constitii- 

. ents enter, 
S Acetic ether is limpid and colourless; it has an agreeable Properties. 

1 odour of ether and acetic acid. It d oes not redden vege¬ 

table blues. It has a peculiar taste, different from that of 
all other substances, and bearing no ricsemblance to that of 
alcohol. Its specific gravity at the temperature of 444^® is 
0*866. It boils at the temperature of 160°. It burns with 
a yellowish-white flame, and acetic acid is developed during 
its combustion. It does not undergo iiny change by keep- 

! ing. At the temperature of 62° it reqi lifes more than seven 

’ times its weight of water to dissolve it. 

Though allowed to remain in contac t with water, or dis- 

I solved in it, no change takes place; bi it when left in con- 
1 tact with caustic potash, acetic acid i s gradually evolved, 

which saturates the alkali. If it be d istilled in this state, 

' alcohol comes over very much dilut ed with water. No 

gaseous matter is disengaged. Hence it. seems to be nothing 

else than a compound of acetic acid and alcohol. The 

acid is neutralized in the ether, as it exhibits none of its 
I usual properties. 

! I am disposed to consider acetic etht sr as a compound of 

I 4 atoms of olefiant gas and 1 atom of a tcetic acid. On that 

i, supposition its constituents will be 

7 Atoms hydrogen = 0 *875 

8 Atoms carbon.. = 6 * 

3 Atoms oxygen.. = 3*' 

9*i ^75 
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Book 11. So that its weight is 9*875, and it is a compound of no 
Division I. fgyver than 18 atoms. 

SECT. VII. 

OF FORMIC ETHER. 
* • I 

This ether was first formed by Gehlen. It may be pre¬ 

pared precisely in the same way as acetic ether, merely sub¬ 

stituting the formi c acid for the acetic. 

Properties. When pure, it has an agreeable odour, very similar to 

that of peach kernels. Its taste is likewise similar, leaving 

an impression of ant s. Its specific gravity, at the tempera¬ 

ture of 63°, isO*9U»7. It burns with a blue flame, edged 

with yellow, and at t he temperature of 63° is soluble in nind 
times its weight of w ater.* This ether has not been ana¬ 

lysed, but if we cons ader it from analogy as a compound of 

4 atoms olefiant gas and 1 atom formic acid its constitution 

will be as follows: 

5 At oms hydyogen = 0*625 
6 At oms carbon .. = 4*5 

3 At oms oxygen.. = 3* 

8*125 

So that its weight is 8*125, and it contains 14 atoms of 
simple bodies. 

Scheele could not succeed in his attempts to form ether 
by means of the folk wing acids: 

1. Muriatic. 4. Benzoic. 7. Succinic. 

2. Fluoric. 5. Tartaric. 8. Arsenic.- 
3. Boracic. 6. Citric. 

But we have seen that an ether may be formed by means 
of the first and las^ t of these acids. It would seem that 

before an acid be ca pable of forming ether, it must be vola¬ 
tile and have a stro) og affinity for water. 

* Schweigger’s Journal, iy. 1. 
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CHAP. III. 

OF VOLATILE OILS. 

The term oil is applied to a number of unctuous liquids, 

which, when dropped upon paper, sink into it, and make it 
seem semitransparent, or give it what is called a greasy 

stain. These bodies are very numerous, and have been in 

common use from time immemorial. Chemists have divided 
: them into two classes; namely, volatile eaad fixed oils. We 

i shall consider the properties of the first of these classes in 
this chapter, li^hefixed oils will occupy our attention in the 

t next. A third class of oils might be added which possess 

intermediate properties between the fixed and the volatile. 

Volatile oils, called also essential oils, are distinguished 

by the following properties : 

1. Liquid; often almost as liquid as w^ater; sometimes Characters, 

viscid. 
2. Very combustible. 

3. An acrid taste and a strong fragrant odour, 

4. Volatilized at a temperature not higher than 212^. 

' 5. Soluble in alcohol, and imperfectly in w^ater. 
6. Evaporate without leaving any stain on paper. 

, By this last test it is easy to discover whether they have 
I been adulterated with any of the fixed oils. Let a drop of 
I the volatile oil fall upon a sheet of writing paper, and 

l| then apply a gentle heat to it. If it evaporates without 

I leaving any stain upon the paper, the oil is pure ; but if it 

I leaves a stain, it has been contaminated with some fixed 

oil or other. 
I Volatile oils are almost all obtained from vegetables, and Prepam- 

I they exist in every part of plants; the root, the bark, the 

wood, the leaves, the flower, and even the fruit, though 

they are never found in the substance of the cotyledons; 

whereas the fixed oils, on the contrary, are almost always 

contained in these bodies.* 
When the volatile oils are contained in great abundance 

in plants, they are sometimes obtained by simple expression. 

This is the case with the oil of oranges, of lemons, and of 

* Fourcroy, vii. 352. 

2 A 

Subdiv.VI. 
Chap. IH. 

VOL. II. 
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Liquidity. 

Colour. 

bergamotte; but in general they can only be obtained by 
distillation. The part of the plant containing the oil is put 

into a still with a quantity of water, which is distilled off by 

the application of a moderate heat. The oil comes over 
along with the w^ater, and swims upon its surface in the re¬ 
ceiver. By this process are obtained the oil of peppermint, 
thyme, lavender, and a great many others, which are pre¬ 
pared and employed by the perfumer. Others are procured 

by the distillation of resinous bodies. This is the case in 

particular with oil of turpentine, which is obtained by dis¬ 

tilling a kind of resinous juice, called turpentine, that ex¬ 
udes from the juniper. 

Volatile oils are exceedingly numerous. They have been 
long known; but as their use in chemistry is but limited, 
they have not hitherto been subjected to an accurate che¬ 
mical investigation. They differ greatly in their properties 

from each other; but it is impossible at present to give a 
detailed account of each. t 

1. The greater number of volatile oils are liquid, many 

indeed are as limpid as water, and have nothing of that ap¬ 
pearance which w'e usually consider as oily. This is the 

case with the following; namely, oil of turpentine, oranges, 
lemons, bergamotte, roses. Others have the oily viscidity. 
It varies in them in all dem’ees. This is the case with the 

O 

oils of mace, cardomom, sassafras, cloves, cinnamon. Others 

have the property of becoming solid. This^is the case with 

the oils of parsley, fennel, aniseed, balm. Others crystal¬ 

lize by slow" evaporation. This is the case with oil of thyme, 

peppermint, marjoram. The oil of nutmegs has usually the 
consistence of butter.* This is the case also with the oil of 
hops and of pepper. 

2. Tlie colour of the volatile oils is as various as their 

other properties. A great number are limpid and colour¬ 

less, as oils of turpentine, lavender, rosemary, savine, anise- 

seed. Some are yellow, as spike, bergamotte. Some are 
brown, as thyme, savory, wormwood. Others blue, as ca¬ 

momile, motherwort. Others green, as milfoil, pepper, 

hops, parsley, wormwood, cajeput, juniper, sage, valerian. 
Others, though at first colourless, become yellow or brown 
by age, as cloves, cinnamon, sassafras.f 

* Fourci'oy, vii. 505. Eiig. Trans. f Neuman’s Chem. p. 27^. 
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3, Their odours are so various as to defy all description. Subdiv. VI. 

It is sufficient to say, that all the flagrance of the vegetable J ; 

kingdom resides in the volatile oils. Their taste is always odour, 

acrid) hot, and exceedingly unpleasant. 
4. Their specific gravity varies very considerably, not Specific 

only in different oils, but even in the same oil in different gravity, 

circumstances. The following are the specific gravities of 

several of the volatile oils, as ascertained by Dr. Lewis.* 

sassafras. 1*094 Oil of Tansy. •946 

Cinnamon... 1*035 Carraway seeds •940 

Cloves . 1*034 Origanum.... •940 
Fennel . ■997 Spike. •936 

Dill. *994 Rosemary .... •934 

Pennyroyal . •978 Juniper berries •611 
Cummin .... •975 Oranges. *888 

Mint. •975 Turpentine ... •792 
Nutmegs .... *948 

When the volatile oils are heated in the open air, they Volatilit 

evaporate readily, and without alteration, diffusing their pe¬ 

culiar odours all around; but there is a considerable differ¬ 

ence between the different oils in this respect. When dis¬ 
tilled in close vessels, they do not so readily assume the form 

of vapour. Hence they lose their odour, become darker in 

colour, and are partly decomposed. Oils do not seem very 

susceptible of assuming the gaseous form, unless some other 
substance, as water, be present. 

When exposed to the action of cold, they congeal like the 

fixed oils; but the temperature necessary to produce this 

effect varies according to the oil. Some of them, as oil of 
anise and of fennel, become solid at the temperature of 50®: 
frozen oil of bergamotte and of canella become liquid at 
23°; oil of turpentine at 14®.f Margueron exposed se¬ 

veral volatile oils to a cold of—17®. They congealed or 
rather crystallized partially, and at the same time emitted 
an elastic fluid. These crystals consisted partly of the oils 
themselves, partly of other substances. Some of them had 

the properties of benzoic acid.:}: 

5. Volatile oils, when exposed to the action of light in Changed 
by light. 

* Neuman's Chem. p. 272. f Margueron, Jour de Phys. xlv. 136. 

I Ibid. / 

2 A 2 -^ 



356 VOLATILE OILS. 

Book II. 
Division I. 

Absorb 
oxygen. 

close vessels, and excluded from common air, undergo very 

singular changes. Their colour becomes deeper, they ac¬ 

quire a great deal of consistency, and their specific gravity 

is considerably increased. The cause of these changes is 
but imperfectly known. Tingry, to whom we are indebted 
for these interesting researches, has proved that light is a 
necessary agent. It was supposed formerly that they were 

occasioned by the absorption of oxygen; and when oxygen 

is present, it has been ascertained that it is absorbed : but 
Tingry has proved that the same changes go on when oxy¬ 
gen is excluded. This philosopher ascribes them to the 

fixation of light. If this be the real cause,' the quantity of 
light fixed must be enormous; for as the specific gravity 
of the oils is increased considerably while the bulk continues 

the same, it is evident that the absolute weight must be in¬ 

creased proportionably. One circumstance, however, ren¬ 
ders this conclusion somewhat doubtful, at least in its full 

extent; and that is, that the quantity of change was always 

proportional to the quantity of the oil and the quantity of 

air contained in the vessel.* 

II. It is probable that the volatile oils absorb and com¬ 

bine with the different supporters of combustion, though 
no correct set of experiments has been hitherto made on 

the subject. 

1. When volatile oils are exposed to the open air, they 

gradually become deeper coloured, and acquire more and 
more viscidity, while at the same time their odour dimi¬ 

nishes. Dr. Priestley first ascertained that they imbibe 

oxygen with rapidity, and that the changes are owing to 
this absorption. He tried the experiment only with oil of 

turpentine, but he found that the air above oils of mint and 

cinnamon, confined in phials half full, was deprived of its 

oxygen.f He ascertained likewise, that, independent of this 
disposition to absorb oxygen, oil of turpentine has the pro¬ 

perty of imbibing a considerable quantity of air, which may 

be afterwards extricated by means of the air-pump.! Ac¬ 
cording to Fourcroy, this absorption of oxygen is accom¬ 

panied by the formation of w^ater. His evidence for this is, 

that drops of water, he says, are often perceptible at the 

* Tingry, Jour, de Pliys. xlvi. 161 and 249. 

f Priestloy on Air, ii. 232. ^ Ibid. 
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surface of those oils that they are kept in vessels not pro- Subdiv. vi. 

perly closed.* By long exposure the volatile oils assume 

the form of resins. ' 

When the volatile oils are heated sufficiently in the open 

air, they take lire and burn with a clear bright flame, emit¬ 
ting a vast quantity of smoke. The products of the com¬ 
bustion, besides the soot, are w^ater and carbonic acid. 

2. Oil of turpentine at least absorbs and combines with 

vhlorine, and the properties of the new compound are very 

different from those of oil of turpentine. Mr. Porrett 

caused the vapour of oil of turpentine and chlorine gas to 
pass together through a glass tube into a receiver. There 

, was formed a very thick heavy white oil, which sank imme- 

j diately in w^ater, and which smelt and tasted very much 

like nutmegs, but communicated rather a more caustic sen¬ 

sation to the tongue.f A similar compound seems to have 

been obtained by Dr. John Davy by mixing perchloride of 

tin with oil of turpentine.:}: 
3. The action of iodine on volatile oils has not been tried. 

III. The action of the simple combustibles upon the vo- Action of 

1 latile oils is not remarkable. They do not absorb hydro- simple 
r *1 •! combusti- 

gen as tar as is known, neither are they altered by charcoal, bles. 

1 When digested upon sulphur at the temperature at which 

; the sulphur melts, they dissolve a portion of it, acquire a 

brown colour, and a disagreeable taste and smell. These 

preparations are called balsams of sulphur. A portion of 

, the sulphur crystallizes as they cool.§ When these balsams 

are heated strongly, a vast quantity of gas (probably sul- I' phureted hydrogen) is evolved so rapidly as to occasion 

I veiy violent explosions, unless proper precautions be taken. || 

1 The volatile oils dissolve likewise a portion of phosphorus 

I in a digesting heat; but most of them deposite the whole of 

i it again as the solution cools. Hoffman pointed out a me- 
I thod of rendering the solution permanent. It was the fol¬ 

lowing: Triturate together 10 parts of camphor and 1 of 

I phosphorus. This mixture dissolves readily in most volatile 

* Fourcroy, vli. p, oOl. Eng. Trans, 

j t Nicholson’s Journal, xxxiii. 195. J Ibid. p. 17. 

§ Elemens de Chymie of the Dijon Academy, iii. 357. 

11 Holirnan relates a remarkable story of the violent effects of such arc 

i explosion by way of caution to the chemists of his time.—Observationes 
Phys. Chem. p, 308. 
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Book II. oils, as in oil of cloves, and forms a solution which has the 
Divi^on I. pj.Qperty of rendering every thing luminous which is rubbed 

with it, and this without combustion.^ This seems to have 
been the solution so much used by Boyle, under the name 

of liquid phosphorus. 
Of^alkalies jy, Xhe alkalies and earths act but feebly upon the vola¬ 

tile oils. The French chemists have proposed to give the 
combinations wdiich these bodies form with the volatile oils 

the name of savonules^ which Dr. Pearson has translated by 

the term saponides ; but these denominations have not been 

adopted by chemists.^' 
Whoever considers the tedious trituration of potash and 

oil of turpentine together, by which the medicinal prepara¬ 
tion called Starkey^s soap is prepared, and compares it with 
the facility with which that alkali dissolves common turpen¬ 

tine, will be inclined to believe that the combination takes 
place only in so far as the oil is converted into a resin ; and 

that it is not the oil which has the property of uniting with 
potash, but the resin formed by its absorbing oxygen from 

the atmosphere. Indeed it is not improbable, that the vola¬ 

tile oils absorb and part with oxygen, with much greater 

facility than has been hitherto supposed; and that during 
many of their solutions these changes take place. Volatile 

oils seem to unite to alkalies and earths only when united 
to oxygen so as to form resins; while resins, on the other 

hand, may probably owe their solubility in alcohol to their 

, parting with oxygen, and assuming the state of volatile oils. 

Some recent experiments of Mr. Hatchett at least render 

the last supposition not improbable. I shall mention one: 

He took about half a pound of the common yellow resin of 

the shops, and having dissolved it in rather less than a 

quart of alcohol, he poured the clear solution from the 

dregs and impurities into a glass basin containing about 

two quarts of distilled water. He placed this basin on a 

sand-bath, and heated it moderately for about four hours. 

The principal part of the resin was precipitated during this 

digestion. Next day the milky liquor w^as poured off the 

* Hoffman, Observ. Phys. Chem. p.307. 

t The term saponule does not agree well with the idiom of our lan¬ 

guage. The word subsoapj or something similar, would have been 
better. 
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precipitate, and evaporated to dryness in an open vessel. Subdiv. vi. 

During the evaporation, brittle films of perfect resin were 

formed successively on the surface of the liquor, and the dry 

residue, after evaporation, was likewise complete resin; but 

the portion which had precipitated in the first basin, and 

which constituted the chief part of the original, was not in 

the state of resin, but of common turpentine. These phe¬ 

nomena indicate in a very unequivocal manner, that oxygen 
had been taken from the resin during its solution in alcohol. 

Hence the portion which precipitated immediately w^hen the 
solution was poured into water, not being in contact with 

the air, fell down in the state of turpentine; while the 

portion that continued in contact with air became perfect 
resin, 

V. When agitated with water, the greater number of the 

volatile oils render it milkv, and communicate to it their 

peculiar odour. Several of them when dropped upon sugar, oieo-sac- 

if the sugar be afterwards dissolved in water, form a per- charum. 

manent solution, to which the name of oleosaccharum has 

been given. Margueron has shown that this property be¬ 
longs only to the purest and most limpid part of the oils. 

They are all soluble in alcohol, ether, and fixed oils; Action of 

though they vary considerably in the facility with which eth2°fixed 
they unite to alcohol. Oil of turpentine, for instance, is oils, 

knowm to unite slowdy with that liquid. When 1 part of 

that oil is dissolved in 7 parts of alcohol, the oil separates 

by degrees, and sinks to the bottom.* 
VI. The action of the acids upon the volatile oils has 

been but imperfectly examined. 

Sulphuric acid acts upon them with considerable energy: 

dissolving them, converting them at first to a substance of a 

resinous nature, and at last reducing them to the state of 

charcoal. Hence we may procure the oil in very different 

states, by separating it from the acid at the end of a longer 
or shorter interval by pouring the mixture into water. 

When a volatile oil is dropped very slowly into four times 

its weight of sulphuric acid, triturating constantly after every 

addition, a solution is formed of a brownish colour. If this 

solution is poured into 3 or 4 parts of water, and then gently 

heated, a brown mass separates, which was formerly known 

* Neuman's Chem, p. 288. 
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Book II. by the name of an acid soap. Achard is the only chemist 
Divii^ion I. examined these combinations with attention. His 

Action on 
metals, 

I 

experiments were made chiefly on oil of turpentine. The 

mass which separates when this oil and sulphuric acid are 

treated as above described, is of the consistence of soft wax, 
soluble in water and alcohol; and when decomposed by an 
alkali, the oily matter which separates unites readily with 

alkalies.* Hence it appears that it has approached the 
state of a resin. 

Muriatic acid has much less action on them than the sul¬ 

phuric. From Achard’s trials it dissolved 
weight of the oil of sassafras. The portion dissolved is pro¬ 

bably altered.t With muriatic acid oil of turpentine com¬ 

bines and forms a compound very similar in its appearance 

to camphor. 
When nitric acid is thrown upon them suddenly, and in 

a concentrated state, it acts with such energy as to set them 

on fire; but when sufficiently diluted with water it dissolves 

them, and converts them into a yellow substance similar to 
resin. Chlorine acts in the same way, though with less 
energy. 

Vll. The action of the volatile oils on metals has not 

been examined with care, but it cannot be remarkable. 

Margueron has tried the effect of some of the salts of mer¬ 

cury upon several volatile oils. The following are the facts 

ascertained by this chemist: When oil of rosemary is kept 
over nitrate of mercury, the salt is gradually decomposed, 

and the oil acquires a deep colour. Corrosive sublimate, 

in like manner, deepens the colour and increases the con¬ 
sistence of oils of citron, chevril, hyssop, lavender, rose¬ 

mary, and peppermint; while it is at the same time partly 

converted into calomel. Neither the muriate of mercury, 

nor the sulphuret of that metal, produce any change in 

the oils of lavender and rosemary; but by this last oil 
the red oxide of mercury is converted into the black, 

though the oil does not experience any sensible change. 

The chloride of antimony is likewise decomposed by the 

oil of iDsemary.J 

* Jour, de Phys, xvi. 409. 

t Elemens de Chymie of the Dijon Academy, iii. 361. 

X Ann, de Chim, xlvii. 66. 
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VIII. From the effects of the acid supporters on the vo- Subdiv. VI. 
A A. T'\r 

latile oils, and from the products which they yield when ^ j 
burnt, it has been concluded that they are composed of hy¬ 
drogen and carbon, sometimes united with various propor¬ 
tions of oxygen according to circumstances: but no exact 
analysis has yet been made of any of them. 

IX. Volatile oils are applied to a great number of uses: 
Some of them are employed in medicine; some of them, 
as oil of turpentine, are much used to dissolve resins, which 
are afterwards employed as varnishes. Not to mention their 
employment in painting and in perfumery. 

CHAP. IV. 

OF FIXED OILS. 

The fixed oils being very numerous, it has not hitherto 
been possible for chemists to examine each of them minutely. 
But Chevreul has been employed for the last six years in a 
very laborious investigation of those animal fixed oils, which 
are capable of being converted into soap; and he has found 
three distinctly characterized bodies which he has described 
w'ith precision, and distinguished by the following names. 

1. Stearin. 2. Elai'n. 3. Spermaceti. 

When these bodies are acted on by salifiable bases they are 
converted into three substances which possess acid proper¬ 
ties, and which by their union with potash constitute hard 
soap. These acid bodies he calls 

Margaric acid. Oleic acid. Cede acid. 

It is necessary to explain the properties of all these bo¬ 
dies in the present chapter, because without a knowledge 
of them it would be impossible to understand the nature of 
soaps, or to form a theory of saponification, I shall there¬ 
fore divide this chapter into seven sections. In the first 
section I shall give a general idea of the properties which 
characterize the fixed oils, and in the remaining six sections 
describe the seven substances which have been investigated 
and characterized bv Chevreul. 

•> 
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Book II. 
Division I. 

Discovery. 

-Characters. 

Prepara¬ 
tion. 

SECT. I. 

OF THE FIXED OILS IN GENERAL. 

The fixed oils, which are of such extensive utility in the 

arts, were known at a very remote period. They are men¬ 

tioned in Genesis, and during the time of Abraham were 

even used in lamps.'^ The olive was very early cultivated, 

and oil extracted from it, in Egypt. Cecrops brought it 

from Sais, a town in Lower Egypt, where it had been cul¬ 
tivated from time immemorial, and taught the Athenians to 

extract oil from it. In this manner the use of oil became 

known in Europe.f But the Greeks seem to have been 
ignorant of the method of procuring light by means of 
lamps till after the siege of Troy; at least Homer never 

mentions them, and constantly describes his heroes as 

lighted by torches of wood. 

Fixed oils are distinguished by the following charac¬ 
ters : 

1. Liquid, or easily become so when exposed to a gentle 
heat. 

2. An unctuous feel. 

3. Very combustible. 
4. A mild taste. 
5. Boiling point not under 600®. 

6. Insoluble in water and nearly so in alcohol. 
7. Leave a greasy stain upon paper. 

These oils, which are also called Jal or expressed oils, are 
numerous, and are obtained, partly from animals and » i 

partly from vegetables, by simple expression. As instances, 

may be mentioned whale oil or train oil, obtained from the 
blubber of the whale and from cod; olive oil, obtained 
from the fruit of the olive; linseed oil and almond oil, 

obtained from linseed and almond kernels. Fixed oils may 

also be extracted from poppy-seeds, hemp-seeds, beech-mast, 
and many other vegetable substances. 

It deserves attention, that the only part of vegetables in : 
which fixed oils are found is the seeds of bicotyledonous 

plants.^ In animals they are most usually deposited in the 

liver, though they are found also in the eggs of fowls. ' 

* Gen. XV, 17. f Herodot. lib. ii. 59 and 62. J Fourcroy, vii. 319. 
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ties. 

All these oils differ from each other in several particulars, Subdiv. vi. 
but they also possess many particulars in common. Chap. IV. 

1. Fixed oil is usually a liquid with a certain degree of 

viscidity, adhering to the .sides of the glass vessels in which 

it is contained, and forming streaks. It is never perfectly 

transparent, having always a certain degree of colour; 
most usually it is yellowish or greenish. Its taste is sweet, 

or nearly insipid. When fresh it has little or no smell. 

There exist also in the vegetable kingdom a considerable 

number of bodies, which, at the ordinary temperature of the 

atmosphere are solid, and have hitherto been considered as 

fixed oils. Palm oil may be mentioned as an example, 

which has been subjected to a chemical examination by Dr. 
Bostock.* The various substances used in India and Afirica 
as substitutes for butter, and as unguents, may likewise be 

mentioned. Most of them are obtained from the seeds of 

trees ; different species of the bassia, as the hutyracea^ longi^ 

folia, latifolia, obovata, yield this butyraceous matter. They 
have been described by Dr. Roxburgh.f The shea or 
butter tree of Africa, described by Park, seems also to be a 

species of bassia. These substances, from the experiments 

of Dr. Bostock, appear to differ a little from the liquid 
fixed oils in their properties, and to approach the nature of 

wax. Thus they are sensibly soluble in alcohol and ether, 

and do not combine so readily with alkalies as the fixed 
oils. 

2. All the fixed oils hitherto examined are lighter than Specific 

water: but they differ greatly from one another in specific suavity. 

gravity. The same difference is observable in different 

samples of the same oil. The following table contains the 

specific gravity of such oils as have been examined : 

Oil of palm .968 

Hazel-nutsJ .. 941 
Poppies:}: .... 939 

Linseed § .... 932 
AlmondsJ . .. 932 

Walnutsf ... 923 to 947 
Beech-nut J .. 923 

Ben:):.917 

♦ Nicholson’s Jour.xvi. 161. f Nicholson’s Jour. xix. 372. 

I FabronijCreli’s Annals, 1797, ii. 123. § Shaw’s Boyle, ii. 346 
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Oil of olives^.913 

Rape-seed*... 913 

Cacao +.892 

Action of 
heat. 

/ 

Action of 
air. 

3. Fixed oil does not begin to evaporate till it be heated 

above the boiling point of water. As the heat increases, a 
pretty copious vapour may be seen rising from it; but the 

oil does not begin to boil till it is heated nearly up to the 

temperature of 600°.J At that temperature it may be dis¬ 
tilled over; but it is always somewhat altered by the process. 
Some water and acetic acid seem to be formed, a little char¬ 

coal remains in the retort, and the oil obtained is lighter, 
more fluid, and has a stronger taste than before. Oil, thus 

distilled, was formerly distinguished by the name of philoso¬ 

phical oil. During the distillation, a great quantity of heavy 
inflammable air is obtained. 

Fixed oil when in the state of vapour, takes fire on the 

a})proach of an ignited body, and burns with a yellowish- 

white flame. It is upon this principle that candles and 

lamps burn. The tallow or oil is first converted into the 
state of vapour in the wick; it then takes fire, and supplies 

a sufficient quantity of heat to convert more oil into vapour; 

and this process goes on while any oil remains. The wick 
is necessary to present a sufficiently small quantity of oil at 
once for the heat to act upon. If the heat were sufficiently 

great to keep the whole oil at the temperature of 600°, no 

wick would be necessary, as is obvious from oil catching 

fire spontaneously when it has been raised to that tempe¬ 

rature. When oil is burnt in this manner, either in the 
open air or in contact with oxygen gas, the only new pro¬ 
ducts obtained are water and carbonic acid. 

When exposed to the action of cold, fixed oils lose their 

fluidity, and are converted into ice; but this change varies 
exceedingly in different oils. 

4. When fixed oils are exposed to the open air, or to 

oxygen gas, they undergo different changes according to 

the nature of the oil. All of them, as far as expei’iment 

has gone, have the property of absorbing oxygen ; and by 

uniting with it they become more and more viscid, and tcr- 

* Shaw’s Boyle, ii. 346. f Brisson. 
X Linseed-oil, according to Morveau, boils at 590°. Ann. de CKlin. 

xc. 122. 
2 
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minate at last in a solid state, being apparently saturated Subdiv. VI. 

with oxygen. Now there are some oils that retain their 

transparency after they have become solid 3 while others 

become opaque, and assume the appearance of tallow or 

wax. This circumstance has given occasion to the divi¬ 
sion of the fixed oils into two classes: Those that remain 

transparent are called drying oils, while those that become 

opaque are called fat oils. 
5. The drying oils are used as the vehicle of paints and Dryingoils. 

varnishes. Linseed, nut, poppy, and hemp-seed oils, ' 

belong to this class. These oils, in their natural state, 

possess the property of drying oils, but imperfectly. 

To prepare them for the use of the painter and varnish 
maker, they are boiled for some time in an iron pot. By 

this process they are partly decomposed; abundance of 
watery vapour and of carbureted hydrogen gas is separated 
from them. They become deeper coloured, and acquire 
greater consistency. It is common for some purposes to set 

them on fire, to allow them to burn for some time, to extin¬ 

guish them by covering up the vessel in which they are con- 
i tained, and to continue the boiling till they acquire the 

j proper degree of viscidity. By this process they lose their 

unctuous quality in a great measure, so as not to leave a 
greasy stain upon paper, and approach the nature of resins, 
with this difference, that they do not become brittle, but 

retain a degree of toughness and ductility, not unlike what 

in this country is called wivught rosin^ or shoemaker’s 
! rosin. It is common also in preparing the drying oils to 

I boil them with a little litharge. The change which happens 

j to the oils by this process has not been precisely ascertained. 

Probably they absorb oxygen from the air, and we know 

that they undergo a partial decomposition. When they 
burn for some time, their unctuous quality is much more 
completely destroyed than by any method which has yet 

been practised. Hence it is followed frequently in prepar¬ 
ing the drying oils for varnishes, and always for printer’s 

ink, which requires to be as free as possible from all unctu^ 

i osity. 
Nut oil has been found preferable to all other oils for 

printer’s ink; though the dark colour which it acquires 
during boiling renders it not so proper for red ink as for 

black. Linseed oil is considered as next after nut-oil in 
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Book II. this respect. Other oils cannot be employed, because they 
Division L cannot be siifFiciently freed from their unctuosity. Ink made 

with them would be apt to come off and smear the paper 

while in the hands of the book-binder, or even to spread 
beyond the mark of the types, and stain the paper yellow. 
The process for making printer’s ink is as follows : 

Printer’s The oil is made to boil in an iron pot only half filled, 

set on fire, and allowed to burn for half an hour or more, 

then boiled gently till it acquires the proper consistence. 
In this state it is called the varnish. Two kinds are pre¬ 

pared, a thicker and a thinner. The thicker is of,such 

consistence that it draws into threads when cold like weak 

glue. This varnish is afterwards ground with lamp-black 

in the proportion of tw*o ounces and a half to sixteen ounces 

of oil. When newly prepared oil is used for making ink, it 

is said to be necessary to add a little boiled oil of turpentine 

and a little litharge: but this is said to have the effect of 
causing the ink to stick so firmly to the types, that it can 

with difficulty be removed. Old oil does not require this 

addition.* 
Oil prepared by tlie process above described, is still inso¬ 

luble in alcohol and water, but it unites readily to more 
oil. It dries into a tough mass like turpentine, and after¬ 
wards is scarcely susceptible of uniting with oil. Dr. Lewis 

found that linseed oil, when thus converted into a thick 

varnish, lost .^th of its weight; when boiled till it became 

quite stiff when cold, it lost nearly l of its weight.f The 
property w'hich printer’s ink has of adhering to moistened 

paper shows that the oily nature of the body is greatly 
altered. In some respects it has approached the nature of 

mucilage, though in others the difference is very great. 

Fat oils. 6. The fat oils, when exposed to the atmosphere, gradu¬ 
ally become thick, opaque, and w'liite, and assume an ap¬ 

pearance very much resembling wax or tallow. Olive-oIIf 

oil of sweet almonds, of rape-seed, and of ben, belong to 

this class. 
When oil is poured upon water, so as to form a thin 

layer on its surface, and is in that manner exposed to the 
atmosphere, these changes are pl’oduced much sooner. Ber- 

thollet, who first examined these phenomena with attention, 

* Lewis, Phil. Com. p. 371. f Ibid. 372, 
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ascribed them to the action of light: but Sennebier observed Subdiv. Vi. 

that no such change was produced on the oil though ever so 

long exposed to the light, provided atmospherical air was 
excluded; but that it took place on the admission of oxygen 

gas, whether the oil was exposed to the light or not.* It 

cannot be doubted, then, that it is owdng to the action of 
oxygen. It is supposed at present to be the consequence of 

the simple absorption of oxygen and its combination with 
the fat oils. 

7. The action of fixed oils upon the simple combustibles Action of 
is not very remarkable. simple 

Hydrogen, as far as known, does not act upon them. bles. 

When they are filtered through charcoal powder, they are 

rendered purer; but on account of the great difficulty of 
separating the charcoal from fixed oils, it cannot be em¬ 

ployed with advantage for purifying them.f Black paint is 
usually nothing else than charcoal in some state or other 

ground up with a drying oil. 

The fixed oils likewise dissolve a small proportion of 
phosphorus when assisted by heat. The combination 

succeeds easiest if a mixture of oil, water, and phosphorus 
be boiled for a little in a glass vessel. These oily phosphu- 
rets emit the odour of phosphureted hydrogen, and yield, 

when distilled, a portion of that gas. When rubbed in the 
open air, or when spread upon the surface of other bodies, 

they appear luminous, in consequence of the combustion of 

the phosphorus. When hot oils saturated with phosphorus 

are allowed to cool, the phosphorus crystallizes in octahe¬ 

drons, as Pelletier ascertained. 

They readily dissolve sulphur when assisted by heat. The 

solution assumes a reddish colour. When distilled, there 

comes over a great quantity of sulphureted hydrogen gas. 
When the solution is allowed to cool, the sulphur is depo¬ 
sited in crystals. By this process' Pelletier obtained sulphur 

in regular octahedrons. 

8. The fixed oils are all insoluble in water. When Of watery 

agitated with that liquid, the mixture becomes milky, but 
the oily particles gradually separate and swim upon the 

surface. The presence of a mucilaginous substance, as 

* Ann. de Chim. xi. 89. 
t Kels,Crell’s Annals; iii. 274,Eng. Trans. 
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Division I. 

Alkalies. 

Acids, 

gum arable, prevents the oil from separating, and occa¬ 

sions, of course, a permanent milkiness. Such mixtures 

are called emulsions. They are often formed by triturating 

oily seeds, as almonds, with water; the two ingredients 

necessary to form an emulsion, oil and mucilage, being 

present in the seed. 
Most of the fixed oils are but sparingly soluble in al¬ 

cohol. Mr. Braude found that very little olive or almond 
oil was taken up by alcohol of the specific gravity 0*820, 
Linseed oil is more soluble, and alcohol dissolves any 

quantity whatever of castor oil. On that account this oil 
is sometimes employed to adulterate volatile oils of high 
value, especially oil of cloves.* 

In general the fixed oils are somewhat more soluble in 
sulphuric ether than in alcohol. Four measures of sul¬ 

phuric ether of the specific gravity 0*7563 were found by 
Mr. Brande to dissolve measure of almond oil, 14- mea¬ 

sure of olive oil, measures of -linseed oil, and any quan¬ 
tity whatever of castor oil.f 

The fixed oils unite readily with each other, with vola¬ 

tile oils, and likewise with bituminous and resinous sub¬ 

stances. 
9. The alkalies unite readily with the fixed oils, and 

form the important compounds called soaps. The fat oils 
enter into these combinations more readily than the drying 

oils. The earths likewise combine with these oily bodies, 

and form a kind of soap insoluble in w'ater, and are there¬ 

fore not capable of being applied to the same uses as 
common soap. 

10. The combustible acids, as far as is known at present, 

do not unite with oils; neither has the muriatic acid any 
remarkable effect. Phosphoric acid, when concentrated, 

deepens their colour, and gives them a peculiar smell, es¬ 

pecially if assisted by heat: a proof that it acts upon 

them.J The sulphuric acid acts with much greater energy. 
The oils become immediately black, and assume gradually 
the properties of bitumen in proportion to the continuance 

of the action. If the acid be allowed to remain long 

* Phil. Trans. 1811, p. 264. 
t Ibid. Equal volumes of sulphuric ether and castor oil united to 

gether has been found a useful external application in rheumatism. 

1; Elemens de Chimie of the Dijon Academy, iii. 142. 
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enough, they are completely decomposed; water is formed, Subdiv. vi. 
charcoal precipitated, and an acid evolved.'^ Other pro- iV. 

ducts doubtless also make their appearance, though the 

action of this acid on oils has not yet been examined with 

sufficient care. ISTitric acid acts with still greater energy. 

When poured suddenly upon the drying oils, it sets them 

on fire. The same effect is produced upon the fat oils, 

provided the acid be mixed previously with a portion of 

the sulphuric. When the nitric acid is sufficiently diluted, 

it converts the drying oils into a yellow resinous-like mass, 

and the fat oils to a substance very like tallow. But the 
action of this acid upon fixed oils has not yet been suffi¬ 

ciently examined. 
i Many attempts have been made by chemists to form per- Acid soaps. 

I manent compounds of the concentrated acids and oils under 

I the name of acid soaps. The only acid which was found 

i to answer was the sulphuric. Achard published a number 
of experiments on these compounds. They dissolve in 

1 water, and lather like common soap; but as they are not 
‘ in reality permanent compounds, they cannot be used with 
: much prospect of advantage. 

i 11. The fixed oils act (though feebly) upon some of the Action on 

[ metals when the atmospheric air is not excluded. Copper 

i is soon corroded by them, and a dark green solution ob- 
t tained. The only other metal upon which they are known 

1 to act in the same manner is mercury. By triturating mer- 
I cury with fixed oils, it gradually disappears, and a bluish 

1 coloured unguent is formed ; consisting, in part at least, of 

1 the black oxide of that metal united to the oil. But this 
1 

experiment scarcely succeeds except with those oils which 

are in a state approaching to solidity. 

But upon the metallic oxides the fixed oils act with 
greater energy. They dissolve the white oxide of arsenic 

with great facility, as was shown long ago by Brandt. 

When boiled with the oxides of mercury, lead, or bismuth, 

they form very tough solid compounds, called plasters, 

12. Fixed oils are liable, by keeping, to undergo a Ranciditv^ 

I change well known by the name of randdity. They be¬ 

come thick, acquire a brown colour, an acrid taste, and 

1 a disagreeable smell. The oil thys altered converts vege- 

VOL. IL 

* Fourcroy, vii. 330, 

2 B 
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FIXED OILS. 

table blues into red, and of course contains an acid. It i^ 

believed at present that this change is owing to the alter¬ 
ation of the foreign substances present in oils, or to the 

action of those foreign bodies upon the oily matter itself. 
Several of the fixed oils, when newly extracted, let fall on 

standing a quantity of mucilaginous matter; and from the 
experiments of Scheele, it appears probable that they 

always retain less or more of a similar principle. He 

boiled together one part of litharge, two parts of olive oil, 

and a little water. When the oil had acquired the con¬ 

sistence of an ointment, it was allowed to cool, and the 

water decanted off. When this water is evaporated to the 

consistence of a syrup, it leaves a substance which Scheele 
termed the sweet piinciple of oils. It does not crystallize, 

is soluble in water and alcohol, and is converted into 

oxalic acid by the action of nitric acid. When heated, it 
is partly decomposed into a brown oil, and partly volati¬ 

lized unaltered. This substance he obtained also from lin¬ 

seed and rape-seed oil, and from oil of almonds. Even 

the oil disengaged from soap yielded him a little of it.^ 

Similar impurities were supposed to exist in all fixed oils, 
and to occasion their rancidity by putrefaction. This ran¬ 
cidity is in some degree diminished by agitation with water, 
but not completely destroyed. Mr. Dossie has shown that 
agitation with the fixed alkaline solutions and quicklime 
answers the purpose sufficiently well in purifying oils for 

burning in lamps; but that they have the property of co¬ 

agulating a portion of the oil. This however may be pre¬ 

vented by adding a quantity of strong brine, which occa¬ 

sions the separation of the foreign bodies from the oil.f 

13. When oil is burnt, the only products are carbonic 
acid and water. When repeatedly distilled, or when passed 

through a red hot tube, it appears to be completely con¬ 
verted into water, carbonic acid, and heavy inflammable 

air. Lavoisier analysed olive oil by burning it in a vessel 

filled with oxygen gas. But the art of analysis was too 

little advanced at that time to put it in the power of this 
philosopher with all his sagacity to approach very near the 

truth. Gay-Lussac and Thenard made an analysis of olive 

oil in 1808, by burning a determinate quantity of it mixed 

* Sclieele’s Opusc. ii. 189. t Nicholson’s Jour, v, 5. 
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With chlorate of potash and ascertaining 

They found it a compound of 

Hydrogen.... 13*360 

Carbon.77*213 

Oxygen . 9*427 

the products. Subdiv. vi. 
Chap. IV. 

' 100*000* 

We have no means at present of determining the equi¬ 
valent number for olive oil. But the smallest number of 

atoms which correspond nearly with the preceding compo¬ 

sition are the following: 

11 atoms hydrogen = T375 

10 atoms carbon = 7*5 
1 atom oxygen = 1* 

9*875 

According to this statement olive oil is a compound of 
22 atoms, and its weight is 9*875. Or it may be represented 
by ten atoms of olefiant gas combined with 1 atom of 
water. According to these data 100 parts of it by weight 

would be composed of 

Hydrogen.14*025 
Carbon. 75*949 

Oxygen.10*126 

' Numbers which do not exactly coincide with the analysis 

of Gay-Lussac and Thenard; but which approach to it 
pretty closely. 

SECT. II. 
• • 

OF STEARIN. 

This substance was first described by Chevreul in I8I44 

It was pointed out likewise by Braconnot in 1815, who 

does not seem aware of what had been previously done by 

Chevreul, or at least takes no notice of it.f 

* Recherches Physico-chimiques, ii. 320. 
t Ann. de Chim. xciv. 129. See also Ann. de Chim. xclv. 74 
X Ann, de Chim, xciii. 225. 

2 E 2 
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Nature of 
tallow. 

Stearin, 
how pro¬ 
cured. 

Properties. 

It appears from the experiments of Chevreui that tal¬ 
low and animal fat of every kind is a mixture or combina¬ 

tion of two distinct oily substances. The first of these, 

which is solid at the usual temperature of the air, he has 

called stearin ; ^ to the second, which is liquid at the same 

temperature, he has given the name of eldm.\ From the 

experiments of Braconnot it would appear that the fixed 
oils of the vegetable kingdom have the same composition. 

Chevreui obtained stearin from hogslard by the following 

process. The lard, purified as completely as possible from 

foreign matter, was heated in boiling alcohol. When the 

alcohol cooled it deposited white crystalline needles, wFich 

were stearin. This process w^as repeated till the whole of 

the lard was dissolved in the alcohol.J The stearin thus 

obtained in crystals was dissolved a second time in alcohol, 

and allowed to separate in crystals. By this process the 

whole of the ela'm is not separated from the stearin; though 

probably the quantity which remains is not considerable. 
The method employed by Braconnot was very simple, 

and seems to show that in fixed oily bodies the stearin and 

elain are not in chemical combination; but merely mecha¬ 
nically mixed with each other. If the oil to be examined was 

liquid, he exposed it to cold till it congealed. In this con¬ 
gealed state it was subjected to strong pressure between 
folds of blotting paper. The elain w^as imbibed by the 

paper, and the stearin remained behind in a solid state. 

If the oil to be examined was already solid, it was not ne¬ 

cessary to expose it to cold. It was simply subjected to 
pressure between folds of blotting paper. 

Stearin obtained by these processes is white, brittle, and 
has somewhat the appearance of wax. It has little or no 

smell when pure. It is tasteless and produces no change 

on vegetable blues. Stearin from hogslard becomes liquid 

* From cTfctf, tallow. F From oil. 

I The process is greatly facilitated by using absolute alcohol. For the 

solubility of stearin, in alcohol, diminishes at a much greater rate than 

the strength of that liquid. Chevreui found that boiling alcohol of sp gr. 

0-7908 dissolved more than its weight of stearin. 

Alcohol of sp. gr. 0'7925 dissolved 

Alcohol of sp. gr. 0*805 dissolved . 

Alcohol of sp. gr. 0*821 dissolved ^2 

Ann. de Chiin. et Phys, ii. SCI. 
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when heated to the temperature of 109°. But there is a Subdiv. Vi. 
considerable difference in the melting point of the stearin Chap, iv. 

from different bodies. This will appear by the following 
table.* 

Stearin from human tallow fuses at.120° 

sheep.109 
oxen.Ill 

hog.109 
duck.  109 

It is soluble in alcohol, but the stearin from different 

; bodies varies somewhat in its solubility. This will appear 
\ by the following table, for the experiments contained in 

I which we are likewise indebted to Chevreul. 100 parts of 

i boiling alcohol of the specific gravity 0*7952 dissolve 

2T50 of stearin from man, 

! 16*07 of stearin from the sheep, 
I 15*48 of stearin from the ox, 
' • 18*25 of stearin from the sow, 

I 36*00 of stearin from the duck. 
I 

When stearin is digested with an alkaline substance the 

greatest part of it is converted into soap, only a small por¬ 

tion of it becomes the sweet principle of oils, and a still 

j smaller is acetic acid. The following table, likewise drawn 

up by M. Chevreul, gives the proportion of stearin from 

i different bodies turned into soap by the action of potash, 

I and the proportion that continued soluble: 

Stearin of man .. .. - 
f Portion saponified ... 

Portion soluble. 
94*9 

5*1 

Stearin of the sheep ^ ̂  Saponified. 
Soluble. 

100*0 

94*6 
5.4 

Stearin of the ox .. « 
C Saponified. 
^Soluble. 

100*0 

95*1 
4*9 

100-0 

Proportions 
saponified. 

* Chevreul; Ann.deChim. et Phys. ii. 363, 
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Stearin of the hog.. J 
r Saponified. 
Soluble. 

100*00 

Stearin of the duck -j 
f Saponified. 

Soluble ....... . 5*6 

100*0 

These difFerejices are so small that is probable they may 
be rather ascribed to errors in the experiment, than to real 

differences in the quantities of soap formed. 

Stearin usually crystallizes in small needles, and when a 

quantity of it is melted and allowed to congeal, the surface 
becomes very uneven. 

SECT. III. 

OF ELAIN. 

IVepara- Elain may be obtained from the tallow of different 

animals by Chevreuf s process. He dissolves the tallow in 

alcohol, allows the stearin to crystallize, and then distills 

off the alcohol from the elain. Braconnof s method ap¬ 
pears of easier execution, and will probably yield elain of 

greater purity. He procures his stearin by subjecting the 

tallow to pressure between folds of blotting paper. The 
paper imbibes the elain. To separate it he soaks the paper 

in water and subjects it to pressure, the elain is forced 
out and may easily be collected and examined. 

I^roperties. It has very much the appearance of a vegetable oil, and 

is quite liquid at the temperature of 59°. Sometimes it is 
colourless and destitute of smell; but most commonly it 
has both, owing to the presence of foreign bodies from 

wdiich it is not possible to free it. Chevreul examined par¬ 
ticularly elain from the tallow of man, the sheep, the ox, 

the hog, the jaguar, and the duck. The following are the 
properties of each: 

1. Elain of man—yellow, without smell, of the sp. gra¬ 
vity 0*913. 

2. Elain of the sheep—colourless, a slight smell of mut¬ 
ton, sp. gravity 0*916. 
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3. Eldin of the ox—colourless, almost without smell, sp. Subdiv. vi. 

gravity 0*913. Chap. IV. 

4. Eldin of the colourless, almost without smell, sp. 

gravity 0*915. 
5. Eldin of the jaguat—lemon yellow, having an odour, 

sp. gravity 0*914. 

6'. Eldin of the goose—slightly yellow, almost without 
smell, sp. gravity 0*929. 

The solubility of these different varieties of elai’n in 
alcohol of the sp. gravity 0*7952 was as follows: 

1. Eldin of man—100 parts dissolved in 81*08 parts of Solubility 

boiling alcohol, the solution began to become opake atalcohol. 

170°. 

2. Eldin of the sheep—100 parts were dissolved by 81*17 

of alcohol at the temperature of 167°, the liquor became 
muddy at 145°. 

3. Eldin of the ox—100 parts were dissolved by 81*03 

of alcohol at the temperature of 167^5 the liquid became 
muddy at 145°. 

4. Eldin of the hog—100 parts were dissolved by 81*08 

of alcohol at the temperature of 167°, the liquid became 
muddy at 1434-°. 

5. Eldin of the jaguar—100 parts were dissolved by 80*89 

of alcohol at the temperature 167°, the liquid became mud¬ 
dy at 140°. 

6. Eldin of the goose—100 parts were dissolved by 81*08 

of alcohol of the temperature 167*^5 the liquid became 
muddy when cooled down to 124°. 

When these different varieties of elai'n were digested for 

a sufficient time with potash lye, by far the greatest part 
was converted into soap. But the soluble portion, consist¬ 
ing chiefly of the sweet principle of oils, was rather greater 

than the quantity formed when stearin was saponified in 
the same way. The following table exhibits the propor¬ 

tions of elai'n saponified and converted into sweet principle, 
when the experiment was made with the different varieties 

above specified. 

1. Elai’n from the sheep, hog, jaguar, and goose. Proportions 
saponified. 

Saponified. 89 
Soluble   . 11 

100 
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2. Elai'n of the ox. 
Saponified 

Soluble ... 

. 92*6 
7-.4< 

loo-o*’ 

To give the reader an idea of the proportion of stearin 

^and elain in different varieties of fixed oil, animal and 

vegetable, I shall insert the following table exhibiting the 

proportions of each, which Braconnotf obtained by his 

experiments: 

Butter.-j 
r Stearin .... 
L Elai'n. 

Hogslard. 
r Stearin .... 
L Elai’n. 

Beef marrow ... •< 
r Stearin .... 
Ela’in. .24f 

Mutton marrow J 
r Stearin .... 
Ela’in. 

Goose fat..^ 
f Stearin .... 
f Ela’in...... 

.32 

Duck fat.^ 
f Stearin .... 
f Ela’i’n. 

.28 

Turkey fat .... - 
f Stearin .... 
f Ela’in. 

.26 

.74^ 

Olive oil.- 
f Stearin .. .. 
f Elain. 

.28 
_.... 72 

Almond oil .... < 
r Stearin .... 
[ Elain. 

.24? 

.76 

Oil of colsa .,.. - 
f Stearin .... 
f Ela’in. 

.46 

.54 

* 

SECT. IV. 

OF SPERMACETI. 

This peculiar oily substance is found in the cranium of 

the physeter macrocephalus, or spermaceti whale. It is 
obtained also from some other species. At first it is mixed 

with some li(j[uid oil, which is separated by means of a 

* Chevreul, Ann. de China, et Phys. ii. 366. 

t Ann. de China, xciii. S25. 
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Woollen bag. The last portions are removed by an alka» Subdiv. vi, 

line ley, and the spermaceti is afterwards purified by fusion. 

Thus obtained it is a beautiful white substance, usually properti^. 

in small scales, very brittle, has scarcely any taste, and 

but little smell. It is distinguished from most other fatty 

I bodies by the crystalline appearance which it always assumes. 
It melts, according to the experiments of Bostock, at the 

temperature of 112°.* When sufficiently heated it may be 
distilled over without much alteration; but when distilled 
repeatedly it loses its solid form and becomes a liquid oil.f 
From the experiments of Thouvenel and Crell, we learn 

that by repeated distillation it is partly decomposed, and a 

brown acid liquid obtained. It is soluble in boiling alcohol, 

but separates again as the solution cools. One hundred 

parts of alcohol, of the specific gravity 0*816, dissolve 6*9 

parts of it.l Ether dissolves it cold, and very rapidly when 

hot: on cooling the whole concretes into a solid mass. § It 

! dissolves also in hot oil of turpentine, but precipitates again 
as the liquid cools. ]] 

The acids have scarcely any action on it; but it unites 

though slowly with the pure alkalies, as was shown long 
ago by Crell, and the fact has been confirmed by Dr. 

I Bostock and M. Chevreul. With hot ammonia it forms 
an emulsion which is not decomposed by cooling nor by 

I water; but th^ spermaceti is immediately thrown down by 

the addition of an acid.^* It dissolves sulphur, and is dis¬ 
solved by the fixed oils. When long exposed to the air it 

becomes yellow and rancid. This substance is employed 

like wax and tallow for making candles. It is said also, 

that if bits of caoutchouc be thrown into it while melted, 

j they are dissolved, and form a compound which answers 

I remarkably well for luting vessels.ff 

I The soap of spermaceti, according to Chevreul, is com¬ 

posed of 

Saponified spermaceti.100 

Potash. 8*15 

The potash does not seem capable of combining in dif- 

•» Nicholson’s Jour. iv. 134. f Neuraann. 

t Chevreul, Ann. deChim. Iv. 11. ^ Bostock, Ibid, 

II Id. Ibid. **■ Id. Ibid. ff Nicholson’s 4to. Jour. i. 472. 
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I* property of depriving this soap of the greatest part of its 

alkali. By saponification the properties of the spermaceti 
are altered. It acquires acid qualities, but still continues 
to melt at the same temperature as before. Its solubility in 
alcohol is greatly increased by saponification.* 

SECT. V. 

OF MARGARIC ACID. 

Frepara- The first account of this substance was published by 

Chevreul in 1813. • He obtained it by forming a soap by 
means of hogslard and potash. When this soap was put 

into water, a portion of it dissolved, and another portion 

was deposited under the form of small pearl-coloured scales. 
These scales were composed of potash and margaric acid. 

They were wtU washed in water, and then decomposed by 

digestion in diluted muriatic acid. The potash combined 

with this acid, and set the margaric acid at liberty, which 

floated on the surface of the liquid. Being sufficiently 

washed with water it is in a state of purity. Mr. Chevreul 

gave this substance, at first, the name of margarine, from its 
lustre being similar to that of mother of pearl.f He after¬ 

wards changed it to margaretic acid, in consequence of the 

decidedly acid properties which it possesses.^ Margaric 
acid, thus prepared, possesses the following properties: 

Properties. Its colour is pearl white. It is tasteless and has a weak 

smell, somewhat similar to that of white wax. It is lighter 
than water. It melts when heated to the temperature of 

134° into a colourless and limpid liquid which, on cooling, 

crystallizes into brilliant needles of the finest white colour. 
It is insoluble in water, but very soluble in alcohol, 100 

parts of alcohol of the specific gravity 0*816 dissolved (at 

the temperature of 167°,) 180*79 parts of margaric acid. 
This solution became muddy when cooled down to 106°. 

When quite cold it became a solid mass, having the shape 

Cheavreul; Ann. de Chlm. xcv. p. 15. 

"1 From iua.pyapiJn(, a pearl. Ann. deChim. Ixxxviii. 231. 

I Ann. de Chijn. et Phys. ii. 346. 
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of the vessel in which it was contained. When the alcohol Subdiv. vi. 

solution is allowed to crystallize slowly by not being satu- 

rated, the margaric acid is deposited in needles united 

together in the form of stars. 
Margaric acid acts with considerable energy upon vege- 

I table blues, reddening litmus almost immediately. It com- 
I bines readily with potash in two proportions, forming a 

I neutral salt or soap which is insoluble in water. The com- 

I position of these soaps, according to the analysis of Chev- 

I reul, is as follows : 

Submargarate of potash. Soaps of. 

Margaric acid.100 
Potash. 8*80 

Margarate of potash. 

Margaric acid. 100 

Potash. 17*77 

If we suppose the first of these compounds to consist of 
I 100 parts of margaric acid united with 9 potash, it will 

I follow that the equivalent number for margaric acid is 

33-3.* 

Margaric acid is capable, likewise, of combining with the 
: other salifiable bases, and forming a great variety of salts, 
: or soaps as it would be better to turn them. The following 

I table exhibits the composition of these soaps as they have 

been determined by the experiments of Chevreul. 

Margarate of soda. 

Margaric acid .... 100 .31*44 
Soda. 12*72. 4 

Margarate of barytes. 

Margaric acid .... 100 
Barytes.. 28*93 .. , 

Margarate of strontian. 

Margaric acid .... 100 

Strontian.. 20*23 .. 

Margarate of lime. 

Margaric acid .... 100 . 32*77 
Lime. 11*06. 3*625 

* Chevreul; Ann. de Chira. Ixxxvlii. 231. 

33*7 
9*75 

32‘13 

6*5 
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Margarate of lead. 
Margaric acid .... 100 ...... 16'6S 

Protoxide of lead .. 83 78.145 

The mean of all these numbers gives 32*86 for the weight 
of an atom of margaric acid. We may therefore consider 

33 as approaching very nearly to the true weight.^ 

When margaric acid is distilled it comes over partly 

undecomposed, and partly in the state of a yellow concrete 

butyraceous looking substance, possessing different proper¬ 

ties from the acid and not capable of combining with potash. 

Very little gas is formed and very little charcoal remains 

in the retort.f 
It is not improbable that margaric acid is formed from 

stearin, though this has not been proved in a satisfactory 
manner. Stearin yields much more margaric acid than 

elain. Chevreul has examined margaric acid from the 
tallow of man, the sheep, the ox, the jaguar, and the goose, 

and found its properties nearly the same as those of mar¬ 

garic acid from hogslard. The most striking difference 

was in the fusibility, which amounted to 9 degrees.^ 

SECT. VI. 

OF OLEi'C ACID. 

Prepara- This substance was first obtained by Chevreul from a 
soap made by digesting hogslard in potash lye. When 

this soap was put into water a portion was deposited in 

pearl-coloured scales, it was a margarate of potash. Ano¬ 
ther portion dissolved in the water. This portion was a 

combination of oleic acid and potash. But it still con¬ 

tained a notable portion of margarate of potash. To se¬ 

parate this portion as completely as possible, the soap 
dissolved in the water was decomposed by means of tartaric 

acid. The oleic acid separated was again converted into 

soap by means of potash, and this soap again dissolved in 
water. An additional portion of margarate of potash pre- 

* Chevreul, Ann. de Chini. xciv. 253. 

t Ann. de Chirn. Ixxxviii. 231. 1 Ann. de Cliim, et Phvs. ii. 35r. 



OLEIC ACID. 381 

dpitated. By repeating this process two or three times, Subdiv. vi. 

the oleic acid was obtained in a state of tolerable purity, 
Its properties are as follows: 

It is an oily fluid when pure, destitute of smell and co- Properties, 

lour. But most commonly it has a rancid odour, and a 

yellow or brown colour, so as to have the appearance of 

some kinds of olive oil. Its specific gravity is 0*899. 
Sometimes it remains liquid till it be cooled down to 35°; 

but some varieties of it congeal at 43°, or even at higher 

temperatures. When congealed it crystallizes in needles. 

It reddens litmus with great energy. 

It is insoluble in water, but very soluble in alcohol. 

Boiling alcohol of the specific gravity 0*816 dissolves any 

quantity of it whatever. It combines readily with the sali¬ 

fiable bases and forms diflerent species of salt or soap^ as 

the compound ought to be called.* The following table Soaps of. 

exhibits the composition of these diflerent soaps as it has 

been determined by the experiments of Chevreul.f 

Oleate of potash. 

Oleic acid. 100 ...... 36*18 
Potash.*. 16*58. 6 

Oleate of soda. 
Oleic acid. 100 . 39*56 

Soda. 10 11. 4 

Oleate of barytes. 
Oleic acid. 100 ..... 

Barytes .  . 26*97 .... 

Oleate of strontian. 

Oleic acid.' 100 ..... 

Strontian. 19 38..., 

Oleate of lime. 

Oleic acid... 100 .... 

36*15 

9*75 

33*53 

6*5 

.37-58 

9*64 . 3*625 

Oleate of magnesia. 

Oleic acid. 100 . 33*24 

Magnesia. 7*52. 2*5 

Oleate of zinc. 
Oleic acid. 100 ...... 34*55 

Oxide of zinc. .... 14*83.. 5*125 

* Chevreul; Ann. de Chim. xciv. 90. f Ann. de Chim. xciv, ^63. 
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Oleate of lead. 

Oleic acid. 100 .12*2S 
Protoxide of lead.. 114*81 ...... 14 

Oleate of copper. 

Oleic acid. 100 .71*78 

Peroxide of copper 18*93.10 

The average of the whole of these analyses gives us 
35*94 as the equivalent number for ole'ic acid. We may 

therefore, without any material error, consider its true 

weight as amounting to 36. So that it probably contains 

four more atoms of carbon in its composition than marga- 

retie acid. 
Chevreul examined oleic acid obtained by saponification 

from the tallow of man, the sheep, the ox, the goose, and 

found its properties the same nearly as that of oleic acid 
from hogslard. The soaps which all these varieties of 

oleic acid formed may be considered as identic in their 
composition.^ 

SECT. vn. 

OF CETIC ACID. 

Chevreul has given this name to the matter formed by 
saponifying spermaceti, a substance which he has thought 

proper to distinguish by the term cetin, Cetic acid is ob¬ 

tained when spermaceti saponified, by means of potash, is 

decomposed by an acid. It may be distinguished by the 
following properties: 

Properties. It is a white solid substance destitute of taste and smell. 
It melts when heated to the temperature of about 113% 
agreeing, in this respect, with the spermaceti from which it 

is formed. When melted cetic acid is allowed to congeal, 

it does not crystallize in plates like spermaceti. 
Cetic acid is insoluble in water. Boiling alcohol dis- 

O 

solves more than its weight of it. As the solution cools, 

brilliant lamellar crystals are deposited, and at last the 

whole liquid assumes a solid form. This solution reddens 

^ Ann. de Chim. et Pliys. ii. 358. 

9 
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litmus, though it acts with less energy than margaric acid. Subdiv. vi. 

The great solubility of this substance in alcohol, and its 

action on vegetable blues, distinguish it from spermaceti. 
It combines readily with the salifiable bases and forms 

different species of salts or soaps. The soap or cetate of 
potash, according to the analysis of Chevreul, is composed 
of 

Cetic acid. 100 . 72*13 
Potash. 8*29. 6 

According to this analysis the weight of an atom of cetic 

acid is double that of an atom of oleic acid. It is more pro¬ 

bable, however, that the soap examined was a bicetate of 

potash. On that supposition the weight of oleic and cetic 

acids would be the same.* 

Besides the volatile and fixed oils, there is another set poisonous 

which exist pretty frequently in the vegetable kingdom. °‘^^* 
Their chemical properties are intermediate between the 
fixed and the volatile oils. Like the volatile oils they dis¬ 
solve in alcohol; but like the fixed they cannot be distilled 

over with that liquid. Hence they may be obtained by di¬ 
gesting the vegetable substance that contains'lhem in alco¬ 

hol, and then separating the alcohol from the oil by distilla¬ 

tion. They have all a strong acrid taste, and most of them 

possess poisonous qualities. The alcoholic solution of some 
of them has the property of precipitating sulphate of iron 

of a reddish colour, which becomes green when mixed with 

an alkaline solution. Vauquelin detected an oil of this na¬ 
ture in the root of the helleborus hyemalis.f A similar oil 

I appears to to exist in tobacco and in many other plants. 

CHAP. V. 

OF BITUMENS. 

The term bitumen has often been applied by chemists to 
all the inflammable substances that occur in the earth; but 

*■ Chevreul; Ann. de Chim. xcv. p. 17. 
f Ann. de Mus. d’Hist. Nat, No, xliii. 82, 
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Petroleum. 

this use of the word is now so far limited, that sulplutr and 

mellite are most commonly excluded. It would be proper 

to exclude amber likewise, and to apply the term to those 

fossil bodies only which have a certain resemblance to oily 

and resinous substances. In this restricted sense the word 

is used in the present chapter. 
Bituminous substances may be subdivided into two clas- 

ses; namely, bituminous oils, and bitumens, properly so 
called. The first set possess nearly the properties of vola¬ 

tile oils, and ought in strict propriety to be classed with 

these bodies; but as the chemical properties of bitumens 
have not yet been investigated with much precision, it was 

deemed rather premature to separate them from each other. 

The second set possess properties peculiar to themselves. 

Let us endeavour to describe the substances belono^in^ to 

these two classes as far as possible. 

SECT. I. 

OF BITUMINOUS OILS. 

Only two species of bituminous oils have been hitherto 

examined by chemists. Others indeed have been men- 
ft/ 

tinned, but their existence has not been sufficiently authen¬ 

ticated. These two species are called petroleum, and maltha 
or sea-wax ; the first is liquid, the second solid. 

1. Petroleum is an oil of a brownish yellow colour. 

When pure, it is fluid as water, and very volatile.* Its 

specific gravity varies from 0*730 to 0*878.f It has a pe¬ 

culiar smell. When heated, it may be distilled over with¬ 

out alteration. It unites with alcohol, ether, volatile, ami 
fixed oils, and, as far as known, possesses all the characters 
of volatile oils. 

Petroleum is found in the earth in various states of pu¬ 
rity ; sometimes without any mixture of foreign substances. 

* The volatility seems to have been over-rated by older chemical wri¬ 

ters. On mixing well rectified petroleum with water in a retort, I Ibund 

that the water could be readily distilled over in a moderate heat, while 

the whole petroleum remained behind. 

f See Kirvvan’s Mmeralogy, ii. 42. 

J 
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In this state it is usually distinguished by the name of Subdiv. vi. 

7iaphtha^ and is said to occur in great abundance on the ^ 'j 

shores of the Caspian and in Persia. It occurs also in dif¬ 

ferent parts of Europe, especially Italy and Germany. 

When less fluid and darker coloured, it is commonly called 

'Detroleim, It is supposed to owe this increased spissitude 

and deepened colour to the action of the air. When dis¬ 

tilled, it yields a quantity of pure petroleum, while a por¬ 

tion of bitumen of the consistence of tar or pitch remains 

behind. When long exposed to the air, petroleum becomes 

black, and acquires the semifluidity of tar. In this state the 
; greatest part of it is insoluble in alcohol; so that it has as- 

I sumed the state of true bitumen. 

Petroleum is used in those countries where it abounds as 
an oil for lamps. It is employed also as a solvent of resinous 
bodies, and of the proper bitumens, which it dissolves with 
facility. 

2. Sea-wax^ or maltha, is a solid substance found on the Sea-wax. 

Baikal lake in Siberia. It is white, melts when heated, and 

i on cooling assumes the consistence of white cerate. It dis- 

I solves readily in alcohol, and in other respects appears to 

] possess the characters of a solid volatile oil. Its properties, 

I however, have been but imperfectly examined. Klaproth 

I found that a similar substance was obtained by distilling a 

' species of wood coal, called earth coal by the Germans.* 
The substance described by Kirwan under the name of Mineral 

minercd tallow, and said to have been found on the coast of 
Finland, in the Swedish lakes, and in a fountain near Stras- 

I burgh, seems to approach very nearly to sea-wax. Its spe- 

; cific gravity is 0’7.70. It is white, brittle, stains paper like 

oil, melts when heated, and burns with a blue flame and 
i much smoke; dissolves imperfectly in hot alcohol, but 

readily in olive oiLf 

SECT. II. 

PROPER BITUMENS. 

The true bituminous substances may be distinguished by 
the following properties: 

* Beitrage,..iii. 325 f Rirwan’s Mineralogy, ii. 47. 

VOL. II. 2 c 
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Asphaltum. 

1. They are either solid or of the consistence of tar, 
2. Their colour is usually brown or black. 
3. They have a peculiar smell, or at least acquire it when 

rubbed. This smell is known by the name of the bituminous 
odour. 

4. They become electric by friction, though not insu¬ 
lated.* 

5. They melt when heated, and burn with a strong smellj 
a bright flame, and much smoke, 

6. They are insoluble in water and alcohol, but dissolve 
most commonly in ether, and in the fixed and volatile oils. 

7. They do not dissolve in alkaline leys, nor form soap. 
8. Acids have little action on them; the sulphuric 

scarcely any : the nitric, by long and repeated digestion, dis¬ 
solves them, and converts them into a yellow substance, so¬ 
luble both in water and alcohol, and similar to the product 
formed by the action of nitric acid on resins.f 

The bitumens at present known may be reduced to three; 
namely, asphaltum^ mineral tar, and mineral caoutchouc. 
Bitumen has been found also united to a resinous com¬ 
pound, in a curious substance first accurately examined by 
Mr. Hatchett, to which he has given the name of retinas^ 
phaltum. United to charcoal in various proportions, it con¬ 
stitutes the numerous varieties of pit-coal^ so much employed 
in this country as fuel. 

1. Asphaltum. This substance occurs in great abun¬ 
dance in different countries, especially in the island of Tri¬ 
nidad, on the shores of the Dead Sea, and in Albania, 
where it is found in vast strata. It is supposed that it was 
first liquid, and that it acquired solidity by exposure to the 
air. 

Its colour is black, with a shade of brown, red, or grey. 
Its specific gravity varies. That of Albania, as ascertained 
by Klaproth, was 1*205 but it was somewhat contami¬ 
nated with earth. Kirwan, in purer specimens, found the 
specific gravity to vary from TO? to T165.§ Klaproth has 
lately published an analysis of the asphaltum of Albania, 

i’toperties. He found it insoluble both in acids and alkalies, as also 
in water and alcohol; but soluble in oils, petroleum, and 

* Haiiy. t Hatchett. J Bcitrage, iii. 315, 
t Mineralogy, ii. 46. 
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sulphuric ether. Five parts of rectified petroleum dissolved Subdiv. 

1 part of asphaltum without the assistance of heat, and 

formed a blackish brown solution, which by gentle evapora¬ 
tion left the asphaltum in the state of a black brown shining 

varnish. The solution in ether was of a pale brown red co¬ 

lour ; and when evaporated, the asphaltum remained in the 

state of a semi-fluid substance of a reddish colour, still inso¬ 

luble in alcohol. 

A hundred grains of this asphaltum being distilled in a Action of 

retort, by a heat gradually raised to redness, yielded the 

following products ; 

Grains. 

36 cubic inches (German) of heavy inflammable air 16 

A light brown fluid oil.32 
Water slightly tainted with ammonia. 6 • 

Charcoal.  SO 

Ashes ...   16 

100 

These ashes consisted chiefly of silica and alumina, with 
some iron, lime, and manganese.* 

The asphaltum found in Albania is supposed to have con- Uses, 

ij stituted the chief ingredient of the Greek fire. The Egyp- 

I tians are said to have employed this bitumen in embalming. 
1 was called mumia mineralise The ancients inform us that 

it was used instead of mortar in building the walls of Ba- 

1 bylon. 
2. Asphaltum is seldom absolutely pure; for when alcohol 

is digested on it, the colour of the liquid becomes yellow, 

and by gentle evaporation a portion of petroleum is sepa- 
rated.J Mineral tar seems to be nothing else than asphaltum 
containing a still greater proportion of petroleum. When Mineral 

alcohol is digested on it, a considerable quantity of that oil 
is taken up ; but there remains a black fluid substance like 

I melted pitch, not acted upon by alcohol, and which there- 

^ Klaproth’s Beitrage, iii. 316. f Watson’s Chem. Essays, iii. 4. 
% Hatchett’s Observations on the Change of some of the Principle* of 

Vegetables into Bitumen, Phil. Trans. 1804, 

2 c 2 

i 

t>
 >
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Book II. exception of not being solid.* * * § By exposure to tlie air, it is 
pivisK)n L assume gradually the state of asphaltum. 

^ 3. Mineral caoutchouc is a singular substance, hitherto 

outchouc. ' found only in Derbyshire. It is soft and very elastic, not 
unlike common cxioutchouc, or Indicm rubber, and, like that 

substance, it may be employed to efface pencil marks from 

paper; but it soils the paper a little. Its colour is dark 

brown, sometimes with a shade of green, at other times of 

red. The first account of it w^as published by Dr. Lister in 
the Philosophical Transactions for 1673.t It occured in 
an old forsaken mine in Derbyshire. He calls it a subterra¬ 

neous fungus, and is uncertain whether it belongs to the 

vegetable or mineral kingdoms; but rather inclines to the 
former opinion, and hints that it may Lave grown out of the 

old birch props used in the mine. It was first accurately 

described bv Mr. Hatchett. Delametherie first examined 

its properties; and an analysis of it has been published by 
Mr. Klaproth. 

Properties. According to Klaproth, it resists the action of almost all 

liquid menstrua; neither alcohol, alkalies, nor nitric acid 

affecting it. Even oils were not found by him to dissolve it, 

though Delametherie assures us that he obtained a solution 

of it in olive oil.f Petroleum succeeded best with Klaproth, 
assuming a bright yellow colour, while the caoutchouc was 

rendered transparent. J When heated it melts, takes fire, 

and burns with a bright flame and a bituminous smell. The 

melted mass still continues adhesive, and may be drawn out 
into threads. It is now soluble in oils.|| 

Action of One hundred grains of this substance being distilled in a 

retort gradually raised to a red heat, yielded the following 
products; 

* Chemists and mineralogists have united mineral tar to petroleum as 

a variety. If it be true that pure petroleum is insoluble in alcohol, that 

arrangement is right; but I suspect a mistake. 1 had no opportunity of 

trying naphtha ; but the purest petroleum I have been able to procure 

readily yields to alcohol, unless it has been left exposed to the air. 

t Vol. viii. p.6179. | Jour, de Phys. xxxi. 31^?. 

§ Beitrage, iii. 109. |j Klaproth, ibid. 
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Grains. Subdiv. VI. 
38 cubic inches (German) of heavy inflam-Chap. v. 

mable air.> 13*75 ^ 
4 inches (German) of carbonic acid gas.J 
A brown thin bituminous oil.. ..73*0 
Water slightly acidulous. 1*5 
Charcoal. 6*25 

Ashes... 5*5 
i 

100-00 

The ashes consisted of lime and silica, with some iron, 

sulphate of lime, and alumina.* 
Mr. Hatchett supposes the elasticity of this substance to 

be owing to a quantity of air confined between its pores. 

4. The retinasphaltum of Mr. Hatchett is a substance Retina- 

hitherto found only accompanying Bovey coal^ in Devon- 
shire.f It was first mentioned by Dr. Milles; but we are 
indebted to Mr. Hatchett for every thing known respecting 

its chemical properties. 

This substance has a pale brown ochre yellow colour. 
It is very brittle, and breaks with a vitreous fracture. Its 
specific gravity is 1*135. When held in the hand for some 

time, it emits a slightly resinous smell. When heated it 

melts, smokes, burns with a bright flame, and emits a fra¬ 

grant odour, at last tainted with a bituminous smell. The 
melted mass, when cold, is black and brittle, and breaks 

with a glassy fracture. 
Water does not act upon it; but it is partially dissolved 

by alcohol, potash, and nitric acid; the dissolved portion 

having the properties hf a resin; the undissolved, of asphal- 

tum. Mr. Hatchett analysed it, and found it composed of J, 

55 resin 
41 asphaltiim 

3 earths 

99 

5. Pit-coal, one of the most useful of all the mineral pro- Pit-coal of 
three kinds. 

* Klaproth, Beitrage, in. p. 110. 
t Unless the substance found near Halle and analysed by Bucholz be 

similar. See Schweigger’s Journal, i. 290- 

t Hatchett, on the Change of some of the Principles of Vegetables to 

Bitumen. Phil. Trans. 1804. 
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Book ir. ductions, has been divided by mineralogists into various 
Divismn I. according to its external appearances, and the 

nature of the strata in which it is found; but in a chemical 
point of view, its most important varieties may be distin- 

Brown guished into three sets: 1. Those that still contain several 

vegetable principles, strictly so called, and thus give evident 

marks of their origin. To this head belong most of the 

varieties of coal arranged by Werner under the head of 

brown coal. Mr. Hatchett has shown, that in some of the 

substances belonging to this class there is to be found a por¬ 

tion of vegetable extract; in others, asinBovey coal, a portion 

resin; besides the charcoal and bitumen, which consti¬ 

tute the greatest part of its constituents. From another 
species of brown coal Klaproth obtained, by means of alco¬ 

hol, a broWn red tincture, which lelt behind it on evapora¬ 

tion a reddish bitter extract, partially soluble in water.* 

i. Black 2. Those kinds of coal that contain no traces of unaltered 

vegetable principles, but are composed of various proportions 

of bitumen and charcoal, contaminated like the former with 

earthy matter. To this head belong the varieties of coal 

arranged by Werner under the name of black coal, which 

abound so much in Britain. Kirwan has given us a very 

ingenious analysis of several specimens, founded upon the 

property of nitre to deflagrate with charcoal, but not with 
bitumen. By throwing coal reduced to small pieces into a 
given weight of melted nitre, he obtained a deflagration, 

and judged of the proportion of charcoal present by the 

(Quantity of nitre decomposed.f The following is the 

result of his analyses: 

loo Parts. Charcoal. Bitumen. Earth. Sp. gravity. 

Cannel coal. 75*2_21*7_ 3*1_1*232 

Slate coal. 47*6- 32*5_19*9_T426 
Whitehaven.... 57*0.... 4T3 .. .. T7 . . .. T257 

Wigan.61*7-36*7_ 1*6_1*268 

Swansey. 73*5 ... 23*1.... 3*4.... 1*357 
Leitrim. 71*4.... 23*4.... 5*2.... 1*351 

Newcastle. 58 .... 40 .... 2 .... 1*271 

A number of experiments on the constituents of different 

specimens of British coal have been published by Mr. 

* Beitrage, lit. 322. I Kirwan's Mineralogy^ ii. 514. 
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Mushet.* He subjected the coals to distillation in close Subdiv. vi 

vessels, and thus ascertained the portion of volatile matter 
which they contained. By burning the coals he determined 

the portion of earthy matter in each. The following table 

exhibits the result of his experiments. 

Welsh furnace coal., 

Alfreton furnace coal 

Butterly furnace coal. 
Welsh stone coal. 
Welsh slaty coal. 
Derbyshire cannel coal ... 
Kilkenny coal. 
Stone coal under basalt... 
Kilkenny slaty coal 
Scotch cannel coal 
Boolavooneen coal 
Corgee do. > Irish 
Queen’s county do. J 
Stonewood, Giant’s Caus. 
Oak wood. .. 

Volatile 
matter. 

8*5 

45-5 

42-83 
8-00 
9-10 

Charcoal. 

88-068 

52-456 

52-882 
89*700 
84-175 

47*0048-367 

• • • • 

4*25 
16*66 
13*00 
56*57 
13*80 
9*10 

10*30 
33*37 
80*00 

Ashes. 

92-877 
69*740 
80*475 
39*430 
82'960 
87*491 
86*560 
54*697 
19*500 

3*432 

2*044 

4*288 
2*300 
6*725 
4*638 
2*873 

13*600 
6*525 
4-000 
3*240 
3*409 
3*140 

11*933 
0*500 

Sp. gra. 
of the 
coke. 

1*337 

1*235 

1*264 
1*368 
1*409 
1*278 
1*602 

1*445 

1*436 
1*403 
1*403 
1*150 

Sp. era. 
of the 
coke. 

Cless than 
^ water 
1*100 
1*3934 

1*6568 

1*596 
1*656 
1*6218 

3. Those kinds of coal which neither contain traces of 3. Glance- 

( unaltered Vegetable principles nor of bitumen, but seem to ^^^^* 

i consist entirely of charcoal contaminated with some earthy 

j matter. To this head belong the different varieties of coal 

arranged by Werner under the name of glance-coal. This 
kind of coal is less common than the preceding. It is remark¬ 

able for its metallic lustre, and for the slowness with which 

it consumes. Many specimens of this coal have been sub¬ 

jected to chemical analysis; the result was always the same. 

I shall subjoin a few specimens.! 

J 

100 parts. Charcoal. 

Kilkenny coal.97*3 . 

Anthracite.90*0 . 

Ditto. 72 
Ditto... 97*25. 

Coal of Notre Dame de Vaux . 78*5 

Earth. 

3*7 
10*0 
20 

2*70 

20 

* Phil, Mag. xxxil. 140. 

! The first analysis by Kirwan (Mineralogy, ii. 528.) The others pub¬ 

lished by Hericard de Thury. See Gehlen’s Jour. v. 323. 
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Book 11. When coal is distilled, the products vary according to 
Division II. class to which the mineral belongs. The coals of the 

Products third class yield no volatile products whatever. Those of 
from coal, secoiid give out abundance of heavy inflammable air; a 

bituminous oil, at first fluid, then of the consistence of tar ; 

and water impregnated with ammonia. The residue is 

coke, a species of charcoal applied with the greatest advan¬ 
tage to many of our manufactures. It burns long and 

equally, and yields a great deal of heat. The oil has been 
applied by Lord Dundonald to the various purposes of 

varnish. Coals belonging to the first class yield abundance 

of heavy inflammable air, a bituminous oil, and water 
cither very slightly impregnated with ammonia, or contain^ 

ing a quantity of acetic acid, as has been ascertained by t}ie 

experiments of Klaproth and Hatchett.* 

DIVISION 11. 

OF SECONDARY COMPOUDNS. 

By the term secondary compound is meant a body composed 

of two or more primary compounds united together. The 

secondary compounds, as far as we are hitherto acquainted 

with them, consist chiefly of the salifiable bases united with 

certain oxides of compound combustibles, and with all the 

acids. I thought it better to give an account of the combi¬ 

nations of the salifiable bases with the acids of chlorine, 

iodine, fluorine, and cyanogen, while treating of these acids 
themselves in the last division. All the secondary com¬ 

pounds, therefore, which remain to be described in this 
place may be arranged under the four following heads: 

1. Hydrates. 3. Hydrosiilphurets. 
2. Salts. 4. Soaps. 

Each of these classes of bodies will occupy our attention 
in the four following chapters. 

* There is a curious paper by Proust on pit-coal, published in the 

Journal de Physique, vol. Ixiii. p. 320. It contains many valuable expe¬ 

riments ; but I have not ventured to make use of them, because I could 

not determine the kind of coal which he employed in his analyses. 
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i CHAP. I. 
[ 

i 

j OF HYDRATES. 

By hydrate is meant a chemical combination of a body 

I with water. The term was first employed by Proust, and 

I applied by him to certain combinations of a metallic oxide 

I and water, which he showed to possess properties very dif- 

I ferent from those of the oxides in a pure state. Davy, 
I D’Arcet, Berard, and especially Dalton, afterwards deter- 

j mined the composition of a variety of hydrates. The com- 

1 position of many saline hydrates was afterwards determined 

I with much precision by Berzelius, who endeavoured to Berzelius* 

! generalize the subject. According to him, in all saline 

i hydrates the quantity of oxygen in the water is always a 
i multiple of the quantity of oxygen in the base of the salt. 

1 Thus g7‘een viU'iol^ or protosulphate of iron in crystals, is 

I composed of 

j Sulphuric acid .... 28*97 
Protoxide of iron.. 26*08 containing of oxygen 5*84? 

Water.. 46*00 containing of oxygen 40*89 

I Now 5*84 X 7 = 40*88, which is just the quantity of 

oxygen in the water. This law pointed out by Berzelius 

holds pretty generally, though it is not of the importance 

which he has attached to it. It must always hold when the 

j salifiable base is a protoxide. Thus, in the present case, 

I protosulphate of iron is a compound of 

1 Atom sulphuric acid 

1 Atom protoxide of iron 

7 Atoms of water. 

The protoxide of iron contains 1 atom oxygen, and the 

water contains 7 atoms. Now it is obvious that 7 is a mul¬ 
tiple of 1. And whatever number of atoms of water had 

existed in the salt, still the oxygen in them would have been 

a multiple of the oxygen in the protoxide of iron. If the 

salifiable base be a deutoxide, or tritoxide, the rule may 
hold in certain cases, but certainly not in all. 

As I have already, while treating of the dilferent sub¬ 
stances which have the property of combining with water, 

1 

Chap. I. 
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Book II. given an account of the different hydrates, as far as we are 
Division II. acquainted with them, I do not consider it as necessary to 

repeat the description of them here. But I shall insert the 
following table, exhibiting the composition of the respective 

hydrates as far as the subject has been investigated. 

Atoms 
base. 

Atoms 
water. 

Weight of' 
base. 

Weight of 
water. 

T^ble of Hydrate of potash. 1 1 100 18-75 
hydrates. Hydrate of soda. 1 1 100 . 28*10 

Hydrate of lime. 1 1 100 31*03 
Protohydrate of barytes. 1 1 100 11*53 
Pentehydrate of barytes. 1 5 100 57*69 
Eikostahydrate of barytes. 1 20 100 230*76 
Hydrate of strontian. 1 1 100 17*3 
Dodecahydrate of strontian .... 1 12 100 207*69 
Hydrate of magnesia. 1 1 100 45 
Wavellite. 2 1 100 26-47 
Heutohydrate of alumina. 1 2 100 105*88 
Perhydrate of copper .. 1 1 100 11-25 
TTvflratp of tin . 1 2 100 24 
Hydrate of boracic acid. 1 2 100 78*26 
Hydrate of phosphorous acid .. 1 1 100 32 
Protohydrate of sulphuric acid . 1 1 100 22*5 
Deutohydrate of sulphuric acid . 1 2 100 45 
Tritohydrate of sulphuric acid .. 1 3 100 67*5 
Decahydrate of sulphuric acid .. 1 10 100 225 
Protohydrate of nitric acid. 1 1 100 13*23 
Deutohydrate of nitric acid .. .. 1 2 loo 26*46 
Tritohydrate of nitric acid. 1 3 100 39*69 
Tetrahydrate of nitric acid .. .. 1 4 100 52’92 
Pentahydrate of nitric acid .... 1 5 100 66-15 
Protohydrate of acetic acid .... 1 1 100 14*5 
Deutohydrate of acetic acid .... 1 2 100 29*0 
Tritohydrate of acetic acid .... 1 3 100 43-5 
Crvstallized oxalic acid ....... 1 4 100 99*84 
Crystallized tartaric acid ...... 1 1 100 13*43 
Crystallized citric acid. 1 2 100 30*5 
Octahydrate of muriatic acid ... 1 8 100 194*59 
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CHAR IL 

OF SALTS. 

Chap. It. 

The word salt was originally confined to common salt; a Definition. 

! substance which has been known and in common use from 
i the remotest ages. It was afterwards generalized by 

: chemists, and employed by them in a very extensive and 

^ not very definite sense. Every body which is sapid, easily 

melted, soluble in water, and not combustible, has been 
called a salt. 

Salts were considered by the older chemists as a class of 

: bodies intermediate between earths and water. Many dis¬ 

putes arose about what bodies ought to be comprehended 

under this class, and what ought to be excluded from it. 
i Acids and alkalies were allowed by all to be salts ; but the 

I difficulty was to detei’mine concerning earths and metals; 
I for several of the earths possess all the properties which 

! have been ascribed to salts, and the metals are capable of 

entering into combinations which possess saline properties. 

In process of time, however, the term salt was restricted 
to three classes of bodies; namely, acids, alkalies, and the 

compounds which acids form with alkalies, earths, and me¬ 

tallic oxides. The first two of these classes were called 
simple salts; the salts belonging to the third class were 

called compound or neutral. This last appellation originated 

from an opinion long entertained by chemists, that acids 

and alkalies, of which they are composed, were of a con- 
1 trary nature, and that they counteracted one another; so 

I that the resulting compounds possessed neither the proper¬ 

ties of acids nor of alkalies, but properties intermediate 
between the two. 

j 

•Chemists have lately restricted the term salt still more, 

by tacitly excluding acids and alkalies from the class of 
salts altogether. At present, then, it denotes only the 

compounds formed by the combination of acids with alka¬ 

lies, earths, and metallic oxides.* 

No part of chemistry has been cultivated with more zeal 

* The terms salt and neutral salt are often confounded. In this 
' Work the epithet neutral is confined to salts having no excess of acid 

or base. 

2 
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Number of 
salts. 

Book II. than the salts, especially for these last 40 years, During 
Division II. number of saline bodies has been enormously 

increased, and the properties of a very great number have 

been determined with precision. Still, however, this wide 
and important region is far from being completely explored. 

Chemists have agreed to denominate the salts from the 

acids which they contain : the earth, alkali, and metallic 
oxide, combined with that acid, is called the base of the 

salt. Thus common salt being a compound of muriatic 
acid and soda, is called a muriate^ and soda is called the 
base of common salt. Now since there are 52 acids and 

at least 30 bases, it would appear, at first sight, that there 
are 1560 salts. But there are several acids capable of com¬ 

bining with two bases at once. Thus the tartaric acid 

combines at once with potash and soda. Such combina- 

Triple salts, tions are called triple salts, and they increase the number 

of salts considerably. There are some salts, too, which 

are capable of combining with an additional dose of their 

acid, and others which combine with an additional dose of 

their base. The French chemists denote the first of these 

combinations by adding to the usual name of the salt the 

phrase ivlth excess of acid, or by prefixing to it the word 

acidulous: they denote the second by subjoining the phrase 
with excess of base. This method has the merit of being 

precise; but it is awkwartl and tedious. The ingenious 

mode of naming these combinations proposed by Dr. Pear¬ 

son is preferable. It is equally precise, and far more con¬ 

venient in every respect. It consists in prefixing to the 
usual name of the salt the preposition super, to denote an 

excess of acid, and the preposition sub to denote an ex¬ 
cess of base.* Thus sidphate of potash denotes the salt 

in its state of perfect neutralization, without any excess 
either of the sulphuric acid or of the potash ; super sidphate 

of potash is the same salt with an excess of acid; subsid- 

phate of potash is the same salt with excess of base.f These 

three different kinds of salts must increase the number of 
saline compounds very considerably; but the precise mini- 

Supersalts 
and sub- 
salts. 

Pearson’s Translation of the Chemical Nomenclature, p. 5^2. 

t In most cases the acid in the supersalt Is just double of that in the 

neutral salt. It Is therefore better to denote it by prefixing the syllable 

hi. Thus sulphate of potash is the neutral salt, hisulphate of potash is 

what is usually denominated supersulphate, or acidulous sulphate. 
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I her of salts is not known, as many of them remain still um Chap. ii. 
1 examined by chemists. Probably there are not much ^ 

I fewer than 2000. Some idea may be formed of the pro- 
I gress which this branch of chemistry has made, by recol- 

! lecting that 40 years ago not more than 30 salts in all w^ere 
I known. 

i Of these 2000, however, a considerable number may be 
i considered as still unknown, as they have been merely 
I formed without being examined. Of those which are 

I known, the greater number have not been applied to any 

1 use, and therefore do not deserve a very particular descrip¬ 
tion. 

As the different genera of salts are denominated from Nomencla- 

their acids, it is evident that there must be as many genera 

I as there are acids. The terminations of the names of these 

I genera differ according to the nature of the acid which 

I constitutes them. When that acid contains a maximum of 
! oxygen, the termination of the genus is ate ; when it does 
j not ^contain a maximum of oxygen, the termination of the 
i genus is ite. Thus the salts which contain sulphuric acid 

I are called sulphates; those which contain sulphurous acid 

i are called sulphites. This distinction is of some conse- 

i quence, because the salts differ very much, according as 

I the acid is saturated with oxygen or not. The ifes are sel- 

j dom permanent; when exposed to the air, they usually 
attract oxygen, and are converted into ates. 

Every particular species of salt is distinguished by sub¬ 

joining to the generic term the name of its base. Thus 

the salt composed of sulphuric acid and soda is called suU 
phate of soda. Triple salts are distinguished by subjoining 

the names of both the bases connected by hyphens. Thus 

the compound of tartaric acid, potash, and soda, is called 
I tartrate of potash-and-soda. Another mode of naming these 

I triple salts is sometimes followed. One of the names of 
the bases is prefixed to the generic name so as to act the 

i part of an adjective. For example, soda-muriate of rho- 

diim^ means the triple salt composed of muriatic acid, 

soda, and oxide of rhodium. Sometimes the name of the 
base prefixed is altered a little, as ammonio-sulphate of 
magnesia (sulphate of magnesia-and-ammonia;) ferruginom 

sulphate of zinc (sulphate of zinc-and-iron.) This is a less 
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Arrange¬ 
ment. 

Book II. unwieldy mode of naming the triple salts, but it is not 
Division JI. possible to employ it in our language. 

Before the correction of the chemical nomenclature by 

Morveau in 1781, chemists usually referred the genera of 

salts to the bases, and distinguished the species by the acids. 
That celebrated philosopher entirely reversed the method 

by introducing the new generic terms formed from the 

acids; and his ingenious nomenclature having been sanc¬ 
tioned and improved in 1787 by Lavoisier, Berthollet, and 
Fourcroy, who joined with him in forming a new chemical 

nomenclature, has now become universally prevalent. But 
after considering the subject with considerable attention, I 

think the mode of arranging the salts according to the 

bases is attended with such advantages as to induce me to 
adopt it in this work. I shall therefore divide this chapter 

into 32 sections, allowing a section for the salts formed by 

the combination of each salifiable base with the different 
acids. 

SECT. I. 

SALTS OF AMMONIA. 

Properties. 1. The salts of ammonia, with a vei'y few exceptions 
are all soluble in water. 

2. When potash or quicklime is mixed with an ammo- 
niacal salt a smell of ammonia is emitted. 

3. If to an ammoniacal salt dissolved in water a little 

salt containing magnesia be added, and afterwards some 
phosphate of soda dropped in, a copious white precipitate 
falls. 

4. When an ammoniacal salt is exposed to heat, it is 
completely dissipated in vapours; except -when the acid 

has a fixed metal for its base, in which last case the me¬ 
tallic acid alone remains behind. 

5. The ammoniacal salts are not precipitated by infusion 
of nut-galls or ferrocyanate of potash. 

6. When a solution of platinum is dropped into a salt of 
ammonia, an orange-colouj’ed precipitate falls. 
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This genus of salts has been very fully investigated. The Chap. ii. 

following are the different species. 
Sp. 1. Nitrate of Ammonia, This salt has been long Nitrate of 

known: it was formerly distinguished by the names of 
nitrum semivolatile and nitrum Jiammans, Berthollet ex¬ 

amined it in the course of his experiments on the compo¬ 
nent parts of nitric acid: and Sir H. Davy has added con¬ 

siderably to our knowledge of its composition and decom¬ 

position.* It may be prepared by dissolving carbonate of 

ammonia in diluted nitric acid, and evaporating the so¬ 

lution till the salt crystallizes. 
The appearance of this salt varies very much, according Properties, 

to the temperature at which its solution is evaporated. In 
a moderate heat, 70° or 100° for instance, and by slow 

cooling, it is obtained in six-sided prisms, terminated by- 

long six-sided pyramids. When the solution is evaporated 
at the temperature of 212°, the crystals are channelled and 

have a fibrous 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 differ¬ 

ences are owing to different proportions of water of crys¬ 

tallization which the salt contains. 
Nitrate of ammonia has a very acrid, bitter, disagree- 

; able taste. Its specific gravity is l*5785.t At the tem- 

1 perature of 60° this salt is soluble in two parts of water: it 

I dissolves in half its weight of boiling water.f It must be 

observed, however, that its solubility varies with the pro- 

: portion of water of crystallization which it contains. When 

exposed to the air, nitrate of ammonia soon attracts 

1 moisture and deliquesces. 

When this salt, in the state of fibrous or prismatic crys- 
; tals, is heated, it becomes fluid at a temperature below 

300°; between 360° and 400° it boils without decomposi- 
:t tion; but when heated to 450°, or somewhat higher, it is 

gradually decomposed, without losing its water of crystal¬ 
lization. Compact nitrate, on the other hand, undergoes 

I little or no change till it is exposed to a temperature higher 
!j thaflr^60°. Between 275° and 300° it sublimes slowly 

II without decomposition, and without becoming fluid. At 

* Davy’s Researches, p. 71, 

t Hassenfratz, Ann. de Chim. xxvlii. 

X fourcroy, iii, 195, Engl. Trans. 
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Book 11. 320° it melts, and at tlie same time is partly decomposed, 
pivisioa II. partly sublimed.* 

When this salt is decomposed in a temperature not ex-- 

ceeding 500°, it is wholly converted into nitrous oxide and 

water. From the experiments of Davy, it appears that 

these products are nearly in the proportion of four parts of 

gas to three parts of water.f 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 phenomenon, observed long ago, induced 
the older chemists to give the salt the name of nitrum fiam-- 

mans. The nature of the decomposition was first ascer¬ 

tained by Berthollet, and more lately it has been examined 

by Davy. 

Composi- The following table exhibits the constituents of this salt 

according to the experiments hitherto made upon it by 
chemists: 

t § II li II 
Acid .. 57 .. 64-5 .. 69*5 .. 72*5 .. 74*5 ... 76*06 

Base.. 23 .. 32*1 .. 18*4 .. 19*3 .. 19*8... 23*94 

Water. 20 .. 3*4 .. 12*1 .. 8*2 .. 5*7 
Total.. 100 ..100 ..100 .,100 ..100 100 

Sp. 2. Nitrite of ammonia. This salt has not hitherto 
been examined. 

3. Carbo- Sp. 3. Carbonate of ammonia. This salt has been long 

known. It is often obtained by distilling animal sub¬ 
stances; but for chemical purposes it is best to extract it 

from sal ammoniac by means of chalk. Two parts of chalk 

and 1 part of sal ammoniac, both as dry as possible, are 
mixed together and put into an earthen retort. On the ap¬ 
plication of a sufficient heat, carbonate of ammonia sublimes, 

and is obtained in the state of a white ciystallized mass. 
There are two subspecies of it, the carbonate and bicar¬ 

bonate. 
Subspecies 1. Carbonate. This salt may be obtained in 

crystals, but tliey are so small and so irregular, that it is 

difficult to ascertain their form. According to Bergman, 

* Davy, p. 85. t Ibid, p, 105. 

I Kii’wan, Nicholsoifs Jour. iii. 215. § Wenzel, p. 83. 

II Davy’s Researciies, p. 71. In the first of these analyses the salt 

vfas prismatic, in the second hbrous, and in the third compact. 

** Theoretic composition. 
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I they may be obtained in octahedrons, having, for the most 

part, their two opposite apexes truncated.* The taste and 
smell of this salt, though much weaker, are the same with 

those of pure ammonia. Like all the alkaline carbonates, it 

I converts vegetable blues to green, precisely as pure alkalies 

I do. Its specific gravity is 0*966.t It is soluble in rather 

I less than twice its weight of cold water. Hot water dis¬ 
solves its own weight of it. Boiling water cannot be em- 

i ployed, because at that heat the carbonate is volatilized, 

j When heated it evaporates very speedily, 

j When in its perfect state this subspecies is composed of 

; I atom carbonic acid and 1 atom ammonia, or by weight of 

I Carbonic acid .. 2*75 .... 56*41 .... 100 

; Ammonia ..... 2*125.... 43*59.... 77*27 

[ ^ 100*00 

j But the longer it is kept, the greater is the proportion of 
j carbonic acid and the smaller the proportion of ammonia 

1 which it contains. Because the alkali gradually makes its 

I escape into the atmosphere. I have obtained it from shops 
I in London composed as follows ; 

Carbonic acid ., 55*70.... 100 

Ammonia. 26*17..,. 46*98 

Water. 18*33 

100*00 

So that it had lost within one-fifth part of half of its am¬ 

monia. 

Subspecies 2. Bicarbonate, This salt may be obtained by Properties, 

exposing the common carbonate of ammonia in povv^der to 

the air, or by causing a current of carbonic acid gas to pass 

through a solution of it in water. It crystallizes in six-sided 

prisms, usually small, has no smell, and less taste than the 

subcarbonate. According to the experiments of Schrader, 

it is composed of about 
56 acid 
19 base 

25 water 

1001 

^ * Bergman, i. 21. f Hassenfratz, Ann. de Chim, xxviii. 12. 
1 Gelilen’s Joar, ii. 582, 

VOL. II. 2 ,D 
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SALTS. 

Book II. Its true composition is 
D ivision II. 

Acid 

Base 

3 00 

38*63 

4. Borate. Sp. 4. Borate of ammonia. This salt has been described 

by Wenzel. It forms permanent crystals, which have a con¬ 
siderable resemblance to borax. When heated the ammo¬ 

nia flies off, carrying with it a portion of the acid, but leav¬ 

ing a part of it in a state of purity. From the experiments 

of Wenzel, its constituents are,"^ 

100 acid 
34 base and water. 

Its true composition is obviously, 

Acid.2-875 _100 
Base^_2-125 _ 73*91 

Berzelius analysed this salt, and obtained the following 

result: 
Acid .... 

Ammonia 

Water... 

. 37-95 
. 30*32 

. 31-73 

loo-oof 

Sp. 5. Silicate of ammonia. This salt is unknown. 
<5 pros- Sp, (3, Phosphate of ammonia. This salt exists in urine, 

and seems to have been first accurately distinguished by 

Rouelle. It was afterwards examined by Lavoisier in 1774, 
and still more lately by Vauquelin.f It is usually prepared 

by saturating with ammonia the superphosphate of lime ob¬ 
tained from bones, and evaporating the solution to such a 

consistency, that when allowed to cool the phosphate of am¬ 

monia is obtained in crystals. 

Properties. It crystallizes in octahedrons composed of two low four- - 

sided pyramids with square bases. Its taste is saline with 

some bitterness. Its specific gravity 1*8051.§ It is soluble : 

in twice its weight of water at the temperature of 55°, and i 

in rather a smaller proportion of boiling w-ater. It is by | 
spontaneous evaporation that it is obtained in the state oft 

regular crystals. It is not altered by exposure to the air. 

* Verwandtschaft, p. 249. f Annals of Philosophy, lii. 57. 

X Jour, de I’Ecole Polytechulque. 

§ llussenfratz, Ann. de Chim. xxvili. 12. 
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When heated, it undergoes the watery fusion : it then dries; 

I but if the heat be continued, it swells up, loses its alkaline 

i base, and the acid melts into a transparent glass. This salt 
I is a compound of 

I Phosphoric acid.... 4*5 .... 100 

Ammonia. 2*125.... 47*22 

Sp. 7. Phosphite of ammonia. This salt is very soluble in 7. Phos- 

water, and crystallizes with difficulty. No experiments have 

' been made to determine its composition, but it doubtless 
consists of 

Phosphorous acid ,. 3*5 .... 100 

Ammonia. 2*125 .... 60*71 

Sp. 8. Hypophosphite of ammonia. This salt is very so- s. Hypo- 

I luble in water and equally soluble in alcohol. It has not 
I been analysed; but is probably composed of 

■ Hypophosphorous acid.. 2*5 .... 100 
I Ammonia .2*125.... 85 
i 

' Sp. 9. Sulphate of ammonia. This salt w^as discovered 9. Sui- 
I by Glauber, and called by him secret sal ammoniac. It was 
I also called vitriolated ammoniac. It may be prepared by 

I saturating ammonia with sulphuric acid, or by decomposing 

i sal ammoniac by means of sulphuric acid. 
i Its crystals are generally small six-sided prisms, whose Properties, 

planes are unequal, terminated by six-sided pyramids. It 

has a sharp bitter taste. It is soluble in twice its own 

weight of water at the temperature of 60°, and in its own 

weight of boiling water. Water of the temperature of 
144° dissolves 0*78 of its weight of this salt.* When ex¬ 

posed to the air, it slowly attracts moisture. 

I When heated, it first decrepitates, then melts, and in close 

vessels sublimes, but with some loss of its alkali.f In that 

state it might be called supersulphate of ammonia, as it con¬ 

tains an excess of acid, has an acid taste, and reddens vege¬ 

table blues. When heated nearly to redness, the greatest 

part of it is decomposed, some sulphurous acid comes over 
and some ammonia, a great quantity of azotic gas is disen¬ 

gaged, and in all probability water is formed.:}: 

* Wenzel, p. 309. f Kirwaifs Min, ii. 11. 

t Hatchett, Phil. Trans. Ixxxvi. 314. 
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Book n. 
Division II. 

Composi¬ 
tion, 

Its constituents have been determined as follows: 

^ t ^ § § 
Acid ... 54-66.. 58* * * §75 .. 59‘6 .. 70-17..100 

Base... 14*24.. 41-25.. 40*2.. 29-83.. 42*5 
Water . 31*10 

10. Sul¬ 
phite. 

12 Arseni- 
ate. 

100 100 100 100 

The crystals of sulphate of ammonia contain 3 atoms of 

water combined with 1 atom of the salt. It does not seem 

possible to separate the water completely without decom¬ 

posing the salt. 

Sp. 10. Sulphite of ammoiiia. This salt was first de¬ 

scribed by Fourcroy and Vauquelin.]] It crystallizes in six- 
sided prisms terminated by six-sided pyramids; or in four¬ 

sided rhomboidal prisms, terminated by three-sided sum¬ 

mits. Its taste is cool and penetrating, like that of the 
other ammoniacal salts, but it leaves a sulphureous im¬ 

pression in the mouth. It is soluble in its own weight of 

cold water, and much cold is produced. Its solubility is 
increased 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 disengaged, and the salt 

then sublimes in the state of super sulphite of ammonia. 

There can be no doubt that this salt is composed of 

Sulphurous acid .... 4 .100 

Ammonia. 2*125. 53*2 

If any confidence can be put in the analysis of this salt 

by Fourcroy and Vauquelin, the crystals seem to consist of 
2 atoms of salt united to 1 atom of water. 

Sp. 11. Hyposulphite of ammonia. Unknown. 
Sp. 12. Arseiiiate of ammonia. When arsenic acid is 

saturated with ammonia, the solution yields by evaporation 

crystals of arseniate of ammonia in rhomboidal prisms, 

* Kirwan, Nicholson’s Quarto Jour. iii. 215. 

f Wenzel’s Verwandtschaft, p. 58. 

t Richter, Statiquc Chimique, i. 136. 

§ Theoretic composition. 

\\ Nicholson’s Journ. i. 317. 
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which give a green colour to syrup of violets. With an 

excess of acid, it yields needle-form crystals of super-arse- 

niate of ammonia, 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 por¬ 

tion of the ammonia is decomposed, water is formed, 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.* This salt has not been 

analysed. It is probably a compound of 

Chap. II. 

Arsenic acid .... 7*25 .100 

I * Ammonia. 2*125. 29*31 

Sp. 13. Arsenite of ammonia. This salt may be pre-i3. Arse- 

l pared by dissolving arsenious acid in liquid ammonia. A 

I viscid yellow-coloured liquor is obtained which does not 

j crystallize. It has not been examined by modern chemists. 
I Sp. 14. Antimoniate of ammonia. This combination has 14. Anti- 

I hitherto been examined by Berzelius only. It may be 
j formed by digesting the hydrate of antimonic acid in caustic 

) ammonia. A neutral solution is gradually formed. If we 

I attempt to evaporate it a portion of the ammonia is disen- 

I gaged and a white powder falls, which is a superantimoniate 

j of ammonia. It reddens vegetable blues, and when heated 

ii in a retort ammonia and water are driven off, and antimonic 

acid remains behind. This supersalt is not decomposed by 

exposure to the air for months, even at the temperature of 
122°.t 

Sp. 15. Antimonite of ammonia. This salt has not been 

examined. 

Sp. 16. Chromate of ammonia. This salt has been le. Chro- 

slightly examined by Vauquelinf and John.§ It may be 

formed by saturating chromic acid by ammonia. The salt 
gradually forms dendritical crystals of a fine yellow colour. 
When slightly heated it is decomposed, even when in solu¬ 

tion brown flocks of chromic oxide precipitating. It has 

not been analysed, but is probably a compound of 

Chromic acid .... 6*5 .100 

I Ammonia. 2*125 . 32*69 

* Scheele, i. 145. 

t Ann. de Chim. Ixx. 70. 

f Nicholson’s Journal, xxxv. 40. 

§ Annals of Philosophy, iv. 425, 
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Book II. 
Division II. 

17. Molyb¬ 
date. 

Sp. 17. Molybdate of ammonia. This salt dissolves rea¬ 
dily 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 reduced to the state of an oxide.* * * § It has not been 

analysed, but is probably a compound of 

Molybdic acid .... 9 .... 100 

Ammonia. 2*125 .... 23*61 

Sp. 18. Molybdite of ammonia. Has not been examined. 
19. Tungs- Sp. 19. Tungstate of ammonia. This salt may be formed 

by dissolving tungstic acid in carbonate of ammonia. By 
evaporating the solution, the tungstate of ammonia crys¬ 
tallizes, sometimes in small scales resembling boracic acid, 
and sometimes in four-sided prismatic needles. Its taste is 

metallic; it is soluble in water, does not deliquesce in the 

air, and is decomposed completely by heat. Its composi*» 
tion according to Vauquelin is 

78 oxide 

22 ammonia and water 

loot 
Its true composition is doubtless, 

Tungstic acid.... 15 .... 100 
Ammonia . 2*125 .... 14*6 

Comparing this with Vauquelin’s analysis, it appears, that 

100 parts of the crystallized salt contain 16 of w*ater. So 

that the crystals are composed of 1 atom salt -f 2 atoms 
water. 

Sp. 20. Columbate of ammonia. Not yet examined. 
21. Ace- Sp. 21. Acetate of ammonia. This salt may be prepared 
tate. saturating acetic acid with ammonia. If the acid and 

alkali be w^eak it is difficult to saturate them with each other. 

It is requisite therefore that they should be both concen¬ 

trated.:]: It is too volatile to be easily crystallized : It may, 
however, by gentle evaporation, be made to deposite needle- 

shaped crystals. Mr. de Lassone crystallized it by sublima¬ 

tion. § When the sublimation is slow, it forms long, slender, 

* Bucholz, Gehlen’s Jour. iv. 616. 

t Vauquelin and Hecht, Jour, de Min. No. 19, p. 20. 

I Steinacher, Jour, de Phys. Ixv. 32. 

§ Mem. Par. 1775. 
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flatted crystals, terminating in sharp points, of a pearl-white 

colour, and about an inch and eight-tenths in length.^ It 

impresses the tongue at first with a sense of coldness, and 

then of sweetness, which is followed by a taste resembling 

that of a mixture of su^ar and nitre, in which the sweet does 

not predominate over the mawkish taste of the nitre, t It is 
very deliquescent. It melts at 170°, and sublimes at about 
250. J When a watery solution of this salt is distilled, there 

comes over first a quantity of ammonia, next a quantity of 

acetic acid, and at last of the salt itself containing an excess 
of acid. No such decomposition takes place w^hen the 
crystals are distilled by a moderate heat.§ 

I Its constituents, as determined by Wenzel and Richter^ 

I are as follows: 

II ** 
Acid - 62*45 .... 68*77 

Base. 37*55 .... 31*23 

Total. 100 100 

There can be no doubt that the true composition of this 

; salt is as follows: 

Acetic acid.... 6*375 .... 75 .... 100 

Ammonia. 2*125 .... 25 .... 33*3 

An accurate analysis of it would be very difficult to 

\ execute. 
Sp. 22. Benzoate of ammonia. This salt crystallizes with 

i difficulty. Its crystals are feather-shaped. It deliquesces. 

I It is very soluble in water. Benzoate of ammonia has been 
^ recommended by Berzelius, as an excellent reagent for pre- 

i cipitating iron from its solution. It throws dowm this metal 

of an orange colour, and occasions no insoluble precipitates 

I with any of the other salifiable bases, except tellurium and 

I mercury, and perhaps copper, all of which are thrown 

:| down white.tt 
Sp. 23. Succinate of ammonia. This salt forms needle- 

1! shaped crystals, but it crystallizes with difficulty. It has a 
i I sharp, bitter, and cooling taste; when exposed to heat, it 

I sublimes without decomposition. 

' * Higgins On Acetous Acid; p. 188. t Ibid. p. 192. 

i J Ibid. § Ibid. ll Wenzel, p. 149. 

' ** Richter, Statique Chimique, i. 136. tt Afhandlingar, iii. 152. 

Chap. II. 

22. Ben¬ 
zoate. 

23. Succi¬ 
nate, 
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Book II.' 
Division II. 

24. Morox- 
ylate. 

25. Cam- 
phorate. 

27. Suber- 
ate. 

Succinate of ammonia is much used for precipitating iron 

from its solutions, which it does only when in the state of 

peroxide, and then throws it down of a deep flesh-red co¬ 

lour. It likewise precipitates barytes and mercury from 
their solution in acids. With several other metallic solu¬ 
tions, as copper and lead, it likewise forms white precipi¬ 
tates, which dissolve when sufficiently diluted with water. 

Sp. 24. Moroxylate of ammonia. This salt may be formed 

by pouring carbonate of ammonia into the solution of the 

moroxylate of lime. The solutioiij when evaporated, yields 
crystals of moroxylate of ammonia in long slender prisms.* 

Sp. 25. Camphorate of ammonia. This salt may be pre¬ 

pared by dissolving carbonate of ammonia in hot water, and 

adding camphoric acid slowly till the alkali is saturated. It 

must then be evaporated with a very moderate heat, to pre¬ 
vent the disengagement of the ammonia. It is very diffi¬ 
cult to obtain this salt in regular crystals. When evapo¬ 

rated to dryness, there is left a solid opaque mass of a sharp 

and bitterish taste. Water at the temperature of about 60° 

dissolves nearly -j-^h part of its weight of this salt; boiling 

water dissolves id of its weight: But all the alkaline cam- 

phorates 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 calcare¬ 
ous salts form triple salts with camphorate of ammonia. It 

decomposes in part all the aluminous salts except the sul¬ 
phate of alumina.f 

Sp. 26. Boletate of ammonia. This salt has been de¬ 
scribed in a preceding part of this Vol. p. 148. 

Sp. 27. Suherate of ammonia. This salt crystallizes in 

parallelopipeds. Its taste is saltish, and it leaves an im¬ 
pression 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 crys-r 

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

t Ann. (le Chim. xxvii. p. 31. 
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taliization, and swells up; and before the blow-pipe it eva- chap. ii. 
porates entirely.* —* 

Sp. 28. Pyrotartrate of ammonia. Not hitherto exa¬ 

mined. 
Sp. 29. Oxalate of ammonia. When oxalic acid is satu- 

rated with ammonia, the solution yields by evaporation 

oxalate of ammonia crystallized in four-sided prisms, termi¬ 

nated by dihedral summits. The lateral edges are often 

truncated, so as to make the prism six or eight-sided. Its 
I taste is bitter and unpleasant, somewhat like that of sal am¬ 

moniac. At the temperature of 60° 100 parts of water dis¬ 

solve only 4*5 parts of this salt. The specific gravity of the 
solution is 1*0186. This salt is insoluble in alcohol. When 

distilled, carbonate of ammonia is disengaged, a little of the 
acid is sublimed, and a residuum of charcoal remains be¬ 

hind. This salt is much used as a reactive to detect the pre- 

i sence of lime.f It is capable of combining with a double 
\ dose of acid, and forming a binoxalate. Oxalate of am- 

I monia is a compound of 

Oxalic acid .. 4*5104.... 100 

Ammonia ... 2*125 .... 47*11 
1 

I The analyses both of Berard and myself of this salt were 

inaccurate, because our oxalic acid was not completely freed 

from water. 

Sp. 30. Mellate of ammonia. When mellitic acid is satu- so.Mellate. 

rated 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 

Sp. 31. Tartrate of ammonia. The crystals of this salt 31. Tar- 

I are polygonous prisms, not unlike those of tartrate of soda. 

It has a cooling bitter taste like that of nitre. It is very 

soluble in water. 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. 

Sp. 32. Citrate of ammonia. This salt, formed by dis-32. Citrate. 

I solving carbonate of ammonia in citric acid, does not crys- 
I tallize till its solution be evaporated to the consistency of a 

1' thick syrup. Its crystals are elongated prisms. It is very 

^ Ann. de Chim. xxxiil. 55. 

.4 Klaproth’s Beitrage, iii. 131. 

1 

t Bergman, i. 261. 
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Book II. soluble in water. Its taste is cooling and moderately 
Division II. gaiine.* The ammonia is separated by the application of 

heat.f 
According to Vaiiquelin, it is composed of 

62 acid 

38 ammonia 

100$ 

Its true composition is doubtless 

Citric acid... 7’375. 100 

Ammonia ... 2*125. 29*02 

Sp. S3. Rheiimate of ammonia. Not hitherto examined. 

Sp. 34. Kinate of ammonia. Not hitherto examined. 
Sp, 35. Saclactate of ammonia. This salt has an acid 

taste, always containing an excess of acid. Heat disen¬ 

gages the ammonia. § 

Sp. 36. Urate of ammonia, A white tasteless powder, 

scarcely distinguishable in appearance from uric acid. It 

dissolves in an excess of acid. 
Sp. 37. Laccate of ammo7iia. Not hitherto examined. 
Sp. 38. Malate of ammonia, A deliquescent, and very 

soluble salt. 

Sp. 39. Sorhate of ammonia. This salt does not crystal¬ 

lize unless there be an excess of acid. In that case it forms 

permanent crystals insoluble in alcohol. |j 

Sp. 40. Formate of ammonia. This salt is soluble in 

water, and may be sublimed without decomposition. 

41. Lactate. Sp. 41. Lactate of ammonia. When concentrated lactic 
acid is mixed with an excess of caustic ammonia, the mixture 

acquires a strong volatile smell not unlike that of acetate or 

formate of ammonia, which however soon ceases. The salt 

has sometimes a slight tendency to shoot into crystals. It 
forms a gummy mass, which, when exposed to the air, 
loses a ^portion of its base, and acquires an excess of acid. 

When heated, a great part of the ammonia is disengaged, 

and a very acid salt I’emains which deliquesces in the air.** 

* Dobson. t Scheele. I Fourcroy, vil. 208. 

§ Scheele on suGjar of milk. || Donovon. Phil. Trans. 1815. 

** Berzelius, Djurkemien, ii. 430. 
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Sp. 42. Zumate of ammonia. It contains an excess of Chap. ii. 
acid, and crystallizes in parallelopipedons.* " 

Sp. 43. Gallate of ammonia, 
Sp. 44. Tannate of ammonia. Neither of these compounds 

has been examined with care. They do not seem to be 
of a permanent nature. 

Such are the properties of the salts of ammonia. Their 
composition is easily determined by considering them as 
composed of 1 atom of ammonia united to 1 atom of each 
of the acids. The weight of an atom of ammonia is 2*125, 
and the weights of all the acids, as far as they have been 
determined, have been given in a preceding chapter of this 
work. 

SECT. IL 

SALTS OF POTASH. 

1. The salts of potash, a very few excepted, are soluble General 

in water. But in general they are less soluble than those of 
ammonia. 

2. Many of them can be obtained in the state of crystals; 
but many of them likewise refuse to crystallize. In general 
the salts of potash have a less tendency to form regular crys¬ 
tals than the salts of soda. 

3. If tartaric acid, dissolved in water, be dropped into an 
aqueous solution of a salt of potash, the liquid speedily 
deposites a white granular sediment. This sediment has a 
sour taste, and consists of small crystals of cream of tartar. 

4. If a solution of sulphate of alumina be dropped into a 
salt of potash, octahedral crystals of alum are very soon 
deposited. 

5. The salts of potash may be exposed to a red heat with¬ 
out being volatilized like the salts of ammonia. If the acid 
contained in the salt be combustible, it is decomposed, and 
carbonate of potash, mixed with a little charcoal, remains 
behind. If the acid is not combustible the salt usually 
fuse^ and its nature is not altered; though to this there are 

•» Braconnot; Ann. de Chim, Ixxxvi, 84« 

2 
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Book 11. 
Division II. 

i. Nitrate. 

Origin. 

some exceptions. Thus the nitric acid is gradually decom¬ 
posed at a red heat, sulphurous acid lets sulphur sublime, 
and is converted into sulphuric acid, phosphorous acid allows 

phosphureted hydrogen to escape, and is converted into 

phosphoric acid. 

6. The salts of potash are not precipitated by infusion of 
nutgalls nor by ferrocyanate of potash. 

7. They are not affected by sulphureted hydrogen gas, or 

by the addition of a hydrosuiphuret, except when their acid 

has a metal for its basis. In which case the acid is decom¬ 

posed and precipitated, and the potash left behind. 
8. When a solution of platinum is dropped into a salt of 

potash, an orange-coloured precipitate appears. 

Sp. 1. Nitrate of potash. As this salt, known also by the 
name of saltpetre^ is produced naturally in considerable 

quantities, particularly 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 men¬ 

tions it at all, he confounds it with carbonate of soda, which 

was known by the names of nitron and nitrum. It is certain, 

however, that it has been known in the East from time im¬ 

memorial. Roger Bacon mentions this salt in the 13th cen¬ 

tury under the name of nitre. 
No phenomenon has excited the attention of chemical 

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 pur¬ 

poses of wmr; and as nature has not laid up great magazines 

of it, as she has of some other salts, this annual reproduc¬ 

tion is the only source from which it can be procured. It 

became, therefore, of the utmost consequence, if possible, 

to discover the means which nature employed in forming it, 

in order to enable us to imitate her processes by art, or at 
least to accelerate and facilitate them at pleasure. Numerous |t 

attempts accordingly have been made to explain and to imi- 

tate 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 together potash, sulphuric i 
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acid, and phlogiston. But this opinion, which was merely Chap. if. 

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 subs¬ 

tances by the processes of vegetation and animalization. 

But it was soon discovered that nitre exists, and is actually 

formed, in many places where no animal nor vegetable sub¬ 

stance had been decomposed : and consequently this theory 

was as untenable as the former. So far indeed is it from 

I being true, that nitre is formed by these processes alone, 

I that the quantity of nitre in plants has been found to depend 

j entirely on the soil in which they grow.^ 

I At last, by the numerous experiments of several French 

I philosophers, particularly by those of Thouvenel, it was 

I discovered that nothing else is necessary for the production 

i of nitre but a basis of lime, heat, and an open, but not too 

j free communication with dry atmospheric air. When these 
i circumstances combine, the acid is first formed, and after- 

j wards the alkali makes its appearance. How the air fur- 
;| nishes materials for this production is easily explained, now 

I that the component parts of the nitric acid are known to be 

:| oxygen and azote : but how lime contributes to their union 

: it is not so easy to see. The appearance of the potash is 

i equally extraordinary. 

I Nitre is found abundantly on the surface of the earth in Prepara- 

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

I parts of Spain. In Germany and France it is obtained by 

i means of artificial nitre beds. These consist of the refuse of 

I animal and vegetable bodies undergoing putrefaction, mixed 

i j with calcareous and other earths. It has been ascertained, 

!: that if oxygen gas be presented to azote at the instant of 
I' its disengagement, nitric acid is formed. This seems to 

explain the origin of the acid in these beds. The azote 

t disengaged from these putrefying animal substances com- 

1' bines with the oxygen of the air. The potash is probably 

II furnished, partly, at least, by the vegetables and the soil. 

I The nitre is extracted from these beds by lixiviating the 

; earthy matters with water. This water, when sufficiently 

1 * BouilloR. 
I 

I 
I 
I 
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Book II. impregnated, is evaporated, and a brown-coloured salt 
Division II. obtained, known by the name of crude nitre. It consists ot 

nitre, common salt, nitrate of lime, and various other sa ts. 

The foreign salts are either separated by repeated crystalli- 

zations, o'!' by washing the salt repeatedly with small quan¬ 
tities of water; for the foreign salts being more soluble are 

taken up first. , . ., , 
Properties. Nitre, when slowly evaporated, is obtained in six-si e 

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

purposes it is preferred in an irregular mass, because in that 
Lte it contains less water. The primitive form of its crys- 
tals, according to HaUy, is a rectangular octahedron, com¬ 
posed of two four-sided pyramids applied base to base; two 

of the sides are inclined to the other pyramid at an angk ot 

120°; at the other two at an angle of 111 . The foim 
of its integrant particles is the tetrahedron. The six-sided 

prism is the most common form which it assumes. Some- 

. times, instead of six-sided pyramids, these pnsms are 
terminated by 18 facets, disposed in three ranges of six, as it 
three truncated pyramids were piled on each other: some¬ 

times it crystallizes in tables.* , , tv 
The specific gravity of nitre, as ascertained by Dr. \V at- 

soii, is l-933.t Its taste is sharp, bitterish, and cooling. 

It is very brittle. It is soluble in seven times its weight ot 

water at the temperature of 60°, and in rather less than its 

own weight of boiling water.! It dissolves in 1 'Oi parts of 

water .at the temperature 144°. § Alcohol, of the speci ic 

oravity -878, dissolves of its weight of tins salt, but 

stronger alcohol takes up no sensible portion of it.jl It is 

not altered by exposure to the ail. , . 
When the solution of nitre is exposed to a boiling heat, 

part of the salt is evaporated along with the w.ater, as Wa - 
lerius, Kirwan, and Lavoisier, observed successively. 
When exposed to a strong heat it melts, and congeals by 

cooling into mi opaque mass, which has been called mmera 
i-rnstat When heated nearly to redness it begins to disen¬ 

gage oxygen; and by keeping it in a red heat, about the 

* Tralte cle MiiiGralogie, ii. 346. ^ nrr\‘ 

+ Esvivs V or. Wallerius makes it fSOO (Chemistry, p. 200), 

Hassenfimz’fomid it f9309 (Aim. de Chim. xxviii. 12.);_Imhrenhe.t had 

stated it as Ions aeo as 1724 ata’150 (Phil. Trans, W-) 

r Bermnan, i. 134. § Wenzel, p. 309. H Kirwan. 
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third of its weight of that gas may be obtained : towards the Chap. ii. 
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 nitrates. 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 com- 
: bustions that can be exhibited. The residuum is car- 
; bonate of potash. It was formerly called nitre fixed by 
I charcoal. The alchymists performed this experiment in a 
i tubulated earthen retort, to which an apparatus of glass 
i vessels was luted. After every portion of nitre and charcoal 
I which they threw in, they shut up the retort. The carbonic 
I acid and azotic gas which were disengaged often burst their 
I apparatus. To the small quantity of water which they ob- 
j tained in their vessels, they gave the name of clyssus, and 
j ascribed to it a great many virtues. A still more violent 
j detonation is produced by using phosphorus instead of 
j charcoal. When a mixture of nitre and phosphorus is 
I struck smartly with a hot hammer, a very violent detonation 
j is produced.^ 
I Nitre oxidizes all the-metals at a red heat, even gold and 

i| platinum.t 
The composition of nitre, according to the most exact Composh 

, analyses hitherto made, is as follows : 

I § II tt tt §§ 
I Acid.. 45* * * § **92 .. 46‘7 .. 5T36 .. 52 .. 53*54 .. 54*34 .. 52*95 

i Base.. 54*08 .. 53*3 .. 48*64 .. 48 .. 46*46 .. 45*66 .. 47*05 

Total .. 100 .. 100 .. 100 .. 100 .. 100 .. 100 .. 100 

Nitre furnishes all the nitric acid in all its states em¬ 
ployed either by chemists or artists. When burnt with 

i tartar it yields a pure carbonate of potash. In the assay¬ 
ing of various ores it is indispensable, and is equally ne- 

* Brugnatelli, Ann. de Chim. xxvli. 74. 

+ Tennant, Bergman, and Morveau. 

t Kirwan, Nicholson’s quarto Journal, iii. 215. 

§ Richter, Statique Chimique, p. 136. 

I] Berard, Ann. de Chim. Ixxi. 69. 

** Wenzel’s Verwandschaft, p. ixxx. tt Wollaston. 

I By my analysis. §§ Theoretic composition. 
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Book II. cessary in the analysis of many vegetable and animal sub- 
Division II. gut one of the most important compounds 

Gunpow- by means of nitre is gunpowder, which has com- 
der. pletely changed the modern art of war. The discoverer 

of this compound, and the person who first thought of ap¬ 

plying it to the purposes of war^ are unknown. It is cer¬ 
tain, however, that it was used in the 14th century. From 
certain archives quoted by Wiegleb, it appears that can¬ 

nons were employed in Germany before the year 1372. No 
traces of it can be found in any European 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 1346. They seem even to have been 

used three years earlier at the siege of Algesiras; but be¬ 
fore this time they must have been known in Germany, as 

there is a piece of ordnance at Amberg, on which is in¬ 

scribed 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 charcoal, 

reduced to powder, and mixed intimately with each other. 
The proportion of the ingredients varies very considerably; 

but good gunpowder may be composed of the following 

proportions.f 
Composi- 76 parts of nitre 

15 charcoal 
9 sulphur 

100 

These ingredients are first reduced to a fine powder sepa¬ 

rately, 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 

* See WatsoiTs Chemical Essays, vol. i. p. 327, for a full detail of 

the facts respecting this subject. From Barbour’s life of Robert Bruce, 

it appears that guns were used by the English for the first time about 

the year 1320. 

f 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, Essays, ii. 1, and to Baume’s Chemistry, 

i. 455. 
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is forced. By that process it is divided into grains, tlie Chap. ii. 

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 offj and their surfaces 
are made smooth. The powder is then said to be glazed. 

Gunpowder, as is well known, explodes violently when Composi- 

a red heat is applied to it. This combustion takes place 

even in a vacuum; a vast quantity of gas is emitted, the 

sudden production of which is the cause of all the violent 
effects which this substance produces. The combustion 
is evidently owing to the decomposition of the nitre by the 

charcoal and sulphur. The products are carbonic acid 

gas, azotic gas, sulphurous acid gas, and probably sulphu- 
reted hydrogen. Mr. Cruickshanks has ascertained that 

no perceptible quantity of water is formed. What remains 
after the combustion is potash combined with a small portion 
of carbonic acid, sulphate of potash, a very small propor¬ 
tion of sulphuret of potash, and unconsumcd charcoal.'^ 

This mixture soon attracts moisture, and the sulphuret 
which it contains enables it to act strongly on metallic 

bodies. 

When three parts of nitre, wo parts of potash, and Fulmlna- 

one part of sulphur, all previously well dried, are mixed 

together in a warm mortar, the resulting compound is 
known by the name fulminating 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 gra¬ 
dually blackens, and at last melts. At that instant it ex¬ 
plodes with a very violent report, and a strong impression 
is made upon the bottom of the spoon, as if it had been 
pressed down very violently. This sudden and violent com¬ 
bustion is occasioned by the rapid action of the sulphur on 
the nitre. By the application of the heat, the sulphur and 
potash form a sulphuret, which is combustible at a lower 

heat probably than even sulphur. Sulphureted hydrogen 
gas, azotic gas, and perhaps 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 

* Cruickshanks, Nicholson’s Journal, iv, 258. 

VOL. 11, 2 E 
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Book II. be ascribed. Its loudness evidently depends upon the com- 

bustion of the whole powder at the same instant, which is 
secured by the }:)revious fusion that it midergoes; whereas 
the grains of gunpowder burn in succession. 

A mixture of equal parts of tartar and nitre, deflagrated 

in a crucible, is knowui by the name of ivhite flux. 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 black 

flux from its colour. It is merely a mixture of charcoal 
and carbonate of potash. 

%. Nitrite. Sp. 2. Nitrite potash. Scheele’s process for obtaining 

this salt is as follows: fill a small retort with nitre, and 
keep it red-hot for half an hour. When it is allowed to 

cool, it is found in the state of a nitrite. It deliquesces 
when exposed to the air, and red vapours of nitrous acid 

are exhaled when any other acid is poured upon it. 
3. Carbon- Sp. 3. Carbonate of potash. This salt has been long 

known to chemists; and before its composition was ascer- 

taiijied by Black, it was characterized by a great variety of 
names, according to the manner of preparing it; such as 

flxed nitre^ salt of tartar^ vegetable alkali^ &c. Its proper¬ 

ties w'ere first described with precision by Bergman in 

1774.* There are two subspecies of it; namely the car¬ 
bonate and bicarbonate. 

Prepara- Subspecies 1. Bicarbonate. This salt is formed by satu- 

rating potash with carbonic acid, which is best done by 
causing the gas to pass through a solution of potash till it 

refuses to absorb any more. The potash of commerce is 
an impure carbonate of potash: by distilling it with solid 

carbonate of ammonia, it may be converted into bicarbon¬ 

ate of potash.f When potash is thus saturated with car¬ 

bonic acid, it always lets fall a quantity of silica. Mr. Pel¬ 

letier has proposed this saturation as the best method of 
purifying potash from the earth. 

Properties. It crystallizes, according to Bergman, in quadrangular 

prisms ; the apexes of which are composed of two inverted 
triangles, converging like the roof of a house.J Accord¬ 
ing to Pelletier they are tetrahedral rhomboidal prisms, 

with dihedral summits. The complete crystal has eight 

* Opusc. i. 13. t Berthollel. J Berginan, i. IS. 
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faces, two hexagons, two rectangles, and four rhombs.* 

It has an alkaline, but not a caustic taste, and still gives a 
green colour to vegetable blues. Its specifier gravity is 

2*012.f It is soluble at the common temperature in about 
four times its weight of water.J Boiling water dissolves 

|-ths of its weiglit.§ Alcohol, even when hot, does not 

dissolve above -g-b-Q-th part of it. Pelletier has observed, 

that when the crystallized salt is dissolved in boiling w’ater, 
bubbles of carbonic acid gas are emitted. It is not altered 
by exposure to the air. Heat deprives it of its water and 
part of its acid, but does not decompose it completely. 

The constituents of this salt, according to the most ac- 

curate analyses hitherto made, are as follows: 

tt tt §§ 
Acid.... .... 43 . • .. 46*19 .. .. 47*83 

lBtrlS0 « • • • 40 .... 41 *. .. 53*81 .. .. 52*17 
Water .. 17 .... 16 

Total.... 100 _100 .. 

o
 

o
 • • 

The crystals of this salt contain just 1 atom of water, so 

that they consist of 

Anhydrous salt.91*09 

Water   .8*91 

Subspecies 2. Carbonate. The potash of commerce al¬ 

ways occurs in this state; but its purity is destroyed by the 

mixture of foreign substances. Pure carbonate of potash 

may be procured by heating neutral bicarbonate, prepared 
by the process above described, to redness, in a silver or 
platinum vessel. A portion of the carbonic acid is driven 

off*. The carbonate thus formed has a stronger alkaline 

taste, and acts with more energy on animal and vegetable 

substances, than the carbonate. When exposed to the air it 

soon deliquesces, and assumes the consistency of an oil. It 

does not absorb carbonic acid sensibly from the atmosphere j 

the excess of alkali cannot be removed by treating the salt 
with alcohol. Dr. Wollaston has shown that this salt con- 

* Ann. de Chim. xv. 29. f Hassenfratz, Ann. de Chim. xxviii, 12. 

Bergman, i. 13. § Pelletier. 

Kirvvan, Nicholson^s Quarto Jour. iii. 213. 
ft Pelletier, Ann. de Chim. xv. 33. 

IX Berard, Ann. de Chim. Ixxi. 69. 

2 B 2 
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Book II. tains exactly one half of the acid which exists in carbonate 
Dmsion II. potash.* Hence it is composed of 

Compo¬ 
sition of 
potash of 
commerce. 

Carbonic acid .... 2*75 
Potash.6*00 

100 
218*18 

According to the experiments of Berard it appears that 

this salt, when gently dried so as to be solid, is composed of 
1 atom anhydrous salt + 2 atoms water, or by weight of 

Anhydrous salt.. 79*4 
Water.20*6 

The potash of commerce is always in the state of a car¬ 

bonate ; but it contains likewise several foreign substances 
which render the proportion of alkali variable. Mr. Kir- 

wan has pointed out a very ingenious method of detecting 

the quantity of alkali in any specimen, by the property 
which it has of precipitating alumina from alum; and 

Vauquelin has published a still simpler method, namely, 
the quantity of nitric acid of a given density necessary to 
saturate a given weight of the salt. From his experiments, 
we learn that the following kinds of this salt known in com¬ 

merce contain the following ingredients.f 
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Potash of Russia . 772 65 5 56 254 1152 

--America... 857 154 20 2 119 1152 

American Pearl-ash. 754 80 4 6 308 1152 

Potash of Treves . 720 165 44 24 199 1152 

-Dantzic. 603 152 14 79 304 1152 

-Vosges. 444 148 510 34 304 1440 

» Wollaston, on superacid and subacid Salts, Phil. Trans. 1808. 
I Ann. de Chiiu. xl. 273. 
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Sp. 4. Borate of potash. This salt, which was first formed Chap. ii. 

by Baron, is very little known. It may be prepared by 

calcining a mixture of boracic acid and nitre. The heat 
drives off the nitric acid, and leaves a white saline mass, 

which, when dissolved in water, yields crystals of borate of 

potash in four-sided prisms. It is capable of combining 

with an excess of base, and forming a sub-borate of potash. 
From the experiments of Wenzel, the proportion of its 

constituents seem to be * 

Acid 

Base 

The constituents of pure borate of potash ought to be 

Boracic acid .,2*875 ..100 

Potash.6 .208*5 

The constituents of biborate of potash should be 

Boracic acid.. . ,2*875 x 2.100 

Potash.6 .104*25 

Hence it is obvious that Wenzel’s analysis is very erro¬ 
neous. Berzelius attempted to determine the constituents 

of this salt experimentally, but could not succeed. 
Sp. 5. Silicate of potash. This is the compound known 5 Silicate, 

to chemists by the name of liquor silicum. It may be formed 
by fusing three parts of potash by weight with one part of 

silica. A transparent colourless liquid is formed, which on 
cooling congeals into glass. This glass is soluble in watef, 
and the colourless solution is called liquor silicum. 

Silica seems capable of uniting with potash in a great 
number of proportions. Glass may be considered as a 

supersilicate of potash, in which the proportions of silica is 
very considerable. 

Sp. 6. Phosphate of potash. Of this salt there are three 6. Phos- 

subspecies, namely,, the phosphate^ the biphosphate^ and sub- 

phosphate of potash. 

Subspecies 1. Phosphate of potash. This salt may be ob¬ 

tained by adding carbonate of potash to hot phosphoric 

acid, till the solution ceases to produce any effect upon 
vegetable blues. When this solution is sufficiently con¬ 

centrated, and set aside in a dry place it gradually deposites 

100 

30 

* Verwandtschaft, p. 228. 
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Book II. phosphate of potash in small transparent crystals. These 
pivismn II. four-sided prisms terminated by four-sided 

pyramids. The sides of the prism are all equal, and its 
angles right angles. Sometimes the intervening prism is 
wanting so that the crystals have the form of small octa¬ 
hedrons. This salt has a cooling and somewhat urinous 

taste, but neither strong nor disagreeable. It is not altered 
by exposure to the air, and contains no water of crystalliza¬ 

tion. It is very soluble in water, and melts into a liquid 

when exposed to a red heat. Its constituents are 

Phosphoric acid..4’5.100 

Potash ..6 .133*3 

Subspecies 2. Biphosphate. This salt is easily formed by 
dissolving the neutral phosphate in phosphoric acid till the 
liquid is saturated. It crystallizes with great difficulty into 

striated prisms; assuming more readily the form of a jelly, 

and when the evaporation is carried farther, becoming dry 
altogether. Its specific gravity, when dry, is 2*8516.* It 
is exceedingly soluble in water; and when dry readily at¬ 

tracts moisture from the atmosphere, and is converted into 

a viscid liquid. When heated, it first undergoes the watery 
fusion; then allows its water of crystallization to evaporate, 

and is reduced to dryness. In a high temperature it melts 

into a transparent glass, which deliquesces again when 
exposed to the air. 

Subspecies 3. Subphosphate. This salt may be formed 
by mixing together phosphate of potash and pure potash, 

and exposing them to a strong heat in a platinum crucible. 

A white coloured substance is obtained, which is the phos¬ 
phate in question. Or we may boil any of the alkaline 
superphosphates in a solution of potash. A white powder 

falls, which is the salt wanted. By this last process it was 
procured by Margraff. 

The phosphate of potash is tasteless and insoluble in cold 
water, but soluble in hot water; and it precipitates as the 
solution cools in a gritty powder. It is extremely fusible; 

melting before the blow-pipe into a transparent bead, which 
becomes opaque on cooling. It is soluble in nitric, mu¬ 

riatic, and phosphoric acids : the solutions are thick, glu- 

* Hassenfratz. Ann. de Chim. xxviii. 12. 
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tinous, and adhesive. When sufficiently diluted, the alka- Chap, ii, 
lies occasion no precipitate in these solutions; but when 

they are concentrated, a precipitate appears. 
According to the analysis of Saussure, junior, its compo¬ 

sition is as follows: 
acid 35 

base 65 

100* 

Its true composition must be 

Acid.4*5 .100 

Potash.6x2= 12.266*6* 

This salt has the property of combining, and of forming 

a triple insoluble compound with lime. 

Sp. 7. Phosphite of potash^ This salt has not hitherto 

been examined in a state of purity. 
Sp. 8. Hypophosphite of potash. This salt is exceedingly s. Hypo- 

soluble in water. It is more deliquescent than muriate of 

lime. It dissolves in alcohol in all proportions. When 

exposed to the air it gradually absorbs oxygen and becomes 

acid. When heated, phosphureted hydrogen gas and some 
phosphorus is given out, and a quantity of phosphoric acid 
united to potash remains behind.t 

Sp. 9. Sulphate of potash. Of this salt there are two 9- Sul- 

subspecies. The first is neutral, the second is a bisulphate. 
Subspecies 1. Sulphate, This salt may be formed by 

saturating diluted potash with sulphuric acid, and then 
evaporating the solution gently till crystals appear. It 

seems to have been known at a very early period by che¬ 
mists, and a great variety of names were given to it, ac¬ 
cording to the manner of forming it, or the fancy of the 

operator. Some of these names were, specficum purgans^ Names. 

nitrum fixum, arcanum duplicatum, panacea holsatica^ sal de 

diiobus, sal polychrest glaseri^ &c.; but it was commonly 

known by the name of vitriolated tartar^ till the French 

chemists called it sidphate of potash^ when they formed their 

new nomenclature in 1787.f 

* Surla Vegete, p. 321. 
+ Dulong, Ann. de Chira. et Phys. ii. 142. 
t Bergman called it alkali vegetabile vitriolatum, and Morvean vitriol 

of potash. 
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Book II. 
Division II. 

Properties. 

Constitu¬ 
ents. 

Sulphate of potash, or perhaps the bisulphate, was dis¬ 

covered by examining what remained in the retort after the 
preparation of nitric acid, by distilling a mixture of sul¬ 

phuric acid and nitre. It was the salt obtained from this 
residuum that was called panacea duplicata^ or arcanum du~ 

plicatum. The Duke of Holstein, sometime before the year 

1663, purchased the preparation of this salt for 500 dollars 
as a remedy in fevers, stone, and scurvy.* 

When the solution of sulphate of potash is sufficiently 
diluted, it affords by evaporation hexahedral pyramids, or 
short hexangular prisms, terminated by one or more hexan- 

gular pyramids. But these crystals vary much in their 
figure, according to the care with which they are prepared. 

It has a very disagreeable bitter taste. Its specific gra¬ 
vity according to Walleriusf is 2*298; according to Has- 
senfratz, 2*4073 according to Watson, 2*636.J At the 

temperature of 60° it dissolves in 16 times its weight of 
w'ater; in a boiling heat it is soluble in five times its weight, jj 
When it is boiled in water, that liquid dissolves 0*242 parts, 
or nearly ^th of its weight of it.** 

It suffers no alteration when exposed to the air. When 
placed upon burning coals, it decrepitates, but suffers no 

other alteration. In a red heat it melts, and loses lA per 
cent, of its weight. It is sometimes luminous in the dark, 
as Mr. Giobert has observed. 

Its component parts, according to the best analyses hi¬ 
therto published, are as follows: 

tt §§ lill tt « 
Acid _ 42*76 .. 45*2 .. 45*3 .. 45*72 .. 47*1 .. 45*46 
Base _ 57*24.. 54*8.. 54*7.. 54*28.. 52*9.. 54*54 

100 100 100 100 100 100 

It contains no water of crystallization. 

Subspecies 2. Bisulphate. This salt may be prepared by 

* Shawl's Boyle, i. 64. + Chemistry, p. 265. 

f Ann. de Chim. xxviii. 12. § Chemical Essays, v. 67. 

j| Bergman, i. 135. Wenzei’s V^erwandschaft, p. 310. 

+ f Ann. de Chim. x. 40. f i Berard, Ann. de Chim. Ixxi. 47. 

§§ Kirwan, Nicholson’s 4to Journal, iii. 215. 

II II Wenzel, Verwandtschaft, p. 54. * * By my analysis, 

ft Berzelius, Ann. de Chim. Ixxvii. 84. Theoretic composition. 



SALTS OF POTASH. 425 

heating together a mixture of 3 parts of sulphate of potash Chap. il. 

and 1 part of sulphuric acid. It was first distinguished from 

I the first variety by Rouelle senior. 
It usually crystallizes in long slender needles, but it may 

be obtained in six-sided prisms. Its taste is acrid, and it 
i reddens vegetable blues. It is. soluble in five parts of water 

at the temperature of 60°.* It is scarcely altered by expo¬ 
sure to the air. When heated it melts readily and assumes 
the appearance of oil, but it becomes as w'hite as ever when 

I allowed to cool. A very violent and and long continued 
heat dissipates the excess of acid, and converts it into sul- 

I phate. Dr. Wollaston has shown, that this salt contains 
just twice as much acid as the sulphate,^ 

Sp. 10. Ammonio-sulphate of potash. This salt, which 
was first described by Link, may be formed by saturating 
the supersulphate of potash with ammonia. The crystals 

are brilliant plates, having a bitter taste, and not altered by 

' exposure to the air. They are composed of 

60 sulphate of potash 

40 sulphate of ammonia 

loot 
1 

I 
I 

II 

I : k ' 

H 

I 

Sp. 11. Sulphite of potash. This salt was formed by n. suI- 
Stahl, but was first accurately described by Berthollet, 

Fourcroy, and Vauquelin. It was formerly known by the 
name of sulphurous salt of Stahl. It may be formed by 

passing sulphurous acid into a saturated solution of carbon¬ 
ate of potash till all effervescence ceases. The solution be¬ 
comes hot, and crystallizes by cooling. J 

Its crystals are white and transparent: their figure, that Properties, 

of rhomboidal plates. Its crystallization often presents small 

needles diverging from a common centre, jj Its specific gra- 
vitj" 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 

* Link, Crelfs Annals, 1796, i. 26. 

t On superacid and subacid salts. Phil. Trans. 1808. 

X Link, CrelPs Annals, 1796. i. 29. 

§ Fourcroy and Vauquelin, NicholsoiAs Journal, i. 31f. 

II Ibid. ** Hassenfratz, Ann. de Chini. xxviil. 12. 
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Book II. water. When exposed to the air, it scarcely changes its n 

V ^ ” i‘ appearance, loses about 2 per cent, of its weight, and then is M 
gradually, but very slowly, converted into sulphate of potash. , 
When exposed to a sudden heat, it decrepitates, loses its ir 

water and a portion of its acid; then a quantity of sulphur n 
is disengaged from the remaining acid, and the residuum is if 

sulphate of potash, with a slight excess of alkali. Nitric : 
acid converts it into sulphate of potash by imparting oxy- i- 

gen. So does chlorine, but imperfectly, as it drives off a it 
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 |t 

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 the salt is converted into a sul¬ 

phate ; at the same time sulphureted hydrogen gas is emitted. 

It is composed of 

Sulphurous acid... 4 .. ., 40 .... 100 

otash .......... 6.... 60 .... 160 

12. Arseni- Sp. 12. Arseniote of potash. Of this salt there are two 

subspecies, the neutral arseniate and the binarseniate. 

Subspecies 1. Arseniate, When arsenic acid is saturated 
with potash, it forms an incrystallizable salt, which deli¬ 

quesces in the air, renders syrup of violets green, but does 

not alter the infusion, of turnsole. When heated in a clay 

crucible, it is partly converted into a white glass, and partly 
changed 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, evidently 
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. 

Subspecies 2. Binarseniate, This salt was first formed by 

Macquer; and for that reason was long distinguished by the 
name of arsenical neutral 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 w'hite saline mass, which remained in the retort, was dis¬ 

solved in hot water and filtered. When properly evapo-. 
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, rated, beautiful transparent crystals of binarseniate of ar- Chap. ii. 

1 senic are obtained.* 
Scheele first ascertained the composition of this salt, by 

discovering that it was obtained by adding arsenic acid to 

the arseniate of ^potash till the solution ceases to alter the 

: colour of syrup of violets. It then reddens the infusion of 

j turnsole, and yields by evaporation fine crystals of Mac- 

j quer’s neutral salt. 
This salt crystallizes in four-sided prisms, terminated by 

{ four-sided pyramids, the edges of which correspond with 

r those of the prism. It is soluble in water, and gives a red 

: colour to vegetable blues. This salt is not decomposed by 
1 salts with base of lime or magnesia, as is the case with ar- 

^ seniate of potash.f 
Sp. 13. Arsenite of potash. A yellow viscid liquid which 

» does not crystallize. Formed by saturating potash solution 

1 with arsenious acid. 
Sp. 14. Antimoniate of potash. This salt may be ob- Antw 

■ tained by exposing a mixture of 1 part of powdered anti- 
i mony and 6 parts of nitre to the greatest heat which it can 

bear without fusion. It is then to be reduced to powder 

; and washed with cold water till all the alkali and nitre are 

dissolved. The antimoniate of potash now remains. It is 
a white powder having an acrid and slightly metallic taste. 

; It is scarcely soluble in cold water, but dissolves readily in 
:i boiling water. This solution lets fall nothing on cooling. 

!i When evaporated to the consistency of a syrup, it deposites 
i| a white granular and very light powder. If the liquid be 
1 evaporated to the consistence of honey the whole congeals 

|j during cooling into a semitransparent pliable crust. "V^^en 
I evaporated to dryness it leaves a white enamel, which is 

j brittle and cracked in every direction. This salt contains 
|, 11-i. per cent, of water. It is very difficult to decompose it. 

t According to the experiments of Berzelius it is composed of 

Antimonic acid.. 79*2 .... 100 

I Potash .20*8 .... 26 

From this analysis it follows that the salt is a tritantimo- 

i niate, or a compound of 3 atoms acid with one atom potash, J 

I * Mem. Par. 1746 and 1748. t Macquer and Scheele. 

I I Berzelius, Nicholson’s Journal, XXXV. 88, 
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Book ITi 
Division II. 

16. Chro¬ 
mate. 

17. Molyb- 
aate. 

18. Tung- 
Sitate. 

Sp. 15. Antimonite of potash, Berzelius formed this salt 
by fusing together white oxide of antimony and caustic 
potash. He then washed off the potash by means of cold 
water, and dissolved the powder that remained in boiling 

water. This water when evaporated yields the salt in a state 
of purity. Its properties are very similar to those of anti- 
moniate of potash. According to the analysis of Berzelius, 

it is composed of 

Antimonious acid.. 76*6 .... 100 

Potash .23*4?.... 30*55 

This agrees nearly with the supposition, that it is a compound 

of 1 atom acid -f 1 atom potash, if the weight of an atom 

of antimonious acid be 20*875, as we have found it to be.^ 
Sp. 16. Chromate of potash. This salt has hitherto been 

examined only by Vauquelinf and John.f There are two 

subspecies of it. 1. The neutral chromate, of a lemon yel¬ 
low colour, which crystallizes in small prisms. When heated 
it becomes red, but assumes its natural colour on cooling. 

2. The bichromate, which has an orange-yellow colour and 

crystallizes in fine prisms. 

Sp. 17. Molybdate 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 crystallizes 
by evaporation in small rhomboidal plates inserted into 

each other. They are bright, and have a metallic taste. 

When exposed to the blow-pipe upon charcoal, they melt 
without 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 ammonia (6r 

microcosmic salt), they communicate a green tinge. Hot 
water dissolves them completely, and prussiate of potash 
occasions in this solution a reddish brown precipitate.§ All 
the strong acids precipitate the molybdic acid from solu¬ 
tions of this salt. 

Sp. 18. Tungstate of potash. This salt may be formed 
by dissolving oxide of tungsten in the solution of potash 
or carbonate of potash. The solution always retains an 

* Berzelius, Nicholson’s Journal, xxxv. 44. 

f Ann. de Chim. Ixx. 70. J Annals of Philosophy, iv. 425. 

^ Klaproth, Ann. de Chim. viii. 105. 
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excess of potash, refusing to dissolve the oxide before the Chap. il. 

alkali be completely neutralized. By evaporation the tung- 

state of potash precipitates in the state of a white powder. 

This salt has a metollic and caustic taste ; it is soluble in 
water, and very soon deliquesces when exposed 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 precipitate or triple salt is the 

molybdic acid of Scheele.* 
Sp. 19. Nitro-timgstate 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, if we except nitrated tiings- 
tate of potash^ which is the salt originally described by 
Scheele under the name of acid of tungsten. 

This salt is obtained in the form of a white powder; it 
has an acid and bitter taste, reddens the infusion of turn¬ 

sole, 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. 

Sp. 20. Columbate of potash. When columbic acid is 20. Colum^ 

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 disagreeable. 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 powder.f 

Sp. 21. Acetate of potash, Pliny is supposed, but pro-21. Acetate, 

bably without any reason, to have been acquainted with 
this salt, because he recommends a mixture of vinegar and 
vine-ashes as a cure for a particular species of tumor.J It 

was first clearly described by Raymond Lully. It has re¬ 

ceived a great number of names ; as, for instance, arcanum 
tartari, secret foliated earth of tartar, essential salt of wine, 
regenerated tartar, diuretic salt, digestive salt of Sylvius, 

It is usually formed by dissolving carbonate . of potash in 

distilled vinegar, and evaporating the solution to dryness 

* Vauquelln and Hecht, Jour de Min. No. 19, p. 20. 

t Hatchett’s Analysis of a Mineral from North America, Phil. Trans. 

1802, J Piinii,^ lib. xxiii. proceinium. 

5 
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Book II. in a moderate heat. The solution when concentrated 
Division II. ought to be filtered through animal charcoal, provided 

Products of vinegar has been employed in its preparation.* ** 
distillation. By this process it is obtained in fine w^hite plates. By a 

well managed evaporation it may be procured in regular 
prismatic crystals. This salt has a sharp warm taste. At 

the temperature of 60°, 100 parts of it are soluble in 102 
parts of water.f It is soluble also in alcohol. When ex¬ 

posed to the air, it becomes moist; but the crystals ob¬ 
tained by spontaneous evaporation scarcely 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 into 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.J 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 Trommsdorf and 

Proust himself have since shown that pure acetate of 
potash yields neither ammonia nor prussic acid. § When 

distilled along with white oxide of arsenic, it yields, ac¬ 

cording to Cadet, a white smoke, which has an odour in¬ 

tolerably offensive, and takes fire when it comes into con¬ 
tact with the air. 

The following table exhibits the constituents of this salt 
according to the experiments .hitherto made: 

tt tt §§ 
Acid- 38*5 - 47*98 _ 49*85 _51*52 
Base- 61*5 - 52*02 _50*15 _48*48 

Total-100 _100 _100 -....100 

Sp. 22. Benzoate of potash. There are two subspecies 

of this salt. 1. Neutral benzoate which crvstallizes in 
feather-shaped crystals. It has a sharp saline taste, is very 

soluble in w^ater, and deliquesces when exposed to the air. 

* Fequier, Ann. de Chim. Ixxxvi. 44. f Spieliuann. 

I Proust, Ann. de Chim. xlii. 231. § Ann. de Chim. Ixi. 111. 

** Higgins On Acetous Acid, p. 8. 

tt Richter, Statique Chimique, i. 136. 

Jt Wenzel, Verwandtschaft, p. 147. C§ Theoretic composition. 

6 

Composi¬ 
tion. 

22. Benzo- 
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"2. Bibenzoate. It crystallizes in small plates and needles, Chap. ii. 

which require ten times their weight of cold water to dis- 
solve them. It reddens vegetable blues, and has an acid 

^nd sweetish taste. When heated to redness part of the 

acid sublimes without decomposition, but part likewise is 
destroyed. An empyreumatic oil is formed, and some 

charcoal remains mixed with carbonate of potash.* 
Sp. 23. SiLccinate of potash. This salt,- according to 23. Succi- 

Leonhardi and Stockar, crystallizes in three-sided prisms. 

It has a bitter saline taste, is very soluble in water, and 

deliquesces when exposed to the air. When exposed to 

heat, it decrepitates and melts; and in a strong heat is de¬ 

composed. 
Sp. 24. Moroocylate of potash, Unkno\vn. 
Sp. 25. Camphomte of potash. To prepare this salt, 25. Cam- 

carbonate of potash is to be dissolved in water, and the 

solution saturated with camphoric acid. When the effer¬ 
vescence is over, the liquor is to be evaporated by a gentle 

heat to the proper consistence, and crystals of camphorate 
of potash will be deposited when the liquor cools. Cam¬ 

phorate .of potash is white and transparent; its crystals 

are regular hexagons. Its taste is bitterish and slightly 

aromatic. 
Water at the temperature of 60° dissolves of 

its weight of this salt; boiling water dissolves Lth part of 

its weight. It is soluble in alcohol, and the solution burns 
with a deep blue flame. When exposed 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 potash remains behind in a state of purity.f 

Sp. 26. Bohtate of potash. Described inp. 148 of this vol. 27. Suber- 

Sp. 27. Siiherate of potash. This salt ought to be formed 
by means of crystallized carbonate of potash. It crystal¬ 

lizes in prisms, having four unequal sides. It has a bitter 

saltish taste, and it reddens vegetable blues. It is very 
soluble in water. Heat melts it, and at last volatilizes the 

acid.:}: 

* Bucholz, Ann. de Chlm. Ixxxiv. 311. 

t Bouillon Lagrange, Ann. de Chim. xxvii. 24. 

X Ann. de Chim. xxiii. 52. 
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Book II. Sp. 28. Oxalate of potash Of this salt there are three 

j subspecies, the oxalate^ binoxalate^ and qiiadroxalate, 

28. Oxa- k5ubs|)ecies 1. Oxalate, This salt is easily formed by 
dissolving potash in oxalic acid ; but the solution does not 

readily crystallize unless there be a slight excess either of the 

acid or the base. A solution, composed of two parts of 

carbonate of jiotash, dissolved in one part of acid, yields 
six-sided prisms, not unlike the crystals of oxalic acid. 

These crystals fall to powder when heated. I’hey give a 

green tinge to litmus paper, but they redden tincture of lit¬ 
mus and syrup of violets.* 

When neutral, this salt crystallizes in flat rhomboids, 
commonly terminated by dihedral summits; the lateral 
edges of the prism are usually bevelled. Its taste is cooling 

and bitter. At the temperature of 50°, 100 water dissolve 

45 of salt. When dried on the sand bath, and afterwards 
exposed in a damp place, it absorbs a little moisture from 

the atmosphere. 

Subspecies 2. Binoxalate. This salt exists ready formed 

in oxalis acetosella or wood-sorrel, and in the rumex 

acetosa; from which it is extracted in some parts of 
Europe in great quantities. Hence it is known by the 

name of salt of wood-sorrel^ and in this country is sold 

under the name of essential salt oj lemons. It is mentioned 

by Diiclos in the Memoirs of the French Academy for 1668. 

Margraff’first proved that it contained potash; and Scheele | 
discovered its acid to be the oxalic. A great many interest¬ 
ing experiments had been previously made on it by Wenzel 

and Wiegleb. 
It may be formed, as Scheele has shown, by dropping 

potash very gradually into a saturated solution of oxalic acid ^ 

in water: as soon as the proper quantity of alkali is added, 

the binoxalate is precipitated. But care must be taken not 
to add too much alkali, otherwise no precipitation will take 
place at all.f Its crystals are small opaque parallelo- 

pipeds.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 not altered by expo¬ 
sure to the air. Heat decomposes it. The salt is capable 

of combining with most of the alkalies and earths, and of 

* Bergman,!. 260. t Crell’s Annals,i. 107. Eng, Transl. 

J Roui6 de Lisle. 
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forming with them triple salts, which have not been accu- Chap. ii. 

rately examined. Dr. Wollaston has shown that it contains 
exactly double the proportion of acid which oxalate of pot¬ 
ash contains.* , 

Subspecies 3. Qitadroxalate. This subspecies v/as disco¬ 

vered by Dr. Wollaston. When nitric or muriatic acids 
are made to act upon binoxalate 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 given it by 
Dr. Wollaston. This salt may be purified by a second 

crystallization. After this, if three parts of it be decom¬ 

posed by a red heat, and the alkali thus evolved be added 

to 1 part of the quadroxalate, it will just convert it into a. 
neutral oxalate.f 

Oxalate of potash ought to be composed of , 

Oxalic acid.4*5104.100 

• Potash.6 .133*0^ 

In my analysis' I obtained 100 acid -f 122*86 potash. 
But the acid which I used contained some water, which 
destroyed the accuracy of the conclusions. Berard’s analy*^ 
sis is much more erroneous than mine.:|: Vogel of Bayreuth 

obtained Acid... 100 

‘ ' Base .. 132*55 

■ which is very near the truth.§ 
29, Mellate of potash. When mellitic acid is neu-29. Mellate. 

tralized by potash, the solution crytallizes in long prisms. [| 

The acid appears capable of combining with this salt, and 
forming a supermellate of potash : for when the mellite (or 

native mellate of alumina) is decomposed by carbonate of 

potash, and the alkaline solutions mixed with nitric acid, 
crystals are obtained, consisting of mellitic acid combined 

with a small portion of potash.** 
Sd. 30. Tartrate of potash. Of this salt there are two so. Tar- 

subspecies. The .first, which contains 2 atoms acid to 
one of potash is usually called tartar ; the second, which is 

neutral, was formerly distinguished by the name of soluble 

* By the analysis of Vogel of Bareuth, it contains 12'63 per cent, of 
water. The crystals, therefore, are composed of 1 atom anhydrous bin¬ 

oxalate and 2 atoms water. 

4 Wollaston, on superacid and subacid salts. Phil. Trans. 1808. 

J Ann. de Chim. Ixxiii. 269. § Annals of Philosophy, v. 30. 

j| Klaproth’s Beitrage, iii. 131. 

Vauquelin, Ann. de Chim. xxxvi. 209. 

VOL. n. 2 F 
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Book II. 
Division II. 

History. 

tartar^ because it is much more soluble in water than the 

first variety. 
Subspecies 1. Bitartrate of potash. This salt is obtained, 

in a state of impurity, incrusted on the bottom 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 deposites the pure salt in very irregular crys¬ 

tals. In this state it is sold under the name of crystals or 

cream of tartar. This salt attracted the peculiar attention 

of chemists, probably in consequence of the extravagant 

encomiums and invectives bestowed on it by Paracelsus, 
It is called tartar, says he, because it produces the oil, water, 

tincture, and salt, which burns the patient as hell 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 Helmont, who 

gives a pretty accurate account of the formation 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 disputed point among chemists, whether 

that alkali existed in it ready formed. Duhamel, Margrafii 
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. 

The crystals of tartar are very small and irregular. Ac¬ 

cording to Monnet, they are prisms, somewhat flat, and 

mostly with six sides. Dr. Wollaston, to whom I gave some 
pretty large fragments of crystals of tartar, was good enough 

to investigate the primitive form of the crystals of this very 

difficult salt. He considers it as a prism, the section of 
which is a rectangle, having its sides nearly as 8 to 11, ter¬ 

minated at each end by dihedral summits placed transversely, 

so that the sides of one summit meet in one diagonal and the 
c5 

sides of the opposite meet in the other at angles of 794-° 
This constitutes a form to which all the modifications of the 
salt may be referred, and from which they may be calculated, 

if we conceive the sides of this prism shortened till they are 
reduced to nothing, the summits will then form a scalene 
tetrahedron, the sides of which are four similar triangles 

inclined to one another at angles of 794-°, 77°, and 534-°. 

* Tartari Vioi Historia, Van Helmont, p. 224. 
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this tetrahedron be moved in the direction of its shortest Chap. ii. 

diagonal, it describes the first prism, and the splits of that " 

prism are the planes described by all the edges of the tetra¬ 

hedron. 

Tartar has an acid, and rather unpleasant taste. It is Properties, 

very brittle, and easily reduced to poAvder. Its specific gra¬ 

vity is T953.* It is soluble in about 60 parts of cold water. 
When boiled in water, the liquid takes up nearly 

part of the salt.f It is not altered by exposure to the air; 
but when its solution in water is allowed to remain for some 

time, the salt is gradually decomposed, a mucous matter is 

deposited, and there remains in solution carbonate of potash . 
coloured with a little oil. This decomposition was first 
accurately described by Berthoilet in 17824 

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 examined by chemists ; because, 

before the discovery of the tartaric acid by Scheele, distil¬ 
lation was the only method thought of for obtaining any 

knowledge of the acid part of tartar. These products are 
an enormous quantity of gas, consisting of carbonic acid 
and carbureted hydrogen, an oil, and an acid; and, accord^ 

ing to some chemists, carbonate of ammonia. The acid ob- Pyro-tartar*’ 

tained is called pyrotartaric acid. 

The tartar of commerce is never quite pure. All the 
specimens which I had an opportunity of examining con¬ 

tained rather more than 5 per cent, of tartrate of lime. A 
number of specimens were examined by Vauquelin and 

Boullay; they found the tartrate of lime to vary from 5 to 

6 per cent.§ 
Subspecies 2. Tartrate of potash. This salt is usually 

prepared by adding at intervals tartar in powder to a hot 

solution of carbonate of potash till all effervescence ceases. 

The solution is then boiled for some lime, and afterwards 
evaporated till a pellicle forms on its surface. On cooling, 

the tartrate of potash crystallizes in flat four-sided rectan¬ 
gular prisms, terminated by dihedral summits. This salt 
has an unpleasant bitter taste. Its specific gravity is T5567.!i 

* Hassenfratz, Ann. de Chim. xxviii. 12, 

+ Wenzel, Verwandtschaft, p. 311. J Mem. Par. 

§ Ann. de China. Ixii. 41. 11 Hassenfratz, Ann, de China. xxviii» 12, 
2 F 2 

ic acid. 
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Book II. According to Wenzel, it is soluble in its own weight of 
Divis^n II. temperature of 50°, and still more soluble in 

hot water.* When heated it melts, swells up, blackens, 
and is decomposed. It contains just half the proportion of 
acid which exists in tartar. The composition of this salt, 
according to the most accurate analyses hitherto made, is 
as follows: 

t I § 
Acid_ 58 - 58-69.... 58*27 
Base..... 42.... 4TS1 .. .. 4T73 

100 100 100 

Sp. 31. Tartrate of potash-and^ammonia. This triple 
salt may be formed by pouring ammonia into supertartrate 
of potash. Its crystals, according to Macquer, are prisms 
with four, five, or six sides: according to the Dijon acade¬ 
micians, parallelepipeds, with two alternate sloping sides. 

It has a cooling taste. It is soluble enough in water. It 
effloresces in the air. Heat decomposes it. 

32. Citrate. Sp. 32. Citrate of potash. This salt may be formed by 
dissolving carbonate of potash in citric acid, and evaporat¬ 
ing the solution to the requisite consistency. It is very 
soluble in water; does not crystallize easily; and readily 
deliquesces when exposed to the air. It is composed, ac¬ 
cording to Vauquelin, of 

55*55 acid 
44*45 potash 

100*0011 

Its true composition is 

Acid.55*13 
Base.44*87 

100*00 

which agrees very well with the analysis of Vauquelin. 
This salt, or rather its solution in water, is often employed 

in this country as a medicine to allay sickness, and put a 
stop to vomiting. 

Sp. 33. Rewnate of potash. Small crystals which do not 
deliquesce. Taste rather acrid.** 

* Verwandtschaft, p. 308. f By ray analysis. 
J Berzelius, Ann. de Chim. Ixxxii. 30. § Theoretic composition. 
II Fourcroy, vii. 207. ** Annals of Philosophy, viii. 252. 
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Sp. 34*. Kinate of potash. Unknown. Chap. ii. 
Sp. 35. Saclactate of potash. Small cr3^stals soluble in 

eight times their weight of boiling water.* 

Sp. 36. Urate of potash. A white powder nearly similar 

to uric acid in appearance and solubility. It is soluble in 
potash lye. 

Sp. 37. Laccate of potash. Unknown, 

i Sp. 38. Malate of potash. A deliquescent and a very 
I soluble salt. It does not crystallize. 
i Sp. 39. Sorbate of potash. The neutral sorbate does not 

> crystallize. The bisorbate forms permanent crystals solu- 
[ ble in water, but insoluble in alcohol.f 

; Sp. 40. Formate of potash. Not hitherto examined. 
Sp. 41. Lactate of potash. This salt may be obtained 41. Lactate, 

[ by adding lactate of lime to a warm solution of carbonate 
I of potash till the alkali is saturated. It forms when eva- 

( porated to dryness a gummy, 3^eliowish brown, transparent 
L mass, which cannot easily be made hard. It dissolves 
[ readily when pure in hot alcohol. When sulphuric acid is 

j poured upon this salt, no smell of acetic acid is given out; 
1 but when heat is applied to the mixture a disagreeable 

j pungent smell may be perceived. The smell is observed 
r when sulphuric acid is heated with any animal substance.^ 

Sp. 42. Zumate of potash. Described p. 189 of this vol, 

Sp. 43. Gallate of potash. 
Sp. 44. Tannate of potash. Not examined. 

The composition of the salts of potash may be deter- 
I mined by conceiving them to consist of an atom of potash 

J united to an atom of each of the acids. Potash weighs 6, 
1 and the weight of the acids has been given in a preceding 

j part of this volume. In the bisalts the potash is united 

i with two atoms of acid. In the subsalts an atom of acid is 
united to two atoms of potash. 

Of all the salts of potash the most useful are the car¬ 
bonate, the nitrate, and the tartrate. 

SECT. III. 

SALTS OF SODA, 

1. In general the salts of soda are much more soluble in General 

water than the salts of potash. Many of the salts of potash 

» Scheele on Sugar of Milk. f Donovan. 

I Berzelius, Djurkemien, ii. 435. 
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Book IL contain no water of crystallization, but most of the salts of 
Division II. , . ill 

V ^ > soda contain a great deal. 
2. When exposed to a red heat they usually speedily 

melt into a liquid, in consequence of the great quantity of 
water which they contain. If the heat be continued the 
water is driven olF, and the salt converted into a white 

powder. When the heat is urged farther, if the acid be of 

a combustible nature, it is destroyed; if it be volatile, 
it is driven off; but if it be fixed, the salt melts again at a 

red heal, and continues in a liquid state as long as the 

temperature is kept up. The salt, on cooling, is in the 

state of an opake white mass, and is usdally destitute of 

water. 

3. No precipitate is produced in solution of salts of 

soda by tartaric acid, or nitromuriate of platinum; nor 

does sulphate of alumina added occasion the formation 
of octahedral crystals of alum : nor is any precipitate pro¬ 

duced by infusion of nutgalls or ferrocyanate of potash, 

except when the basis of the acid happens to be a metal. 

4. One of the easiest methods of ascertaining whether 

the base of a given salt be soda, is to determine the shape 

of the crystals which it forms. If it does not shoot into 
regular crystals, separate the acid by means of sulphuric 

or nitric acid, and let the new formed salt crystallize. Sul* 
phate or nitrate of soda are easily recognised by the figure 
of their crystals. 

1. Nitrate. Sp. 1. Nitrate of soda. This salt was obtained at first 
by distilling a mixture of common salt in nitric acid in a 

retort, dissolving the residue in water, and evaporating. 

It was called cubic ?iitre, and is occasionally mentioned by 

the chemical writers of the early part of the last century; 
but it was MargrafF who first analysed it, pointed out the 
method of procuring it in a state of purity, and described 

its properties with accuracy.* His experiments were after¬ 

wards 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 transparent, 

and have a rhomboidal form. This salt is of the specific 

gravity 2*0964.1: It has a cool sharp taste, and is some¬ 

what more bitter than nitre. It is soluble in about three 

* Opusc. ii. 331. f Phil. Com. p. 642. 
t liassenfratz, Ann. de Chlra. xxviii. 12. 
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parts of water at the temperatui*e of 60^, in its own weight 

! of water at the temperature of 126°,* and in less than its 
weight of boiling water. When exposed to the air it 

; rather attracts moisture. Its phenomena in the fire are the 
same with those of nitre, excepting that it does not melt so 

* easily. 

The following table exhibits the result of the accurate 
I experiments hitherto made to ascertain its constituents : 

t t § 
Acid .. 62*1 .... 62*5 .... 62*81 
Base. 37*9_37-5_37*19 

Total.100 100 100 

Sp, 2. Nitrite of soda. Not hitherto examined. 

Sp. 3. Carbonate of soda. This salt has been, also very g. Carbon- 

long known. It is usually obtained by burning and lixi- ^^^* 
f viating marine plants, or by decomposing common salt. 

[ In commerce it is called barilla or soda. In that state, 

however, it is never perfectly pure, containing always a 
mixture of earthy bodies, and usually common salt; but it 

i ma}^ be purified by dissolving it in a small portion of water, 

i filtrating the solution, and evaporating it at a low heat, 
skimming off the crystals of common salt as they form on 

I its surface. II Of this, like the carbonate of potash, there 

are two subspecies; the first a bicarbonate, the second a 

:i simple carbonate. 

Subspecies 1. Bicarbonate. Though this salt occurs na- History, 

tive in Africa in considerable quantities, it was not distin- 
j guished from the soda of commerce, which is a carbonate, 
i possessing very different properties, till, in 1802, Klaproth I published an account of it in the third volume of his works.** 

It is found in the province of Sukena near Fezzan, and is 

called trona by the natives. It is crystallized in hard 

\ striated masses, not altered by exposure to the air, and of 
1 such hardness that the walls of Cassar, a fort now in ruins, 
i are said to have been built of it. 

This bicarbonate may be formed artificially by exposing 
j the common carbonate of soda to an atmosphere of carbo» 

j ■'* Wenzel, p. 309. + Richter, Statique Chimique, i. 36. 

I i Wenzel, Verwandtschaft, p. 81. S Theoretic composition. 
II See a detail of the different plants from which this substance is pro- 

j cured, and of the method of procuring them, in the Annales de Chimi«, 
I vol, xlix. 267. * * Beitrage, iii. 83 
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Book II. nic acid gas. In that situation it does not deposit crystals 
Division . bicarbonate of potash, but forms a solid shapeless mass, 

having some resemblance to the African bicarbonate. 
When the bicarbonate of soda is exposed to a red heat, 

it loses its water of crystallization, and one half of its acid. 

Its constituents, as determined by the experiments of Klap¬ 
roth, are as follows: 

Acid.   39 

Base.38 
Water.23 

100 

The pure bicarbonate of soda is composed of 

Carbonic acid. 45*632 

Soda.31*368 
Water. 23*000 

100*000^ 

Hence it is obvious that the African bicarbonate had 

lost a portion of its acid, or had never been fully saturated 

with carbonic acid. If we suppose this salt to be a com¬ 

pound of 1 atom of anhydrous salt and 2 atoms of water, 

the water would amount to 19 per cent., instead of 23. If 

we add the 4 which Klaproth places to the account of the 
water to the acid, it would raise it to 43, which would make 

Klaproth’s analysis approach somewhat nearer to the truth. 
Subspecies 2. Carbonate. This is the common carbonate 

of soda of commerce. It forms large and beautiful crystals, 

the primitive form of which is supposed to be an octahedron 
composed of two four-sided pyramids with rhomboidal 
bases, applied base to base. But I am not aware that 

this form has ever been met with. At least I have 
never seen it myself, though I have examined several 

hundred fine crystals of this salt. The usual crystal is the 

preceding with the opposite acute angles of the rhomboidal 

base pretty deeply trun¬ 

cated, somewhat similar 
to the outline given in 
the margin. 

Its taste is precisely the same with that of the carbonate 

* Dr. Wollaston has shown that when this salt is exposed to a red 
heat it loses exactly one half of its acid, and is converted into common 
carbonate. Phil. Trans. 1808. ^ 
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I of potash. Its specific gravity is 1*3591.* It is soluble in chap. IT. 
two parts of cold water, and in rather less than its weight of 

1 boiling water. So that when dissolved in boiling water it 

crystallizes as the solution cools. When exposed to the 

air, it very soon effloresces and falls to powder. When 

heated, it undergoes the watery fusion ; indeed the soda of 

) commerce sometimes contains so much water of crystal- 
, lization, that, when once melted, it remains permanently 

. liquid. If the heat be continued, the water gradually evapo- 
; rates, and the salt becomes dry. In a red heat it melts 

; into a transparent liquid. A very violent heat drives off a 
part of its acid. This salt melts rather more ^silj^ than 

: carbonate of potash, and for that reason it is preferred by 

glass manufacturers. 

Its constituents, according to the best analyses of it 
hitherto made, are as follows: 

ft? f !1 
Acid... 16.. 16.. 14*42.. 40*14.. 14*16.. 14*38 
Base... 20.. 22.. 21*58,. 59*86.. 20*60.. 20*92 
Water.. 64 .. 62 . . 64 .. .. 65*24 . . 64*70 

Total ..100 100 100 100 100 100 

The crystals are composed of 1 atom of the anhydrous 

\ salt 4-11 atoms water. 

Sp. 4. Borate of soda. Of this salt there are two sub- 4, Borate. 

|j species, namely, borate of soda and borax. 
Subspecies 1. Borate. This salt, which may be formed 

by saturating borax with boracic acid, has never been 

examined. Bergman informs us, that about half its weight 
of boracic acid is necessary to saturate borax.ff Its specific 

gravity is 1*351.It is soluble in 2*5 of water at the tem¬ 

perature of 147^.§J From the experiments of Wenzel, the 
proportion of its constituents seems to be j| |j 

Hassenfratz, Ann. de Chim. xxviii. 12. 

f Bergman, Opusc. i, 18; and Fourcroy, Systeme de Connolsances, 

I iv. 56. Engl. Trans. 

i Klaproth, iii. 65. Engl. Trans. 

§ Kirwan, Nicholson’s Jour. iii. 215. || By my analysis. 

** Theoretical composition. 

+ t Bergman, iii. 325. According to Withering, twice its weight is 

I necessary. Bergman’s Sciagraphia, p. 26. Eiig. Trans. 

^ Hassenfratz, Ann. de Chim. xxviii. 12. 

' Wenzel, Ibid, p. 309. |||| Verwandtschaft, p. 248, 

3 
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Acid  ..200 
Base...44 

But no confidence can be put in this analysis. Berzelius 
attempted to ascertain its composition, but met with diffi¬ 
culties which he was unable to surmount. 

History. Subspecies 2. Borax. This salt, the only one of the 

borates which has been accurately examined, is supposed 
to have been known to the ancients, and to be the sub¬ 
stance denominated chrysocolla by Pliny. At any rate, it 

is mentioned by Geber as early as the ninth century under 
the name of borax. Its composition was first pointed out 

by Geoffroy in 1732, and by Baron in 1748. Bergman was 
the first who demonstrated that it has an excess of base, and 

and is therefore in the state of a sub-borate. 
This salt is brought from the East Indies in an impure 

state, under the name of tinkal, enveloped in a kind of 

fatty matter, which Vauquelin has ascertained to be a soap 
with soda for its base. When purified in Europe, it takes 

the name of borax. ’I'he purification was formerly per¬ 
formed by the Dutch, and of late by the British; but the 
process which they follow is not known. Valmont 

Bomare informs us that they extract 80 parts of pure 
borax from 100 parts of tinkal. The operations are con¬ 

ducted in leaden vessels, and consist chiefly in repeated 
solutions, filtrations, and crystallizations. Valmont Bomare 

suspects that they employ lime-water; and Fourcroy has 

shown that this might be useful in decomposing the soap in 

which crude borax is enveloped.* ^ 
Properties. Borax, thus purified, may be obtained crystallized in 

hexangular prisms, of which two sides are much broader 

than the remainder, and terminated by triangular pyra¬ 

mids. It is of a white colour. Its specific gravity is 
1*740.t It converts vegetable blues to "reen. Its taste is 

styptic and alkaline. 

It is soluble, according to Wallerius, in 20 times its 

w’eight of water of the temperature of 60°, and six times its 
weight of boiling water. 

Boole II. 
Division II. 

* Fourcroy, iii. 330. 
+ Kirwan. Wallerius makes it 1-720 (Chennstry, p. 260); Dr. 

Watson, 1-757 (Essays, v. 67.) 
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When exposed to the air it effloresces slowly and Chap. IL 

slightly. 
When heated, it swells, loses about four-tenths of its 

weight, becomes ropy, and then assumes the form of a light 

porous, and very friable mass, known by the name of caU 

cined borax; in a strong heat it melts into a transparent glass 

still soluble in water. 
When two pieces of borax are struck together in the 

dark, a flash of light is emitted.* 

This salt, according to Bergman, is composed of 

34 acid 

17 soda 
49 water 

i loot 

If these proportions were accurate they would indicate 13 atoms of acid united to 1 atom of soda. But no confi¬ 

dence can be placed in them. The analysis of Gmelin, 

however, agrees exactly with that of Bergman, in the pro¬ 

portion of acid and base. He found it a compound of 

Acid. 
Soda. 

Water. 

loo-oj 

Sp. 5. Silicate of soda. This salt may be easily formed 

[ by fusing 2 parts by weight of soda with 1 part of silica. 
1 The mixture melts into a transparent glass, which attracts 

I moisture when exposed to the air, is soluble in water, and 
: is then known by the name of Ikiuor silicum. Glass is a 

i supersilicate of soda, usually containg a great excess of ‘ 

j silica. 
: Sp. 6. Phosphate of soda. This salt exists ready formed 6* Pfeos^ 

I in urine, and was the first known of all the phosphates. It 
I occupied a good deal of the attention of chemists; and the 

, difficulty of analysing it gave occasion to various hypotheses 

concerning its nature. Hellot remarked it in urine; and 

Accum, Nicholson’s Jour. ii. 28. 
+ Bergman’s notes on Scheffer, p. 100. 

X Schweigger’s Journal, xv, 245. 

( 
1 
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Book II. described it, in 1737^ as a salt different from those that had 
Divismn II. uguaijy been observed. Haupt described it in 1740 under 

the name of sal mirahlle perlatum^ or wonderful perlated 
salt.’’ It was called perlated from the grey, opaque, pearl¬ 

like colour which it assumed when melted by the blow-pipe. 

Margraff examined it in 1745, and found it would not yield 
phosphorus when treated with charcoal as the other salts of 

urine did, but ascertained that it contained phosphoric acid, 

llouelle the Younger analysed it in 1776; and concluded 

from his experiments that it was a compound of phosphoric 

acid and soda*; but Mr. Proust, being unable to obtain 
phosphorus from it, concluded that its acid was not the 

phosphoric, but another analagous to the boracic.f To this 
substance, which Mr. Proust actually obtained, Bergman 

gave the name of perlated acid, and Morveau afterwards 
called it ouretic acid. But Mr. Klaproth soon after ana¬ 

lysed it, and proved that it consisted of soda supersaturated 
with phosphoric acid. J Scheele soon after made the same 

discovery.§ The acid of Mr. Proust, then, is merely phos¬ 

phate of soda combined with phosphoric acid, or biphos¬ 
phate of soda. 

Dr. Pearson, who introduced it into medicine as a purga¬ 
tive, gave the following process for preparing it: 

Prepara- Dissolve in a long necked matrass 1400 grains of crvs- 

tallized carbonate of soda in 2100 grains of water at the 

temperature of 150°. Add gradually 500 grains of phos¬ 

phoric acid of the specific gravity 1*85. Boil the liquor for 
some minutes; and while it is boiling hot, filtrate it, and 
pour it into a shallow vessel. Let it remain in a cool place, 
and crystals will continue to form for several days. From 

the above quantities of materials he has obtained from 1450 

to 1550 grains of crystals. Apothecaries usually prepare it 
from the superphosphate of lime, obtained from bones by 

means of sulphuric acid. An excess of carbonate of soda is 
added to separate the lime. The liquid is then filtered and 

evaporated slowly till it crystallizes. 

Properties. Its crystals are rhomboidal prisms, of which the acute 
angles are 60°, and the obtuse angles 120°, terminated by 

a three-sided pyramid. Its specific gravity is 1*333.11 

* Jour, de Med. 1776, Juillet. f Jour de Phys. 1781, i. 145. 

J CrelPs Annals, 1785, i. 238. § Ibid. ii. 387. 

II Hassenfratz, Ann. de Chim. xxviii. 12. 
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1 
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taste is cooling and urinous but not disagreeable. It is so- Chap. ii. 

luble at the temperature of 60° in about four parts of water, 

and in two parts of boiling water. This solution crystal¬ 
lizes on cooling; but, in order to obtain the salt properly 
crystallized, the solution should contain a slight excess of 

alkali. When exposed to the air, this salt very soon efflo¬ 
resces on the surface. When heated, it undergoes the 

watery fusion. At a red heat it melts into a white enamel. 

Before the blow-pipe it melts into a transparent globule, 
which becomes opaque on cooling, and its surface acquires 

a polyhedral figure. 
It is not altered by combustibles nor metals. With me¬ 

tallic oxides it enters into fusion, and forms a coloured glo¬ 

bule of glass. Sulphuric, nitric, and muriatic acids, decom- Biphos- 

pose it partially, and convert it into biphosphate of soda. In 

this state it is more soluble in water, and not so easily crys¬ 
tallized ; but may be obtained by proper evaporation in the 

state of thin scales, not unlike boracic acid. It was this 
biphosphate which Proust obtained, and which he considered 

as a peculiar acid. 
The greater number of earths may be fused along with 

this salt, and converted into glass. 

This salt is composed as follows: 

* * .j. 
Acid-20-33_100_100 

Base..., 17*67.... 87.... 88*8 
Water .. 62*00 

100 

The crystals are composed of 1 atom anhydrous salt + 

114 atoms of water. In my experiments on this salt, I found 
I the water of crystallization rather more than 62 per cent, 

though probably it is less than 63. 

Sp. 7. Ammonio-phosphate of soda. Though this salt, 

known to chemists by the names of microcosmic salt and fu¬ 
sible salt of urine^ was extracted from urine, and examined 

much sooner than any of the other phosphates, it was long 
i before philosophers were able to form precise notions con- 

i cerning its nature, or even to obtain il in a state of purity. 

• Berzelius, Aun. de Chim. et Phys. ii. 161, 
t Theoretical composition. 



446 SALTS. 

Book II. Margraff was the first who pointed out the method of pro* 
Division II. curing it pure, and who published a detailed description of 

its properties. He showed that it contained ammonia, and 

that it yielded phosphorus; but he did not succeed in disco¬ 
vering its whole constituents.^ Fourcroy was the first who 

gave a precise account of the proportion of its component 
parts.f According to him, it is composed of 

32 acid . 
24 soda 

19 ammonia 

25 water 

100 

10. Sul¬ 
phate, 

Pfoperiies. 

The properties of this salt are nearly those of the phos¬ 
phate of soda and phosphate of ammonia joined together. 
It answers better than the first of them as a flux; because 
the heat soon drives off the ammonia, and leaves an excess 

of acid. Its specific gravity is l*509.f When exposed to 
the air, this salt effloresces, and gradually loses its ammo¬ 

nia ; a fact first observed by the Duke de Chaulnes. Mar¬ 
graff had observed that the ammonia is dissipated when the 

solution of it in water is evaporated. 
Sp. 8. Phosphite of soda. This salt has not been hitherto « 

described. 
Sp. 9. Hypophosphite of soda. This salt is very soluble s 

in water and equally soluble alcohol. A detailed account of i 
its properties has not been hitherto published.^ 

Sp. 10. Sulphate of soda. This salt was first discovered! 
by Glauber, a German chemist, and for that reason was long | 

known by the name of Glauber's salt. He himself called it |i 

sal mirahile. It may be prepared by saturating soda with i 
sulphuric acid; but it is more usually obtained by decom- - 
posing common salt in order to procure muriatic acid. Like k 

the sulphate of potash, it is capable of existing in tw'o states. 
In the one it is neutral, in the other it has an excess of acid.. 

Subspecies 1. Sulphate. This is the state in which tlieii 
salt usually occurs in commerce, being prepared in great: 

quantities by the manufacturers of sal ammoniac. Its crys- 

Opusc. i. 123. t Ann. de Chim. vii. 183*. 
Hassenfiatz, Ann. de Chim. xxviii. 12. 

^ Ann. de Chim. et Phys. ii. 142. 
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, tab are transparent, and when formed by slow evaporation, 
I are six-sided prisms, terminated by dihedral summits. I'he 

I sides of the prisms are usually channelled, and the crystals 

i are almost always exceedingly irregular. Its specific gravity, 

: according to Wallerius, is 2*246 Dr. Watson, by a me- 
^ thod not susceptible of much precision (on account of the 

ready solubility of this salt), found it l*380.f 
|| Its taste at first has some resemblance to that of common 
j salt, but soon becomes very disagreeably bitter. It is solu- 

ilble in 2*80 times its weight of water at the temperature of 
( 60°, and in 0*8 of boiling water.J When heated to red- 
;; ness, so as to drive off its water of crystallization, and then 

1: pounded in a mortar, it dissolves in 3*3 its weight of water at 
ii the temperature of 144°. J When exposed to the air, it loses 

ij| great part of its water, and falls into a white powder, jj but 

i| it is not otherwise altered. It loses about 56 per cent, of its 

weight.** 
' When exposed to heat, it first undergoes the watery fu^ 

i 5m7z,f'j' then its water is evaporated, it is reduced to a white 

powder, and in a red heat it melts. Mr. Kirwan has ob- 
jj served, that part of the acid, as well as the water, is driven 
! I off by the application of a strong heat.Jf 

I ’ Its constituents, according to the most accurate analyses; 

hitherto made, are as follows : 

§§ illl ttt 

Acid .. 23*52 .. 55*7 .. 56 .. 24*76 
Base .. 18*48.. 44*3.. 44.. 19*24 
Water . 58*00., 56*00 

Chap. IL 

+ 1'+ 
+ 4-4- 

52*78 
47*22 

§§§ 
24*4 

19*6 
56*0 

100 100 100 100 100 100 

! « Wallerius’ Chemla Physica, 2Q6, f Chemical Essays, v. 66. 

1 1 Bergman, i. 133. § Wenzel, p. 309. 

. , H Substances which fall to powder in this manner are said to effioresce. 

> I Wenzel, p, 312. 

ft When substances, on the application of heat, melt by means of the 

: ; water they contain, they are said to undergo the watery fusion.' 

i I f 1 Irish Transactions, v. 

; Kirwan, Nicholson’s Quarto Jour. iii. 215. 

!! ill! Wenzel’s Verwandtschaft, p, 56. 

>1 i * * % Kirwan, Ibid. The two first analyses were made upon the crys- 

.1 tals of the salt, the two last upon the salt supposed free from water. 

T f + f Berzelius, Anri, de Chim. Ixxxii. 33. 

I; ttt Berard. Ann. de Chim. Ixxi. 69. § § § Theoretical composition. 
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Book IL The crystals of this salt are composed of 1 atom anhy« 
Division II. sulphate +10 atoms water. 

Subspecies 2. Bisulphate, When the sulphate of soda 

is dissolved in sulphuric acid, if the solution be set aside, 

it deposites spontaneously large rhomboidal crystals which 

contain an excess of acid. They effloresce in the air, and 

lose their excess of acid when moderately heated* At the 

temperature of 66° they dissolve in twice their weight of 
water.f 

Sp. 11. Ammonio sulphate of soda. This salt was first 
described by Link, who formed it by saturating supersul¬ 

phate of soda with ammonia. Seguin formed it by mixing 

together the solutions of sulphate of soda and sulphate of 
ammonia, and evaporating the mixture. The triple salt is 
obtained in crystals. These crystals are regular* and are 

not altered by exposure to the air. Their taste is pungent 
and bitter. When heated they decrepitate and swell, am¬ 

monia is first disengaged, and supersulphate of ammonia 

and sulphate of soda remain. Soda decomposes it by 
driving off the ammonia.* 

According'to Link it is composed of 

5 parts sulphate of soda 

9 parts sulphate of ammonia 

14f 

Sp. 12. Sulphite of soda. This salt was first accurately 

described by Fourcroy and Vauquelin. It is white and 
perfectly transparent. Its crystals are four-sided prisms, 

with two very broad sides and two very narrow ones, ter¬ 

minated by dihedral summits. Its specific gravity is. 

2*9566. J Its taste is cool and sulphureous. It is soluble i • 

in four times its weight of cold water, and in less than its i- 

weight of boiling water. By exposure to the air it efflo-1- 
resces, and is slowly converted into a sulphate. When ex- - 
posed to heat it undergoes the watery fusion, and after- • 
wards exhibits precisely the same phenomena as the sulphite i 

of potash. Metallic oxides and salts affect it precisely as i 

* Jour, de Min. An. 10. p. 80. f Creirs Annals, 1796, I. 30. i 

J Link, Crell’s Annals, 1796, i. 27. 

§ Hassenfratz, Aim, de Chim. xxviii. 12. 
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they do sulphite of potash. The composition of this salt Chap, ii, 

must be as follows: 
Acid.... 24*5 
Soda.... 24*5 
Water, .. 51*0 

100-0 

The crystals are composed of 1 atom of anhydrous salt 
4- 8 atoms water. 

Sp. 13. Arseniate of soda. When arsenic acid is satu-i3-Arseni¬ 

rated with soda, it yields by evaporation crystals of arseni- 

ate of soda, which, according to Scheele, are similar to 

those of the super-arseniate of potash: but, according to 

Pelletier, are regular 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 is added, this salt does 

not crystallize; and when evaporated to dryness, attracts 

moisture again from the air.* 
Sp. 14. Arsenite of soda. A yellow viscid liquor with a 

nauseous odour. It does not crvstallize. 

Sp. 15. Antimoniate of soda. Not examined. 
Sp. 16. Chromate of soda. This salt has been examined i6. Chro^ 

by John.f When the acid is neutralized by soda, it forms 

a dark yellow solution, which by spontaneous evaporation 

forms thin six-sided tables, with two long and four short 

faces. They are transparent, easily soluble in water, and 
do not alter vegetable blues. They dissolve very sparingly 

in alcohol. 

Sp. 17. Molybdate of soda. This salt is very soluble in 
water. The solution, by evaporation, yields transparent 

crystals not altered by exposure to the air.f Neither the 
molybdate of potash nor soda can be volatilized by heat. 

Sp. 18. Tungstate of soda. This salt may be obtained is. Tung- 

bv dissolving tungstic acid in a solution of soda. When 
the solution is evaporated, the tungstate of soda crystal¬ 
lizes in elongated hexahedral plates. 

It has an acrid and caustic taste; it is soluble in four 
parts of cold water, and in two parts of boiling water, 

* Scheele, i. 144. f Annals of Philosophy, iv. 4^5.' 
X Heyer, Gren's Handbuch, iii. 709. 

VOL. 11. 2 0: 
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Book II. Sulphuric, nitric, muriatic, acetic, and oxalic acids, oc- 
IT ^ 

jjivis^on u casion a precipitate in its solution, which is a triple salt, 

varying according to the acid employed. Phosphoric acid 
occasions no precipitate, nor is any precipitate produced 

when sulphuric acid is dropped in after phosphoric acid. 

No precipitate is occasioned by the sulphates of potash and 

of magnesia; but a white precipitate is occasioned by the 
following salts: 

1. Muriates of lime and barytes; alum. 

2. Almost all metallic salts.* 

Sp. 19. Columbate of soda. Unknown. 

2a. Acetate. Sp. 20. Acetate of soda. This salt, which seems to have 
been first examined by Baron, was formerly known by the 
absurd name of crystallized foliated earth. It is usually 

prepared by saturating acetic acid with carbonate of soda, 
and evaporating the solution till a thin pellicle appears on 

its surface. When the solution is allowed to cool, the 
acetate of soda crystallizes in striated prisms, not unlike 

those of sulphate of soda. It has a sharp taste, approach¬ 

ing to bitter. It is soluble in 2*86 parts of water at the 
temperature of 60°.f Its specific gravity is 2*1.J It is 

not affected by exposure to the air. When heated, it first 

loses its water of crystallization; in a strong heat it melts; 
and in a still stronger its acid is destroyed. This salt can 

only be obtained in crystals when there is an excess of alkali 
in the solution. 

The constituents of this salt, according to the best 

analyses hitherto made, are as follows: 

j j| ** 

Composl- Acid.. 60-39 ,, 63-28 ,, 61*689 .. 86*95 .. 61*45 
Base.. 39*61 .. 36*72 .. 38*311 .. 22*94 .. 38*55 
Water. 40*11 

Total.. 100 ..100 ..100 ..100 ..100 

Sp. 21. Benzoate of soda. The crystals of this salt are 

* Vauquelln and Hecht, Jour de Min. No. 19, p. 20. 
1 Bergman, V. 78. ]: Hassenfratz, Ann. de Chim. xxvlll. 12. 

§ Wenzel, p. 147. || Richter, Statique Chimique, i. 13d. 

** Berzelius, Anji. de Chim. Ixxxii. 113. 

14 Theoretical composition. 
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larger, but its taste is the same with that of benzoate of Chap. ii. 

potash. It is also very soluble in water. It effloresces in 
the air. 

Sp. 22. Succinate of soda. When pure succinic acid is 22. Succi- 

saturated wdth soda, the solution by spontaneous evapora- 
tion yields beautiful transparent crystals of succinate of 

soda 5 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 common salt, and does not deliquesce when exposed 

to the air. 

This salt is decomposed completely when exposed to a 

sufficient heat in close vessels. 

Sp. 23. Moroxylate of soda. Unknown. 
Sp. 24. Camphorate of soda. This salt may be formed 24. Cam- 

precisely in the same manner as the camphorate of potash, 

It is white and transparent; its taste is somewhat bitter; 

its crystals are irregular. Water at the temperature of 60° 

dissolves less than part of its weight of this salt; boil¬ 

ing water dissolves Lth of its weight. It is also soluble in 

alcohol. When exposed to the air it loses its transparency, 

and effloresces slightly, but is never completely reduced to 

powder. Heat produces the same effect upon it as on cam- 

phoi’ate of potash: the acid burns with a blue flame, which 

becomes reddish towards the end.f 

Sp. 25. Boletata of soda. Unknown. 
Sp. 26. Subei'ate of soda. This salt does not crystallize. 

It reddens the tincture 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.:}: 

Sp. 27. Pyrotartrate of soda. Not hitherto examined. 

Sp. 28. Oxalate of soda. When two parts of crystal- 28. 
iizecl carbonate of soda are dissolved in one part of oxalic 

acid, the oxalate of soda partly precipitates, because it is 

but sparingly soluble in water. The remaining solution 

yields by evaporation crystalline grains, which give a green 

tinge to syrup of violets, and are perfectly soluble in hot 
water. § The taste of this salt is nearly the same as that of 

* Morveau, Ann de Chlm. xxix. 1C6. f Ann. de Chim. xxvn. 26 

X Ann, de Chim, xxhi. 52, § Bergman, i. 261. 
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Book 11. 
Division II. 

oxalate of potash, but it is much less soluble in water. 

When heated it falls to powder, and loses the whole of its 

water of crystallization. 

The constituents of this salt are 

Oxalic acid 5^ ' 

Soda..... 47 

100 

In my original experiments,* ** I made the quantity of 
oxalic acid too great, because my acid was not sufficiently 

freed from water. M. Berard fell into the same mistake.f 
The analysis of Vogel of Bayreuth is nearly correct; he 

obtained 
Acid.... 54*77 

Soda.... 45*23 

100*004 

30. Tar¬ 
trate. 

History. 

Sp. 29. Mellate of soda. When mellitic acid is neutra¬ 

lized by soda, the solution crystallizes in cubes or three- 

sided tables; sometimes insulated, sometimes ingroups. § 

Sp. 30. Tartrate of soda. This salt may be formed by 

dissolving soda in tartaric acid. It crystallizes in fine 

needles. Its specific gravity is 1*7437.]] It is soluble in 
its own weight of cold water.^* It is capable of combining 

with an excess of acid, and forming a supertartrate of soda, 

which is nearly as insoluble in water as tartar.ff 

Sp. 31. Tartrate of potask-and-soda. This salt is usually 

prepared by putting one part of tartar in five parts of boil¬ 
ing water, and adding gradually carbonate of soda in pow¬ 

der as long as it continues to produce an effervescence. 
The tartar gradually dissolves. When the saturation is 

complete, the solution is filtered and evaporated to the con¬ 

sistence of a syrup. On cooling, the tartrate of potash-and- 
soda crystallizes. 

This salt has been distinguished by the name of salt oj 

seimette. because it was first formed and introduced into 
O ^ 

* Phil. Trans 1808. + Ann. de Chim. Ixxlii. 274. 

j Annals of Philosophy, V. 30. § Klaproth’s Beitrage, iii. 131. 

iiassenfratz, Ann. de Chim. xxviii. 12. 

** Wenzel, p. 308. Thenard, Ann. de Chim. xxyiii, 12. 
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1 medicine by Mr. Seignette, an apothecary at Rochelle, chap. ii. 

This gentleman recommended it in a tract published in 

j 1672. It was soon after introduced into practice in Paris 

;| by Lemery ; and, becoming a fashionable medicine, made 

:l the fortune of the discoverer. For some time its composi- 

;| tion was kept secret; but Boulduc and GeolFroy discovered 

i its component parts in 1731. 

This salt crystallizes in prisms of eight or ten unequal 

i\ sides, having their ends truncated at right angles. They 

^ are generally divided into two in the direction of their 
i axes; and the base on which they stand is marked with 

; two diagonal lines, so as to divide it into four triangles. It 

: has a bitter taste. It is almost as soluble as tartrate of 

: potash. It effloresces when exposed to the air. Heat de- 

: composes it. Its specific gravity is 1*757.* 

According to the analysis of Vauquelin, it is composed of 

54 tartrate of potash 
46 tartrate of soda 

’ lOOf 

If we consider it as composed of an atom of tartrate of 
iQ potash united to 1 atom of tartrate of soda, which is ob- 
'i viously its composition, it must consist of 

Tartrate of potash.53*73 

Tartrate of soda   .46*27 

100*00 

Now these proportions agree very closely with the result 
k of Vauquelin’s analysis. 

Sp. 32. Citrate of soda. This salt may be formed by 

the same process as the 30th species. By proper evapora- 

t tion it is obtained crystallized in six-sided prisms, not ter- 

t minated by pyramids. Its taste is salt and cooling, but 
t mild. It is soluble in If parts of water. When exposed 

! to the air, it effloresces slightly. When heated, it melts, 

swells, bubbles up, blackens, and is decomposed. Accord- 
I ing to Vauquelin, it is composed of 

I 60*7 acid 
39*3 soda 

lOO-Of 

* Watson’s Chemical Essays, v. 67. f Fourcroy, vii. 246. 

I Fourcroy, vii. 207. 
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If we consider it as composed of 1 atom acid + 1 atom 
’ soda, its constituents must be 

Citric acid 

Soda .,., 
7*375 

4*000 
64*83 

35*17 

100*00 

Sp. 33. Rheilmate of soda. This salt seems to crystallize 

in four-sided prisms. It is not deliquescent, and is soluble 
in water.* 

Sp. 34. Kinate of soda. Unknown, 

Sp. 35. Saclactate of soda. Small crystals soluble in 5 
times their weight of boiling w^ater.f 

Sp. 36. Urate of soda, A white powder having the same 

appearance as pure uric acid. Soluble in soda lye. 

Sp. 37. Malate of soda, A deliquescent, very soluble, in« 
crystallizable salt. 

Sp. 38. Sorhate of soda. This salt does not crystallize 
unless it contains an excess of acid. It then forms perma¬ 
nent crystals soluble in water; but insoluble in alcohol.J 

Sp. 39. Formate of 'soda. Not hitherto examined with 

care. 
Sp. 40, Lactate of soda. This salt bears a close resem¬ 

blance to lactate of potash, from which it can only be dis¬ 
tinguished by analysis.§ 

Sp. 41. Zumate of soda. A deliquescent uncrystallizable 

salt soluble in alcohol. H 

The composition of the salts of soda is easily ascertained 

by considering them as composed of 1 atom of soda united 

to 1 atom of each of the acids. An atom of soda weighs 

four, and the weight of an atom of each of the acids has 

been given in a preceding chapter of this volume. 
Perhaps the carbonate is the most useful of all the salts 

of soda. The sulphate is much employed as a cathartic. 

Rochelle salt likewise is much employed in medicine. But 

* Annals of Philosophy, viii. 252. + Scheele on sugar of milk, 

t Donovan. § Berzelius, Djurkeraien, ii. 436. 
|j Braconnot, Ann. de Chim. Ixxxvi. 87. 
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the great body of the salts of soda have not yet been applied 

I to any useful purpose. 

Chap. II. 

SECT. IV. 

SALTS OF LIME. 

1. A CONSIDERABLE number of the salts of lime are in¬ 

soluble in water. Some of those which are soluble cannot 
easily be ciystallized. 

2. When a salt of lime is insoluble in water, if we boil it General 

for some time in a solution of carbonate of potash, a white 
powder remains, which is soluble witlt effervescence in 

nitric acid, and which possesses all the characters of carbo¬ 

nate of lime. 
3. The soluble salts of lime are not altered by the ad¬ 

dition of pure ammonia, but the addition of potash or soda 

occasions a white precipitate to fall, which is pure lime. 

4. When oxalate of ammonia is dropped into a salt of 

lime, a dense white precipitate immediately begins to make 

its appearance; but citrate or tartrate of ammonia does not 

occasion an immediate precipitation. 

5. The salts of lime are not precipitated by ferrocyanate 

of potash; but some of them are precipitated when the 
infusion of nutgalls is mixed with them. 

Sp. 1. Nitrate of lime. This salt has been long known i. Nitrate, 

to chemists. Native nitre is almost always contaminated 
xvith it. It may be prepared by dissolving carbonate of 
lime in nitric acid; evaporating the solution to the con¬ 

sistence of a syrup, and then allowing it to cool slowly. 

The salt is precipitated in the state of crystals. 

Its crystals are six-sided prisms, terminated by long py- Properties, 

ramids; but it is oftener obtained in the form of long 

slender brilliant needles. Its tate 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 any quantity of it whatever. Boiling alco¬ 

hol dissolves its own weight of it.f Considerable difficulty 

* Hassenfratz, Ann. de Chim. xxviii. 12, 
2 

+ Bergman, i. 136. 
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Book TI. 
Division II. 

Composi- 
J-ion. 

'j. Carbon¬ 
ate. 

Properties, 

attends its crystallization, as is the case with all very soluble 

salts. When exposed to the air, it very soon attracts 

moisture, and melts altogether. This strong affinity for 

moisture I'enders it sometimes useful for dr^dng 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 so¬ 

lution. 

This nitrate, when heated, readily undergoes the watery 

fusion. When the water of crystallization is evaporated, 

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 BaMuin’s phosphorus; because this pror 

perty of nitrate of lime was first pointed out by Balduin."^ 

When strongly heated it is decomposed; nitrous gas, 

oxygen gas, and azotic gas are emitted, and the pure lime 
remains behind. This salt scarcely possesses the property 

of detonating with combustible bodies, in consequence pro¬ 

bably of the great proportion of its water of crystallization. 
The following table exhibits the result of the experiments 

made to ascertain the constituents of this salt: 

t t § II ** 

Acid .. . 4'3 .. .. 57*44.. .. 63*9.. .. 66'2 .. .. 65*06 
Base .. . 32 .. .. 32*00.. .. 36*1 .. .. 38*8.. .. 34*94 
Water. .25.. .. 10*56 

Total . .100 100 100 100 100 

Sp. 2. Carbonate of lime. This substance, under the 

names of marble, chalk, limestone, &c. exists in great 
abundance in nature, variously mixed with other bodies. 

It is perhaps the most important and most generally used 

of all the salts, unless we except muriate of soda. Its pro¬ 
perties of course have been very completely investigated. 

It is often found crystallized and perfectly transparent. 
The primitive form of its cr3^stals is the rhomboidal prism 

* His account of it was published in 1675, under the title of Phos¬ 

phorus Hermeticus, sen Magnes Luniinarls. See also Phil. Trans. Ah. ii. 

S(38. 

+ Bergman, i. 136. t Kirwan, Nicholson’s Jour. ii. 315. 

^ Richter, Statique Chimlque, i. p. 136. (j Wenzel, p. 84. 

* * Theoretical composition. 
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with angles of 101-i-® and 78l°. Its integrant particles Chap. Ii. 

have the same form. But, besides the primitive, no less 
than 616 varieties of its crystals have been discovered and 

described by mineralogists. It has scarcely any taste. Its 
specific gravity is about 2* **7. It is insoluble in pure water; 

but water saturated with carbonic acid dissolves -r-Ar-th 
15 0 

part of it; from this solution it gradually precipitates, as 

the acid leaves it, in the form of a white powder.* It suf¬ 

fers little or no alteration by being exposed to the air. 

When exposed to heat, it decrepitates and loses its water, 

and afterwards its acid separates as the heat is increased: 

but to separate the acid completely, a pretty strong heat is 
required. 

Its component parts are as follows: 

t t § 
Acid.v84 .. .. 45.... 43*9.., 

Base. 55 .... 55 .... 56*1 .. 
Water... 11 

II 
43*2..., 43-14 

56*8.. . 56-86 

Total... .100 100 100 100 100 

Some very interesting experiments on the fusibility of Fusibility 

this salt were made by Sir James Hall. The result was, 
that when the carbonic acid is prevented from making its 

escape by strong compression, the salt melts at a red heat, 

and assumes an appearance which has some resemblance to 
granular limestone. A portion of the carbonic acid is 

usually dissipated. This portion is sometimes very small, 

and very often it does not exceed 4 or 5 per cent. Bucholz 

has verified these experiments in a very unexpected man¬ 

ner. He put 4-^ pounds of washed chalk (carbonate of 

lime with only 0*005 of foreign matter) into a crucible, 
pressed it strongly down, and exposed it covered to a 

strong heat in a furnace. The chalk, except a small por¬ 
tion on the surface, was converted into a foliated, hard, 

yellowish mass, having considerable transparency, which 

evidently had undergone a commencement of fusion. It 

was obviously in a similar state with Sir James HalFs car¬ 

bonate of lime, and contained 42 per cent, of carbonic 

* Bergman, i. 26. f Bergman, Opusc. i. 23. 

I Kirwan, Nicholson's Journal, iil. 215. 

^ Dr. Marcet, Nicholson’s Journal, xx. 29. i! By my analysis. 

** Theoretical composition. 
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Book II. acid.* Here the same effect was produced without corn- 
Division II. pression. It must have depended no doubt upon the degree 

^ of heat to which the crucible was exposed. 
8p. 3. Borate of lime. This salt may be formed by 

mixing together lime-water and the aqueous solution of 

boracic acid, or by boiling together lime and pure borax 

in water. In either case, the borate of lime precipitates in 

the state of a white powder, tasteless, and difficulty soluble 

in water.f 
4. Silicate. Sp. 4. Silicate of lime. The mineral called shalstein or 

table spar, which has hitherto been observed only in the 
Bannat of Temeswar and in Ceylon is a bisilicate of lime. 

It has a greyish white colour, a pearly lustre, a foliated 

fracture, is semitransparent and semihard, and is composed, 
according to the analysis of Klaproth, of 

Silica.  50 

Lime . ..45 
Water. 5 

If we suppose it a compound of 2 atoms silica and 1 

atom lime, its constituents would be 

Silica.. 49*83 

Lime.45*17 
Water. 5 

100*00 

Now this almost coincides with the analysis. 

5. Borosi- Sp. 5. Borosilicate of lime. The mineral called datJiolke, 
licate. discovered by Esmark, near Arendal in Norway, is a boro¬ 

silicate of lime. It has a greyish or greenish white colour, 
and is found crystallized in flat rectangular four-sided 

prisms, having their angles truncated. It is semitrans¬ 

parent, pretty hard, has a resinous lustre, and a specific 

gravity of 2*980. Klaproth found it composed of 

Silica. 
Boracic acid. ..24 

Lime. 
Water. 

loo-of 
* Gehlen’s Jour. 2d Series, i. 271. + Bergman, iii. 363. 

+ Gehlen's Journal, vi. 107. 
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Sp. 6. Phosphate of lime. Of lliis salt there are at least Chap. ii. 

four subspecies, which may be obtained in a separate state. 

These are the phosphate^ hiphosphate, quadriphosphate, and 
subphosphate. ^ 

Subspecies 1. Phosphate. This interesting salt, which 

constitutes the basis of bones, was pointed out by Scheele 

and Gahn in 1774; but for the first precise account of its 

properties we are indebted to Ekeberg,^ Fourcroy, and 
Vauquelin.f 

As this salt constitutes the basis of bones, it is not neces- Prepara- 

sary to prepare it artificially. It may be obtained in a 

state of purity by the following process: Calcine the bones 

to whiteness, reduce them to powder, and wash them 

repeatedly with water, to separate several soluble salts which 

are present. Dissolve the whole in muriatic acid, and pre¬ 

cipitate by means of ammonia. The precipitate, when well 

washed and dried, is pure phosphate of lime. 
Phosphate of lime, thus prepared, is always in the state Properties, 

of a white powder. It is destitute of taste, insoluble in 
water, and not liable to be altered by exposure to the air. 

It may be exposed to a strong heat without undergoing any 

change; but in a very violent heat it becomes soft, and is 
converted into a white semitransparent enamel, or rather 

porcelain. According to the experiments of Saussure, a 

heat of 378° Wedgewood is necessary to produce this 

effect.^ It is soluble in nitric and muriatic acid without 

effervescence, and may be again precipitated from them un¬ 

altered by muriate of ammonia. 

Sulphuric, nitric, muriatic, fluoric, and several vegetable 
acids are capable of decomposing phosphate of lime; but 

the decomposition is only partial, ^ 

The following table exhibits the best experiments hitherto Constltu- 

made on the composition of this salt: ents. 

Acid. 
Lime.... 

100 
72-91 

jj 

100 * **...100 

84-53_ 79*775.. 

ft 
100 

80-5 

! I 

* Creli’s Annals, 1798, i. 323. f Mem. de PInstit. ii. 274. 

t Jour, de Phys. xlv. 26. 

§ Ekeberg, correcting his data. Creli’s Annals, 1798, i. 331. 

|] Berzelius, Ann. de Chim. et Phys. ii. 168. 

** By my experiments. ft Theoretic composition. 
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Subspecies Bipliosphate of lime. If we digest phos¬ 

phate of lime in pure phosphoric acid dissolved in hot 

water, the acid will be found to take up a quantity of phos¬ 

phate containing exactly its own weight of phosphoric acid ; 

but it refuses to dissolve any more. I consider, therefore, 

this solution as a biphosphate of lime. It has an acid and 
rather disagreeable harsh taste. When slowly evaporated 
to dryness, it does not crystallize, but forms a dry white 

mass, somewhat deliquescent in the air and soluble in water, 

but not in acids. Before the blowpipe it melts into a trans¬ 
parent tasteless glass, insoluble in water, and incapable of 

actino: on vegetable blues. No acid dissolves it. This bi- 

phosphate is obviously composed of 

Acid.100 

Lime. 40*27 

Subspecies 3. Ouadriphosphate of lime. If phosphate of 

lime in fine powder be digested for some time with as much 

sulphuric acid as is capable of saturating the whole of the 

lime which it contains; if it be then diluted with a sufficient 

quantity of w^ater and thrown upon a filtre, the liquid which 

passes through contains the whole of the phosphoric acid * 
still combined with one-fourth of the lime which originally 

existed in the salt. The other three-fourths have been ab¬ 
stracted by the sulphuric acid, and remains upon the filter. 

This liquid, therefore, contains, in solution, a quadriphos- 

phate of lime. This is the salt described by Fourcroy and 
Vauquelin, in 1795, under the name of superphosphate of 

lime. When evaporated, it forms soft crusts, which have 
an acid taste, and are soluble in water. When heated, it 
readily melts before the blowpipe into a transparent tasteless 

glass, insoluble in water and acids, and not affecting vege¬ 
table blues. This is the well-known substance from which 

phosphoric acid is made. It is sold by apothecaries under 

the name glassjj phosphoric acid. If it be mixed with a 

quantity of bicarbonate of potash and exposed to a red heat, 

it is decomposed and converted into phosphate of potash 

and common phosphate of lime. By this treatment 22 

grains of common phosphate of lime may be obtained from 
50 grains of the glassy salt. 

^ About a third of the phosphate of lime is not decomposed, hut I 
abstract this quantity. 
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Subspecies 4. Subphosphate of lime. This salt occurs Chap. ii. 
native, and is known to mineralogists by the name of apa¬ 
tite or asparagus stone. It is usually crystallized in low six- 
sided prisms. Its colour varies, but is most commonly 
white or green. It has a great deal of lustre, which is 
resinous. Its fracture is imperfectly foliated. It is soft, and 
its specific gravity varies from 2*824 to 32. According to 
the analyses of Klaproth and Vauquelin it is composed of 

* 

Phosphoric acid.100 .. 
Lime. 118*5.. 

t 
100 
125*12 

Now if we consider it as a compound of 1 atom phospho¬ 
ric acid + li atom lime, or which is the same thing, of 2 
atoms acid + 3 atoms lime, its constitution would be 

Phosphoric acid .. 100 
Lime. 120*82 

This comes very near the mean of the analyses of Klap^ 
roth and Vauquelin. 

Sp. 7. Phosphite of lime. This salt has not yet been ex¬ 
amined. 

Sp. 8. Hypophosphite of lime. This salt is very soluble 
in water; but its properties have not been particularly exa¬ 
mined. 

Sp. 9. Sulphate of lime. Of this salt there are two sub- 9. Sul- 

species. The first contains water, and is called common 
sulphate: The second, which is desitute of water, is called 
anhydrous sulphate. 

Subspecies 1. Common sulphate. This salt was well Commo* 

known to the ancients under the name olgypsum; but the 
composition of gypsum was not known till Margraff and 
Macquer analysed it, and proved it to be a compound of 
sulphuric acid and lime. The salt formed by the artificial 
union of these two bodies was formerly called selenite, pro¬ 
bably from its whiteness. 

The properties of this salt were first examined with preci- Properties, 

sion by Bergman. It is found abundantly in different parts 
of the world, so that it is seldom formed artificially. When 
pure, it is frequently crystallized. The primitive form of 
its crystals is, according to Haliy, a right angular prism 

* Vauquelin, Jour, de Min. No. 37, p. 2. f Beitrage, iv. 194 
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Anhydrous 
sulphate. 

with rhomboidal bases, whose angles are 113° and 67®. Its 

integrant particles have the same form ; but it is more 
usually found crystallized in octahedrons, in six-sided 

prisms, with four-sided summits, or lenticular. These crys¬ 

tals are often exceedingly transparent. 
It has a slightly nauseous taste, scarcely perceptible, 

except by drinking a glass of water impregnated with it.* 

It is soluble in 460 parts of water at the temperature of 60,t 

and in 450 of boiling water. Mr. Paul has observed, that 
if this solution be saturated by pressure with hydrogen gas, 

the sulphate in about six months is converted into a sulphu- 

ret.J The salt is not affected by exposure to the air. It is 

soluble in sulphuric acid. 
When heated, it loses its water of crystallization, decre¬ 

pitates, and falls into a soft white powder. This powder, 

when its water has been driven off by the application of a 

red heat, absorbs water very rapidly, and solidifies it; at 

the same time a slight increase of temperature takes place: 
so that if it be formed into a paste with water, it dries in a 

few minutes. In this stat^ it is called Plaster of Paris^ and 

is much employed for forming casts, &c. in consequence of 

this property. 

Sulphate of lime, when exposed to a violent heat, melts; 

before the blowpipe it gives an opaque vitreous globule. 

The temperature necessary to produce this effect is, accord¬ 

ing to Saussure, 51° of Wedgew^ood.J 

The following table exhibits the best experiments hitherto 

made to ascertain the proportion of the constituents of this 

salt ; 

H 11 ** tt tt (ill 111! 
Acid . .43 . ,56*58 . .46 . .57 . .57*57 . .58 . .57*.97 . .45*8 
Lime. .33 . .43*42 . .32 . .43 . .42*43 . .42 . .42*03 . .33*2 
Water.24.92.. ..21 

100 100 100 100 100 100 100 100 

Subspecies 2. Anhydrous sulphate. This subspecies is 

* Macquer. f Bucholz, Gehlen’s Jour. v. 165, 

t Phil. Mag. XV. 63. § Jour, de Phys. xlv. 16. 

jj Bucholz, Gehlen’s Jour. v. 162. ** Bergman, i. 135. 

ft By my analysis. Jl Klaproth, Gehlen’s Jour. ii. 359. 

Berzelius, Ann. deChlm. Ixxvii. 84. j| || Theoretical composition. 
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found native in different parts of the earth; Sweden, Tyrol, Chap. il. 

Berne, &c. It seems to have been first pointed out by 

Haiiy. A specimen of it was described with much precision 

by Fleurieu in the Journal de Physique for 1798 ; and ana¬ 

lysed by Vauquelin, who first ascertained its composition. 

It has since been described with more precision by Bour- 

non,* and a purer specimen of it analysed by Chenevix,f 
and more lately by Klaproth.:]: 

I It is usually crystallized. The primitive form of its ^ 
t crystals is a rectangular prism, having two of its faces 

t broader than the other two. It has considerable lustre, and 

j the broad faces have the appearance of pearl. Its specific 
\ gravity is about 2*960. Its hardness is considerable, being 
i not inferior to that of calcareous spar. It usually phospho- 

-jlresces when heated. It is transparent, insoluble in water, 

t and in its other properties agrees with common sulphate, 

j In the proportions of its constituent parts it coincides 
il exactly with common sulphate, excepting in the absence of 

water. 

i Sp. 10. Sulphite of lime. This salt was first mentioned lo. Sd- 

i by Berthollet, and described by Fourcroy and Vauquelin. 

I When obtained by saturating carbonate of lime by sul- 
Iphurous acid, it has the form of a white powder; but if an 

excess of sulphurous acid be added, it dissolves, and crys¬ 

tallizes on cooling in six-sided prisms, terminated by long 

isix-sided pyramids. It has scarcely any taste; however, 
when kept long in the mouth, it communicates to the 

htongue a taste which is manifestly sulphureous. It requires 

it about 800 parts of water to dissolve it. When exposed 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 violent heat dis- 

■; engages some sulphur, and converts it into sulphate of lime. 
Its constituents are 

Acid.... 54*29 

Lime ... 45*71 

n 

100*00 

* Jour, de Min. An. x. ii. 345. 

Gehlen’s Jour. ii. 355. 

t Ibid. p. 418. 

1 
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Book II. Sp. 11, Hyposulphite of lime. When a solution of sul- 
Divismn II. jg exposed to the air it loses its colour in a 

few days, and some sulphur and carbonate of lime precipi¬ 

tate, which are easily removed by the filter. When the 
liquid is evaporated, it yields crystals in prisms somewhat 

similar to the crystals of muriate of lime. These crystals 

may be preserved in the open air without undergoing any 

alteration. They are soluble in water, and consist of hypo- 

phosphite of lime.* 
Sp. 12. Arseniate of lime. When arsenic acid is dropped 

into lime water, arseniate of lime is precipitated ; but if an 

excess of acid be added, the salt is redissolved, and yields, 

when evaporated, small crystals of arseniate of lime, which 
are soluble 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 nitrate, 

muriate, or acetate of lime. Arseniate of lime, when heated, 

exhibits the same phenomena as arseniate of potash. The 

constituents of this salt, according to the analysis of Lau- 

gier,t are as follows : 

Arsenic acid .. 67 
Lime.33 

100 

Supposing it a compound of 1 atom acid + 1 atom base, 
it would consist of 

Acid.... 66‘6 

Lime ... 33*3 

100 

Numbers which coincide with those of Lauafier. 

Sp. 13. Arsenite of lime. A white insoluble powder. 
Sp. 14. Antimojiiate of lime. This salt may be obtained 

by pouring a solution of antimoniate of potash into muriate 
of lime. It is a white powder, sparingly soluble in water. 

The precipitate assumes a crystalline form, precisely like 
that of carbonate of lime.J 

* Gay-Lussac, Ann. de Chlm. Ixxxv. 200. 

+ Ann. de China. Ixxxv. 53. 

+ Berzelius, Nicholson's Jour. xxxv. 41. 



-r
d

if
c

 

SALTS OF LIME. 465 

Sp. 15. Antimonite of lime, A white crystalline powder, Chap. n. 
very little soluble in water,* v—- 

Sp. 16. Chromate of lime. This salt has been hitherto is. Chro* 

examined only by Vauqiielin. By evaporation it yields 

silky plates of a yellowish-brown colour, readily soluble in 

water. The fixed alkalies decompose it.f 
Sp. 17. Molybdate of lime. This salt is obtained in the 

state of a powder by dropping molybdic acid into the solu¬ 

tion of lime in nitric or muriatic acids. It does not appear 
to be soluble in water.f 

Sp. 18. Tungstate of lime. This salt is found native, and is.Tung- 

is known to mineralogists 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 
observations of Bournon, it appears that its primitive form 

is an octahedron composed of two four-sided pyramids, ap¬ 

plied base to base : the faces are isosceles triangles ; and the 
angle at the apex 44° 16': each of the others 67° 52'. The 
solid angle at the apex, taken on the faces, is 48° ; taken on 

the edges of the crystal, 64° 22'.} 
It is of a yellowish-grey colour, and sometimes crystal¬ 

lized, and always somewhat transparent. The primitive 
form of its crystals, according to Haiiy, 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 
Berzelius, 11 it is composed of 

Tungstic acid... 80*41 
Lime.19*4 

I 99*817 

' Sp. 19. Acetate of lime. This salt was first described 19. Ace- 

, accurately by Crollius. The ancients, however, used a 
i mixture of lime and vinegar in surgery.** It is easily formed 

) by dissolving chalk in acetic acid. When the solution is 

evaporateil till a pellicle forms on its surface, it yields, on 

* Berzelius, Nicholson's Journal, XXXV. 45. 

+ Ann. de Chim. Ixx. 70. % Gren's Handbuch, iii. 711, 

§ Bournon, Jour. deMin. An, xi. No. 75, p. 161. 

I § Afhandlingar, iv. 305. ** Plinii, lib. xxxvi. c. 24 

VOL. II. 2 H 



466 SALTS. 

Book II. cooling, the acetate of lime in fine prismatic needles of a 
Divisbn II. glossy appearance like satin. Its specific gravity is 1 *005.* 

Its taste is bitter and sour, because it has an excess of 

acid. It is soluble in water. It is not altered by exposure 

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.^ Heat 

decomposes it by disengaging and at the same time partly 
decomposing its acid. 

The constituents of this salt, according to the experiments 

hitherto made, are as follows : 

i § 11 tt 
Acid- 64-3.. 65*11.. 65*75.. 64*6.. 63*75 

Base .... 35*7 .. 34*89 .. 34*25 .. 35*4 .. 36*25 

Total... 100 100 100 100 100 

20. Ben 
zoate. 

22. Morox- 
ylate. 

Sp. 20. Benzoate of lime. This salt forms white, shining, 

pointed crystals, of a sweetish taste, much more soluble in 
hot than in cold w^ater. It exists in abundance in the urine 

of cows.:|:l: One hundred parts of cold water dissolve 5 parts 

of this salt. When heated it melts, gives out water and 

some benzoic acid. When the heat is increased an empy- 

reumatic acid is separated similar to balm of Peru.§§ 
Sp. 21. Succinate of lime. This salt forms oblong, 

pointed, iion-deliquescent crystals, which are difficultl}'^ so¬ 
luble even in boiling watei*. It is not altered by exposure 

to the air. It is decomposed by muriate of ammonia, and 

by the fixed alkaline carbonates. 

Sp. 22. Moroxylate oj lime. This salt was found on the 

bark of a mulberry-tree in Naples. It is crystallized in 

short needles, not altered by exposure to the air. At the 

temperature of the atmosphere, 100 parts of water dissolve 
l A parts ol this salt, and 3-L at a boiling heat. It has a 

taste resembling succinic acid. When heated, it swells and 

» Hassenfratz, Ann. de Chini. xxvili, 12. 

f Morveau, Encycl. Method, i. 9. t Higgins on acetous acid, p. 47- 

§ Richter, Statique Chimique, i, p. 136. 1| Wenzel, p. 150. 

** Berzelius, Annals of Philosophy, v. 174. 

ft Tlieoretical composition. H Fourcroy and Vauquelin. 

^ Bucholz, GehleiPs Journal fur die Chemic, Physick, &c. ix. 348. 
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it 

emits a vapour which irritates the organs of smell. Its so- Chap. ii. 

lution precipitates acetate of lead, nitrate of silver, and ni- 
trate of mercury. 

Sp. 23. Camphor ate of lime. This salt may be prepared 23. Cam- 

by dropping into lime-water crystallized camphoric acid. 
The mixture is then to be made boiling hot, passed through 

a filter, and evaporated to about f ths of its volume. On 

cooling camphorate 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. 

M^ater at the temperature of 60° dissolves very little of 
this salt I boiling water is capable of dissolving about th 

part of its weight of it. It is insoluble in alcohol. When 
exposed to the air, it dries and falls into powder. When 

exposed to a moderate heal, it melts and swells up; when 
placed on burning coals, or when heated in close vessels, 

the acid is decomposed and volatilized, and the lime re¬ 
mains pure. When sulphuric acid is poured into a solution 

of this salt, it produces an insoluble precipitate. Nitric 

and muriatic acids precipitate the camphoric acid. 

It is composed according to Bouillon Lagrange of 

5b acid 

43 lime 

7 water 

100 

Sp. 24. Boletate of lime. Described in p. 148 of this vol. 25. Sube- 

Sp. 25. Suberate of lime. This salt does not crystallize. 

It is perfectly white : it has a saltish taste : it does not red¬ 
den 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 re¬ 

mains only the lime in the state of powder."^ 
Sp. 26. Pyrotartrate of lime. Not hitherto examined. 27. Oxa- 

Sp. 27. Oxalate of lime. Oxalic acid does not readily 
dissolve lime, on account of the insolubility of the oxalate 
of that base; but the salt may be easily formed by drop¬ 

ping oxalic acid into any of the acid solutions of lime. The 

^ Ann. de Chim. xxiii. 53 = 

2 H 2 
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Book II. oxalate of lime immediately precipitates in the state of a 
Dunston II. insipid powder, insoluble in water, and communicat¬ 

ing a green colour to the syrup of violets. This salt is in 

the form of a w^hite powder, tasteless, and perfectly insolu¬ 

ble in water. But it dissolves in almost all acids with con¬ 
siderable facility; of course, it is not precipitated from li¬ 

quids if they contain an excess of acid. The composition 

of this salt is as follows : 

* f t § II 
Acid_ 62*5.. 62.. 61*345.. 56*25.. 55*44' 
Base. 37*5.. 38.. 38*655.. 43*75.. 44*56 

Total.... 100 100 100 100 100 

No acid decomposes this salt completely except by 

destroying the oxalic acid, nor any alkaline or earthy body ; 

^ but the acid may be easily decomposed and driven off by the 

action of heat. Oxalate of lime is not rendered soluble by 

adding an excess of acid. Hence it is probable that no sii- 

peroxalate of lime exists. 

Sp. 28. Mellate of lime. When mellitic acid is mixed 
with a solution of sulphate of lime, very small gritty crystals 
precipitate, which do not destroy the transparency of the 

water: but the addition of a little ammonia renders the pre¬ 

cipitate flaky.*^ The precipitate produced by this acid in 

lime water is redissolved by the addition of nitric acid.ff 
^9. Tar- Sp. 29. Tartrate of lime. This salt may be formed by 
irate* dissolving lime in tartaric acid, or more economically by 

dissolving tartar in boiling water, and adding to the solu¬ 
tion carbonate of lime in powder till it ceases to produce 

any effervescence, and to redden vegetable blues. Tartrate 
of lime precipitates in the state of a white powder, tasteless, 

nearly 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 soluble tar- 

By my analysis. f Berard, Ann. de Chim. Ixxlii. 265. 

Gay-Lussac and Thenard, Recherches Physico-chimiques, ii. 300^ 

^ Vogel of Bayreuth, Annals of Philosophy, v. 30. 

jj Theoretical composition. In all the analyses except Vogel’s the oxalic 

acid still retained a portion of water; of course the proportion of acid is 

stated in them too high. ** Vauquelin, Ann. de Chira. xxxvi, 210. 

If Klaproth’s Beitrage, iii. 131. 
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trates, as tartar and Rochelle salt. When in the state of chap. ii. 
a dry powder, it contains, a very considerable portion of 

water, from which it can only be freed by a long exposure 

to heat. The constituents of this salt are as follows: 

* t t § 
Acid- 50-55 ..69 .. 77* **577 .. 69*79 
Lime ... 21*64 ..31 .. 22*423 .. 30*21 
Water... 27*81 

100 100 100 100 

I The crystals are composed of 1 atom of anhydrous salt 

^ + 4 atoms water. 
I Sp. 30. Tartrate of potash-and-lime. This salt was first 

j pointed out by Thenard. It may be formed by pouring 
I lime-water into the solution of tartrate of potash till a pre- 

i cipitate begins to appear, and then allowing the liquid to 

j evaporate spontaneously. The triple salt gradually attaches 

I itself to the sides of the vessel in crystals. j| 

Sp. 31. Citrate of lime. This salt is formed by dissolving ai. Citrate, 
carbonate of lime in citric acid. It is usually in the state 
of a white powder scarcely soluble in water; but it is so¬ 
luble in an excess of acid, and may be obtained from that 

solution in crystals. The constituents of this salt are as 

follows; 

tt tt 
Acid.... 62*66 .. 68*83 .. 67*04 
Lime.... 37*34 .. 31*17 .. 32*96 

I ——. - - 

100 100 100 

Sp. 32. Kinate of lime. This salt may be obtained by 32. Kinaic. 

macerating yellow peruvian bark in water, concentrating 

the liquid, and setting it aside for spontaneous evaporation. 

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

* Berzelius, Annals of Philosophy, v. 96, f By my analysis. 

X Gay-Lussac and Thenard, Recherches Physico-chirniques, ii. 304. 

§ Theoretical composition. || Ann. de Chim. xxxviii, 32. 

** Vauquelin, Fourcroy's System, vii. 208. 

ft Gay-Lussac and Thenard, Recherches Physico-chirniques, ii. 306. 

XI Theoretical composition, 
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Book II. 
Divi Sion II, 

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 produces 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 in 27 

parts of oxalate amounts nearly to 17 parts. Hence the 

salt is composed of 

17 lime 
83 acid and water. 

100 

Sp. 33. Saclacfate of lime. A white powder insoluble in 

water. 

Sp. 34. Urate of lime. A white powder scarcely distin¬ 

guishable in appearance from uric acid. 

35. Malate. Sp. 35. Malate of lime. When malic acid is neutralized 

with lime, it forms a salt scarcely soluble in water, which 

may be obtained in crystals, by allowing the supermalate of 
lime to evaporate spontaneously. Crystals of neutral 

malate are formed in the solution.* But this acid has a 
strong tendency to combine in excess with lime, and to 

form a supermalate of lime. This salt is formed when car¬ 

bonate of lime is thrown into malic acid, or into any liquid 

containing it. This supersalt exists in various vegetables, 

especially the sempervivum tectorum, and some of the 
sedums. 

Supermalate of lime has an acid taste. It yields a pre¬ 

cipitate 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 assumes exactly the ap¬ 
pearance 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 dis- 

Scheele Crelfs Annals, ii. 5. Eng. Traus. 

1 
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tinguishes the two. Supermalate of lime is insoluble in Chap, il 

alcohol.* This salt always reddens vegetable blues. 

Sp. 36. Sorbate of lime. A white, gritty, insoluble powder, 

which has no action on vegetable blues.f 

Sp. 37. Formate of lime. A crystallizable salt not al¬ 
tered by exposure to the air.J 

Sp. 38. Lactate of lime. This salt may be obtained by ss. Lactate, 

the process described while treating of lactic acid.§ It is 

a gummy mass, which, when digested in alcohol, is divid¬ 
ed into two portions, 1. A pure lactate of lime is dis¬ 
solved, and gives a shining varnish inclining to a light yel¬ 
low colour, which, when slowly dried, cracks all over and 

becomes opake. 2. The insoluble portion is a submalate. 
It is a powder which, by exposure to the air, becomes 

smooth like gum, or like malate of lime.l] 
Sp. 39. Zumate of lime. This salt when sufficiently 39. Zu- 

concentrated forms confused crystals which resemble cau- 

liflower. It is very white, opaque, has little taste, and as 
it were efflorescing. It dissolves in 21 times its weight of 

cold water. When heated it melts into a transparent li¬ 

quid, then swells, blackens, takes fire, and leaves carbon¬ 

ate of lime.*^ 

Sp. 40. Gallate of lime. This salt is soluble in water; 

but it has not been particularly examined. 

Sp. 41. Tannateof lime. This salt is insoluble in water. 

But it has not been particularly examined. 

The composition of the salts of lime is easily determined 
by considering them as composed of 1 atom lime -{- one 

atom of each of the acids. An atom of lime weighs 3*6255 
and the weight of the acids has been given in a preceding 

chapter. 
Of all the salts of lime the carbonate is undoubtedly the 

most useful. It is from it that all the lime is obtained 

which is employed in such quantities as a manure, as a 

* Scheele, Vauquelin, Ann. de Chim. xxxv. 54. 

f Donovan, Phil. Trans. 1815. X MargrafF^s Opusc. i. 310. 

§ P. 185 of this vol. II Berzelius, Djurkemien, ii, 437. 

Braconnot, Ann. de Chim. Ixxxvi, 87. 
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Book 11. cement for building, and for many other well known uses, 
Divismn II. to the carbonate perhaps the sulphate should be 

placed. It is an excellent manure for clover ; is employed 

as stucco, cut into ornaments, &c. Some of the other 

salts of lime, as the oxalate, are useful in analyses. The 
phosphate of lime constituting the earth of bones, and 

existing in animal liquids, constitutes an interesting sub¬ 

stance to the physiologist. But the greater number of the 

salts of lime have not hitherto been applied to any useful 
purpose whatever. 

SECT. V. 

SALTS OF BARYTES. 

General T A STILL greater proportion of salts of barytes are 
properties, insoluble ill water than of the salts of lime. 

2. They are white or transparent, and in general affect 

a crystalline form. 

3. If a little of the solution of sulphate of soda be let 

fall into a salt of barytes, a white powder immediately pre¬ 
cipitates, which is insoluble in nitric acid. 

4. When heat is applied to a salt of barytes, it is not 

completely dissipated. If the acid be combustible, carbonate 

of barytes remains behind; if the acid be not combustible 

or volatile, the salt remains behind undecomposed. 

5. Ferrocyanate of potash occasions no precipitate in a 

salt of barytes; unless the acid happens to contain a me¬ 

tallic basis. The same remark applies to hydrosulphuret 
of potash when dropped into a salt of barytes. 

6. Most of the salts of barytes are poisonous. 

j. Nitrate. Sp. 1. Nitrate of harytes. This salt was formed imme¬ 
diately after the discovery of barytes. Vauquelin has added 

considerably to our knowledge of its properties. It is 

usually prepared by dissolving native carbonate of barytes 
in nitric acid, or by decomposing sulphuret of barytes by 
means of nitric acid, and evaporating the filtered solution 

till the nitrate crystallizes. 
Its crystals are regular octahedrons, and often they adhere 

to each other in the form of stars. Sometimes it is obtained 

2 
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ill small brilliant plates. Its specific gravity 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 about 3 or 
4 parts of boiling water. As the solution cools, the salt may 

be obtained in crystals. It is but little altered by exposure 

to the air. Wlien thrown on burning coals it decrepitates, 
undergoes a kind of fusion, and then becomes dry. When 
strongly heated in a crucible, the whole of the acid is gra¬ 

dually driven off, and the barytes remains pure. It detonates 

less violently with combustibles than most of the other 
nitrates. 

The constituents of this salt have been determined by 
chemists as in the following table: 

O 

■*■ $ § 11 
Acid. 32 .... 38 .... 39 .... 40*91 

Base.. 57.... 50_61.... 59*09 
Water .... 11 .... 12 

473 

Chap. II. 

Composi¬ 
tion. 

100 100 100 100 

The crystals consist of 1 atom anhydrous salt + 2 atoms 
water. 

Sp. 2. Nitrite of barytes. Not examined. 

Sp. 3. Carbonate of barytes. This salt seems first to have 3. Carbon- 

been examined by Bergman. Withering first found it na- ^^®* 
tive in 1783. Hence it has received the name of Witherite, 
Since that time it has been examined by Kirw^an, Klaproth, 

Hope, Pelletier, Fourcroy, Vauquelin, and Berzelius, and 

its properties described with great precision. It may be 

prepared artificially by exposing barytes water to the open 

air, or by passing carbonic acid gas into it. In either case 

the carbonate precipitates in the state of a white powder. 

It is found native crystallized. Its crystals have been ob- Properties, 

served to assume four different forms ; double six-sided and 
double four-sided pyramids, six-sided columns terminated 

by a pyramid with the same number of faces, and small ra- 

* Hassenfratz, Ann. de Chim. xxviii. 12. 

f Kirwan, Nicholson’s Journal, iii. 215. 

I Fourcroy and Vaquelin, Ann. de Chinn 

§ Richter, Statique Chirnique, i. 236. 

j| Theoretical composition. 
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Book n. 
Division II. 

Composi¬ 
tion. 

6. Phos¬ 
phite. 

Prepara¬ 
tion. 

Properties. 

diated crystals half an inch in length and very thin, appear* ** 

ing to be hexagonal prisms rounded towards the point. It 

has no sensible taste; yet it is poisonous. Its specific gra¬ 

vity, when native, is 4*331; when prepared artificially, it 
scarcely exceeds 3*763. 

Cold water dissolves part, and boiling w^ater -5-3^ 

part of this salt. Water saturated with carbonic acid dis¬ 
solves part.* It is not altered by exposure to the air. 

It is decomposed by the application of a very violent heat,+ 

either in a black lead crucible, or wdien formed into a paste 
with charcoal powder. 

The constituents of this salt, according to the experiments 
of different chemists, are as follows : 

'Acid .... 20 
Base .... 80 

II tt 
21-67.. .. 22.. .. 21*6.. .. 22 
7S-3S .. .. 78 .. .. 78*4.. .. 78 

100 100 100 100 

Sp. 4. Borate of barytes. An insoluble white powder, 
which has scarcely been examined, formed by the same pro¬ 

cess as borate of lime. 
Sp. 5. Silicate of barytes. No compound of silica and 

barytes is at present known in the mineral kingdom. But 
silicate of barytes is easily formed by pouring barytes water 

into a solution of silicate of potash, silicate of barytes imme¬ 

diately precipitates in the state of a white powder, 

Sp. 6. Phosphate of barytes. It appears from the late 

experiments of Berzelius that there are three subspecies of 

this salt, the phosphate^ biphosphate and sesqidphosphate. 

Subspecies 1. Phosphate. It may be prepared either by 

saturating phosphoric acid with barytes or carbonate of ba¬ 

rytes, or by mixing together an alkaline phosphate and ni¬ 

trate or muriate of barytes. In either case the phosphate of 

barytes precipitates immediately in the form of a white 

powder. 
This salt is tasteless, uncrystallizable by art, insoluble in 

* Fourcroy, Ann. de Chim. iv. 64. + Dr. Hope. f Withering. 

§ Aiken, Nicholson’s Jour, xxii. 303. 

II Kirwan, Nicholson’s Quarto Jour. iii. 215. 

** Berzelius, Ann. de Chim. Ixxviii. 29. 

+ + Theoretical composition. 



SALTS OF BARYTES. 475 

water, and not altered by exposure to the air. Its specific 
gravity is 1 *2867.* When strongly heated it melts into a 

grey-coloured enamel. 

Its constituents according to the experiments of Berzelius 
are as follows: 

Cliap. IL 

t t 

Acid ., 100 .... 100 
Base .. 214*46 .... 216*6 

j Subspecies 2. Biphosphate. Berzelius dissolved phos- 

I phate of barytes in phosphoric acid, till the liquid refused 

i to take up any more. The solution being evaporated spon- 

i taneously deposited white crystals, which when separated 

: from the liquid resembled crystals of muriate of barytes. 

! They contain water of cr3^stallization. They have a taste 

i similar to that of the muriate, but at the same time acid, 

j This salt reddens vegetable blues. When heated suffi- 
j ciently it swells into a porous mass like burnt alum. Water 

i decomposes this salt, by dissolving the excess of acid, 
I It contains exactly twice as much acid as the neutral 

i phosphate; or it is composed of 2 atoms acid 1 atom 

barytes. § 
Subspecies 3. Sesquiphosphate. This salt is obtained 

when a solution of the preceding salt is poured into alcohol. I A bulky precipitate falls. When dried it is a light, white, 

tasteless powder. It is composed of 1 atom acid + l^- atom 
of barytes, or, which comes to the same thing, of 2 atoms 

acid + 3 atoms barytes. j| 

I Sp. 7. Phosphite of harytes. Berzelius prepared this salt 7. Phos- 

i by pouring muriate of barytes into a solution of pliosphite 

I of ammonia. No precipitate appeared at first; but in 24 

i hours the glass was covered with a crust of phosphite of 

t barytes. When washed and dried, its composition accord- 
i ing to the experiments of Berzelius was 

Phosphorous acid .. 24*31 

Barytes.67*24 

Water. 8*45 

100*00*^ 

* Hassenfratz, Ann. de Chirn. xxvlii. 12. 

f Ann. de Chirn. et Phys. ii. 153. 

t Theoretical composition, supposing 1 atom acid + 1 atom base 

^ Berzelius, ibid. p. 154. || Ibid. p. 155. 

** Ann. de Chirn. et Phys. ii. 231. 
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Book II. Now if we consider it as a compound of 1 atom pliospho- 

/ , ! rous acid, 1 atom barytes, and 1 atom water, it composition 
will be 

Phosphorous acid ., 24*35 
Barytes.67*82 

Water. 7*83 

100*00 

Sp. 8. Hypophosphlte of barytes, A very soluble salt, 

which crystallizes with difficulty.^ 
^.Sulphate. Sp. 9. Sulphate of barytes. This salt is found abundantly 

in different parts of the earth, and was formerly denomi¬ 

nated ponderous spar, from its great weight. Its composi¬ 
tion was first ascertained by Gahn.’'"^ 

Properties. Haiiy has shown that the form of its integrant particles is 
a right-angled prism, whose bases are rhombs with angles of 
lOl-^'^ and 78L°. The primitive form of its crystals is the 

same; but it occurs native in a variety of other forms. It 
cannot be crystallized by art. This salt is* insoluble in 

water, or at least only soluble in 43000 times its weight of 
water at the temperature of the atmosphere.f Sulphuric 

acid dissolves it when concentrated and boiling, but it is 

precipitated by the addition of water.J 
When suddenly heated, it breaks in pieces and flies about 

with a crackling noise. This phenomenon, which is called 

decrepitation, is occasioned by the sudden conversion of the 

water which it contains into steam. When heated very 

violently it melts, and before the blow-pipe is converted into 

a white opaque globule. According to Saussure, a heat 
equal to 35° Wedge wood is required to fuse it.§ When 

formed into a thin cake with flour and water, and heated to 

redness, it phosphoresces in the dark. This was first ob¬ 
served in a variety of this substance known by the name of 
Bologna stone* Lemery informs us, that the property was 

discovered by an Italian shoemaker named Vincenzo Cas- 

* Dulong, Ann. de Chim. ct Phys. ii. 142. f Kirwan’s Min. i. 136. 

X Thus it forms a kind of supersulphate, capable of crystallizing, as 

Withering first observed. Mr. Hume has also mentioned it in Phil. Mag. 

xiv. 357. The fact was well known to chemists. This solution, liow- 

ever, is but very imperfectly entitled to the name of supersulphate of 

barytes; as it parts with its excess of acid at a moderate heat, which by 

no means is the case w ith supersulphatc of potash. 

^ Jour. dePhys. xlv. 15, 
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clarolo. This man found a Bologna stone at the foot of chap. il. 
Mount Paterno, and its brightness and gravity made him 
suppose that it contained silver. Having exposed it to the 

fire, doubtless in order to extract from it the precious metal, 

he observed that it was luminous in the dark. Struck with 

the discovery, he repeated the experiment, and it constantly 

succeeded with him. It is evident that by the calcination 

it must be converted, at least partly, into sulphuret. 
The following table exhibits the result of the best expe¬ 

riments hitherto made to ascertain the composition of this 

I salt. 

* t i § II 
Acid ... 32 .. 33 .. 33*96 .. 34 . . 32*3 ., 33*9 Composi- 

Base_ 68.. 67.. 66*04.. 66.. 67*7.. 66*1 

100 100 100 100 100 100 

Sp. 10. Sulphite of barytes. This salt was mentioned by lo. Sul- 

Berthollet; but it was first described by Fourcroy and Vau- 
quelin. When prepared by precipitation, it is in the state 

of a white powder; but it may be obtained crystallized in 
opaque needles, or in transparent tetrahedrons with their 

angles truncated, by dissolving it in sulphurous acid and 

evaporating slowly. It has but very little taste. Its spe¬ 
cific gravity is r6938.f f It is insoluble in water. 

When heated strongly, sulphur is disengaged, and sul¬ 

phate of barytes remains. A long exposure to the air is ne¬ 

cessary before it is converted into a sulphate. Its consti¬ 

tuents are, 

tt 

Acid.... 100 .... 100 

Base_ 241*79.... 243*75 
Water... 4*91 

Sp. 11. Hyposulphite of barytes. Not yet examined. 
Sp. 12. Arseniate of^ barytes. This salt was formed by 12. Arse^ 

- niate. 

* Vauquelin, Ann. de Chim. 1. 168. 

f Kirwan and Klaproth, Gehlen, v. 515. 

+ Aiken, Nicholson’s Jour. xxii. 304. 

^ Fourcroy, iii. 25 ; and Berzelius, Ann. Chim. Ixxviii. SO. 

II Berard, Ann. de Chim. Ixxi. 69. ** Theoretical composition, 

tf Hassenfratz, Ann. de Chim. xxviii, 12. 

It Berzelius, Ann. de Chim, Ixxvii. 83. §§ Theoretical composition. 
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Book II. Scheele by dissolving barytes in arsenic acid. When the 
Divis^n II. saturation was nearly completed, the salt precipitated in the 

state of an insoluble powder. It may be formed also by 

mixing arseniate of potash with nitrate or muriate of ba¬ 

rytes. This salt is insoluble in water, except there be an 
excess of acid. When exposed to a violent heat, it shows a 
tendency to melt, but is not decomposed.* According to 

Laugierf it is composed of 

Arsenic acid.... 34? 

Barytes.. 66 

If we suppose it a compound of 1 atom acid + 1 atom 

barytes, its constituents must be 

Acid .... 42*65 
Barytes .. 57*35 

100*00 

14. Anti- 
snoniate. 

16. Chro¬ 
mate. 

Sp. 13. Arsenite of Barytes. A white insoluble pow^der. 
Sp 14. Antimoniate of barytes. This salt may be formed 

by mixing antimoniate of potash v/ith muriate of barytes. 

It is a light flocculent white powder quite insoluble in water. 

It is not aJ tered by exposure to the air; but nitric acid 

when boiled with it slowly extracts all the barytes.f 

Sp. 15. Anthnonite of bai-ytes. When antimonite of po¬ 

tash is added drop by drop to a boiling solution of muriate 

of barytes, the antimonite of barytes crystallizes gradually 

on the side of the vessel, in the form of small white needles 

of a silky brilliancy. This salt is slightl}^ soluble in water 

and is not altered by exposure to the air.J 

Sp. 16. Chromate of barytes. This salt has been exa¬ 

mined by Vauquelinll and John.** It is easily obtained by 

dropping chromic acid, or chromate of potash into muriate 

of barytes. The salt precipitates in the form of a light, yel¬ 

low, insoluble powder. According to the analysis of Vau- 

quelin, it is composed of 

Chromic acid .. 40*16 
Barytes.59*84 

100 

* Scheele, i. 163. f Ann. de Chira. Ixxxv. 58. 

I Bei-zelius, Nicholsoifs Journal, XXXV. 46. § Ibid. p. 45. 

jj Ann. de Chiin. Ixx. 70. * * Annals of Phliosophy, iv. 426. 
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If we consider it as composed of 1 atom acid + 1 atom Chap. Ii. 

barytes, its constituents must be 

Chromic acid .. 40 

Barytes.60 

100 

Proportions w^hich approach very closely to Vauqiielin’s 

analysis. 
Sp. 17. Molybdate of barytes. Unknown. 
Sp. 18. Tungstate of barytes. An insoluble powder, not 

examined.* 
Sp. 19. Acetate of barytes. This salt may be formed by 19. Ace¬ 

dissolving barytes or its carbonate in acetic acid, or by cle- 

composing the sulphuret of barytes by that acid. By 

spontaneous evaporation the acetate crystallizes in fine 

transparent prismatic needles. Its specific gravity is 1 *828.f 

It has an acid and somewhat bitter taste; it is soluble in 
water, and does not deliquesce w’hen exposed to the air, but 

rather effloresces. It is decomposed by the fixed alkalies, J 

by the alkaline carbonates, and by almost all the sulphates. 
Hence it is often employed to detect the presence of sul¬ 

phuric acid in solutions. From the experiments of Bucholz, 

it appears, that 100 of water at the temperature of 60° dis¬ 

solve about 88 of this salt, and 96 parts when boiling hot. 

Pure alcohol dissolves w^eight while cold, 
and heat scarcely increases the solvent power of this liquid.^ 
The constituents of this salt are as follows: 

il 
Acid.35 .. . 

Base.58 .. . 

Water.... 7 

*«■ tt tt 

39-98 _43-17_39-54 

60-02_ 56-83_60-46 

Total.100 100 100 100 

Sp. 20. Benzoate of barytes. This salt crystallizes, is 

* Scheele^s Memoires, ii. 90. 

i Hassenfratz, Ann. de Chim. xxviii. 12. 

D^Arcet. Ann. de Chim. Ixi. 247. § Beitrage, iii. 102. 

]| Bucholz, Beitrage, iii. 102. ** Richter, Statique Chimique, i.l36, 

ft Gay-Lussac and Thenard, Recherches Physicc-chimiqueS, ii. 309. 

If Theoretical composition. 
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22. Cam- 
phorate. 

Book II. soluble in water, not altered by exposure to the air, but 
Division II. decomposed by heat and by the stronger acids. 

Sp. 21. Succinate of barytes. This salt, according to 

Bergman, is difficultly soluble in water. It may be obtained 
by dropping succinate of ammonia into muriate of barytes. 

It partly precipitates, and is partly deposited in small crys¬ 

tals on the sides of the vessel. 
Sp. 22. Camphorate of barytes. In order to prepare this 

salt, barytes is to be dissolved in water, and camphoric acid 

added to the solution; the mixture is then to be boiled, 
and afterwards filtered and evaporated to dryness. Cam¬ 
phorate of barytes does not crystallize; when the evapora¬ 
tion is conducted slowly, the salt is deposited in thin plates 

one above another, which appear transparent while im¬ 
mersed in the liquor, but become opaque whenever they 

come into 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 ^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 con¬ 

siderable, the acid burns with a lively blue flame, which 

becomes red and at last white.* 
Sp. 23. Boletate of barytes. This salt contains an excess 

of acid, crystallizes in white plates, and is but little soluble 

in water, or even in nitric acid. When thrown on a plate 

of red hot iron it burns with a red flame and remarkable 
scintillation, leaving carbonate of barytes.f 

Sp. 24/ Suberaie of barytes. This salt does not crystal¬ 

lize. 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 fluate of lime. | 

Sp. 25. Oxalate of barytes. When oxalic acid is dropped 

into barytes water, a white powder precipitates, which is 
oxalate of barytes. It is insipid and insoluble in w'ater. If 
an excess of acid be added, the powder is again dissolved, 

and small needleform crystals are deposited on the sides of: 

25. Oxa¬ 
late. 

* Ann. de Cliim. xxvii. 23. 

f Braconnot, Ann. de Chini. Ixxx. 279. 

Ann. de Cliiin. xxiii. p. 52. 
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the vessel. These are superoxalate of barytes. The same Chap. 11, 

crystals make their appearance when oxalic acid is dropped 

I into concentrated muriate or nitrate of barytes ; but if these 
solutions are largely diluted with water, no precipitate ap¬ 

pears. When the superoxalate of barytes is boiled in water, 

the excess of acid is removed, and the salt falls down in the 
state of a white powder.* 

The constituents of this salt are as follows : 

I Oxalic acid.31*62 

I Barytes .  .. 68*38 
■ " ‘ 

I 100*00 

Sp. 26. Mellate of barytes. When mellitic acid is dropped 26. Mellate. 

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 

likely of supermellate of barytes. 

Sp. 27. Tartrate of barytes. Tartaric acid forms with 

barytes a soluble salt, the properties of which have not been 

I examined. It is decomposed by oxalic acid.f 

Sp. 28. Citrate of barytes. When barytes is added to a 28. Citrate, 

solution of citric acid, a flaky precipitate appears, which is 

at first dissolved again by agitation; but remains perma- 

il nent when the saturation is complete. The citrate of 

! barytes, thus formed, is precipitated in the state of a w^hite 

j pow'der; but it gradually assumes the appearance of silky 

I flakes, or forms a kind of vegetation very brilliant and 

i beautiful. It requires a great quantity of water to dissolve 

! it. This salt, according to Vauquelin, is composed of 
I i 

I 50 acid crystallized 

I 50 barytes 

100$ 

I If we suppose it a compound of 1 atom acid 4- 1 atom 

^ barytes, its component parts must be 

^ Bergman, i. 263. See also Fourcroy and Vauquelin, Mera. de 

I i’Instit. ii. 60. and Darraeq, Ann. de Chim. xl. 69. 

f Fourcroy and Vauquelin, Mem. de I’lnstit. ii. 61. 

J Fourcroy, vii. 207. 

VOL. II. 2 I 
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Book II. 
Division II. 

33. For¬ 
mate. 

34. Lactate, 

SALTS. 

Citric acid. 43*06 ' 
Barytes.56*94 

100*00 

Sp. 29. Saclaciate of barytes, A white powder insoluble 

in water. 
Sp. 30. Urate of barytes, A white powder scarcely 

distinguishable from uric acid. 

Sp. 31. Malate of barytes. This salt is similar in its 

properties to malate of lime, and always contains an excess 

of acid. 
Sp. 32. Sorbate of barytes, A white powder which is 

perfectly neutral. 

Sp. 33. Formate of barytes. This salt is readily obtained 

in crystals. These crystals are transparent, and consist of 

four-sided oblique angled prisms, terminated in four-sided 

pyramids. The lustre of these crystals is adamantine. 

They are not altered by exposure to the air. From the 
experiments of Gehlen compared with those of Berzelius on 

formic acid, it appears that these crystals contain no water 
of ciystallization, and that they are composed of 1 atom 

acid + 1 atom base, or by weight of 

Formic acid.. .... 32*1 

Barytes.67*9 

100*0'^ 

Sp. 34. Lactate of barytes. This salt may be obtained 

in the same way as lactate of lime. When evaporated it 
affords a gummy mass. Alcohol dissolves a portion of this 
matter, which is neutral lactate. There remains behind a 

sublactate, which is doughy, and has a browner colour than 

the neutral salt. The alcohol solution by evaporation 

leaves a mass nearly colourless, which hardens into a stiff 

but not brittle varnish. It does not crystallize.f 

Sp. 35. Ziimate oj barytes. An incrystallizable nondeli- 
quescent salt, which has the aspect of gum. J 

Sp. 36. Gallate of barytes, 

* Gehlea, Schweigger’s Jour. iv. 14. 
f Berzelius, Djurkemien, ii. 436. 

t Braconnot, Ann. de Chlm. Ixxxvi. 88, 
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Sp. S7. Tannate of barytes. The first of these salts is Chap. II. 

i soluble, the second insoluble in water. The gallate cannot 

I be obtained in a solid state. When we evaporate the liquid 

: the acid is decomposed. 

The composition of the salts of barytes is easily deter- 

i mined by considering them as compounds of 1 atom barytes 

t with 1 atom of each of the acids. The weight of an atom of 

barytes is 9*75, and the weight of an atom of each of the 

I acids has been given in a preceding chapter. 
Several of the salts of barytes are of considerable import- 

I ance in chemical experiments, as they afford us the means 
of separating sulphuric acid completely from solutions. 

[ Advantage has been taken of the insolubility of sulphate of 
barytes to obtain certain substances in an insulated state, 

i which do not yield to other methods of operation. Thus 
i Mr. Porrett, by means of this salt, obtained ferrocyanic 

! acid in a state of purity, and Gay-Lussac, by the same 

1 means, was enabled to ascertain the properties of chloric 

I acid. 
Some of the salts of barytes were formerly employed in 

medicine, but the good qualities for which they were 

j recommended do not seem to have been confirmed by the 

I trials that have been made. At present, therefore, scarcely 
: any of these bodies are applied to any useful purpose con- 
I nected with domestic economy. 

SECT. VI. 

SALTS OF STRONTIAN. 

1. The salts of strontian are in general more soluble General 

than the salts of barytes; but less so than the salts of lime, properties 

2. The greater number of them are capable of assuming 

a crystallized form; though they are not more given to 

crystallize than the salts of barytes. 
3. Solutions of strontian are precipitated by the sulphates, 

phosphates, and oxalates. 
2 I 2 
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Book II. 4. We can distinguish a salt of strontian from a salt of 
Division il. jj^rytes by means of succinate of ammonia. When we drop 

this salt into a solution of a salt of strontian no precipitate 

falls; but a precipitate immediately appears if we drop it 
into a salt of barytes. 

5. When a piece of paper dipped into a solution of a salt 
of strontian is set on fire, it burns with a red flame. But if 

it be dipped into a salt of barytes, or of lime, it burns with 

a yellow flame. 

6. Salts of strontian are not precipitated by ferrocyanate 

of potash. 
7. Salts of strontian are not poisonous, as is the case with 

salts of barytes. 

Nitrate. Sp. 1. Nitrate of strontian. This salt was first formed by 
Dr. Hope; it was afterwards examined by Klaproth and 

Pelletier; but the most complete description of it was pub¬ 

lished 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 dry¬ 

ness, redissolved in water, and evaporated slowly till the 

salt crystallizes. 
l-roperties. Nitrate of strontian crystallizes in six-sided pyramidal 

dodecahedrons, with their apexes truncated, so as to havethe 

appearance of hexahedral plates with bevelled edges. Some¬ 
times in eight-sided prisms. It is perfectly transparent. 

Its lustre is adamantine. It has a strong pungent cooling 

taste. Its specific gravity is 3*006. It is soluble 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. It is not altered by exposure to the air. It 
^ deflagrates on hot coals. Subjected to heat in a crucible, it 

'^decrepitates gently, and then melts. In a red heat it boils, 
and the acid is dissipated. If a combustible substance be at 
this time brought into contact with it, a deflagration with a 

very vivid red flame is produced.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. 

* Jour, de Min. An, vi. 7. t Hope, Edin, Trans, iv. 12. 
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Its constituents have been ascertained by different chemists Chap. ii. 

as follows ; 

^ t t ? (1 
Acid- 31-07.. 48-4.. 51*4.. 50-62.. 50-94 
Base- 36-21.. 47*6.. 48-6.. 49-38.. 49*06 

Water .. 32*72 .. 4 

Composi¬ 
tion. 

Total.. 100 100 100 100 100 

The 4 per cent, of water found by Vauquelin are only 

: mechanically mixed with the salt. Stromeyer is of opinion 
: that there exists another nitrate of strontian, containing 
' water of crystallization, which effloresces when exposed to 

the air. This would account for Kirwan’s analysis which 

raises the water of crystallization to 32*72 per cent. It 

! would account likewise for Dr. Hope’s description of the 
i salt that it effloresces in dry air. I have never myself hap- 

' pened to meet with nitrate of strontian that contained water 

j of crystallization. 
! Sp. 2. Nitrite of strontian. Unknown. 

Sp. 3. Carbonate of strontian. This salt was first pointed 3. Carbon- 

1 out as distinct from the carbonate of barytes by Crawford, 

: in 1790; but we are indebted for the first accurate account 

j of it to Dr. Hope. His experiments were confirmed by 
I Klaproth, Pelletier, Fourcroy, and Vauquelin. It has been 

I found native at Strontian in Argyleshire, and at Leadhills 

; in Scotland. It is usually in striated semitransparent mas- 
! ses, which have a greenish tinge. 

It has no taste. It requires 1536 parts of boiling water to Properties, 

dissolve it.*^ Its specific gravity is about 3*66. It is not 
altered by exposure to the air. When strongly heated in a 

crucible, it loses part of its acid; and this decomposition is 

facilitated by making it into a paste with charcoal powder. 

According to Saussure, it melts into a transparent glass at 

j the temperature of 226° Wedgewood.ff When thrown in 
I powder on burning -coals, it produces red sparks. 

Its component parts are as follows ; 

t 

I •* Kirwan, Nicholson^s Journ. iii. 215. 

’ + Vauquelin, Jour, de Min. An. vi. 20. 

I 5 Richter, Statique Chimique, i. 136. 

^ Stromeyer, Annals of Philosophy, ixi |{ Theoretical composition. 

Hope, Trans. Edin. iv. 5. ft Jour, de Phys. xlv. 24. 
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Book ir. * + J (I ■ 
Acid_30‘2.. 30.. 30*0.. 29*687.. 29*9.. 29*73 
Base- 61*2.. 62.. 69*5.. 70*313.. 70*1.. 70*27 

tion. Water... 8*6 .. 8 .. 0*5 

Total.. 100*0 100 100*0 100 100 100 

Sp. 4. Borate of strontian. This salt has only been 
formed by Dr. Hope. It is a white powder, soluble in 
about 130 parts of boiling water. The solution turns 
the syrup of violets green.ft It is therefore in a state of a 
sub-borate. 

Sp. 5. Silicate of strontian. This salt has not hitherto 
been examined. It may be obtained by pouring strontian 
water into a solution of silicate of potash. A white powder 
precipitates, which is silicate of strontian. 

6. Phos- Sp. 6. Phosphate of strontian. This salt was first formed 
by Dr. Hope; but it was more particularly described by 
Vauquelin in 17974$ 

It may be formed by dissolving carbonate of strontian 
in phosphoric acid, or by mixing together nitrate of " 
strontian and phosphate of soda. A white precipitate im¬ 
mediately falls, which is the phosphate of strontian. 

Properties. This salt is tasteless, insoluble in water, and not alter¬ 
able by exposure to the air. It is soluble in an excess of " 
phosphoric acid; a property which distinguishes it from 
phosphate of barytes. Before the blow-pipe it fuses into a 
white enamel, and at the same time emits a phosphoric 
light. It is completely decomposed by sulphuric acid, 
and by no other. The constituents of this salt are as fol- 
lows: 

Composi- Acid... 
IIII 

.. 36-565.. .. 40*9 
tion. Base... .. 58*76.. .. 63*435.. .. 59*1 

100 100 100 

* Hope, Trans. Edin. iv. 8. + Pelletier, Ann. de Chim. xxi. 135. 
I Klaproth, Beitrage, i. 270 ; and Kirwan, Nicholson’s Jour, iii, 215. 
§ Stroineyer, Annals of Philosophy, ix. |{ By my experiments. 

** Theoretical composition. ff Hope, Edin. Trans, iv. 17. 
H Jour, de Min. An. vi. p. 13. 

Vauquelin, Jour, de Min. Ann. vi. p. 13. 
II II Stromeyer, Annals of Philosophy, ix. 
* Theoretical composition. 
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Sp. 7. Phosphite of strontian. Unknown. ^ Chap.ii. 

Sp. 8. Hypophosphite of strontian. A very soluble salt, '' 
li which crystallizes with difficulty.* 

Sp. 9. Sulphate of strontian. This salt, for the discovery 9. Sul- 

i: of which we are indebted to Dr. Hope and Mr. Klaproth, 

I! may be composed artificially by dropping sulphuric acid 

into strontian water; in which case it has the form of a 
white powder. But it exists abundantly in different parts 

of the world, usually crystallized in rhomboidal prisms. 
This salt is tasteless. It is soluble in 3840 parts of boiling Properties. 

1 water. Sulphuric acid dissolves it readily when assisted by 

; heat, but it is precipitated by the addition of water to the 

solution.! In the greater number of its properties it has a 

considerable resemblance to sulphate of barytes. The con¬ 
stituents of this salt are as follows: 

Acid... 
$ § I! ** 

, .. 42 .. •
 

•
 

GO •
 

•
 •. 46 .. .. 43*48 

Base... . . 58 . . .. 57.. .. 54 .. .. 56-52 

100 100 100 100 

Sp. 10. Sulphite of strontian. Unknown. 

Sp. 11. Hyposulphite of strontian. When a solution ofii. Hypo- 

f sulphuret of strontian is exposed to the air for a few days it 

1 becomes colourless, some sulphur and carbonate of stron- 

I tian being deposited. When this deposite is removed by 
1 the filter, the clear liquid yields by evaporation fine trans- 
I parent rhomboidal crystals somewhat flattened. These 
I crystals are not altered by exposure to the air at the tempe- 

1 rature of 77°; but at 122° they effloresce like sulphate of 

lime when calcined. They still continue unaltered, except¬ 
ing the loss of their water of crystallization. At the tempe¬ 

rature of 50° water dissolves the sixth part of its weight of 

this salt.ft 
Sp. 12. Arseniate of strontian, A white insoluble powder, 

easily obtained by pouring arsenic acid into nitrate or 

* Duiong; Ann. de Chim. et Phys. ii. 142. 
f Hope, Trans. Edin. iv. 10. 
if: Klaproth, Beitrage, ii. 97. Clayfield, Nicholson^s Quarto Journal, 

iii. 39. Henry, Ibid. p. 137. Kirwan, Ibid. p. 215. 

§ Stromeyer, Annals of Philosophy, ix. 
Ii Vauquelin, Jour, de Min. An. vi. 6. ** Theoretical composition. 

t f Gay-Lussac, Ann. de Chiin. Ixxxv. 199. 
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Book 11. muriate of strontian. If we believe Moretti arsenic acid 
Division II. strontian from sulphuric acid.* * * § 

Sp. 13. Arsenite of strontian. This salt is soluble in 

water, but does not crystallize. Arsenious acid occasions 

no precipitate in strontian water, f 

Sp. 14. Chromate of strontian. This salt is insoluble. 

When carbonate of strontian is thrown into chromic acid a 
yellow powder is formed, which is chromate of strontian. 

Probably it would be most easily procured by double decom- 

position.f. 
15. Acetate. Sp. 15. Acetate of strontian. This salt, which was first 

examined by Dr. Hope, and afterwards by Vauquelin, is 

easily formed by dissolving strontian or its carbonate in 

acetic acid. By evaporation 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 vegetable colours green. J Its taste is not unplea¬ 

sant. When heated, its acid is decomposed, as happens 

to all the other acetates. Its constituents are 

II 
Acid.... 52*69 

Base.... 47*31 

100 

Sp. 16. Benzoate of strontian. As benzoate of ammonia 

occasions no precipitation when dropped into muriate of 

strontian, it is probable that benzoate of strontian is solu¬ 
ble in water. 

37. Sued- Sp. 17. Succinate of strontian. This salt may be formed 
nate. |3y saturating strontian water with succinic acid. When 

the solution is evaporated the succinate of strontian pre¬ 

cipitates in small crystals as fine as sand. The taste of 

this salt has some resemblance to that of muriate of potash. 

It is equally soluble in hot and in cold water. When a 

* Ann. de China. IxxxvI. 267. 

f Moretti, Ann. de China. Ixxxvi. 269. 

ij; John, Annals of Philosophy, iv. 426. 

§ Hope, Trans. Edin. iv. 14. |1 Richter, Statique Chimique, i. 136. 

■* * Theoretical conaposition. 

.. 49*53 

.. 50*47 

100 
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little of it is dropped into barytes water, succinate of Chap. ii. 

barytes immediately precipitates.* ** 

Sp. 18. Oxalate of strontian. This salt, first examined is. Oxa- 

by Dr. Hope and afterwards by Vauquelin, may be readily 

formed by mixing together a solution of oxalate of potash 
and nitrate of strontian. The oxalate of strontian imme« 

diately precipitates. It is a white insipid powder; soluble 
in 1920 parts of boiling water. Heat decomposes it by 
destroying the acid.f 

The constituents of this salt are as follows: 

Acid.. 

Base .. 

t 
45*54 

54*46 
39*77 

60*23 

I! 
40*96 
59*04 

100 100 100 

There exists also a binoxalate of strontian. It is solii” 

ble in water, and contains exactly twice as much acid as 

the preceding salt. The excess of acid is very easily sepa¬ 
rated from it. 

Sp. 19. Tartrate of strontian. This salt, first examined i9. Tar- 

by Dr. Hope, and afterwards by Vauquelin, may be 

formed by dissolving strontian in tartaric acid, or by mixing 

together solutions of nitrate of strontian and tartrate of 

potash. Its crystals are small regular triangular tables, 

having the edges and angles sharp and w^ell defined. It is 

insipid. It dissolves in 320 parts of boiling water. It is 

composed of 

Acid_ 47*12 .. 56*3 

Base.... 52*88 .. 43*7 

100 100 

Sp. 20. Citrate of strontian. This salt was obtained by 20. Citrate 

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 

* Moretti, Ann. de Chira. Ixxxvi. 270. 
f Hope, Edin. Trans, iv. 14. f Berard, Ann. de Chim. Ixxiii. 286. 
§ By my analysis. || Theoretical composition. 

** Vauquelin, Jour, de Min. An. vi. p. 15. 
+ f Theoretical composition. 

5 
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Book II. 
Division II 

23. Zu- 
mate. 

strontian are gradually formed. This salt is soluble in 

‘ water, and exhibits nearly the same properties as the 
oxalate or tartrate of strontian.* 

Sp. 21. Urate of strontian, A white insoluble powder, 

scarcely distinguishable in appearance from uric acid. 

Sp. 22. Malate of strontian. Malic acid occasions no 

precipitate in strontian water. Hence it follows, that 

malate of strontian is more soluble than malate of barytes.f 
Sp. 23. Zumate of strontian, Zumic acid dissolves car¬ 

bonate of strontian disengaging the carbonic acid. The 

solution when concentrated by evaporation assumes the 

form of mucilage; but in 24 hours it becomes solid, has a 

whitish colour, is semitransparent, and consists of a con¬ 
geries of globular bodies resembling the form which zumate 

of lime assumes. At the temperature of about 70, this 

salt is soluble in eight times its weight of water. J 

Such are the properties of the salts of strontian. as far 
they have been examined. But from the preceding enume¬ 
ration it is obvious that they have been but superficially 

studied, and that about one third of the whole genus still 

remains unknown. 

Their composition is easily determined by considering 

them as composed of 1 atom of strontian united to 1 atom 
of each of the acids. The weight of an atom of strontian 

is 6*5, and that of each of the acids has been given in a 

preceding chapter of this volume. 

None of the salts of strontian has hitherto been applied 

to any purpose useful in domestic oeconomy. 

SECT. VII. 

SALTS OF MAGNESIA. 

The salts of magnesia can scarcely be said to have been 
known till Dr. Black published his celebrated experiments 

* Jour lie Min. An. vi. p. 16. + Pelletier, Ann. de Chim.xxi. 141. 
I Braconnot, Ann. de Chim. Ixxxvi. 87. 

o 
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on magnesia alba and quicklime, in the year 1755. They Chap, ll.^ 

were afterwards examined more in detail by Bergman, and 

different salts of magnesia have been since described by 

different chemists. 
1. A very great proportion of them is soluble in water, General 
1 t I V i. n* • properties, and capable or crystallizing. 

2. When any of the alkalies or of their carbonates is 

dropped into a salt of magnesia a white flocky precipitate 

falls. 

3. No precipitate appears when sulphate of soda is 

dropped into a salt of magnesia. 
4. If phosphate of soda be dropped into a salt of 

magnesia, no precipitate appears; but if any ammonia 

be added, a white precipitate falls, which is a triple salt 

composed of phosphoric acid, ammonia, and magnesia. 

This precipitation furnishes the best method yet known for 
separating magnesia from other bodies, and determining its 

quantity. It was first pointed out by Dr. Wollaston. 
5. Ferrocyanate of potash occasions no precipitate in 

a salt of magnesia, unless the acid happen to have a metal 

for its basis. 

6. Magnesia has a greater tendency than any of the 
bases whose salts have been already described to enter 

into triple compounds. The base with which it is most 

given to unite is ammonia. 
Sp. 1. Nitrate of magnesia. The composition of this i* Nitrate, 

salt was first ascertained by Dr. Black. Bergman is the 
only chemist who has given a detailed description of it. It 

is usually prepared by saturating nitric acid with magnesia, 
and evaporating to a proper consistency. The salt crystal- Properties, 

lizes as the 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 gravity 

is 1*736.* 

At the temperature of 60° it is soluble in little more than 
its weight of water, and still more soluble in boiling water. 

Alcohol of about *840 dissolves ^th of its weight of it.t 

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 

* Hassenfratz, Ann. de Chim. xxviii. 12. t Bergman, i, 136. 
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,Book II. dry powder. In a strong heat it gives a little oxygen gas, 
Division II. nitrous gas, and lastly nitrous acid; and the earth 

remains behind in a state of purity.* 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: 

Composi¬ 
tion. 

t t § II 
Acid.... 43 ,, 46 .. 69*6 ..72 . . 72-97 
Base.... 27 .. 22 .. 30*4 . ..28 . . 27-03 
Water .. 30 .. 32? 

100 100 100 100 100 

Sp. 2. Nitrite of magnesia. Unknown. 

D. Ammo- Sp. 3. Ammonio-nitrate of magnesia. This salt was first 
nio-nitrate. (described by Fourcroy in 1790. It may be prepared by 

mixing together the solutions of nitrate of ammonia and 
nitrate of magnesia, or by decomposing either of these 

salts in part by the base of the other. When the two salts 

are mixed together, the nitrate of ammonia-and-magnesia 
gradually precipitates in crystals. 

Properties. These crystals are in the form of fine prisms. They have 
a bitter acrid ammoniacal taste. They are soluble at 60° 

in about 11 parts of water; but boiling water dissolves a 

greater proportion of them. When exposed to the air, 

they gradually attract moisture; but much more slowly than 

either of their component parts. The phenomena which 
this compound exhibits when heated are similar to those 

which its component parts exhibit in like circumstances. 
According to Fourcroy, it is composed of 

78 nitrate of magnesia 
22 nitrate of ammonia 

4. Car¬ 
bonate. 

100 'f'j* 

Sp. 4. Carbonate of magnesia. This salt has been long 

known. Its composition was first discovered by Dr. Black; 

afterwards its properties were investigated by Bergman and 

•> 

* Wenzel, p. 85. + Bergman, i. 136. 

Kirwan, Nicliolson^s Jour. iii. 215. 
^ Richter, Statique Chimiquc, p. 136. |] Wenzel, p. 85. 

Theoretical composition. + + Ann. de Chim. iv. 215. 
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Butini, and more lately by Fourcroy.* There are two Chap. ii. 

subspecies of it; the first neutral; the second containing an 

excess of base. 
It is usually prepared by mixing together the solutions of Prepara* 

sulphate of magnesia and carbonate of potash, and applying 

heat. The carbonate of magnesia precipitates in the state 

of a white powder. Such is the state in which it occurs in 

commerce; but Fourcroy has shown that in that state it is 
not saturated with acid. It is therefore only a carbonate; 

but it may be saturated with acid by diffusing it in water, 

and making.carbonic acid gas pass through it till it be sa¬ 

turated and dissolved. 
The bi-carbonate, thus formed, yields by evaporation 

crystals which are transparent hexagonal prisms terminated 

be a hexagonal plane: these are partly in groups and partly 

solitary : their length is about six lines, their breadth Iwo.f 
But it may be obtained in more regular crystals, by mixing 

together 125 parts of sulphate of magnesia and 136 parts 
of carbonate of soda, both dissolved in water, filtering 

the solution, and then setting it aside. In two or three 

days the carbonate of magnesia crystallizes. 

This salt has little taste. Its specific gravity, when in Properties, 

powder, is only 0*2941 according to Hassenfratz.J It is 

soluble, when crystallized, in 48 parts of cold water; but 

when in powder, it requires at least ten times as much; 

and what is very remarkable, it is more soluble in cold 
than in hot water impregnated with carbonic acid.J When 
exposed to the air, it effloresces, and falls into powder. I[ 

When heated, it decrepitates, falls into pow^der, and is 
decomposed. 

The constituents of this salt are as follows: 

tt 
• 4 • • 50 .. 68*75 

1S^S6 • • « • 25 .. 31*25 
Water... 25 

100 100 

» Ann. de Chim. ii. 278. f Butini, sur le Magnesie. 
Ann. de Chim. xxviii. 12. § Butini. 

I Fourcroy, Ann de Chim. ii. 298o ** Fourcroy and Kirwan. 
If Theoretical composition. 
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Book II. 
Division II. 

5. Borate. 

Found na¬ 
tive. 

I have never met with carbonate of magnesia in com-* 
merce. But it exists abundantly in the magnesian lime¬ 
stone of England. The magnesia of* commerce is usually 
a subcarbonate composed of two atoms magnesia and one 

atom carbonic acid. 

Sp. 5. Borate of magnesia* Bergman formed this salt by 
dissolving magnesia in boracic acid. The solution pro¬ 

ceeded slowly; and on evaporation, the salt was precipi¬ 

tated in small irregular crystals. It is soluble in acetic 
acid. Alcohol decomposes it. It melts easily in the fire 

without being decomposed.* This salt has been found 

native in the mountain of Kalkberg near Luneburg in Ger¬ 

many. It was first analysed by Westrumb in 1788. 

It is in the form of transparent or opaque white crystals, 

consisting of cubes, having their edges and four of their 

ano'les truncated. It is so hard as to scratch slass, and to 

strike fire with steel. Its specific gravity is 2*566. When 

heated, it becomes electric; and, what is singular, the 

truncated angles are always positively electric, while the 

opposite entire ones are negative.! 
These crystals are insoluble in water, and not altered by 

exposure to the air. When heated, they decrepitate: in 
a red heat they lose their lustre, but do not sensibly di¬ 

minish in weight. In a white heat they lose 0*005 of their 

weight. When exposed to the action of a very violent 

heat, they melt into a yellow-coloured glass. 

According to Westrumb, they are composed of 

73*5 acid 

14*6 magnesia 

1T9 lime 

100*0 

Hence the salt was considered as a triple compound of 
boracic acid, lime, and magnesia; but Vauquelin has shown, 

that the lime is foreign, and that the mineral is borate of 
magnesia.f 

Sp. 6. Silicate of magnesia. This salt has not been hi¬ 
therto examined. It is very probable that 2 parts of silica 

and 2*5 parts of magnesia-when properly mixed and heated 

• Bergman, i. 386. f Haiiy, Ann. de Chira. ix. 59. 
I Nicholson, ii. 120, Second Series. 
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would constitute a beautiful porcelain. The mass is ad- Chap. II. 

hesive, beautiful, and very difficultly fusible, ^ 

Sp. 7. Phosphate of magnesia. This salt was first 7- Phos- 

formed by Bergman in 1775.* It has been examined with 

much precision by the indefatigable Vauquelin.f It is 
usually prepared by dissolving carbonate of magnesia in 

phosphoric acid, and evaporating the solution gradually 
till the salt crystallizes; but it may be obtained in large 

regular crystals by a much easier process, first pointed out 
by Fourcroy. Mix together equal parts of the aqueous Prepara- 

solutions of phosphate of soda and sulphate of magnesia. 

No apparent change takes place at first; but in a few hours 

large transparent crystals of phosphate of magnesia make 
their appearance in the solution. 

Its crystals are six-sided prisms, the sides of which are Properties^ 

unequal. It has very little taste; however, it leaves a cool¬ 

ing and sweetish impression upon the tongue. Its specific 

gravity is 1*5489.^ It requires about 15 parts of cold 
water to dissolve it. It is more soluble in boiling water, 

but it crystallizes in part as the solution cools. When ex¬ 

posed to the air, it loses its water of crystallization, and 

falls down in powder. When heated moderately, it is also 

reduced to a dry powder. In a high temperature, it melts 

into a transparent glass. 

Sp. S. Ammonio-phosphate of magnesia. This salt was first 
discovered by Fourcroy, who found it in a calcalous con¬ 
cretion formed in the colon of a horse. Since this discovery, 

Fourcroy and Vauqueiin have observed it also in human 

d 

urine. 

It might be prepared by mixing together solutions of the 

phosphates of ammonia and of magnesia in water; the 

triple salt immediately precipitates in the state of a white 
powder. When urine is allowed to remain a consider¬ 

able time in close vessels, it often deposites this salt’in 

regular crystals on the sides and bottom of the vessel. 

These crystals are small four-sided prisms, terminated by 

irregular four-sided pyramids. This salt is tasteless, scarcely 

soluble in water, and not liable to be altered by exposure to 

the air. When heated, it falls to powder, gives out its 

* Opusc. i. 390. f Jour, de FEcole Poljtechnique. 

I Hasseufratz, Ann, de Chira. xxvili. 12. 
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Book II. ammonia, and in a liigli temperature melts into a trans- 
Division II. globule. When distilled along with charcoal, phos* 

phorus is obtained. Fourcroy has ascertained that the 
phosphate of ammonia-and-magnesia, obtained from the 

calcaloiis concretions of the horse, is composed of 

33 phosphate of ammonia 

33 phosphate of magnesia 

33 water 

99 

11. Sul¬ 
phate. 

Properties. 

Sp. 9. Phosphite of magnesia. Not examined. 

Sp. 10. Hypophosphite of magnesia. Not examined. 

Sp. 11. Sulphate of magnesia. This salt is held in so¬ 

lution in the springs at Epsom in England, and was pro¬ 
cured from them by evaporation more than a century ago. 
Hence the term Epsom salt, by which it was long distin¬ 

guished. Some account of it was given by Grew in 1675; 
and in 1723, Mr. Brown published a description of the 
process employed in extracting it from the springs, and in 
purifying it.^ In Italy it is manufactured from shistose 

minerals, containing sulphur and magnesia. By roasting 

these minerals, and then moistening them and exposing 

them to the air, the salt efflorescesces on their surface. By 
solution in water, with the addition of a little lime to pre¬ 

cipitate any metallic substance that may be in solution, and 

repeated crystallizations,) the salt is obtained in a state of 
purity.f^ 

It exists in considerable quantity in sea-water; and the 

uncrystallized residuum in the salt pans, after all the com¬ 

mon salt has crystallized, consists partly of this salt dis¬ 

solved in water. This residuum is usually called bittern^ 
and sometimes in Scotland spirit of salt. 

. Sulphate of magnesia crystallizes in quadrangular prisms, 

whose planes are equal, surmounted by quadrangular 

pyramids, or by dihedral summits. The primitive form of 

its crystals is, according to Haily, a four-sided prism, 

whose bases are squares. The form of its integrant parti- 

^ Phil. Trans xxxii. 348. 

t Ann. de Chim. xlviii. 80. See also Gehlen’s Jour. ili. 549. An 
account of the manufactory has been published by Dr. Holland in Phil. 
Trans. 1816, p. 294. 
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cles is a three-sided prism, whose bases are rectangular Chap. ir. 

isosceles triangles.* The crystals are doubly refrangent, 

It has an intensely bitter taste. Its specific gravity is 

T66.t At the temperature of 60® it is soluble in its own 

weight of water, and in less than two-thirds of its weight 

of boiling water. J The volume of water is increased ^-Vhs 

by adding the salt.^ When exposed to the air it effloresces, 

and is reduced to powder. When exposed to heat it un¬ 

dergoes the watery fusion; and by increasing the tern- 

I perature its water is evaporated, but it cannot be decom- 

i posed by means of heat. Before the blow-pipe it melts 
I with difficulty into an opaque vitreous globule. I| 

I The following table exhibits the result of the experi- 

I ments of different chemists to determine the proportions of 

! the constituents of this salt: 
j 

« 55 III! ... 
Acid.... 29o5 .. 30*64 .. 32 .. 33 .. 38 .. 66*64 .. 66*6 Composi- 
Base.... 17 .. 16*86 .. 19 .. 19 .. 18 .. 33*36 .. 33*3 

Water.. 53*65 .. 52 50 .. 49 .. 48 44 

100 100 100 100 100 100 100 

Sp. 12. Ammonio-sulphate of magnesia. This salt was 

pointed out by Bergman; but Fourcroy was the first 

1 chemist who examined its properties.^: It may be pre- 

|i pared by mixing together saturated solutions of sulphate of 

t ammonia and of magnesia. Crystals almost immediately 

precipitate, which consist of the two salts combined 

I together. Or it may be prepared by pouring ammonia 
tj into a solution of sulphate of magnesia. Part only of the 

;i magnesia is precipitated. This is to be removed by filtra- 

li tion; and on evaporating the solution, the compound salt 

I is obtained in crystals. 

This salt crystallizes in octahedrons. Its taste is acrid 

1 and bitter. Its specific gravity is 1*696.§§§ It is less soluble 

* Traite de Mineralogie, ii. 322. 
t Hassenfratz, Ann. Chim. xxviii. 12. I Bergman, Opusc. i. 135. 

§ Bergman, Opusc. i. 377. |j Bergman, Opusc. i.'377. 
■** *** Kirwan, Nicholson’s Quarto Jour. hi. 215. 11 Wenzel, p. 62. 

:j: J Mojon, Ann. de Chim. xlviii. 81. § § Bergman, i. 135. 

[Ill Henry and Dalton; Dalton’s New System of Chemistry, ii. 513. 

*** Berzelius, Ann. de Chim. Ixxxii. 8. 
f f f Theoretical composition. + t Ann, de Chim. iv, 21. 

Hassenfratz, Ann. de Chim. xxviii. 121. 

VOL. II, 2 K 
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Book II. in water than either of its component parts. When heated 
^ivis^on 11. undergoes the watery fusion; and if the heat be in¬ 

creased, it is decomposed. It is not altered by exposure 

to the air. 
Composi- It is composed, according to the analysis of Fourcroy, of 
tion. 

68 sulphate of magnesia 

32 sulphate of ammonia 

100 

Sp. 13. Sulphate of potasli-and^magnesia. This salt was first 
described by Link. He formed it by saturating supersul- 

phate of potash with magnesia. Berthollet formed the 

same salt by mixing together equal solutions of sulphate of 

potash and muriate of magnesia, and evaporating the mix¬ 

ture. Crystals of sulphate of potash, with a little muriate 

of magnesia, are first obtained, and then the triple salt in 
rhomboidal crystals, which are not altered by exposure to 
the air. Their solubility is nearly the same as that of sul¬ 
phate of potash.* 

Composi- The taste of this salt is bitter. It is composed of 
eion. 

3 parts sulphate of potash 

4 parts sulphate of magnesia 

7t 

Sp. 14. Soda sulphate of magnesia. This salt was first 

described by Link, in 17964 It has been lately announced 
and analysed by Dr. Murray,§ who does not appear to have 
been aw^are of the previous experiments of the German 

chemist. Link obtained it by saturating bisulphate of soda 

with magnesia, and crystallizing the solution. Dr. Murray 

observed it formed in the boilers of the manufacturers of 

sulphate of magnesia from the bittern of sea salt. Thei: 
impure sulphate of magnesia first obtained is re-dissolved .. 

in water and crystallized. A fresh quantity is added to thet 
residual liquor, and by the necessary evaporation and! 

cooling, a fresh crop of crystals is obtained. This is re-- 

peated a third and fourth time. It is in these last crystal-- 
llzations that the triple salt is produced, forming frequently' 

* Mem. de I’Instit. iii. 218. 

^ Creir.s Anuals, 1798, i. 30. 
+ Link, Creli’s Annals, 1796, i. 30, 

§ Edin. Trans.viii. p. 233. 
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in considerable quantities, and precipitating even in the Chap. IL 

boilers. It is at first irregular and semitransparent; but 

by solution in water, and a second crystallization, it may 

be obtained in pretty regular transparent rhombs, trun¬ 

cated on their angles and edges. These crystals are not 

altered by exposure to the air. They nave a bitter taste. 
At 60° they dissolve in about thrice their weight of water. 

When heated they do not melt but decrepitate. Their 
composition according to the experiments of Link and Dr. Composi- 

Murray are as follows; 

^ t t 
Sulphate of magnesia .. 54 .... 32 .... 32*38 
Sulphate of soda. 45 .... 39 .... 38*72 

Water. 28 .... 29*00 

99 99 100 

Sp. 15. Sulphite of magnesia. This salt has only been exa- 15. SuL 
mined by Fourcroy and Vauquelin. It is prepared, like the 

others, by saturating carbonate of magnesia with sulphu¬ 
rous acid; a violent effervescence takes place, and the liquid 
becomes warm. The sulphite as it forms remains at the 

bottom in the form of a white powder: but if an excess of 

acid be added, it dissolves, and may be obtained in crystals 

by subsequent exposure to the air. Its crystals are white 

and transparent, and in the form of depressed tetrahedrons. 
Its specific gravity is 1*3802.^ Its taste is mild and earthy 
at first, and afterwards sulphureous. It becomes opaque 
when exposed to the air; but is very slowly converted into 

a sulphate. At the temperature of 60° it is soluble in 20 

parts of water. Boiling water dissolves a greater propor¬ 
tion 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 

* Link, CrelPs Annals, 1796, i. SO. 
t Murray, Edin. Trans, viii. 294. 

Theoretical composition, on the supposition that it is composed of 

1 atom sulphate of magnesia 
1 atom sulphate of soda 
6 atoms water. 

Hassenfratz, Ann, de Chim. xxviii. 12 

2 K 2 
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Book 11. 0*45 parts of its weight. In a strong heat the acid is disen- 
the earth remains pure. 

Sp. 16. Ammonio^sulphite of magnesia. This salt has 

only been mentioned by Fourcroy. It may be formed by 

mixing together the solution of sulphite of ammonia and 
sulphite of magnesia^ or by pouring ammonia into the sul¬ 

phite of magnesia. Its crystals are transparent, but the 

figure has not been determined. It is less soluble in water 

than either of its component parts. When exposed to the 

air, it is gradually converted into sulphate. 

Sp. 17. Hyposulphite of magnesia. Unknown. 
18. Arseni- Sp. 18. Arseniate of magnesia. Magnesia dissolves in 

arsenic acid; but when the acid is nearly saturated, the so¬ 

lution becomes thick and coagulates. The coagulum re- 

AX* 

gaged, and 

to. Chro¬ 
mate. 

22. Tung¬ 
state. 

2-^. Acetate. 

dissolves in an excess of acid, and yields when evaporated 
an incrystallizable gummy mass. This salt may be obtained 
also by mixing the alkaline arseniates with nitrate, muriate, 
and acetate of magnesia. When heated, it exhibits the 
same phenomena as arseniate of potash.* 

Sp. 19. Arsenite of magnesia. Unknown. 

Sp. 20. Chromate of magnesia. This salt has been 

hitherto examined only by Vauquelin. It has a fine topaz 
yellow colour, crystallizes in transparent six-sided prisms 

and is very soluble in water. When in large masses it has 

an orange yellow colour. The magnesia is precipitated by 

the fixed alkalies and alkaline earths.f 

Sp. 21. Molybdate of magnesia. This salt, according to 

Heyer, is soluble in water, has a bitter taste, and does not 

crystallize.:]: 
Sp. 22. Tungstate of magnesia. When the yellow oxide 

of tungsten is boiled with carbonate of magnesia, the liquid 

yields, when evaporated, tungstate of magnesia in small 

brilliant scales. It is soluble in water, not altered by ex¬ 

posure to the air, and has a taste similar to that of the other 

species of tungstates. When an acid is dropped in, a white 
powder or triple salt precipitates. 

Sp. 23. Acetate of magnesia. This salt may be formed 

by dissolving magnesia or its carbonate in acetic acid. It is 

not crystallizable ; but forms by evaporation a viscid mass.J 

■* Scheele, i. 159. f Ann. de Chim. Ixx. 70. 

J GrenVHandbuch, iii. 711. § Bergman, i. 388, 
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i It has a sweetish taste; leaving, however, a sense of bitter- 

I ness.* Its specific gravity is l*378.f It is very soluble 

both in water and alcohol.J When exposed to the air, it 
deliquesces. Heat decomposes it. 

i The constituents of this salt are as follows: 
I 

^ tt 
Acid_ 65-96- 70-65_71-83 
Base.34-04.... 29-35_28-17 

I I I—  Ml 

Total.... 100 100 100 

: Sp. 24. Benzoate of magnesia. This salt forms feather* 
shaped crystals of a sharp bitter taste, and easily soluble in 

I water. 

I Sp. 25. Succinate of magnesia. This salt has the form of 25.Succi- 
a white, glutinous, frothy mass, which when dried by the 
fire attracts moisture from the air, and deliquesces. 

Sp. 26. Camphorate of magnesia. This salt may be pre-» 

; pared by mixing water with carbonate of magnesia, and 

! adding crystallized camphoric acid: heat is then applied, 
; the solution is filtrated, and evaporated to dryness. The 

salt obtained is dissolved in hot water, passed through a 

filter, and evaporated by means of a moderate heat till a 
pellicle forms on the surface of the solution. On cooling 

1 the salt is deposited in thin plates. The second solution is 
intended to remove any excess of magnesia that may happen 

' to be present. 
This salt does not crystallize. It is white, opaque, and 

has a bitter taste. It is scarcely more soluble in water than 

camphorate of lime. Alcohol has no 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 co¬ 

vered with a little powder; but this effect 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 

* Mo^-veau, Encyl. Method, i. 9. 
. t Hassenfratz, Arjn. de China, xxviii. 12. 

X Bergnaan, i. 388. § Wenzel, p. 150. 

* * Richter, Statique Chimique, i. ISO., 

tt Theoretical composition. 
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Book II. other camphorates, with a blue flame. The nitrates, mu- 
Divis^n II. sulphates, do not completely decompose this 

salt, if we except the nitrate of lime and muriate of alumina.* 

Sp. 27. Suherate of magnesia. This salt is in the form of 

a powder: it reddens the tincture of turnsole: it has a 
bitter taste; it is soluble 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.f 

28. Oxalate. Sp. 28. Oxalate 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. It is 

tasteless, and not sensibly soluble in water ; yet when oxa¬ 

late of ammonia is mixed with sulphate of magnesia, no 

immediate precipitate falls. But if the solution be heated, 

and concentrated sufficiently, or if it be evaporated to dry¬ 
ness, and redissolved in water, in both cases the oxalate of 

magnesia separates in the state of an insoluble powder. The 

constituents of this salt are as follows: 

t $ il 
Acid.65_73-68_72*65..., 64-33 

Magnesia.. 35 .... 26*32 .... 27*35 .... 35*67 

100 100 100 100 

29. Tar- Sp. 29. Tartrate of magnesia. This salt is insoluble in 

water except there be an excess of acid present. It then 
affords by evaporation small crystals in the form of hexan- 

gular truncated prisms.ft It has a more saline taste, and is 

more fusible than tartrate of lime.JJ Heat first melts and 
afterwards decomposes it. 

Sp. 30. Tartrate of potash and magnesia. This triple salt, 

first examined by the Dijon academicians, may be formed 

by dissolving magnesia or its carbonate in tartar. The so- - 

lution, according to them, yields by evaporation needle- - 

* Ann. de Chim. xxvii. p. 21. f Ibid, xxxlii. 55. 

J Bergman, Opusc. i. 262 and 387. ^ By my analysis. 
II Berard, Ann. deChim. 73, 284. 

Theoretical composition. The acid considered both by myself and i 

Berard as pure contained water. Hence the reason why our results areK 
inaccurate. Bergman comes much nearer the truth. 

+ f Bergman,i. 388. Jt Von Packen de Sale Essent. Acid, Tartar.' 
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form crystals; but, according to Thenard, this triple salt chap. ii. 

does not crystallize; and when evaporated, it deliquesces.* 
Sp. 31. Citrate of magnesia. This salt maybe formed si. Citrate, 

by dissolving carbonate of magnesia in citric acid. This 

solution, though evaporated to a thick syrup, does not crys¬ 

tallize ; but it gradually assumes the form of a white opaque 

soft mass, which rises in the vessel like a mushroom. Ac¬ 
cording to Vauquelin, it is composed of 

66*66 acid 
33*34? magnesia 

lOO'OOf 

If we consider it as a compound of 1 atom acid + 1 atom 
base, its constituents must be 

Acid..74*68 
Magnesia .. 25*32 

100*00 

Sp. 32. Saclactate of magnesia, A white powder inso¬ 

luble in water. 

Sp. 33. Urate of magnesia, A white tasteless powder si¬ 

milar in appearance to uric acid. 
Sp. 34. Malate of magnesia. This salt is very soluble in 

water, and when exposed to the air deliquesces. J 

Sp. 35. Sorbate of magnesia. Permanent crystals soluble 
at 60° in 28 times their weight of water. § 

Sp. 36. Lactate of magnesia. When the solution of this 36. Lactate, 

salt is evaporated to the consistence of a thin syrup and left 

in a warm place, it shoots into small granular crystals. 

When hastily evaporated to dryness it furnishes a gummy 

mass. Alcohol resolves it into two subspecies; neutral lac¬ 

tate which it dissolves, and sublactate which it leaves un¬ 

touched. 11 
Sp. 37. Zumate of magnesia, Zumate of magnesia when 

slowly evaporated yields saline pellicles, which succeed each 

I other to the end of the evaporation. The salt exhibits the 
j form of granular crystals, which effloresce a little in the air, 

j * Ann, de Ghim. xxxviii. 32. f Fourcroy, vii, 208. 
I J Scheele, CrelEs Annals, ii. 10. Engl. Trans. 

\ Donovan, Phil. Trans. 1815. (] Berzelius, Djurkemien, ii. 437. 

I 2 
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Book 11. At the temperature of 70^ it requires 25 times its weight of 
Division II. dissolve it.* 

Sp. 38. Gallate of magnesia. When magnesia is boiled 

with the infusion of nutgalls, the liquid becomes almost .lim¬ 

pid, and assumes the same green colour as similar mix¬ 

tures. 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 li¬ 

quid holds in solution nothing but a combination of that 

acid and magnesia. But the acid is decomposed, and the 
green colour disappears, when we attempt to obtain the 
composition in a dry state. 

The composition of the salts of magnesia is easily deter¬ 
mined, by considering them as compounds of 1 atom mag- 

- nesia and 1 atom of each of the acids. An atom of magnesia 
weighs 2*5, and the weight of an atom of each of the acids 

has been given in a preceding chapter of this volume. 

Of the salts of magnesia the most useful are the carbon¬ 

ate and sulphate, both of which are very much employed 
in medicine. 

SECT. VIII. 

SALTS OF YTTRIA. 

The greater number of the salts which yttria is capable 
of forming with acids still continue unknown. 

General 1. A considerable number of the salts of yttria are inso- 
properties. J^ble water, and have not therefore been obtained in the 

state of crystals. 

2. Yttria may be precipitated from its solutions in acids 

by phosphate of soda, carbonate of soda, oxalate of ammo¬ 
nia, and tartrate of potash. 

3. It is precipitated likewise by ferrocyanate of potash. 

4. Yttria bears a considerable resemblance to lime in the 
solubility of the salts which it forms. If we except sul¬ 

phate of yttria, which is much more soluble than sulphate 

* Braconnot, Ann. de Chim. Ixxxvi. 89. 
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of lime, and whicli is easily recognized by its sweet taste. Chap. ii. 

This difference enables us readily to distinguish yttria from ' 

lime. 
Sp. 1. Nitrate of yttria. This salt was first formed by i. Nitrate. 

Mr. Ekeberg: ‘it has been more lately examined by Vau- 
quelin. It may be prepared by dissolving yttria in nitric 

acid. The solution has a sweet astringent taste, and in most 

of its properties agrees with nitrate of glucina. Like it, 
this salt can scarcely be obtained in the state of crystals. 

during the evaporation, a heat somewhat too strong be 

applied, the salt becomes soft, and assumes the appearance 

of honey, and on cooling becomes hard and brittle like a 
stone. When exposed to the air, it very soon attracts 

moisture, and deliquesces. When sulphuric acid is poured 

into this solution, crystals of sulphate of yttria are instantly 

precipitated.* 
Sp. 2. Carbonate of yttria. This salt may be formed by 2. Carbon-' 

precipitating yttria from its solution in acids by means of 

an alkaline carbonate. It is a white, tasteless, insoluble 
powder, composed of 

18 acid 
55 yttria 

27 water 

100 t 

According to Vauquelin, it loses 32 per cent, when cal¬ 
cined. J If we suppose it a compound of 1 atom acid 1 
atom yttria, its constituents will be 

Acid.... 35*48 

Base.... 64*52 

100*00 

Sp. 3. PhospTiate of yttria. This salt has only been 3. ?hos- 
formed by Vauquelin. When the solution of phosphate ofP^^^^* 

soda is mixed with the sulphate, nitrate, or muriate of yttria, 

phosphate of yttria precipitates in gelatinous flakes. § 

♦ Ann. de Chim. xxxvi. 156. + Klaproth's Beitrage, jii. 67. 

I Ann. du Mus. d’Hist. Nat, xv. 9. ■§ Ann. de Chim. xxxvi. 158. 
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Book II. Sp. 4*. Sulphate ofyttrla. This salt was first formed by 
Division II. Qadolin, and afterwards it was examined with more preci¬ 

sion by Ekeberg,* Vauquelin,! and Klaproth.J 
Sulphuric acid dissolves yttria readily, and some caloric 

is evolved during the process. As the solution goes on, the 
sulphate crystallines in small brilliant grains. 

Properties. These crystals are irregular, but most frequently, accord¬ 

ing to Ekeberg, they have the form of flat six-sided prisms 

terminated by four-sided summits. In my experiments 

I obtained long slender rhomboidal prisms. These crystals 

are not altered by exposure to the air. Their taste is 

astringent and sweetish, though not so much so as sulphate 

of glucina. Their colour is a light amethyst red; their spe¬ 

cific gravity 2*791. They require at least 30 parts of water 

at the temperature of 60° to dissolve them. At a red heat 

they are partly decomposed. 

Oxalic acid, ferrocyanate of potash, and the infusion of 
nutgalls, occasion a precipitate in the aqueous solution of 

this salt. It is decomposed by phosphate of soda. 

Sulphate of glucina is readily distinguished from this salt 

by its being colourless, lighter, and more soluble in water. 
Sp. 5. Arseniate of yttria. When yttria is dissolved in 

arsenic acid, and the solution boiled, arseniate of yttria pre¬ 
cipitates in the state of a white powder. § Arseniate of pot¬ 

ash precipitates yttria from acids. H 

6. Chro- Sp. 6. Chromate of yttria. Chromic acid dissolves yttria 

cold in considerable quantity and with effervescence. The 

solution has an astringent and pungent taste, and, like 

most of the chromates, has an orange-^red colour passing 
into yellow. The solution is quite neutral. When evapo¬ 

rated, it forms dendrites consisting of prisms and cubes. It 
is very soluble in water.** 

Sp. 7. Acetate of yttria, Yttria dissolves readily in 

acetic acid, and the solution yields by evaporation crystals 

of acetate of yttria. These crystals have most commonly 

the form of thick six-sided plates obliquely truncated. Their 

♦ Crell^s Annals, 1799, ii. 68. + Ann. de Chlra. xxxvi. 156. 

Beitrage, iii. 67. § Ekeberg, Crell's Annals, 1799, ii.70. 
H Klaproth’s Beitrage, iii. 76. , 

** John, Annals of Philosophy, iv. 426. 
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colour Is amethyst red. They are not altered by exposure Chap. ii. 

to the air.* 

Sp. 8. Succinate of yttria, Yttria is not precipitated s. Sued- 

from its solution in acids by the succinates, according to 

Ekeberg.f This however 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 dropped into concentrated muriate or acetate of 

yttria, small cubic crystals fall, which are succinate of 
yttria. ± 

Sp. 9. Oxalate of yttria. When oxalic acid, or the 9. Oxalat. 
oxalate of ammonia, is dropped into a solution of yttria in 

acids, a white insoluble powder precipitates, which is the 

oxalate of yttria. J It is composed, according to the expe¬ 
riments of Vauquelin, of 

Acid.57*5 

Yttria.42*5 

100*011 

Sp. 10, Tartrate of yttria. Yttria is precipitated from 

its solution in acids by tartrate of potash; but an addition 

of water dissolves the precipitate.*^ Hence it follows that 
tartrate of yttria is soluble in water. 

SECT. IX. 

SALTS OF GLUCINA. 

The salts of glucina have been examined equally imper¬ 
fectly with the salts of yttria. 

1. The salts of glucina are much more soluble in water General 

than those of yttria, and a smaller number of them seem 
susceptible of crystallizing. 

* Ekeberg, Crelfs Annals, 1799, ii. 69; and Klaproth’s Beitrage, 
iii. 70. + Ann. de China, xliii. 277. t Klaproth’s, Beitrage, iii. 76. 

§ Klaproth’s Beitrage, iii. 75. 11 Ann. du Mus. d’Hist. Nat. xv. 9. 

* * Klaproth’s Beitrage, iii. 75. 
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Book II. 2. The salts of glucina are not precipitated by oxalate of 
Divas ion . ammonia or tartrate of potash which sufficiently distinguishes 

them from salts of yttria. 

3. Ferrocyanate of potash occasions a white precipitate 
when dropped into the solution of a salt of glucina, 

4. Infusion of nut-galls occasions a yellow precipitate; 

which acquires a purplish tinge if any iron be present 

5. The sulphate of glucina does not crystallize, nor do 

crystals of alum form in it when sulphate of potash is mixed 
with the solution, 

1. Nitrate. Sp. 1. 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 pow¬ 
der, but cannot be obtained in the state of crystals. 

Its taste is sweet and astringent. It is exceedingly solu¬ 

ble in water; so much so indeed that it is very difficult to 

obtain it in a dry state. When evaporated, it becomes 
thick and glutinous like honey. When exposed 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 purity. When tincture of nut- 

galls is dropped into a solution of this salt, a yellowish- 
brown precipitate immediately appears. Nitrate of glucina 

may be readily distinguished from nitrate of alumina by this 

property. 
Sp. 2. Carbonate of glucina. This salt has been examined 

only by Vauquelin. It may be prepared by precipitating 
glucina from its solution in acids by an alkaline carbonate, 

and washing the precipitate sufficiently wdth pure water. It 
is in the state of a white soft powder, which has a greasy 
feel. It has no taste, and is exceedingly light. It is in¬ 
soluble in w^ater, not altered by exposure to the air, easily 

decomposed, and its acid driven off by the application of 

heat. It loses half of its weight in a red heat. 

s.Phos- Sp. 3. Phosphate of glucina. This salt has been examined 
phate. Vauquelin. He obtained it by pouring phosphate 

of soda into the solution of glucina in sulphuric, nitric, or 

muriatic acid. The phosphate of glucina is precipitated in 

Properties, the state of a white powder. It does not crystallize. It is 

tasteless, insoluble in water, unless it contains an excess of 
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lacid, and not liable to be altered by exposure to the air. chap. ii. 
I When heated strongly, it melts into a transparent glass. v~^ 

I Sp. 4‘. Sulphate of glucina. This salt was first examined 4. Sulphate, 

i by Vaiiquelin, the discoverer of its base. 

It is prepared by saturating sulphuric acid with glucina. 

j The acid dissolves the earth readily, and the solution by 
i evaporation yields small needle-form crystals, the figure of 

I which has not been ascertained. 

I It has a very sweet and somewhat astringent taste. It is Properties, 

I soluble in water; the solution readily assumes the con¬ 

sistence of a syrup, but does not crystallize. When heated 
it undergoes the watery fusion, loses its water, and falls to 

1 powder. At a red heat it is decomposed completely, the acid 
i is driven off, and the earth remains in a state of purity, 

i The infusion of nutgalls, when dropped into the solution of 

j this salt, occasions a yellowish white precipitate. 

I Berzelius has shown that there are three subspecies of Subspecies, 

i sulphate of glucina; 1. Neutral sulphate, forming a gummy- 

I like mass, composed of 

I Sulphuric acid.. 100 or 1 atom 
Glucina . 61*1 1 

The second, a bisulphate obtained by dissolving glucina 
in sulphuric acid and evaporating the solution, composed 

of 
Acid.100 or 2 atoms 

Glucina.62*15 1 

The third, a subsesquisulphate composed of 2 atoms acid 
! and 3 atoms glucina obtained by digesting carbonate of 

glucina in the solution of the second subspecies. It was 

I composed of 

Acid ...100 
Glucina. 98*4* 

If we suppose the constitution of these three salts to 

l?e as I have stated them, their composition w'ill be as 

follow's; 
1. Neutral salt. 

Acid.. 100 

Glucina. 65 

* Beiyelius, attempt to establish a pure scientific system of Minera¬ 
logy, p. 134. 

\ 
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Book II. 
Division II. 

2. Bisulphate. 

Acid. 100 

Glucina. 32*5 

3. Subsequisulphate. 
Acid. 100 

Glucina. 97*5 

Sp. 5. Chromate of glucina, Glucina thrown down hj 

carbonate of potash is dissolved very slowly by concentrated 
chromic acid. The solution has a yellow colour, and 

does not seem capable of crystallizing.* 

Sp. 6. Chromo-sulphate of glucina. When sulphate of glu¬ 
cina is poured into chromic acid the appearance of the solu¬ 

tion is not altered ; but when the liquid is evaporated there 

remains behind a triple salt in dendritical crystals in a state 

of efflorescence.f 
Sp. 7. Acetate of glucina. Acetate of glucina is sweet 

and astringent, has an excess of acid, and does not crystal¬ 

lize, but forms a gummy mass in thin transparent plates, 

soluble in water, and still acid.:]: 

Sp. 8. Succinate of glucina, Ekeberg has announced, that 

glucina is precipitated from its solution in acids by the suc¬ 

cinates. The succinate of glucina is of course insoluble, or 
nearly so.§ 

Sp. 9. Oxalate of glucina. As acetate of glucina is not 

precipitated by oxalate of ammonia, we may infer that 

the oxalate of glucina is soluble in water. 

Such is the small number of these salts hitherto examined. 

Not one of them crystallizes except the chromo-sulphate, 

and its crystals are imperfect. 

SECT. X. 

SALTS OF ALUMINA. 

General 1. Most of the salts of alumina are soluble in water, and 
properties, them are capable of crystallizing. 

John, Annals of Philosophy, iv. 425. t Ibid. 

+ Vauquelin, Ann. du Mus. d’Hist. Nat. xv. 9. 

^ Ann. de Chim. xliii. 277. 



SALTS OF ALUMINA. 511 

*2. They are distinguished by a sweet and astringent taste, Chap. IL^ 

in which respect they resemble the salts of yttria and glu- 
cina. 

3. They are not precipitated by oxalate of ammonia nor 
tartaric acid, which sufficiently distinguishes them from 
salts of yttria. 

4. They are not precipitated by ferrocyanate of potash, 
nor by tincture of nut-galls, in which respects they differ 
both from the salts of yttria and glucina. 

5. Phosphate of ammonia, when dropped into a salt of 
; alumina, occasions a white precipitate. 
i 6. Hydriodate of potash accasions a white flocky pre- 
[ cipitate in a solution of alumina, which speedily becomes 
' yellow and continues permanent. This is not owing to the 
i excess of acid which the salts of alumina usually contain, for 
1 the yellow colour does not disappear on the addition of car- 
I bonate of ammonia. 

j 

! 7. If sulphuric acid and then sulphate of potash be 
I added to a salt of alumina, and the mixture be set aside, 
j octahedral crystals of alum speedily make their appearance 
i in it. 

Sp. 1. Nitrate of alimilna. Though this salt has been i. Nitrate, 

j known to chemists for many years past, it has not hitherto 
I been examined with precision. It is prepared by dissolving 
j alumina in nitric acid, and evaporating the solution till the 
ij salt crystallizes. This salt always contains an excess of 
i acid, and is therefore one of the few supernitrates with which 

ii we are acquainted. 
i It crystallizes with great difficulty in thin soft plates, 

; which have but little brilliancy. This salt has an acid and 
1 astringent taste. Its specific gravity is 1*645.'^ It is ex- 
I ceedingly soluble in water, and when evaporated is con¬ 

verted into a glutinous mass of the consistence of honey. 
It often assumes on cooling the form of a jelly. When 
exposed to the air, it very soon attracts moisture and de¬ 
liquesces. When heated, the acid is disengaged with great 

I facility, and the earth remains behind in a state of purity. 
Sp. 2. Carbonate of alumina. The greater number of 2. Carbon- 

: chemists have agreed in admitting the existence of this 
i pit. Bergman could not form it artificially; but he allows 

* Hassenfratz, Ann. de Chim. xxviii. 12. 
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Book ir. its existence, because when alum is mixed with an alkaline 
Division II. carbonate, part of the alumina remains in solution till the 

carbonic acid be driven off.* Saussure has shown that 

water saturated with carbonic acid is capable of dis¬ 

solving alumina; but this combination is destroyed by 
simple exposure to the air. Carbonate of alumina, then, 
cannot exist in a dry state. What had been considered 

formerly as a dry carbonate is a triple compound of alumina, 

carbonic acid, and the alkali employed in precipitating the 
alumina.f 

Sp. 3. Borate of alumina. This salt may be formed by 

mixing together the solutions of borate of soda and sulphate 
of alumina. It is said to be scarcely soluble in water, and 
not to crystallize. 

Sp. 4. Silicate of alumina. The salt may be obtained by 

mixing together silicate of potash and solution of alumina 

in potash. The silicate of alumina gradually forms a jelly, 

and may be separated by the filter. 

Sp. 5. Silicate of potash-and-alumina. The well known 

mineral called felspar is a triple salt, composed of 1 atom 

silicate of potash, and 3 atoms silicate of alumina united 
together. 

^ ^ t • • ^ 

Sp. 6. Silicate of soda-and-alumina. The mineral called 

sodalite is a triple salt composed of 1 atom of silicate of soda, 

and 2 atoms of silicate of alumina. 

Sp. 7. Phosphate of akimina. This salt has been examined 

by Fourcroy only. It may be formed by saturating phos¬ 

phoric acid with alumina. It is a tasteless powder, insolu¬ 

ble in water. Dissolved in phosphoric acid, it yields a 

gritty powder, and a gummy solution, which by heat is 

converted into a transparent glass. 
8. Sulphate, Sp. 8. Sulphate of alumina. This salt may be formed by 

dissolving alumina in sulphuric acid, evaporating the solu¬ 

tion to dryness, dissolving it again in water, and evaporat¬ 

ing it till it crystallizes. Little attention has hitherto been 

paid to this salt, which was never properly distinguished 

from alum till two memoirs, one by Vauquelin and another 
by Chaptal, on the nature of alum, made their appearance 

in the 22d Volume of the Annales de Chimie. 

Properties. It crystallizes in thin plates, soft and pliant, and of a 

* Bergman, i. 32, f Jour, de Phys. Hi. 28. 

7. Phos 
phate. 

* Bergman, i. 32, 
6 
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pearly lustre. Its taste is astringent. It is.very soluble in Chap. ii. 

water, and does not crystallize without difficulty. When 
heated it loses its water of crystallization, and falls to pow¬ 
der. A strong heat decomposes it completely by volatiliz¬ 
ing the acid. It is not altered by exposure to the air. 

8p. 9. Alum, Of this salt there are no less than four 

subspecies, all of which are triple salts; two neutral, and 

i two in the state of supersalts. These varieties may be dis- 
I tinguished by the following names : 
! 1. Sulphate of alumina-and-potash. , Subspecies, 

2. Sulphate of alumina-and-ammonia. 
3. Supersulphate of alumina-and-potash. 

4. Supersulphate of alumina-and-ammonia. 
I The two last of these varieties are usually confounded 
i together under the name of alum: the two first have been 
( called alum saturated with its earthy and sometimes alumi- 

I nated alum. It will be proper to consider the two last 

I varieties first, because they have been longest known, and 
I are the most important. 
: 1. The super sulphates. The aruTrTYipia of the Greeks, and Alum, 

I the alumen of the Romans, was a native substance which 
j appears to have been nearly related to green vitriol^ or suU 

1 phate of iron; and which consequently was very different 

1 from what we at present denominate alum. From the 

I researches of Professor Beckman, it appears that we owe 
I the discovery,of alum to the Asiatics; but at what period, I or by what means, the discovery was made is altogether 

unknown. It continued to be imported from the east till 
the 15th century, when a number of alum works were esta¬ 
blished in Italy. In the 16th century it was manufactured 

1 in Germany and Spain; and during Queen Elizabeth’s reign 

1 an alum work was established in England by Thomas 
I Chalomer. The alum of commerce is usually obtained 

( from native mixtures of pyrites and clay, or sulphuric acid 

I and clav. 
Bergman has published a very complete dissertation on 

i the process usually followed.* The earth from which it is 
I procured is usually called alum slate, because it is slaty. 

; Its colour is blackish, because it contains some bitumen. 

In most cases it is necessary to burn it before it can be 
\ 

% 

* Opusc. i. 279, 

VOL. II. 2 L 
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Properties. 

employed; this is done by means of a slow smothered fire. 

* Sometimes long exposure to the weather is sufficient to 
produce an efflorescence of alum on the surface. It is 
then lixiviated, and the water concentrated by evaporation, 

and mixed with putrid urine, or muriate of potash; crys¬ 
tals of alum and of sulphate of iron usually form together. 

The composition of alum has been but lately understood 

with accuracy. It has been long known, indeed, that one 
of its ingredients is sulphuric acid;* and the experiments 

of Pott and Margraff proved incontestibly that alumina is 

another ingredient. But sulphuric acid and alumina are 
incapable forming alum. Manufacturers knew that the 
addition of a quantity of potash or of ammonia, or of 

some substance containing these alkalies, is almost always 
necessary; and it was proved, that in vCvery case in which 

such additions are unnecessary, the earth from which the 
alum is obtained contains already a quantity of potash. 
Various conjectures were made about the part which potash 

acts in this case; but Vauquelin f and Chaptal :j: appear 

to have been the first chemists that ascertained by decisive 
experiments that alum is a triple salt, composed of sulphu¬ 

ric acid, alumina, and potash or ammonia, united together. 
Alum crystallizes in regular octahedrons, consisting of 

two four-sided pyramids applied base to base. The sides 

are equilateral triangles. The form of its integrant par¬ 
ticles, according to Haiiy, is the regular tetrahedron. Its 

taste is sweetish and very astringent. It always reddens 
vegetable blues. Its specific gravity is 1’7109.§ At the 
temperature of 60° it is soluble in from 15 to 20 parts of 
water, and in fths of its weight of boiling water. When 
exposed to the air it effloresces slightly. When exposed to 

a gentle heat it undergoes the watery fusion. A strong 
heat causes it to swell and foam, and to lose about 4*4 per 

cent, of its weight, consisting chiefly of water of crystalliza¬ 

tion, jj What remains is called calcined ov burnt alum, and 

* Some chemists have thought proper to call the sulphuric acid, ob¬ 
tained by distilling alum, spirit of alum. 

f Ann. de Chim. xxii. 258. J Ibid. 280. 
S Hassenfratz, Ann. de Chim. xxviii. 12. Wallerius found it 1*719 

(Chemistry, p. 266); and Dr Watson, 1*757 (Essays, v. 67); Fahren- I* 

beit, 1*738. (Phil. Trans, liii. 114.) 

{} Bergman, i. 287. 
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is sometimes used as a corrosive. By a violent heat, the Chap. II. 

greater part of the acid may be driven ofh In that case, as 

was first observed by Milner, a portion of the acid is de¬ 
composed into sulphurous acid and oxygen gas. 

Though the properties of alum are in all cases pretty 
nearly the same, it has been demonstrated by Vauquelin 

that three varieties of it occur in commerce. The first is 
super sulphate of alumma-aud-potash ; the second, super¬ 
sulphate of alumhia-and-ammonla ; the third is a mixture or 

combination of these two, and contains both potash and 

ammonia. It is the most common of all; doubtless, be¬ 
cause the alum makers use both urine and muriate of potath 
to crystallize their alum. Vauquelin, Thenard, and Roard 
have lately analysed a number of specimens of alum manu¬ 
factured in different countries. The result was that they 
all contain very nearly the same proportion of ingredients. 

The mean of all the good analyses hitherto made is as fol- Consti- 

iows: 

* t t 
Acid. 30-52.... 26*04.... 34*23 

Alumina... 10*50.... 12*53.... 10*86 
Potash. 10*40 .... 10*02 .... 9*81 

Water. 48*58 _51*41_45 

100*00 100*00 99*9 

The analysis of Berzelius is equivalent to 

Sulphate of alumina.36*85 
Sulphate of potash.. 18*15 

Water... 45*00 

100*00 

If we consider it as a compound of 3 atoms sulphate of 

alumina, 1 atom sulphate of potash and 23 atoms of water, 

its constitution will be as follows; 

* Vauquelin, Ann. de Chim. 1. 167. Small quantities of ammonia 

also occurred in several. 
f Thenard and Roard, Ann. de Chim. lix. 72. The acid vras esti¬ 

mated by means of sulphate of barytes, v/hich they considered as con¬ 

taining only 26 per cent. of sulphuric acid ; whereas it contains 34 per 
cent.; of course the proportion of that acid in the table is too small. 

J Berzelius, Ann. de Chim. Ixxxii. 258. 

2 L 2 
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Sulphate of alumina. ...... 36*70 
Sulphate of potash ........ 18*88 
Water...44*4<2 

100*00 

Cubic 
alum. 

Neutral 
com¬ 
pounds. 

Properties. 

Proportions which come sufficiently near the analysis to 

leave no doubt respecting their accuracy. 
From the analyses and experiments of Thenard and 

Roard, it appears that alum usually contains a little sul¬ 
phate of iron. Its good qualities as a mordant in dyeing 
depend upon the proportion of that salt present. The 
freer it is from it the better. The purest alum examined 

contained about yoVoI^ weight of sulphate of 
iron, the impurest about -y-oVt• When freed from sulphate 
of iron every species of alum tried acts exactly in the same 

manner as a mordant.* 
When an unusual quantity of potash is added to alum 

liquor, the salt loses its usual form and crystallizes in cubes. 

This constitutes a fourth subspecies of alum, usually distin¬ 
guished by the name of cubic alum. It contains an excess 

of alkali. 
When the potash is still further increased, Chaptal 

has observed that the salt loses the property of crystal¬ 
lizing altogether, and falls down in flakes. This con¬ 

stitutes a fifth subspecies of alum, consisting of sulphate of 
potash combined with a small proportion of alumina. 

2. The sulphates. All the varieties of alum are capable 

of combining with an additional dose of alumina, and 

forming perfectly neutral compounds; all possessed of 
nearly the same properties, and therefore confounded toge¬ 
ther as one salt. 

It may be prepared by boiling a solution of alum with 

pure alumina; the compound, as it forms, gradually preci¬ 
pitates in the form of a white powder. It was formerly 
denominated alum saturated with its earth. This salt does 

not crystallize, but has always the form of a tasteless pow¬ 

der. It is insoluble in water, and not altered by exposure 
to the air. Heat has no effect upon it unless it be very 

violent; and in that case part of the acid is disengaged. 

Sulphuric acid converts it into alum. It is less easily de- 

* Alin, de Chim, lix. 58. 
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composed by other bodies than alum. Several of the acids Chap. ii. 

dissolve slowly its last dose of alumina, and convert it into 

alum. This salt has not hitherto been applied to any use. 
Alum is capable also, as Chaptal informs us, of combining 

with several other bases, and of forming many triple salts, 

which have never yet been examined with attention.^ 

If three parts of alum and one of flour or sugar be Homberg’s 

melted together in an iron ladle, and the mixture dried till 

it becomes blackish and ceases to swell; if it be then 

pounded small, put into a glass phial, and placed in a sand- 
bath till a blue flame issues from the mouth of the phial, 
and after burning for a minute or two be allowed to cool,f 
a substance is obtained known by the name of Homberg^s 
pyrophorus, which has the property of catching fire when¬ 

ever it is exposed to the open air, especially if the air be 
moist. 

This substance was accidentally discovered by Homberg 
about the beginning of the 18th century, while he was 

engaged in his experiments on the human faeces. He had 
distilled a mixture of human faeces and alum till he could 
obtain nothing more from it by means of heat; and four 

or five days after, while he was taking the residuum out of 

the retort, he was surprised to see it take fire spontaneously. 
Soon after, Lemery the Younger discovered that honey, 
sugar, flour, or almost any animal or vegetable matter, 

could be substituted for human faeces; and afterwards Mr. 
Lejoy de Suvigny showed that several other salts contain¬ 
ing sulphuric acid may be substituted for alum. J Scheele 
proved that alum deprived of potash is incapable of forming 

'pyrophorus, and that sulphate of potash may be substituted 
for alum.§ And Mr. Proust has shown that a number of 
neutral salts, composed of vegetable acids and earths, when 

distilled by a strong fire in a retort, leaves a residuum which 
takes fire spontaneously on exposure to the air. From the 
observations of Davy and Coxe, there can be no doubt that 

this pyrophorus owes its properties to a little potassium 
which it contains, and which is reduced during the process 
for making the substance. 

* Ana de Chim. xxii. 293. 

+ Care must be taken not to keep it too long exposed to the heat. 
it See Macquer’s Dictionary. 
§ Scheele on Fire and and on Pyrophorus. 
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Book II. Sp. Id. Sulphite of alumina. This salt was first formed 

by Berthollet; it has been described by Fourcroy and 

Vauqueliii. 
When formed by the usual process it remains in the state 

of a white powder, and does not crystallize though dissolved 
in an excess of acid. 

It is white and soft, and has an earthy and sulphureous 
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 more rapidly. 

When heated, its acid disengages, and the alumina remains 

behind, mixed however with a small proportion of sulphate 
of alumina. 

Sp. 11. Arseniate of alumina. Arsenic acid readily dis^ 

solves newly precipitated alumina. When the solution is 
evaporated, it gives a thick mass insoluble in water. This 

salt may be formed by mixing the alkaline arseniates with 
sulphate, nitrate, muriate, or acetate of alumina.* 

Sp. 12. Tungstate of alumina. An insoluble white pow¬ 

der, 

13. Acetate. Sp. 13. Acetate of alumina. This salt can only be formed 

by digesting acetic acid on alumina recently precipitated. 

By evaporation needle-shaped crystals are obtained, which . 

are very deliquescent. This salt has an astringent taste. 

Its specific gravity is 1 *245.1 Gay-Lussac has observed 
that when the solution of acetate of alumina is heated, one 

half of the alumina precipitates, but is taken up again when 

the solution cools.f The constituents of acetate of alumina 
are as follows: 

Acid. 

Base 

§ II 
73*81 - 92*06_85*71 
26*19- 7*94_14*29 

100 100 100 

Sp. 14. Benzoate of alumina. This salt forms dendriti- 

* Scheele, i. p. 160. f Hassenfratz, Ann. de Chim. xxviii. 12. 
$ Ann. de Chim. Ixxiv. 193. § Richter, Statique Chimique, i. 136. 

[| Wenzel, p. 157. 
* •* Theoretical composition, supposing the salt composed of 2 atoms 

acid + 1 atom alumina. 
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cal crystals. It has a sharp bitter taste, is soluble in water. Chap. ii. 

and deliquesces when exposed to the air. ^ 
Sp. 15. Succinate of alumina. This salt, according to 

Wenzel, crystallizes in prisms, and is easily decomposed by 

heat.* 

Sp. 16. Camphorate of alumina. To prepare this salt, i6. Cam- 

alumina, precipitated by means of ammonia and well 
washed, is to be mixed with water, and crystals of cam¬ 

phoric acid added. The mixture is then to be heated, fil¬ 
tered, 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 iT^th part of its weight of this salt. Boiling water 

dissolves it in considerable quantities; but it precipitates 
again as the solution cools. Alcohol, while cold, dissolves 

it very sparingly; but when hot it dissolves a considerable 
quantity of it, which precipitates also as the solution cools. 
This salt undergoes very little alteration in the air; but 

it rather parts with than attracts moisture. Heat volatilizes 

the acid; and when the salt is thrown on burning coals, it 
burns with a blue flame.f 

Sp. 17. Suberate of alumina. This salt does not crys-17. Sube- 

tallize. When its solution is evaporated by a moderate 
heat in a wide vessel, the salt obtained is of a yellow colour, 
transparent, having a styptic taste, and leaving an impres¬ 

sion 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 it swells up, the acid is volatilized and decom¬ 
posed, and nothing remains but the alumina.J 

Sp. 18. Oxalate of alumina. Oxalic acid readily dis- is.Oxalatel 

solves alumina, and forms a salt which is uncrystallizable, 
but furnishes on evaporation a yellowish pellucid mass. It 

is sparingly soluble in alcohol. It has a sweet astringent 
taste. It is composed of 

44 alumina 

56 acid and water 

100 

■* Verwaadt. p. 343. f Ann. de Chim. xxvii, 34. 
t Ann. de Chim. xxiii. 55. 
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Alumina, 

24. Malate. 

.Supcrgal- 
late of alu¬ 
mina. 

When exposed to the air it deliquesces; and if it has been 

‘ previously well dried, its weight is increased by fds. It 
reddens turnsole,^ 

Sp, 19. Mellate of alumina. When mellitic acid is 
dropped into sulphate of alumina it throws down an abund¬ 
ant precipitate in the form of a white flaky powder.f 

Sp. 20. Tartrate of alumina. This salt does not crys¬ 
tallize, but forms by evaporation a clear transparent gummy 

mass. Its taste is astringent. It is soluble in water. It 

does not deliquesce in the air.J 

Sp. 21. Tartrate 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. The- 
nard has observed, that no precipitate is produced in this 

salt, either by the addition of alkalies or their carbonates.§ 
Sp. 22. Saclactate of aliumina, A white powder insoluble 

in water. 

Sp. 23. Urate of alumina. A white powder, scarcely 

distinguishable by its aspect from uric acid. 
Sp. 24. Malate of alumina. This salt is almost insoluble 

in water. H Of course it precipitates when malic acid is 

dropped into a solution containing alumina. Mr. Chenevix 
has proposed this acid to separate alumina from magnesia; 
which earths, as is well known, have a strong affinity for 
eachotber.il 

Sp. 25. Sorbate of alumina. From the experiments of 

Mr. Donovan it appears that sorbic acid is incapable of 
acting on or dissolving alumina. It would seem, therefore, 

that sorbate of alumina does not exist. 
Sp. 26. Zumate of alumina. A salt not altered by expo¬ 

sure to the air, and having the appearance of gum. 
Sp.27. Gallate When a small portion of alumina 

is mixed with the infusion of nutgalls, it separates the whole 

of the tan and extract, and leaves the liquid limpid and of 
a very pale yellowish-green colour. This liquid, by spon¬ 
taneous evaporation, yields small transparent prismatic 
crystals, which, according to Davy, are supergallate of 

* Bergman, ii. SSf. f Vauquelin, Ann. de Chim. xxxvi. 210. 
I Von Packen. § Ann. de Chim. xxxviii. 33. 

II Ann. de Chim. xxvili. 921. 
Braconnot, Ann. de Chim. Ixxxvi. 88. 

1 
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i of alumina. They afford the only instance of a gallate Chap. II. 

i capable of existing in the state of crystals. The quantity 

I of alumina is very small; too small to disguise the properties 
i of the acid. 

Such are the properties of the salts of alumina, as far as 

( they have been hitherto examined. Their composition is 
j easily determined by considering them as composed of 1 
i atom of alumina united to 1 atom of each of the acids. An 

1 atom of alumina weighs 2*125, and the weight of an atom of 

j each of the acids has been given in a preceding chapter of 
1 this volume. 

I Several of the salts of alumina, as alum and the acetate, 
I are very much employed by dyers and calico-printers as a 

I mordant to fix the different colours upon cloth. Alum is 
j likewise employed in the preparation of leather, and for a 

great variety of other purposes exceedingly important in 

various manufactures. 

SECT. XI. 
t 

SALTS OF ZIRCONIA. 

ZiRCONiA dissolves in acids only when newly precipitated 
from its solutions and still moist. If it be dried, and espe¬ 
cially if it be exposed to a red heat, it is acted on by acids 
with great difficulty. 

2. The alkalies, the alkaline earths, and the earths General 

proper, separate zirconia from all its combinations with 
acids. 

3. The greater number of the salts of zirconia are insolu¬ 
ble in water. This is the case with the sulphate, sulphite, 

phosphate, fluate, borate, carbonate, oxalate, tartrate, 
citrate, saclactate, and gallate. The muriate, nitrate, ace¬ 
tate, benzoate, and malate, are soluble in water, 

4. The salts of zirconia have an astringent taste, harsh, 

and disagreeable, similar to some of the metalline salts. 
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Book II. 5. When sulphuric acid is dropped into a salt of zir- 
Division II. conia, a white precipitate falls. 

6. When carbonate of ammonia is dropped into a salt of 
zirconia, a white precipitate appears, which is re-dissolved 

if an additional portion of the carbonate of ammonia be 
added. 

7. Oxalate of ammonia and tartrate of potash occasion a 
■ white precipitate when dropped into a salt of zirconia. 

8. The infusion of nut-galls, when dropped into a solu¬ 

tion of zirconia, occasions a white precipitate. The hydro- 
sulphuret of potash occasions no precipitate, if the solution 
be free from iron. 

i. Nitrate. Sp. 1. Nitrate of zirconia. This salt was first formed by 

Klaproth. Vauquelin has given us a detailed description of 

it. It may be easily formed by pouring nitric acid on newly 

precipitated zirconia. 
Properties. It always contains an excess of acid. By evaporating, a 

' yellowish transparent matter is obtained, exceedingly tena¬ 

cious and viscid, and which dries with difficulty. It has an 

astringent taste, and leaves on the tongue a viscid matter, 
owing to its being decomposed by the saliva. It is only 

very sparingly soluble in water; the greatest part remains 
under the form of gelatinous and transparent flakes. Like 
all the other salts into which zirconia enters, it is decom¬ 

posed by heat. It is decomposed also by sulphuric acid, 

which occasions a white precipitate soluble in excess of acid; 

by carbonate of ammonia, which produces a precipitate 
soluble by adding 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 ammo¬ 
nia, produces a matter which appears purple by transmitted 

light, but violet by reflected light. Gallic acid also precipi¬ 
tates nitrate of zirconia of a greyish-blue, but the colour is 
not so fine. Most of the other vegetable acids decompose 

this salt, and form combinations insoluble in water.* 
Sp. 2. Carbonate of zirconia. This salt was formed by 

* Vauquelin, Ann. de Chira. xxii. 199. 
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Vaiiqiielin by precipitating 

acids by alkaline carbonates, 
composed of 

zirconia from its solution in Chap. Ii. 

It is a tasteless white powder. 

44*5 acid and w^ater 

55'5 zirconia 

100*0 

When heated the carbonic acid is driven off. This salt 
is soluble in the three alkaline carbonates, and seems to 
form with them triple salts. 

Sp. 3. Borate of zirconia, A white insoluble powder. 
Sp. 4. Phosphate of zirconia, A white insoluble powder. 

Sp. 5. Sulphate of zirconia. This salt was first formed by 5. Sulphate. 

Klaproth, but Vauquelin has described it with more preci¬ 
sion. It is prepared by dissolving zirconia in sulphuric 

acid, and evaporating the solution to dryness. 
It is usually in the form of a white powder. It may. Properties, 

however, be obtained in small needle-form crystals. It has 

no taste, and is insoluble in water. It is not altered by 
exposure to the air. It is very easily decomposed by heat: 
the acid readily flies off, and leaves the earth in a state of 
purity. This decomposition may be accomplished even by 

boiling in water; the earth precipitates, and the acid 

j’emains in solution. Klaproth informs us, that with excess 

of acid sulphate of zirconia forms transparent stelliform 
crystals, soluble in water, and having an astringent taste.* 

Sp. 6. Sulphite of zirconia. A white insoluble powder. 
Sp. 7. Acetate of zirconia. This salt may be formed by 

pouring acetic acid on newly precipitated zirconia. It has 
1 an astringent taste. It does not crystallize; but when eva- 

j porated to dryness, it forms a powder, which does not 
I attract moisture from the air as acetate of alumina does.f It 

is very soluble 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 
Sp. 8. Benzoate of zirconia. This salt is soluble in waterj 

but its properties have not been investigated. 
Sp. 9. Oxalate of zirconia, A white insoluble powder. 

•* Jour, de Phys.xxxvi. 187. 
+ Klaproth, Jour, de Phys. xxxvi, 188. 

•t Vauqueliu, Ann. de Chira. xxii, 206. 
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Book II. 10, Tartrate of zirconia, A white insoluble powder. 
Divi;^n II. j j ^ Citrate of zirconia, A white insoluble powder. 

Sp. 12. Saclactate of zirconia, A white insoluble powder. 

Sp. 13. Malate of zirconia. This salt is soluble in water, 

but its properties have not been examined. 
Sp. 14. Gallate cf zirconia, A white insoluble powder. 

SECT. XII. 

SALTS OF IRON. 

The compounds which the acids form with the 
oxides 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. Few metals attract oxygen and 
combine with acids with more facility than iron; many of 
its salts, therefore, are found ready formed, or at least are 

often formed during the multiplicity of operations to which 

this very useful metal is exposed. Some of these salts have 
been long of great importance in manufactures. They form 
the basis of writing 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 oxygen, 

and several of the acids unite with each of its oxides. 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 Researches on Prussian Blue 
in 1797; in which he described the properties of the salt 

composed of the red oxide of iron and sulphuric acid ; 
which, according to the rule formerly laid down, I shall call 

persulphate of iron. Since that time Davy has ascertained 
the existence of several more of these salts. 

The salts of iron may be distinguished by the following 
properties: 

Characters. 1. The greater number are soluble in water; and in 

general the solution has a greenish or yellowish-red colour, 
and an astringent taste. 
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2. Ferrocyanate of potash occasions in these solutions a Chap. il. 
precipitate of a deep blue, or at least which acquires that 

colour on exposure to the atmosphere. 

3. Hydrosulphuret of potash occasions a black precipi¬ 
tate. 

j 4. Sulphureted hydrogen renders the solution nearly 

colourless, but occasions no precipitate.* 
5. Gallic acid, or the infusion of nut-galls, occasions a 

black or purple precipitate, at least if the solution has been 
I for some time exposed to the air. 

! 6. Phosphate of soda, when dropped into a salt of iron, 
I occasions a white precipitate. 

j 7. Benzoate of ammonia precipitates salts of iron of a 
j yellow colour. 

8. Succinate of ammonia, dropped into solutions contain¬ 

ing peroxide of iron occasions a flesh-coloured precipitate, 
^ and throws down all the iron. But this effect is not pro¬ 

duced when the solution contains only protoxide of iron. 
Sp. I. Nit7‘ate of iron. Nitric acid, when as strongly i. Nitrate, 

concentrated as possible, does not act rapidly on iron ; but 
j w'hen the acid is of a moderate strength, the action is very 

j violent, a prodigious torrent of gas is extricated, which Dr, 

I Priestley found to be a mixture of protoxide and deutoxide 
I of azote. During this action the iron is oxidized to a maxi- 

c mum, and a red powder precipitates, consisting probably of 

ii pernitrate with excess of base. These phenomena have 
3 been long known; but it was not till after Mr. Proust’s 
: Researches on the Prussiates of Iron that the existence of 
i two salts consisting of this acid, combined with each of the 

^ oxides of iron, was well understood by chemists. It is the 
^ pernitrate of iron which is obtained by the usual process. 

! Mr. Proust merely announced the existence of the simple 

1 nitrate, but it has since been examined by Davy, 
j 1. Protonitrate of iron. When nitric acid of the specific Formation, 

' gravity T16 is poured upon iron, it acts upon the metal but 

: slowly, no gas being given out for some time. The solution 

[ becomes of a dark olive-brown in consequence of the nitrous 

* From this rule the oxyeenized salts of iron must be excepted. In 
3 them sulphureted hydrogen occasions a precipitate. This precipitate is 
I sulphur, thrown down by the decomposition of the sulphureted hydrogen; 

= at the same time the salt loses a portion of its oxygen. 
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Book II. gas which it holds in solution; but when exposed to the 
^^lon II. ail', 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 cannot be concentrated, nor even heated, without 

being converted into pernitrate.'*' 

2. Pernitrate of iron. This is the salt obtained when iron 
is treated with strong nitric acid, or when the nitrate is 

heated or left exposed to the air. The solution is of a 

brown colour, and does not yield crystals. When evapo¬ 
rated, it lets fall a red powder, not afterwards soluble in 

nitric acid ; and sometimes when concentrated assumes the 
Properties, form of a jelly. When strongly heated, the acid is disen¬ 

gaged, 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 together in nitric acid; by the evaporation 
to dryness, and a strong heat, the nitrate of iron is decom¬ 

posed, while the earthy nitrates remain unaltered. They 

are of course dissolved by the water, but the red oxide of' 

iron is left untouched. 

Cr3'stal3. Vauquelin has discovered a method of obtaining the per¬ 

nitrate of iron in crystals. W^hen concentrated nitric acid 
is kept for some months in contact with the black oxideof iron, 

solution slowly takes place, and crystals nearly colourless are s 
formed, which have the figure of rectangular four-sided I! 

prisms, terminated by dihedral ridges. These crystals have i 
an acrid and inky taste, and are very deliquescent. Their n 

solution in water has a red colour, and the alkalies precipi-- 

tate from it red oxide of iron.f 

2. Carbo- Sp. 2. Carbonate of iron. Liquid carbonic acid, when; 
kept in contact with iron, attacks it slowly, and dissolves ai 
sufficient quantity of it to acquire a sensibly chalybeate^ 

taste. When exposed to the air, the iron is gradually pre¬ 
cipitated in the state of oxide; X and by boiling it is depo¬ 

sited in the form of a yellow ochre, still retaining a portioni 

* Davy’s Researches, p. 187. f Fourcroy, vi. 205. 
J Bergman, i. 83. 
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of acid. This carbonate often exists native in mineral Chap. ii. 

waters. It may be obtained also by precipitating the sul- 
phate of iron by means of an alkaline carbonate. In that 

case it is always in the form of a green mass, or hydrate, 
which gradiiallv becomes black if the contact of air be ex- 
eluded. 

The carbonate of iron has been found native crystallized 
in rhombs at Eulenloh in Bareuth, a mineral lately 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 

I constituents, as ascertained by Bucholz, are 

36*0 acid 
59*5 protoxide 

2*0 water 

97*5 

The constituents ought to be 

Carbonic acid  .37*93 

Protoxide of iron.62*07 

100*00 

The water was, doubtless, only mechanically mixed. 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 Rust, 

j consists of the oxide of that metal combined with carbonic 
acid. Hence it dissolves in acids with effervescence, and 
when heated gives out carbonic acid gas: the residuum in 

L that case is black oxide of iron.f Its brown colour seems 

; to be owing to the presence of water. There is likewise a 

subcarbonate of iron, which, from the experiments of Berg¬ 
man, seems to be composed of about 

24 acid 

76 oxide 
( j I I 

I loot 
The liquid known by the name of StahPs tincture of Mars, 

Stahl’s 
tincture of 
Mars. 

* Bucholz, Gehlen’s Jour. i. 2S1. f Fourcroy, vi. 21^. 

X Bergman, ii. 3-92, 

6 
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Book II. because it was discovered by that illustrious chemist, has 
Division II. examined by modern chemists; but it appears to 

be a triple, or rather quadruple saline compound. It is 
formed by pouring a solution of pernitrate of iron into 
liquid carbonate of potash : a red powder first precipitates, 

which is redissolved by agitating the mixture. The liquid 
of course is a pernitrocarbonate of potash and iron. But the 

combination is not permanent; for the liquid soon deposites 

a red powder. 
3. Borate. Sp. 3. Borate of iron, Boracic acid acts very feebly upon 

iron: but borate of iron may be obtained very readily by 
pouring liquid borate of soda into a solution of sulphate of 

iron. A pale yellow powder immediately precipitates, which 
is the salt required. This salt is insoluble in water. Before 

the blow-pipe it melts readily into a globule of glass.* 

4. Phos- Sp. 4. Phosphate of iron. Phosphoric acid has but little 
phate. 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, and 
converted into phosphate of iron. The properties of phos- 

phated 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 perphosphate of iron. 

Varieties. ' Fourcroy and Vauquelin have 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 suhperphos- 

phate, which these philosophers first observed. 

1. Phosphate of iron. When sulphate of iron dissolved 

in water is mixed with a solution of phosphate of potash, 

a blue powder precipitates, which is phosphate of iron. 

This powder is insoluble in water, and does not lose its 

colour when exposed to the air.f This salt is found native, 
and constitutes the colouring matter of a blue mineral called 
native prussian blue, found in bogs, and first analysed by 

Klaproth. Native prussian blue, as it is called, when dry 

out of the earth, is at first often colourless; but when ex¬ 
posed to the air, it becomes blue. The cause of this change 
has not been ascertained. 

* Scheele, Creli’s Annals, i. 114. Eng. Transl. 
t Ibid. i. 115. Eng. Trans. 
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This salt has been lately found native in small prismatic 

crystals. Specimens of it have been brought from Brazil 

and the Isle of France. Its colour is a light blue; it is 

partly transparent and partly opaque. Before the blow-pipe 
it runs into a metalline globule. When heated, it assumes 
the red colour of peroxide of iron. It dissolves readily in 

nitric acid. Its specific gravity is 2*6. By the analysis of 

Laugier, as confirmed by Fourcroy and Vauquelin, it is 
composed of 

21 acid 

45 protoxide 
34 water 

Chap. IL 

100* 

I have examined phosphate of iron made artificially by 

mixing together solutions of sulphate of iron and phosphate 
of soda, and found it composed of equal weights of acid and 

base, or of 1 atom acid + 1 atom protoxide. 

2. Perphosphate of iron. This salt may be readily pro¬ 

cured by mixing together the solutions of permuriate of 

iron and phosphate of potash or soda. A white powder im¬ 
mediately falls, which is perphosphate of iron. 

This salt, like almost all the phosphates, is soluble in 
acids, but precipitated undecomposed by ammonia. It is 

almost insoluble in water, as it requires more than 1500 

parts of that liquid to dissolve 1 part of perphosphate. 
When heated violently, it melts into an ash-coloured glo- 

bule.f When mixed with charcoal, and heated to redness, 

it is converted into phosphuret of iron. 
3. Subperphosphate of iron. When the perphosphate of 

iron is treated with the pure fixed alkalies, a red, or rather 

brownish-red, powder is separated, while the alkali com¬ 

bines with phosphoric acid. This powder was examined 

by Fourcroy and Vauquelin, and found by them still to 

contain a portion of acid. It is therefore merely perphos¬ 
phate with excess of base. This salt is scarcely soluble in 

acids or in water. 
Sp. 5. Sulphate of iron. Concentrated sulphuric acid 5. Sul- 

acts but very slowly upon iron, unless it be assisted by heat. 

In that case the metal is oxidized, and sulphurous acid gas 

^ Ann. de Chim, 1. 214. f Bergman, iii. 118, 

2 M VOL. II. 
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Boote II. 
Division II. 

History, 

Vropcrties, 

exhaled. But diluted sulphuric acid dissolves iron with 

great rapidity, and abundance of hydrogen gas is emitted. 

In this case the water is decomposed; its oxygen combines 
with the iron, while its hydrogen is emitted. The solution 

has a green colour, and when evaporated immediately, 

yields crystals of sulphate of iron; but if allowed to remain 
exposed to the atmosphere, it gradually attracts more oxy¬ 

gen, and is converted into persulphate^ unless it contains 

an excess of acid; which retards, and, when sufficiently 

abundant, prevents the change. 
1. Sulphate of iron. This salt was known to the an¬ 

cients, and is mentioned by Pliny under the names of misy, 

sory, and calchantum.'^ In commerce it it usually denomi¬ 
nated green vitriol or copperas. It is not prepared by dis¬ 

solving iron in sulphuric acid, but by moistening 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 dissolved in water, and afterwards 
obtained in crystals by evaporation. Sometimes the salt 

is found ready formed, either in a state of solution in water 

or mixed with decayed pyrites.. In some cases it is found 

necessary to roast the pyrites before they can be made to 
undergo spontaneous decomposition. This is most proba¬ 

bly owing to the compact state of the pyrites in these cases, 
and the absence of all uncombined iron. Pyrites is in fact 

a bisulphuret of iron. The roasting reduces it to the state 
of sulphuret, which decomposes very readily. The solution 

always contains an excess of acid. Hence it is necessary, 

in order to obtain the salt in crystals, to throw into it a 
quantity of old iron. 

Sulphate of iron has a fine green colour. Its crystals 

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'.f It has a very 

strong styptic taste, and always reddens vegetable blues. Its 

specific gravity is 1 *8399.1 It is soluble in about two parts 

* Lib. xxxiv. c. 12. + Haiiy, Jour, de Min. An. v. 542. 

. t Hassenfratz, Ann. de Chim. xxviii. 12. According to Wallerius, 

the specific gravity is 1-880 (CJiemiie, p. 266.); according to Dr. Wat¬ 

son, 1-812 (Essays, v. 67.); when calcined to whiteness, its specific gra¬ 
vity becomes 2-636 (Watson, ibid.) 

2 
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of cold water, and in fths of its weight of boiling water. It Ghap. il. 

is insoluble in alcohol. When exposed to the air, its sur- 

face gradually becomes opaque, and is covered with a yellow 

powder; because it absorbs oxygen, and is partially con¬ 

verted into persulphate, ^his change takes place much 

more rapidly and completely if the salt be moistened with 

water. The cause of these phenomena was first explained 

by Scheele. . \ . 
When heated it melts, gradually loses its water of crys¬ 

tallization, and by a strong heat sulphuric acid is driven 

off, and there remains behind a red powder, formerly 
known by the name of co/co^A«r of vitriol, which is either a 

mixture of red oxide of iron and persulphate, or pure oxide, 

according'to the heat applied. When this salt is distilled, 

there comes over first water slightly acidulated with sul¬ 

phuric acid, and afterwards a very strong fuming acid, for¬ 
merly known by the name of glacial oil of vitriol. The re¬ 

siduum is the same mixture of oxide and persulphate which 
is obtained by calcination in the open air. This decompo¬ 

sition, which sulphate of iron undergoes when heated, ena¬ 

bles 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 : 

* t t ? 
Acid ... 26.... 267-28-9_28-77 

Base .... 28 .... 28^3 .... 25*7 .... 25*89 
Water .. 46 .... 45*0 .... 45*4 .... 45*34 

■ i 

100 100 TOO 100 

When the crystals of sulphate of iron are moderately 

heated, they assume at first, a white colour; the same 

change of colour is observed when the salt, in the state of 
powder, is infused in alcohol. Hence we see the separa¬ 

tion of the water changes the colour from green to white; 
« V 

* Klrwan on Mineral Waters, Table ly. f By my analysis. 
t Berzelius, Ann. de Chim. Ixxxii. 120. 
^ Theoretical composition, on the supposition that it is composed of 

1 atom acid, 1 atom protoxide, and 7 atoms water. 

. 2 M 2 

Composi¬ 
tion. 
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Book II. and if water be now poured on the white powder, it become* 
pmston II. green. 

The sulphate of iron is decomposed by the alkaline phos¬ 

phates 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. 

2. Persulphate. Of this salt there are three subspecies, 

namely, neutral persulphate^ tripersulphate, and subhiper^ 
sulphate. 

The neutral persulphate is formed when concentrated 

sulphuric acid is digested on peroxide of iron in a flask. A 
white compound is formed. It cannot be examined. But 

there cannot be a doubt, that if the acid and oxide be em¬ 
ployed in the proper proportions the compound would be 
neutral. When water is poured upon it a milky liquid is 
formed, which is gradually separated into two salts, a subsalt 

falls to the bottom in the ^tate of a red powder, and a super¬ 
salt, which remains in solution in the water giving it a red 

colour. I conceive the original white matter to be a per- 

sulphated hydrate. The reason why the neutral persul¬ 

phate cannot be examined is that it is always decomposed 
when mixed with water. 

If pure crystallized protosulphate of iron be dissolved in 

water acidulated with nitric acid and cautiously evaporated 

to dryness, taking care to drive off the whole of the nitric 

acid; but not using a temperature sufficiently high to dis¬ 

engage any of the sulphuric acid, the protoxide of iron is 

converted into peroxide. If water be poured upon this 

mass three-fourths of it are dissolved, and the remaining 
Snbbiper- fourth is insoluble in water. This insoluble portion is a 

sulphate, reddish yellow powder without either taste or smell. Pro¬ 

bably green vitriol might be converted into this matter by a 
cautious application of heat. It is composed of 

Red oxide of iron .... 20 .... 80 

Sulphuric acid 5.... 20 

25 100 

Now an atom of red oxide of iron weighs 10, and an 

atom of sulphuric acid 5. Hence it is obvious, that the 
powder is a compound of 2 atoms base -f- 1 atom acid. 
Or it is a subbipersulphate. 
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The portion dissolved in water has a red colour with a Chap. ii. 

tint of yellow. Its taste is intensely astringent and very 

har^. When evaporated to dryness, and exposed to the 

air it speedily attracts moisture and deliquesces. It is solu¬ 

ble in alcohol. It does not crystallize. When exposed to 

rather a strong heat it lets go a portion of its acid. If we 

now pour water on it, a part remains undissolved in the 

state of subbipersulphate. The constituents of the soluble 
salt are, 

Peroxide of iron,. 30 .... 40 

Sulphuric acid ., 45 .... 60 

100 

Now 30 peroxide of iron amount to 3 atoms, and 45 

sulphuric acid amount to 9 atoms. Therefore the salt is 

composed of 3 atoms peroxide and 9 atoms sulphuric acid, 
or which is the same thing of 1 atom peroxide + 3 atoms 

acid. It is therefore a tripersulphate of iron. 
Sp. 6. Sulphite of iron. This salt can only be formed 

by dissolving recently precipitated protoxide of iron in 

sulphurous acid. It is insoluble in alcohol, and when ex¬ 

posed to the air is converted into sulphate of iron. 

Sp. 7. Hyposulphite of iron. Sulphurous acid attracts iron 7. Hyposal. 

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 expense of the acid, half the oxygen of which com¬ 

bines with the iron, and converts it into black oxide, while 

the whole sulphur and the remaining oxygen unite with the 
* oxide of iron. The salt, therefore, which is obtained by tliis 
i process, is not sulphite of iron, but hyposulphite. These 

phenomena were first described by Berthollet.* When sul¬ 

phuric acid or muriatic acid is poured into this solution, sul¬ 
phurous acid is disengaged with effervescence; and if these 
acids be added in sufficient quantity, a poirtion of sulphur is 

i precipitated. 

When the solution is exposed to the air, crystals of hy- Varieties* 
posulphite of iron are formed, and at the same time a red 

powder is deposited, probably consisting of perhyposulphite 

f Aun. de Chim. ii. 58.’ ’ 
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Book II. of iron with excess of base. The crystals dissolved in 
Divis^n II. exposed to the air are gradually converted into 

sulphate df iron.* 
g. Arseni- ' Sp. 8. Arseniate of iron. Arsenic acid dissolves iron 

when assisted by a digesting heat; and if the experiment 

be made in an open vessel, the solution at last assumes the 

form of a jelly; but in‘^’ close vessel this does Hot 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 arse¬ 

nic 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 

perarseniate of iron. Both of these salts have been found 

native in Cornwall, and have been described and analysed 
with great accuracy by Bournon and Chenevix. 

1. Arseniate of iron. This salt may be formed by pour¬ 

ing arseniate of ammonia into sulphate of iron. The salt 

precipitates in the state of a powder, insoluble in water. 

It fexists native crystallized in cubes, which in some in¬ 

stances have their alternate angles truncated. Their co¬ 

lour 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 Chenevix, is composed of 

38 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 ^ 

* Fourcroy, vi. 200. f Scheele, i. 177. 

I Bournon, Phil. Trans. 1801, p. 190. § Ibid. p. 220« 
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2. Perarseniate of iron. This salt may be formed by pre¬ 

cipitating persulphate of iron with arseniate of ammonia, 
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. According to the ana¬ 

lysis of Chenevix, the artificial perarseniate is composed of 

Chap. II. 

42*4 acid 
37*2 oxide 

20*4 water 

I 100*0* 

I Sp. 9. Antimoniate of iron, Antimoniate of potash pre- 9. Antimo- 

cipitates iron perfectly white, and the antimoniate of iron 
I preserves its white colour as long as it is under water. But 

when dried in the open air it becomes yellowish grey. 
When heated it gives out water and becomes red. Before 

the blow-pipe on charcoal it is reduced, the antimony is 

volatilized, and the iron remains obedient to the magneUf 

Sp. 10. Chromate of iron. When chromate of potash is 

dropped into sulphate of iron, a fawn-coloured precipitate 

falls, which contains oxide of chromium. Hence it ap¬ 
pears that the black oxide of iron decomposes chromic acid. 

Chromate of iron then does not exist, f Probably we 

might form a perchromate by substituting persulphate of 

iron for the protosulphate. 
Sp. 11. Molybdate of iron. The alkaline molybdates 

precipitate iron brown from its solution in acids. § 

Sp. 12. Tungstate of iron. This salt exists native, and 

is known to mineralogists by the name of Wolfram, It 

may be formed by precipitating sulphate of iron by means 
of the tungstates. It is an insoluble powder, possessing 
properties similar to native tungstate of iron. As this 

native salt contains also manganese, and is not therefore a 

pure tungstate of iron, it will be proper to defer the de¬ 

scription of it to the Second Part of this Work. 
Sp. 13. Acetate of iron. The acetic acid dissolves iron is.Acetate, 

with rapidity, producing an effervescence, and, like the 

Phii. Trans. 1801, p. 225. 

f Berzelius, Nicholson^s Journal, xxxv. 42. 

X Vauquelin, Ann. de Chim. Ixx. 70. § Scheele, i. 248. 
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Book 11. Other acids, it forms a salt with each of the oxides of that 
Division IL properties of these salts have not been ex¬ 

amined with attention. 
1. Acetate of iron. This salt, as 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 l*368.t By exposure to the air, 
or by the application of heat, it is converted into percetate* 
During this change a red subperacetate is precipitated. 

2. Percetate of iron is a reddish-brown solution, incapa¬ 
ble 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 de¬ 
composed than any other of the oxygenized salts of iron. 
They prepare it either by mixing together sulphate of iron 
and acetate of lead, 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, 14. Benzoate of iron, A yellow powder insoluble 
in water. According to Trommsdorf there exists a super¬ 
benzoate soluble in water and alcohol, capable of crystal¬ 
lizing and efflorescing in the air.:j: 

15. Sued- Sp. 15. Succinate of iron. Succinic acid dissolves the 
oxide of iron, and yields by evaporation small brown trans¬ 
parent radiated crystals.§ Persuccinate of iron is insoluble 
in w’^ater. Succinic acid accordingly separates iron from all 
other solutions. When succinate of soda is dropped into 
solutions containing peroxide of iron, a brownish red pre¬ 
cipitate falls in light flakes, which is a persuccinate of iron, 
This salt is composed of 

61*5 acid and w^ater 
38*5 oxide 

100*0 11 

* 'Journal of the Royal Institution, i. 308. 
t Hassenfratz, Ann. de Chim. xxviii. 12. X Ann. dc China, xi. 311. 
§ Wenzel's Verwandtschaft, p. 240. Grindefs Edit. 
|| Gohlen, Klaproth's Beitrage, iii, 63. 
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Geblen has shown, that by means of succinate of soda Chap. ii. 

iron may be very completely separated from manganese, 

To succeed, the solution must be neutral, and the iron 
oxidized to a maximum.* * * § 

Sp. 16. Boletateof iron, Boletateof ammonia occasions 

no precipitate in protosulphate of iron; but it throws 

down the whole of the iron from the persulphate in the 
state of a red powder. As it does not throw down lime, 

alumina, or manganese, this salt may be employed there¬ 
fore to separate iron from other bodies.f 

Sp. 17. Suberate of iron. Suberic acid gives a deep 

yellow colour to sulphate of iron, but occasions no preci- 

pitate.f 
Sp. 18. Oxalate of iron. Oxalic acid attracts iron rapidly, ’s. Oxai 

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. Prismatic 
crystals, of a green colour and sweet astringent taste, are 

I formed, very soluble in water with an excess of acid, which 

I fall to powder when heated. They are composed of 

55 acid 

45 oxide 

100 

2. Peroxalate may be obtained by dissolving red oxide 

I of iron in oxalic acid, or by exposing the first salt to the 
i air in a digesting heat. It has the form of a yellow 

{ powder scarcely soluble in water, and incapable of crys- 

t tallizing. § 

Oxalic acid readily dissolves the oxides of iron even 

^ when combined with gallic acid. Hence it is often used to 
t take spots of ink out of linen; and superoxalate of potash 
i is usually sold in this country for that purpose, under the 
I Xiame of essential salt of lemons. 

Sp. 19. Mellate of iron. Mellitic acid precipitates iron 

* Bucholz, Gehleifs Jour. ii. 515. 

f Braconnot, Ann. de Chim. Ixxx. 278. 

J Bouillon Lagrange, Ann. de Chim. xxiii. 48. 
§ Bergman, i, 268. 
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Book II. from nitric acid in the state of an Isabella yellow powder, 
Divis^nii. which is redissolved by the addition of muriatic acid,* 

Sp. 20. Tartrate of iron. Tartaric acid dissolves iron 

with effervescence, and combines with each of its oxides. 

1. ^ zVoTZ may be formed, according to Retzius, 
by pouring tartaric acid into sulphate of iron, and apply¬ 

ing heat to the solution. Lamellar crystals are formed, 

sparingly soluble in water, which possess the properties of 

tartrate of iron, 

2. Pertartrate is usually formed when iron is dissolved 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. 21. Citrate of iron. This salt has only been ex¬ 

amined byiVauquelin. Citric acid dissolves iron slowly; 

the solution has a brown colour, and deposites small crys¬ 

tals of citrate of iron. When evaporated, it becomes 

black like ink, ductile while hot, but brittle while cold. 
This mass is evidently percitrate of iron. It is astringent, 

and very soluble in water. 
Sp. 22. Rheilmate of iron, Reiimic acid dissolves iron, 

and forms permanent crystals, the figure of which has not 

been ascertained. This salt has rather a caustic taste.f 

Sp. 23. Saclactate of iron, Saclactic acid does not pre¬ 

cipitate iron from sulphuric acid.:j: 

Sp. 24. Malate of iron. Malic acid forms with iron a 

brown solution, which does not yield crystals. J 

Sp. 25. Lactate of iron. Lactic acid dissolves iron, and 

forms with it a brown liquid not capable of crystallizing, [j 
and insoluble in alcohol. n, 

26. Zu- Sp, 26. Zumate of iron, Zumic acid dissolves iron with 

rapidity when assisted by heat. The solution when left to 

itself lets fall a great number of small crystals in the shape 

of fine four-sided needles. This salt is not altered by 

exposure to the air. It is scarcely soluble in water, and 

contains hardly any water of crystallization. When held 

to the flame of a candle it does not melt, but burns with 

flame, and leaves peroxide of iron. Its colour is at first 

* Klaproth’s Beitrage, iii. 131. 
t Annals of Philosophy, viii. 252. J Scheele, ii. 80. 

§ Scheele, Crell’s Annals, ii. 10. Eng. Trans. j( Scheele, ii. 65. 
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'white; but when two or three times dissolved in water it Chap. ii. 

is divided into two subspecies ; the first, which has a brown 
colour, soluble in water and crystallizes with difficulty. 
The other, which contains an excess of oxide, is white. 

Zumic acid united to peroxide of iron furnishes a brown 

incrystallizable salt.* 
8p. 27. Gcillate of iron, Mr. Proust first observed, that 27. Gallate. 

the gallic acid does 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 colour; 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 

iron, immediately begins to fall: but it is so very fine and 

light, that the greater part of it remains long suspended; 
and if a quantity of mucilage or syrup be mixed with the 

solution, the precipitate remains suspended altogether. It 
is the solution which constitutes writing ink. But ink is Writing 

usually made by mixing the sulphate of iron of commerce 

with a saturated solution of nutgalls. Now the sulphate of 
commerce is a mixture of sulphate and persulphate 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 

j reason that ink is often pale at first, but becomes black 
i when the writing dries, in consequence of the absorption 
1 of oxygen. 

1 Gallate of iron is soluble in acids without decomposition, 
! but it loses its colour in very strong acids. Hence the 

i reason that these acids destroy the colour of writing. 

Sp. 28. Ferro-sulphate of potash. This salt may be 

! formed by boiling together supersulphate of patash and 

i iron-filings, and crystallizing the solution. It has been 

i described by Link. The crystals resemble those of green 

f vitriol. They effloresce in the air.f 
Sp. 29. Ferrophosphate of ammonia. This triple salt 

I has been mentioned by Fourcroy. It was obtained by 

1 dissolving the phosphate of iron in nitric acid, and preci- 

* Braconnot, Ann. de Chim. Ixxxvi, 94. 

f Crell's Annals, 1796, i. 30. 
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Kook n. pitating by ammonia. An excess of that alkali redlssolves 
Division II. preeipitatCj 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.* 

Sp. 30. Ferrotartrate of potash. This triple salt was for¬ 
merly called tartarised tincture of Mars, chalybeated tartar^ 

and tartarised iron. It may be formed by boiling tw^o parts 

of tartar and one of iron-filings, previously made into a 

paste, in a proper quantity of water. The liquor by evapo¬ 
ration deposites crystals which form the salt wanted. 

Sp. 31. Ferromuriate of ammonia. This salt, which has 

been long known, is obtained by dissolving in water 16 

parts of sal ammoniac, and one part of permuriate of iron, 
evaporating the solution to dryness, and subliming. The 

yellowish mass sublimed is the triple salt* Its properties 
have not been examined with care. 

Such ai‘e the properties of the salts of iron as far as they 

have been ascertained. The composition of the protosalts 

of iron is easily determined by considering them as com¬ 
pounds of 1 atom protoxide + 1 atom of each of the acids. 

An atom of protoxide of iron weighs 4*5, and the weight 
of an atom of each of the acids has been given in a preced¬ 

ing chapter of this volume. The composition of the per- 

salts of iron is not so well understood. None of them has 

been analysed, except the persulphate. I am inclined, at 

present, to the opinion that the peroxide of iron w eighs 10, 

but its true weight can only be determined by a careful 
analvsis of several of the salts into which it enters. 

The two most useful salts of iron are the sulphate and ace¬ 
tate. Both of which are employed in great quantities in dye¬ 

ing and calico-printing. The sulphate constitutes the colour¬ 

ing ingredient of ink and of prusSian blue. Scarcely any of 

the other salts of iron have been applied to any useful purpose 

connected with domestic economy. 

* Ann. de Gliim. 1, 200. 
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SALTS OP NICKEL* 

SECT. XIII. 

SALTS OF nickel. 

The scarcity of nickel, and the difficulty of obtaining it 

if! a state of purity, have hitherto prevented the possibility 
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 dis¬ 
tinguished by the following properties: 

1. Its salts are in general soluble in water, and the solu- Cliaracttrs^ 
tion has a beautiful green colour. 

2. Ferrocyanate of potash, when dropped into these solu¬ 

tions, occasions a precipitate of a milk-white colour. 

3. The hydrosulphuret of potash occasions a black preci¬ 

pitate. 
4. Sulphureted hydrogen gas occasions no precipitate. 
5. Gallic acid, and the infusion of nutgalls, occasion no 

precipitate, at least in the sulphate of nickel. 

Sp. 1. Nitrate of nicliel. Nitric acid dissolves nickel or i. Nitrate, 
its oxide when assisted 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 hrst deliquesce, but afterwards fall to powder, and gra¬ 

dually lose their acid, so that only the oxide of nickel re¬ 
mains behind.* The nitrate of nickel contains the pro¬ 

toxide of that metal. If it be distilled cautiously, a subni¬ 
trate may be obtained, insoluble in water, and composed, 
according to the analysis of Proust, of 

- nickel 1007 
oxygen 25 y 
acid 17 

142 t 

The nitrate of nickel, according to the same chemist, is 

composed of 
55 acid 
25 oxide 
20 water 

100 
Bergman, ii, 268. f Aon. de Chim. lx. 273., 
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Book II. 
Division II. 

0. Carbon¬ 
ate. 

The constituents of this salt, supposing it a compound of 

1 atom protoxide of nickel + 1 atom acid 4- 3 atoms water 

ought to be 
Nitric acid  .46*55 

Protoxide of nickel.... 30*17 

Water.23*28 

100*00 

Were we to suppose Proust’s analysis of the subnitrate 

nearly correct, it would be a compound of 1 atom acid 

and 11 atoms of oxide. But the existence of such a com¬ 

pound as a salt does not seem very probable. What he 
examined was in all probability merely a mixture of sub¬ 

nitrate of nickel (composed of 2 atoms oxide and 1 atom 

acid) and oxide of nickel. 

Sp. 2. Ammonio-nitrate of nickel. This triple salt, first 

pointed out by Thenard, is obtained by adding ammonia in 

excess to the nitrate of nickel. By evaporation a green 

coloured salt is obtained in crystals. The solution of this 

salt in water is not rendered turbid by alkalies; but the 

nickel is thrown down by hydrosulphurets.* 

Sp. 3. Carbonate of Nickel. It does not appear from the 

experiments of Bergman, that carbonic acid is capable of' 

combining with nickel directly. When 100 parts of pure 

nickel are dissolved in nitric acid, and precipitated by car¬ 

bonate of potash, the precipitate weighs when dried 293 - 

parts; but when heated to redness it becomes 128. Hence s 

carbonate of nickel must be composed of 

56*4 acid and water 1 
43*6 oxide 

100*01 I 
According to Proust the oxide amounts to 54 per cent. |J 

in this salt.:]: If we suppose the carbonate of nickel a com-|i 
pound of 1 atom acid -f- 1 atom base, it is obvious that ita j 
constituents must be I 

Acid .... 38*6 I 

Oxide ... 61*4 I 
100*0 

* Ann. de Chim. xlii. 217. 
J Ann. deChim. lx, 276. 

f Richter, Gehlen's Jour, iii, 258. 
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To reconcile this with Richter's statement, we must Chap. Ii. 

suppose the salt to contain 29 per cent, of water. The pro- '— 
bability is, that it contains 3 atoms of water, which would 
make the composition as follows ; 

Carbonic acid.26*19 

Protoxide of nickel.. 41*66 

Water.32*15 

100*00 

Sp. 4. Borate of nickel, Boracic acid can only be combined 

with nickel by mixing an alkaline borate with a solution of 
nickel in some acid. 

Sp. 5. Phosphate (f nickel. Phosphoric acid is capable of 

dissolving only a very small portion of the oxide of nickel. 
The solution does not yield crystals, and has scarcely even 

a green colour.* Hence it would seem that the phosphate 
of nickel is nearly insoluble. 

Sp. 6. Sulphate of nickel. Sulphuric acid scarcely attacks 6. Sut- 

pure nickel, but the solution is easily effected by dropping 

a little nitric acid occasionally into the sulphuric acid as the 

effervescence stops. If the impure nickel of commerce be 

employed, we find, when the solution is completed, a con¬ 
siderable quantity of arsenioiis acid at the bottom of the 

vessel. Decant off the clear solution and concentrate it 

sufficiently. A fine crop of beautiful green crystals of sul¬ 

phate of nickel is obtained. Dissolve these crystals in water, 
and crystallize a second time. The crystals thus obtained 
consist of sulphate of nickel sufficiently pure for chemical 

puiposes. This salt crystallizes in four-sided rectangular 

prisms, terminated by three and six-sided irregular pyra¬ 

mids. The taste is astringent and somewhat similar to that 
of sulphate of manganese; but not so strong. The salt is 
very soluble in water. The crystals are not altered by ex¬ 
posure to the air. VV^hen heated they swell up; but do not 

melt, and they assume a yellow colour, owing to the escape 

of the water. After this treatment, the salt dissolves again 

in water; but in general a little insoluble subsulphate is left 

behind. It is composed of 1 atom acid + 1 atom oxide 
+ 7 atoms water, or by weight of 

* Bergman, ii. 268. 
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Book II. Sulpburic acid.28*98 
Division II._ Protoxide of nickel .. 25*36 

'..v, Water.45*66 

100*00 

I have obtained this salt, occasionally crystallized, -in flat 

rectangular prisms about half an inch in length, terminated 

at each end by dihedral summits, having the angle at 

their apex about 79° The respective dimensions of this 

crystal are as follows: 

Length.53 

Breadth.25 
Thickness.13 
Length of apex., 3 

‘ The colour of these crystals is grass green. They are 

transparent, and have a taste similar to the common sul¬ 
phate of nickel. I have never obtained a sufficient quantity 

of these crystals to subject them to a regular analysis. But 

I did not detect any other ingredient in them except sul¬ 

phuric acid and oxide of nickel. 
Sp. 7. Ammonio-sulphate of nickel. When ammonia is 

poured into the solution of sulphate of nickel, triple salt is 
formed,'which yields by evaporation crystals of a green 

colour, consisting of four-sided flat prisms terminated by 

four-sided pyramids.* , . ,, n. 
Sp. 8. Sulphate of nickel-and-potash. This salt was nrst . 

described by Proust, who availed himself of its properties 

as a means to separate nickel and cobalt a problem which 

has long occupied the attention of chemists.f It may e ! 
formed by dropping potash into a solution of sulphate ot I 

nickel. By evaporation the triple salt is obtained in crystals. 

It is sparingly soluble in water. The crystals are trans-' 

parent rhomboids of a beautiful emerald colour. By dis- 

* Pink, Crell’s Annals, 1796, i. 32. 

+ The most elegant method of separating these two metals seems to e i 

that ofThenard. The mixture of the two metals is to be thrown do>Nn, 

by an alkaline carbonate, and then treated with oxymuriate of lime.; 

The cobalt is converted into a peroxide insoluble in ammonia, but tnei 

nickel is still soluble. Digest in ammonia. The nickel alone 

up. Drive off the ammonia; dissolve the oxide in nitric acid, ana. 

crystallize. Ann, de Chim. 1. 117. 
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solving this salt in water, and crystallizing it repeatedly, Chap. 11. 

the sulphate of cobalt is left behind in 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 mouth 

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 From these 
^ data it is probable that it is a compound of 1 atom sulphate 

of potash, 1 atom sulphate of nickel, and 6 atoms of water, 

or by weight of 

Sulphate of potash.40*55 
Sulphate of nickel.34*56 

Water.24*89 

100*00 

I Sp. 9. Sulphate of nickeUand-iron. This salt may be ob- 
; tained by mixing together the solutions of nitrate of nickel 

and sulphate of iron, and evaporating the mixture; or by 

I dissolving at once the oxides of nickel and iron in sulphuric 

I acid. The salt crystallizes in tables; its colour is green: 

i| and it effloresces when exposed to the atmosphere. J 

I Sp. 10. Arseniate of nickel. Arsenic acid does not ap-io. Arse- 

jl pear capable of dissolving pure nickel. The arseniate of 

this metal is soluble in water. Hence nickel is not preci- 

ij pitated from its solutions either by arsenic acid or the arse- 
1 niates.§ This arseniate has an apple-green colour. When 

1 heated in a glass tube it loses its colour with its water, and 

I becomes hyacinth-coloured and transparent. When heated 

I to redness it becomes bright yellow and remains unaltered. [1 

Sp. 11. Chromate of nickel. Chromic acid dissolves iheu.Chro- 

I carbonate of nickel in considerable quantity; but after some 

i hours a pulverulent precipitate falls from the clear solution. 

* Proust, Jour.dePliys. xlvii. 1C9. f Proust, Ann. de Chim. lx. 2?4. 

J Link, CrelFs Annals, 1796, i. 32. 

§ The precipitates mentioned by Bergman and Scheele, as appearing 

when solutions of nickel were mixed with arseniate of potash, were 

doubtless arseniate of bismuth; for that metal is usually present in solu¬ 

tions of impure nickel. ^ 

jl Proust, Ann. de Chirn. lx, 278. 

2 N VOL, IT. 
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Book IL 
Division II, 

13. Ace¬ 
tate. 

16. Oxalate. 

which is a^ain soluble in an excess of acid. This precipi¬ 

tate is probably a chromate of nickel. The acid solution 
gives by slow evaporation fern leaved crystals in the state of 

eliptical plates, truncated on both sides, which towards the 

beginning and end of the leaf-stalks become smaller, so as 

to preserve the resemblance. When these crystals are ex¬ 

posed to a high temperature the acid is decomposed and a 
black mass formed, which is insoluble in water and consists 

of oxide of chromium and oxide of nickel.* 
Sp. 12. Molybdate of nickeL Molybdic acid precipitates 

nitrate of nickel white, provided there be no excess of nitric 

acid.f 

Sp. 13. Acetate of nickeL Acetic acid dissolves nickel, 

and forms with its oxide rhomboidal crystals of a very green 
colour.f It is very soluble in water. The solution has a 

darker colour than the crystals. When heated its acid is 
disengaged and it becomes black. It loses when thus treated - 

62*61 percent, of its weight. A considerable quantity of 

carbonic acid and carbureted hydrogen is disengaged, and a 
little acetic acid comes over undecomposed. § • 

Sp. 14 and 15. Benzoate and succinate of nickeL Neither 

benzoate nor succinate of ammonia occasion any precipi¬ 

tate in sulphate of nickel. Hence it is probable, that both 
the benzoate and succinate of nickel are soluble in water. 

Sp. 16. Oxalate of nickeL Oxalic acid attacks nickel at 
a digesting heat, and a greenish white powder is deposited, 
which is the oxalate of that metal. The same salt is preci¬ 
pitated when oxalic acid is dropped into the solution of 

nickel in sulphuric, nitric, or muriatic acids. It is scarcely 
soluble in water, and is composed, according to Bergman, 

of 2 parts of acid to 1 of metal, [j This would indicate a 

binoxalate. 

Sp. 17. Tartrate of nickeL Tartaric acid docs not attack 
nickel.** The compound which it forms with its oxide has 
not been examined. Neither are we acquainted with any 

of the remaining species of the combustible salts of nickel. 

* John, Annals of Philosophy, iv, 

t Hatchett, Phil. Trans. 1796. 

I Bergman, ii. 268. § Chenevix, Ann. de Chiin. Ixix. 16 and 20. 

f) Bergman, ii. 269. ** Ibid. 
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Sp. 18. Sulphate of nickel-copper~and-iron. This salt is Chap. Ii. 

said by Link to be formed when the solution of nickel in ' 

nitric acid is mixed with sulphate of copper. It crystallizes, 

according to him, in blue-coloured prisms terminated by 

four-sided pyramids, and when exposed to the air falls to 
pow^der; but his experiments would require to be verified 
by repetition.* 

f 

The salts of nickel would require a more rigorous exa- 
i mination than they have hitherto undergone. Chemists 

I have been deterred from studying them by the difficulty of 

I obtaining the oxide of nickel in a state of sufficient purity, 

j Sulphate of nickel obtained by the process described in this 

section, will afford a cheap method of procuring this oxide, 

sufficiently pure for experiments. 
The composition of the salts of nickel may be determined 

by considering them as compounds of 1 atom protoxide of 
nickel and 1 atom of each of the acids. An atom of pro¬ 

toxide of nickel weighs 4*375, and the weight of the acids 
has been given in a preceding chapter of this volume. 

None of the salts of nickel have as yet been applied to any 

useful purpose. 

SECT. XIV. 

SALTS or COBALT. 

t 
' a 

■1' 
!i 
ii 
I 

!t 
i ! 

i: 

.] 

The salts of cobalt have attracted the attention of che¬ 
mists, in consequence of the property which some of them 
have of changing their colour when heated, and thus form¬ 

ing what has received the name of sympathetic ink ; an ap¬ 
pellation 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 pro¬ 

cesses ; and likewise to those liquids which form characters 

upon paper susceptible of changing their colour by certain 
processes. It is probable that chemists have not hitherto 

I 

Link, Crell’s Annals, 1796, i. 31, 

2x2 
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Book 11. 
Division II. 

Characters. 

1. Nitrate. 

2- Carbo¬ 
nate. 

3. Borate. 

4. Phos¬ 
phate. 

had an opportunity of often 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 separate state. The salts of cobalt may be distin¬ 

guished by the following properties : 
1. The greater number of them are soluble in w^ater, and 

the solution has a reddish colour, at least when the salts are 

neutral.* 
2. The alkalies, when dropped into these solutions, occa¬ 

sion a blue-coloured precipitate.f 
3. Ferrocyanate of potash occasions a brownish-yellow 

precipitate, often with a shade of blue. 
4. Hydrosulphuret of potash occasions a black precipi¬ 

tate, soluble again if the hydrosulphuret be added in ex¬ 
cess. Sulphureted hydrogen gas occasions no precipitate in 

these solutions.J 

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 zinc. 
Sp. 1. Nitrate of cobalt. Nitric acid attacks cobalt when 

assisted by heat. The solution has a red colour, and yields 
by evaporation small prismatic crystals of a red colour, de¬ 

liquescent in the air, and decomposed by heat, leaving a 
deep red powder. 

Sp. 2. Carbonate of cobalt. The fixed alkaline carbon¬ 

ates precipitate cobalt from its solutions in the state of a red- 
dish-blue powder. This insoluble carbonate contains, ac¬ 

cording to Bergman, ith of its weight of carbonic acid. § 
Sp. 3. Borate of cobalt. Boracic acid does not act upon 

cobalt, but it precipitates that metal from its solution in 

other acids in the state of a reddish-w'hite powder. This 
borate is scarcely soluble in water. When heated it melts 
into a deep blue glass. || 

Sp. 4. Phosphate oj cobalt. Phosphoric acid does not at- 

* The solution of cobalt in muriatic acid, when concentrated, has » 

bluish-green colour as long as there is an excess of acid. 

+ When the cobalt is contaminated with arsenic acid, or when it is 

dissolved in arsenic acid, the precipitate by alkalies is reddish brown. 

^ I’roust, Ann. de Chim. xxxv. 54. 

§ Opusc. ii. p. 388 and 392. It contained arsenic acid, as is obvious 

from its red colour. |j Wenzefs Verwantschaft, p. 258. 
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tack cobalt; but it dissolves its oxides, and forms a deep Chap. ii. 

wine-red solution. ^ 

Sp. 5. Sulphate of cobalt. Sulphuric acid requires a 5.Sulphate, 

boiling heat before it can attack cobalt: sulphurous acid 

gas is disengaged, and a brownish red mass remains, 

which dissolves with facility in water. Sulphuric acid dis¬ 

solves the peroxide of cobalt with difficulty ; bubbles of 

gas are emitted during this solution, wffiich Thenard sup¬ 

poses to be oxygen.f The solution is always red; and 
yields by evaporation small needle-form crystals, consisting 

of rhomboidal 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 altered 
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. § 

This salt, according to the analysis of Bucholz, is com¬ 

posed of 
26 acid 
.30 oxide 
44 water 

lOOfl 

Supposing it a compound of 1 atom acid, 1 atom protox 

ide, and 7 atoms water, its constituents will be 

Sulphuric acid.28*57 
Protoxide of cobalt.. 26*43 
Water.45*00 

100*00 

This species readily combines with sulphate of potash 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 in water as sulphate of cobalt, 

and yields only 26 per cent, of water when distilled.**' 

* Gren’s Handbuch, iii. 528. f Ann. de Chim. Ixii. 211. 

Gren’s Handbuch, iii. 524. § Proust, Ann. de China, lx. 260. 

jj Bcitrage, iii. 30. * * Proust, Ann. de Chim. lx. 260, 
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Sp. 6. Arseniate of cohalt. Arsenic acid, when digested 

• upon cobalt, acquires 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 arseniate 

of cobalt.* This salt is found native: sometimes in the 
state of a fine i*ed efflorescence, and sometimes 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 efferves¬ 
cence. 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.f 

Sp. 7. Antimomate of cohalt. This salt is obtained by 
dropping antimoniate of potash into a salt of cobalt. It is- 

a red coloured precipitate, which gradually contracts and 

assumes the form of crystalline grains. It is soluble in 

water, but not very much so. According to Berzelius, it is 
composed of 

Antimonic acid.52 

Oxide of cobalt . 14 

Water.33*3 

99-3$ 

Sp. 8. Antimonite of cobalt, A bulky lilac coloured 

precipitate having no aspect of crystallization. It is pretty 

soluble in water. ’ It contains 25 per cent, of water of crys¬ 
tallization. § 

llemainmg species,—9. Acetic acid dissolves the oxide 
of cobalt with facility. The solution does not crystal¬ 

lize; and when evaporated to dryness, soon deliquesces 

again. Ith as a fine red colour while cold, but becomes 
blue when heated. || This solution forms a sympathetic 
ink: the characters drawn in it are colourless while cold, 

but become blue when heated.** 

* Scheele, i. 186. + Proust Ann. de Chim. lx. 271. 

J Nicholson's Journal, xxxv, 42. 

^ Berzelius, Nicholson's Journal, xxxv. 45. 

j| Wenzel’s Verwandtschaft, p. 150. 

* * Isleman, Crell’s Annals, 1785, ii. 25. 
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10. Oxalic acid attacks cobalt, and converts it into a red Chap. ii. 

powder, which is oxalate of cobalt, 

in water, but it dissolves in an excess 
crystals. Oxalic acid precipitates an oxalate of cobalt from 

the solution of that metal in most acids.* 
11. Tartaric acid dissolves the oxide of cobalt, and forms ii. Tar- 

a red solution which yields crystals.f When tartrate 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 sponta¬ 

neous evaporation the liquid yields large rhomboidal crys¬ 

tals of tartrate of potash-and-cobalt. 
12. Zumic acid readily dissolves the protoxide of cobalt. i2.Zumate. 

The solution is red, and when evaporated deposites crys¬ 

talline crusts. The crystalline grains do not appear to con¬ 
tain any water of crystallization. They dissolve in 38 times 

their weight of water at 70°. When heated they do not melt 

but become black, take fire, and leave oxide of cobalt.:}: 
Sp. 13, Ammonionitrate of cohalt. When a solution of 

cobalt in nitric acid is supersaturated with ammonia, it is 
well known that no precipitate appears. When this solu¬ 

tion is evaporated to dryness, and the residue is treated 
with water, a red solution is obtained, which yields by slow 
evaporation regular cubes of a red colour. • These crystals 

are a triple salt, composed of nitric acid, ammonia, and 
oxide of cobalt. 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 precipitated by alkalies 
nor alkaline earths; but when boiled with potash, ammonia 

is disengaged, and the oxide of cobalt precipitates. J 

The salts of cobalt, as is evident from the preceding ac¬ 

count of them have been but imperfectly examined. Their 

composition is easily determined by considering them as 
compounds of 1 atom of protoxide of cobalt, and 1 atom 
of each of the acids. An atom of protoxide of cobalt 

* Bergman, i. 270. ‘ f Gren. iii, 128. 

J Braconnot, Ann. de Chim. Ixxxvi. 89, 

§ Thenard, Ami. de Chim. xlii. 345, 

This salt is insoluble 
of acid, and yields 

10. Oxalate. 
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Book II. weighs 4*6255 the weight of the acids has been given in a 
Division II. preceding chapter of this volume. The salts of cobalt 

have not hitherto been applied to any useful purpose. 

SECT. XV. 

SALTS OF MANGANESE. 

Most of 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 man- 
gariesCi one of the most important of all our instruments, 

was first put into the hands of chemists, and by Dr. John 

who investigated the salts of manganese with some care.* 

The salts of manganese may be distinguished by the follow¬ 

ing properties: 

Characters. 1. They are almost all soluble in water; and the solution, 
when treated with fixed alkalies, deposites a white or red¬ 

dish-coloured precipitate, which very soon becomes black 

when exposed to the air. 

2. Ferrocyanate of potash occasions a white precipitate 
when dropt into these solutions. 

3. Hydrosulphuret of potash occasions a white precipi¬ 

tate. Sulphureted hydrogen gas gives the solution a white 
colour, but produces no precipitate. 

4. Gallic acid and infusion of nutgalls, occasion no pre¬ 

cipitate. 

5. Manganese is not precipitated from its solution in the 
metallic state by any of the other metals. 

6. The salts of manganese are not precipitated by suc¬ 
cinate or benzoate of ammonia. 

1. Nitrate. Sp. 1. Nitrate of manganese. Nitric acid dissolves man¬ 

ganese with effervescence, occasioned by the emission of 

nitrous gas. It dissolves the carbonate with facility, but 

it has very little action on the black oxide; however, by 

very long digestion, it at last dissolves a part of it. The 

solution goes on much more rapidly if a little sugar or gum, 

or any similar substance, be added, and at the same time a 
quantity of carbonic acid gas is emitterl. Flence we see 
that the black oxide must part with a portion of its oxygen 

* Gehlen’s Journal fur die Chenaie, Pliysick, und Mineralogie, iii. 
452. 
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before nitric acid can dissolve it. Nitrous acid acts upon Chag. ii. 

the black oxide much more readily, and is converted 
entirely in nitric acid. The solution, in what manner 

soever it has been made, is always colourless, provided the 

manganese be pure. Hence we may conclude that it con¬ 

tains only the protoxide. So that, as far as is known at pre¬ 

sent, there is no such substance as pernitrate of manganese. 
By dissolving carbonate of manganese in nitric acid and 

evaporating cautiously. Dr. John obtained nitrate of man¬ 
ganese in needle-form crystals. Their colour was white, 

they were semitransparent, had a sharp bitter taste, were 

very soluble in water, deliquesced by exposure to the air, 

dissolved in alcohol, and the solution burnt with a green- 

coloured flame.’^ 
Sp. 2. Carbonate of manganese. Carbonate of manganese 2. Caibo- 

is easily obtained by pouring carbonate of potash into a 
solution of sulphate or nitrate of manganese, a white powder 
precipitates which on drying acquires a slight shade of 

yellow. It is tasteless, is not altered by exposure to the 

ail’, and is insoluble in water. It is composed of 

Carbonic acid....».37*93 

Protoxide of manganese.62*07 

nate. 

100*00 

H 

I 

'J 

Sp. 3. Silicate of manganese. The mineral distinguished 3. Silicate, 

by the name of foliated red manganese ore appears to be in 

reality a silicate of manganese nearly pure. It has a rose- 

red or flesh-red colour, a foliated fracture, has a slight degree 
of translucency, is hard enough to scratch glass, and has a 

specific gravity of 3*5384. Its constituents, according to 
the analysis of Berzelius, are 

Oxide of manganese.52*60 

Silica.39*60 
Oxide of iron.  4'’60 

Lime .,, ...  1*50 
Volatile matter.  2*75 

10T05t 

Now, if we abstract the small quantity of iron, lime, and 

water which are present, the other ingredients approach 

Gelilen’s Journal, iv. 437. t Afhandlingar, i. 105. 
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Book II. very nearly to the proportions resulting from a conibina- 

^Vision II. 2 atoms of silica with 1 atom of oxide of manganese. 

It is therefore a bisilicate of manganese. Berzelius men¬ 

tions a silicate of manganese, distinguished among minera¬ 

logists by the name of svart mangankisel (black manganese 

flint,) But I am not acquainted with it.* 

Sp. 4. Phosphate of manganese. Phosphoric acid has but 

little action on manganese or its oxides, because it forms 

with them a salt difficultly soluble in w'ater. But phosphate 

of manganese may be obtained in the form of a precipitate, 
by mixing an alkaline phosphate with the solution of man¬ 

ganese in any of the three mineral acids.f This salt has 
not been hitherto examined. 

5. Sulphate. Sp. 5. Sulphate oj manganese. Sulphuric acid acts with lit¬ 

tle energy on manganese, even when diluted with two or three 

times its weight of water, and even when assisted by heat. It 

dissolves readily the protoxide 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. So that we have two combinations of sul¬ 
phuric acid and manganese; first, the combination of sul¬ 
phuric acid and the protoxide, which forms sulphate of 

manganese; and, secondly, the combination of the acid 

with the peroxide, which constitutes persulphate of manga¬ 
nese. 

1. Protosulphate of manganese. This salt is easily ob¬ 

tained by dissolving carbonate of manganese in sulphuric 
acid. It crystallizes in silky needles which are not altered 
by exposure to the air. Its taste is rather sweetish with a 

very slight impression, similar to that of sulphate of zinc. 

100 parts of water at the temperature of 40° dissolve 31 

parts of this salt previously dried in the temperature of 
' 150°. Dr. John obtained sulphate of manganese in flat 

four-sided prisms, and in rhombs. I have seen them like¬ 

wise in very broad plates intermixed with each other. 

Their specific gravity is 1*834. They are insoluble in 

alcohol. J 
Sulphate of manganese is not precipitated by oxalate of 

* Afhandlingar, iv. 94. + Scheele, i. 48—Bergman, ii. 219^ 

1 John, Annals of Philosophy, il. 183. 
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potash, borate of soda, nor tartaric acid, 
according to John, are as follows: 

Its constituents, Chap, II. 

Sulphuric acid.33*66 
Protoxide of manganese.31 
Water.... 35*34< 

100*00* 

If we suppose it a compound of 1 atom acid, 1 atom pro¬ 

toxide, and 5 atoms water, its composition must be as fol¬ 

lows : 

Sulphuric acid.33*05 

Protoxide.29*75 
Water.*.37*20 

100*00 

Now these numbers come sufficiently near those of John 
to show that the composition of the salt is rightly stated. 

2. Persulphate of manganese. This salt may be obtained 

by distilling sulphuric acid from the black oxide of man¬ 
ganese, and washing the residuum in water. A red or 

rather violet-coloured liquor is thus obtained, which holds 
in solution the persulphate of manganese. This solution 

is difficulty crystallized, but passes readily into a gelatinous 

form. The few crystals which are mixed with this jelly are 

soft, and have but little permanency. 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 precipitate the manganese in the state of a red 

oxide, which soon becomes black when exposed to the air.f 
Sulphurous acid readily dissolves the black oxide of man¬ 

ganese, and forms with it sulphate of manganese, as Scheele 
ascertained.^ The theory of this is obvious. Part of its 

oxygen is abstracted from the maganese 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 manga- 

* John, Annals of Philosophy, ii. 114. t Bergman, p. 215. 

X Scheele, i. 43. 

\ 
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Book II. 
Division II. 

6. Arse- 
niate. 

7. Antimo- 
niate. 

9. Tung¬ 
state. 

nese for marking lines so as not to be effaced by the action 

of chlorine. The solution of this salt in water is mixed up 

with any vegetable colouring matter to the proper con¬ 

sistence, and applied to the linen, which is then passed 

through an alkaline ley. The oxide of manganese is thus 

precipitated upon the cloth; and by the action of oxymu- 

riatic acid, its colour becomes yellowish brown.^ 

‘ Sp. 6. Arseniate of manganese. Arsenic acid dissolves 

the protoxide of manganese with facility; and when it ap¬ 

proaches the point of saturation, the solution becomes 

thick, with small crystals, wTich separate. These crystals 

are arseniate of manganese. They are precipitated when 
an alkaline arseniate is dropped into the solution of manga¬ 
nese in an acid. These crystals do not melt when heated: nei- 
therdoesarsenic sublime, unless charcoal be mixed with them.f 

The arseniate of manganese is insoluble, unless there be an 

excess of acid present. Sulphuric acid dissolves it, and 

crystals are obtained, which constitute a triple salt.f 

Sp. 7. Antimoniate of manganese. This salt is a white 

powder not altered by exposure to the air. It is very little 

soluble in water. When heated it gives out water and be¬ 

comes grey. When the heat is carried nearly to redness, 

combustion t^kes place, and the salt becomes again white.f 
Sp. 8. Chromate of manganese. Chromic acid acts very 

slowlv on mano’anese, but it dissolves the carbonate with 

effervescence. The solution is chesnut brown and has a 
sharp metallic taste. It does not crystallize. When the 

solution is evaporated, the manganese together with a por¬ 

tion of the chromic acid falls in the state of a black powder. 1| 

Sp. 9. Tungstate of manganese. Tungstic acid and water 

boiled on powdered manganese converts it into a white 
powder, as it does likewise the carbonate of manganese. 

Tungstate of manganese may be obtained by dropping 

tungstate of potash into a solution of manganese. It is a 
tasteless white powder, insoluble in water, and not altered 

by exposure to the air. When heated it becomes yellow, 

and then brown, but does not melt.** 

■* Ann. de Chira. llil. 208. f Scheele, i. 188. 

t John, Gehleris Jour. iv. 443. 

^ Berzelius, Nicholsoris Jour. xxxv. 42. 

(1 John, Gehlen’s Jour. ibid. p. 441. 

1 

* * Ibid* p, 442’. 
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Sp. 10. Acetate of manganese. Acetic acid dissolves chap. ii. 
manganese and its carbonate very slowly. The solution 

readily crystallizes in rhomboidal tables. They have a red- 

dish colour, are transparent, and not altered by exposure 
to the air. Their taste is astringent and metallic. They 

dissolve in times their weight of cold water. They are 

soluble likewise in alcohol. Their constituents according: 
to John are 30 oxide, and 70 acid and water.* If we sup¬ 

pose it a compound of 1 atom acid, 1 atom protoxide, and 
4' atoms water, its constituents must be 

Acetic acid.41*46 

Protoxide of manganese.. 29*33 
Water.29*21 

100*00 

Sp. 11. Benzoate of manganese. Benzoic acid dissolves ii. Ben- 
3 manganese and its carbonate slowly. The solution yields 

thin prismatic crystals, which are colourless, transparent, and 

il are not altered by exposure to the air. They have a sweet- 
I ish astringent taste, which leaves a bitterish impression. iAt the temperature of 66®, they require 20 times their 

weight of water to dissolve them. They are soluble like¬ 

wise in alcohol. When distilled they yield a very little 
water, but a good deal of oil. According to John they are 

! composed of 24 oxide and 76 acid and water.f Supposing 

i it a compound of 1 atom acid + 1 atom protoxide, its coii- 

l stituents must be 

Benzoic acid .76*92 
Protoxide of manganese .. 23*08 

100*00- 

i 

i 

A 

> 

' I 

. )! 

Hence it seems to follow from John’s analysis, that ben¬ 

zoate of manganese contains no water of crystallization. 

Sp. 12. Succinate of manganese. Succinic acid dissolves 12. Sued- 

manganese and its carbonate very readily. The solution ^^^^* 
has a reddish colour and yields when evaporated crystals 
which are sometimes four-sided prisms, sometimes four-sided 
tables, and sometimes octahedrons, composed of two four¬ 

sided pyramids applied base to base. These crystals are 

* John, Gehlenb Jour, ibid, p. 440, + Gehlenb Jour. ibid, p, 438, 
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Book 11. transparent. They appear colourless when viewed singly; 
Division II. when laid in numbers above each other they assume a 

rose red colour. When heated they become opake, 

white, and similar in appearance to porcelain. They are 

insoluble in alcohol. At the temperature of 66° they 
require ten times their weight of water to dissolve them. 
When distilled they yield water, brown oil, and an in¬ 

flammable gas. According to John they are composed of 

30*27 protoxide of manganese and 69*73 acid and water.* 

Supposing this salt a compound of 1 atom acid and 1 atom 
protoxide, its composition must be 

Succinic acid.58*13 

Protoxide of manganese .. 41**87 

100*00 

When we compare these numbers with the analysis of 

John, it is evident that the crystals of succinate of manga¬ 
nese are composed of 1 atom acid, 1 atom protoxide, and 

4 atoms water. 

13.Oxalate. Remaining Species,—13. Oxalic acid attacks manganese, 
and dissolves the black oxide with effervescence. The solu¬ 

tion, when saturated, 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.f 

14.Tartrate. 14. Tartaric acid dissolves black oxide of mano-anese 
cold; but the solution is blackish: When heated, an effer¬ 

vescence ensues, owing to the decomposition of part of the 

oxide and the escape of carbonic acid gas; and the solution 
becomes colourless. 

3 5. Citrate. 15. Citric acid acts upon the black oxide of manganese 
exactly as tartaric acid.J 

16. Tartrate of potash-and-manganese. When tartrate of 
potash is mixed with a solution of manganese, no immediate 

change takes place; but if the mixture be set aside, a great 
number of small prismatic crystals of a reddish brown co¬ 

lour are deposited, consisting of tartrate of potosh combined 

with the oxide of manganese. They are sparingly soluble 

* Gehlen’s Journal, ibid, p, 439. 4 Bergman, i. 272, and ii. 219. 
t Bergman, ii, 220. 
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in water. Heat decomposes them by destroying the acid. Chap.ii, 

Richter proposed the formation of this salt as one of the 
best means of procuring an oxide of manganese in a state of 

purity; but succinate of potash answers the purpose better, 
by effectually separating the iron, the only metal with 
which manganese is contaminated in common cases. 

SECT. XVL 

SALTS OF CERIUM. 

I For the facts respecting this genus of salts at present 

I known, we are chiefly indebted to the labours of Klaproth, 

Hisinger and Berzelius, and Vau(|uelin. The salts of cerium 
j possess the following properties: 

I R They are either white or yellow-coloured, according to Characters. 
I the state of oxidizement of the oxide. 

I 2. Their solutions in water have a sweet taste. 

3. Hydrosulphuret of potash occasions only a white pre- 
I cipitate consisting of the oxide of cerium. Sulphureted hy- 
j drogen occasions no precipitate. 

; 4. Ferrocyanate of potash occasions a milk-white preci- 
l pitate, 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 precipitate^ 
f which is soluble in nitric and muriatic acids. 

, 7. Arseniate of potash when dropped into solutions of 

I salts of cerium occasions a white precipitate. Tartrate of 
t potash occasions no precipitate. 

Sp. 1. Nitrate of cerium. Nitric acid unites with both i. Nitrate- 
I the oxides of cerium. With the white oxide it combines 
i\ most readily, especially when that oxide is in the state of a 

I carbonate. T he solution is colourless, crystallizes with 
difficulty, retains an excess of acid, and has an austere and 

"I sweet taste. 

The red oxide dissolves with difficulty in cold nitric acid, 
ii but readily when the action of the acid is promoted by heat. 

The solution is yellow; and when it contains an excess of 

i! acid, it yields small white crystals, which deliquesce • when 

1 
I 

i 
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Book 11. exposed to the air. The saturated solution does not crys- 
Dlvision II. tallize. 

Both the nitrate and pernitrate of cerium are soluble in 

alcohol. Heat decomposes them, leaving a red-coloured 

oxide. 
2. Carbo- Sp. 2. Carbonate of cerium. Carbonic acid combines 
natc. readily with the white oxide of cerium. The easiest way 

of forming the carbonate is to precipitate white oxide of 
cerium from its solution by means of an alkaline carbonate. 

The precipitate is granular, of a silvery whiteness, and in¬ 

soluble in water acidulated with carbonic acid. According 

to the analysis of Klaproth, carbonate of cerium is com¬ 

posed of 
23 acid 
65 oxide 
12 water 

100 

This salt may be formed by causing a current of carbonic 

^ acid gas to pass through water having the oxide of cerium 

suspended in it. So great indeed is the avidity of this 

oxide for carbonic acid that it absorbs it even from the 
air.f 

- Sp. 3. Thosphate of cerium. When a mixture of oxide 

of cerium and phosphoric acid is digested in watei’, a white 

insoluble powder is obtained, which is phosphate of cerium. 

The same powder is thrown dowm when the solutions of 

cerium are mixed with phosphate of soda. It is soluble in 
nitric and muriatic acids.J 

4. Sulphate. Sp. 4. Sulphate of cerium. Sulphuric acid dissolves the 

red oxide of cerium with difficulty. By digesting the oxide 
in diluted acid for a sufficient leno-th of time, a solution 

may be obtained. It is of an orange colour, and yields by 

evaporation small octahedral and needle-form crystals of 
persulphate of cerium. Their colour is partly lemon-yel¬ 
low, 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. 

* Hisinger j^nd Berzelius, Gehlen's Jour. ii. 409. Vauquelin, Ann. 

de Chim. iiv. 51. f Klaproth, Hisinger and Berzeiius, Vauquslin. 

X Klaproth, Hisinger, Berzelius. 
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Sulphuric acid combines very readily with the white oxide Chap. II. 

of cerium, especially 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 persulphate of 
cerium is treated with muriatic acid, chlorine gas is dis- 
engaged; the salt loses its colour, and is converted into 
sulphate of cerium. A moderate heat disengages oxygen,, 
and produces the same change.* 

Sp. 5. Sulphate of potash-and-cerium. When super¬ 
sulphate or superpersulphate 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 and decomposes it. The same 
triple salt is deposited when muriate of cerium is poured into 
a solution of sulphate of potash.f 

Sp. 6. Sulphite of cerium. Sulphurous acid dissolves the 
red oxide of cerium, and the solution yields by evaporation 
crystals of a pale amethyst colour.^ 

Sp. 7. Arseniate of cerium. Arsenic acid does not occa- 7. Arseni - 

sion a precipitate when dropped into muriate of cerium. 
When digested with oxide of cerium, an insoluble com¬ 
pound is obtained, which may be rendered soluble by adding 
an excess of acid. The solution does not crystallize; when 
evaporated, it deposites insoluble arseniate, and the residue 
dries into a gelatinous colourless mass.§ 

Sp. 8. Molybdate of cerium. Molybdate of ammonia 
occasions no precipitate in the supersalts of cerium; but 
from the neutral solutions it precipitates molybdate of 
cerium in the form of a white salt not soluble in acids, jj 

Sp. 9. Acetate of cerium. Acetic acid readily dissolves the 9. Acetate, 

oxide of cerium, newly precipitated by means of alkalies. 
The solution, when saturated, has A sweet taste, and yields 
by evaporation small granulated crystals; readily soluble in 
water, but sparingly soluble in alcohol, and not altered by 
exposure to the air.^* 

Sp. 10. Benzoate of cerium. Benzoic acid occasions no 

♦ Klaproth, Hisinger and Berzelius, Vauquelin. 
f Hisinger and Berzelius, Gehlen's Jour. ii. 413. 
J Klaproth, Gehlen’s Jour. ii. 312. 
§ Hisinger and Berzelius, Gehlen’s Jour, ii.^ 413. 
II Ibid. Ibid. ii. 414. 

VOL. II. 2 O ' 
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Book If. precipitate in muriate of cerium ; but when it is digested oil 
Divib^u ii. precipitated 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 inso¬ 

luble powder.^ 
11. Sued- Sp. 11. Succinate of cerium. When a few drops of suc- 

cinate of ammonia are poured 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 pre¬ 

cipitate cerium from the acetate. This furnishes us with a 

ready means of separating iron from cerium when they 
happen to be mixed.t 

Sp. 12. Oxalate of cerium. Oxalic acid and oxalate of 
ammonia precipitate cerium from its solutions. The pre¬ 

cipitate, with the peroxide, is red; with the protoxide, 

white. All excess of acid does not redissolve it; but 

ammonia readily effects its solution, giving it a yellow 
colour. J 

13. Tar- Sp. 13. Tartrate of cerium. When tartaric acid is di- 
trate. gested upon recently precipitated 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 pre¬ 

cipitate in the sulphate, nitrate, or muriate of cerium; but 

tartrate of potash throws down the tartrate of cerium in the 

state of a white powder. It is soft, light, tasteless, and in¬ 

soluble in water. It is soluble in nitric, muriatic, and sul¬ 
phuric acids, and in pure alkalies.} 

Sp. 14. Citrate of cerium. Muriate of cerium is not pre¬ 

cipitated by citric acid. By digesting the acid on recently 
precipitated oxide, an insoluble compound is formed, which 

is rendered soluble by an excess of acid. The solution does 

not crystallize. Alcohol deprives it of its water and of part 
of its acid, but does not dissolve it. Ij 

* Hisinger and BerzelluS; Gehlen’s Jour. ii. 413. 
t Ibid, ii, 414. X Ibid. ii. 413. 
4 Hisinger and Berzelius, Vauqueiin. 

fi Hisinger and Berzdius, Gehleifs Jour. ii. 113. 
‘2 



SALTS OF URANIUM. 

SECT. XVII. 

SALTS OF URANIUM. 

This genus of salts has been hitherto examined only by 
Klaproth, Richter, and Bucholz. This last chemist has 

published a very particular description of the sulphate and 
nitrate of uranium. 

The salts of uranium may be distinguished by the follow¬ 
ing properties: 

1. The greater number of them are soluble in water, and Characters. 

I the solution has a yellow colour. 

2. The pure alkalies occasion in these solutions a yellow 
I precipitate; the alkaline carbonates a white precipitate, solu- 
I ble in an excess of alkali. 

3. Ferrocyanate of potash occasions a brownish-red pre- 

j cipitate, which does not assume the form of flakes like the 

ferrocyanate of copper. 

4. Hydrosulphuret of potash occasions a brownish-yellov/ 
i precipitate. 

5. The infusion of nutgalls occasions a chocolate-coloured 

i precipitate. 

6. No precipitate is occasioned by zinc, iron, or tin. 

Sp. 1. Nitrate of uranium. Nitric acid readily dissolves i; Nitrate. 

i| uranium with the emission of nitrous gas. The solution has 

,| a yellowish colour.f The oxide of uranium is dissolved by 

i| this acid with still greater facility. From the trials of 

Bucholz J it follows, that the acid unites with the oxide 
I in two proportions, forming a nitrate and subnitrate of 

I uranium. 
i 1. Nitrate, This salt is best formed, as Klaproth showed, 

by dissolving the oxide of uranium in nitric acid, and bring¬ 
ing the solution to crystallization. The best method of ob- 

i taining regular crystals is to expose the solution to a very 

: moderate heat. When a saturated hot solution is cooled 
i quickly, crystals likewise are obtained, but not so regular. 

: The crystallization succeeds best when there is a slight 

I * Klaproth, CrelFs Annals, i. ISO. Eng. Trans. Richter’s Neuem 

i| Gegenstande. Gren’s Handbuck, iii. 741. 
^ f Bucholz, Gehlen's Jour, iv. 36. 
I t Ibid, p, 158. 

2 O 2 
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Book II. excess of acid."^ The colour of the crystals varies somewhat 
Division II. according to the method of crystallizing. When the solution 

is fully saturated with oxide, the crystals are of a lemon 
yellow, and greenish at the edges; but w'hen there is an 
excess of acid present, they have all a greenish colour. The 
crystals have the form of tables, often hexagonal; but by 
cautious management, they may be obtained in large four¬ 
sided rectangular flat prisms.f 

Properties. They are extremely soluble in water; 93 parts of that 
liquid at the common temperature being capable of dissolv¬ 

ing 200 parts of nitrate of uranium. Boiling water dissolves 

any quantity; the water of crystallization being sufficient 

at that temperature to keep the salt in solution. They are 
still more soluble in pure alcohol; one part of that liquid 
dissolving 3-jd 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 long time in the temperature of about 112°, 
the salt is partly decomposed, a yellow powder precipitat¬ 

ing ; a portion of which is oxide of uranium, and a portion 

of the same oxide united probably to a vegetable acid. 

When four parts of nitrate of uranium and one part of alco¬ 
hol are distilled in a very moderate heat, the first portion 

which comes over has the smell of nitric ether; the second 
contains a portion of acetic acid.:}: 

Sulphuric ether dissolves about one-fourth 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. § 

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 veiy soon deliquesces 
into a liquid. II 

* Bucholz, Gehlen’s Jour. iv. 145. 
I Ibid. p. 151. 
II Ibid. p. 150. 

t Ibid. p. 146. 

§ Ibid. p. 156. 
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When heated, it undergoes the watery fusion; the water Chap. ii. 

which it contains is gradually dissipated, carrying along 

with it a portion of the acid. If the heat be increased, 
nitrous gas makes its escape, and at last a portion 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 oxygen.* 

From the experiments of Bucholz, it follow^s that this 
salt is composed of 

61 oxide 
25 acid 
14 water 

Compcsi- 
tion. 

lOOf 

2. Subnitrate, When nitrate of urani'^ . is heated till its 
colour becomes orange-yellow, it does not dissolve com¬ 
pletely in water, leaving behind a lemon-yellow powder. A 

portion of the same powder likewise precipitates from the 
solution before it can be brought to crystallize. This powder 

is insoluble in w^ater, and has been shown by Bucholz to be 
a subnitrate of uranium.J 

Sp. 2. Sulphate of uranium. Sulphuric acid, whether 2. Sul¬ 

concentrated or diluted, has but little effect upon uranium 
in the metallic state.§ By boiling the oxide obtained from 

nitrate of uranium by means of heat, with a sufficient 

quantity of diluted sulphuric acid, and setting the solu^ 

tion aside in a w^arm place, Mr. Bucholz obtained needle- 
form crystals of sulphate of uranium. As these crystals 

contained an excess of acid, though a portion of the oxide 
j'emained undissolved, Bucholz re-dissolved 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; and by 
continuing the evaporation some crystals were obtained in 

the shape of tables. 
The colour of these crystals is lemon-yellow. They dis¬ 

solve in l-ths of their weight of cold water, and in -^ths 

• Bucholz, Gehlen's Jour. iv. 149. 
X Ibid, p, 158. 

f Ibid. p. 148. 

^ Ibid. p. 36, 
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Book 11. 
Division II. 

Phosphate# 

Arseniate. 

Acetate. 

of their weight of that liquid when boiling hot. The so¬ 

lution has the consistency of a syrup, and gradually yields 

regular crystals when subjected to spontaneous evaporation. 
Pure alcohol at the common temperature of the air dis¬ 
solves -^th part, and boiling alcohol -^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 precipitated, carrying along with it 
a portion of sulphuric acid. At the same time the smell of 

ether became perceptible in the liquid. 

When crystallized sulphate of uranium is exposed to a 

red heat, it Joses 14 per cent, of its weight; but in a white 
heat it loses the v/hole of its acid and water. The residue, 
which weighs ^j%th of the original salt, is a greyish-black 

powder, consisting of pure oxide of uranium. 

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 
V 

I 70 oxide 
12 water 

, 100^' 

Remaining Species. 

S. Phosphoric acid forms with oxide of uranium yel¬ 
lowish-white tiakes, scarce!V soluble in water. The salt 

may be precipitated by adding phosphoric acid to the ace¬ 
tate of uranium, f 

4. When an alkaline arseniate is dropped into nitrate of 
uranium, the arseniate of uranium precipitates in the state 
of a yellowish-white powder. 

5 and 6. 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. 

7. Concentrated acetic acid dissolves oxide of uranium 
by digestion, and yields beautiful yellow crystals in the 

form of long, slender, transparent, four-sided prisms ter- 

* Gr«hlen’s Jour. iv. 134. 

t Klaproth, CrelFs Annals, i. 135, Engl. Trans. 



SALTS OF URANIUM. 567 

minated by four-sided pyramids. When heated gradually, chap. it. 
the acid is decomposed and driven off, but the remaining '— 

oxide still retains the form of the crystals.* 
8. Tartaric acid forms with the oxide of uranium a salt Tartrate, 

scarcely soluble in water. 

Richter formed also the borate, oxalate, citrate, malate, 

benzoate, and succinate of uranium ; but the properties ot 
these salts have not been described. 
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SECT. XVIII. 

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 metal forms only one oxide they are not liable to 

change their state, like the salts of iron and tin. They may 

be distinguished by the following properties: 

1. The greater number of them are soluble in water, 

and the solution is colourless and transparent. 

2. Ferrocyanate of potash occasions a white precipitate 
when dropped into these solutions. 

3. Hydrosulphuret of potash and sulphureted hydrogen 
gas occasion a white precipitate. 

4. Gallic acid and the infusion of nutgalls occasion no 

precipitate when dropped into these solutions. 
5. Alkalies occasion a white precipitate, which is readily 

dissolved by sulphuric or muriatic acid. 

6. Zinc is not precipitated in the metallic form by any of 

the other metals. 
7. Sulphocyanate of potash and hydriodate of potash 

occasion white precipitates wdien dropped into a solution of 

a salt of zinc. 

Characters* 

Sp. 1. Nitrate of zinc. Nitric acid attacks zinc with i. Nitrate, 

prodigious violence, and has been said even to inflame it. 
It is necessary to moderate its action by using it in a di¬ 

luted state: even then considerable heat is evolved, and a 

* Klaproth, Crell’s Annals, i. 135, Engl. Trans. 
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Book II. 
Division II. 

a. Car» 
.bonate. 

Composi¬ 
tion, 

Strong effervescence is occasioned by the escape of nitrous 

oxide gas. 
The solution is transparent and colourless, very caustic, 

and yields by evaporation flat striated tetrahedral prisms, 
terminated by four-sided pyramids. The specific 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 vapuufs of nitrous acid, and assume a gelatinous form, 

la a heat they are decomposed completely, giving 
out nitmns gas mid oxygen gas. 

Sp, 2. Carhmme of zinc. Liquid carbonic acid, con- 

B.aed ill a vessel with zinc, or its oxide reduced to the state 
of a fine powder, dissolves a considerable portion of it; 
and the solution, when exposed to the air, is gradually 

covered with an iridescent pellicle of oxide of zinc.f 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. ' 

Bergman first ascertained by analysis that this salt occurs 

nathT under the name of calamine ; but his inferences were 

disputed by mineralogists, and considered by most as er¬ 

roneous. Yet they have been fully confirmed by the 

precise analysis of Mr. Smithson, wLo has demonstrated 

that different substances have been confounded under the 

name of calamine, and among others the carbonate of zinc. 

According to the analysis of Bergman, itative carbonate 
of zinc is composed of 

28 acid 

66 oxide 

6 water 

loot 
From the analysis of Mr. Smithson, it follows that ar0 

carbonate is composed of 
1 acid 

2 oxide 

^ § 

* Hassenfratz, Ann. de Chim. xxviii. 12, + Bergman, i. 35. 

1 Opusc. ii. 326. § Phil. Trans. 1803, p. 23. 



SALTS OF ZINC. 569 

When water is present, the proportion of the other con- Chap. ii. 

stituents still continues the same. Mr. Smithson has shown, 

that the water in that case is combined with the oxide of 

zinc, constituting a hydrate, which is composed of 

3 oxide 
1 water 

4 % 

The anhydrous carbonate of zinc is composed of 

Carbonic acid.... 34*92 .... 1 atom 
Oxide of zinc.... 65*08 .... 1 atom 

100*00 

The constituents of the hydrous carbonate are 1 atom 

acid, 1 atom oxide, and 1 atom water, or by weight 

Carbonic acid.... 30*55 
Oxide of zinc .... 56*94 
Water.12*51 

100*00 

Sp. 3. Borate of zinc, Boracic acid scarcely attacks 3. Borate, 

zinc; but it combines with its oxide, and forms with it an 

insoluble borate of zinc. This salt may be precipitated in 

a white powder, by pouring borate of soda into the nitrate 

or muriate of zinc; or by mixing boracic acid with liquid 

sulphate of zinc. When strongly heated, this borate 

becomes yellow, and is at last converted into an opaque 

slag.f 
Sp. 4, Silicate of zinc. This salt occurs native along 4, silicate." 

with the ore of lead, and is known by the name of electric 

calamine. It is often crystallized in small six-sided prisms 
and acute octahedrons. Its colour is white with a shade 
of grey, blue, or yellow. Its fracture is foliated, it is 

somewhat transparent, and has a specific gravity of 3*4. 

If it be a compound of 1 atom silica, and 1 atom oxide of 

zinc, its constituents must be 

Silica.28*08 
Oxide of zinc , 71*92 

100*00 

^ Phil. Trans. 1803, p. 23. f Wenzel's Versvandtschaft, p. 251. 

6 
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Book II. Now the mean of the analyses of Klaproth and John 
Division 11. US 

Silica., 29*7 
Oxide.. 70*3 

«. Sul¬ 
phate. 

100-0 

Numbers which come sufficiently near to show us that 
the composition which we have supposed is the true one. 

Sp. 5. Phosphate of zinc. Phosphoric acid dissolves zinc 

With efFen escence, but ceases to act when the quantity of 

zinc dissolved is sufficient to convert the acid into a biphos- 
phate composed of two atoms acid, and 1 atom oxide of 
zinc. This solution does not crystallize, and when evapo¬ 

rated to dryness may be again re-dissolved in water, unless 
the heat has been sufficient to drive off the whole of the 
water, and fuse the salt into a glass, in which case it be¬ 

comes insoluble. The taste of this biphosphate is acid and 

astringent, and it reddens vegetable blues. 

When carbonate of zinc is introduced into phosphoric 

acid it is dissolved with effervescence, and a biphosphate of 
zinc formed as when the metal is employed. But if we 

boil the liquid over carbonate of zinc, after it refuses to 

take up any more in the cold, the whole is gradually con¬ 
verted into a tough magma which becomes very hard when 
cold. It softens wffien heated, and, if we urge the fire, 

abundaiice of nitrous gas is given out. The substance thus 

obtained is a phosphate of zinc. It is a tasteless white 

matter, insoluble in water. Before the blowpipe it readily 

melts into a transparent colourless glass. Phosphate of 

zinc is composed of 

Phosphoric acid .. 100 

Oxide of zinc .... 113*8 

The biphosphate contains twice as^ much acid united to 

the same weight of base. 
Sp. 6. Sulphate of zinc. Concentrated sulphuric acid 

scarcely acts upon zinc without the assistance of heat; but 
if it be sufficiently diluted w’ith w^ater, it attacts the metal 

with force; hydrogen gas is emitted, and the zinc is very 

speedily dissolved. In this case the water is decomposed; 
its oxygen combines with the metal, while its hydrogen is 

exhaled. When the solution is sufficiently concentrated by 

evaporation, it yields the sulphate of zinc in crystals. 
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This salt, according to the best accounts, was discovered chap. Ii. 
at Ramelsberg, in Germany, about the middle of the 16tli '— 
century. Many ascribe the invention to Julius Duke 

Brunswick. Henkel and Neumann were the first chemists 
who proved that it contained zinc; and Brandt first as¬ 

certained its composition completely.^ It is generally 
formed for commercial purposes from sulpbureted zinc, or 

blende as it is called by mineralogists. This ore is roasted, 

which converts 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 solution in water lets fall a 
dirty brown sediment; a circumstance very much com¬ 

plained of by surgeons when they use that solution in me¬ 
dicine. It may be easily purified by dissolving it in water, 

and putting into the solution a quantity of zinc filings; 

taking care to agitate it occasionally. The zinc precipi¬ 
tates the foreign metals, and takes their place. The solu¬ 
tion is then to be filtered, and the sulphate of zinc may be 

obtained from it in crystals by proper evaporation. 
Its crystals are four-sided flat prisms, terminated by Properties, 

quadrangular pyramids. Two opposite edges of the prism 

are commonly replaced by small faces, which renders the 
prisms six-sided.f Its specific gravity when crystallized is 
1*912; when in the state in which it commonly occurs in 
commerce, it is 1*3275.^ At the temperature of 60®, 

water dissolves 1*4 times its weight of it. Boiling water 
dissolves any quantity whatever. When heated, it melts 

and speedily loses its water of crystallization, and, in a high 

temperature, loses most part of its acid. The constituents 

of this salt are, 

1 atom sulphuric acid = 31*74? 

1 atom oxide of zinc = 32*54? 
5 atoms water = 35*72 

100*00 

^ Beckmanns History of Inventions, art. Zinc. f Bergman ii. 327. 
J Hassenfratz, Ann. de Chim. xxviii. 12. According to Dr. Watson 

1'933, (Essays, v. 07.) 
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This very nearly agrees with the analysis of Berzelius, 

■ who found the constituents of this salt 

Acid.... 30*965 

Oxide ... 32*585 
Water... • 36*4-50 

100*000* 

When this salt is strongly heated it loses the whole of 

its acid and water, and the oxide of zinc remains behind 
in a state of purity. Probably pure sulphuric acid might 
be easily obtained by distilling this salt. For it parts with 

the whole of its water before the acid begins to separate. 
7. Sulphite of zinc. Sulphurous acid dissolves the 

oxide of zinc with the evolution of heat, but without effer¬ 

vescence. The solution yields crystals of sulphite of zinc. 
These crystals have a less acrid, but more styptic taste than 

the following species. They are less soluble 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. 
Sp. S. Hyposulphite of zinc. Sulphurous acid attacks 

zinc with considerable violence, heat is produced, and sul¬ 

phureted hydrogen gas is exhaled. The solution has an 

astringent, sulphureous taste. When exposed to 

the air, it becomes thick like honey, and deposites long 
slender cr^^stals in the form of four-sided prisms, terminated 

by four-sided pyramids. These are crystals of hyposulphiie 

of zinc, as Fourcroy and Vauquelin have proved. They 

are soluble in water and in alcohol. When exposed to 
the air they become white, and deposite a white insoluble 

powder. Before the blowpipe the salt swells, emits a bril¬ 

liant light, and forms dendritical ramifications. When dis¬ 

tilled, it yields w^ater, sulphurous acid, sulphuric acid, and [ 
sulphur; and there remain behind oxide of zinc and a I 
little 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 sulphur pre¬ 

cipitates. The theory of the formation of this salt is ob- 

* Ann. de Chlm. Ixxxii. 12Q. 
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vious. During the solution of the zinc, both water and Chap. ii. 

sulphurous acid are decomposed. Hence the reason of the ' v ' 

sulphureted hydrogen gas exhaled. But the greatest 

portion of the acid gives out half its oxygen to oxydize 

the zinc. It is thus changed into hyposulphurous acid, 

which unites with the oxide of zinc formed. 
When a mixture of sulphur and white oxide of zinc is 

' treated with .sulphurous acid, the product is a hyposul¬ 

phite.* 
8p. 9. Arseniate of zinc* When arsenic acid is poured 9. Arseni- 

upon zinc, an effervescence ensues, arsenical hydrogen gas 

is emitted, and a black powder precipitates, which is arsc- 

; nic in the metallic state. Hence we see that the zinc de- 
i; prives both a portion of water and of ar.senic acid of their 
1 oxygen. When one part of zinc filings and two parts of 
I’ dry arsenic acid are distilled in a retort, a violent detona- 
I tion takes place when the retort becomes red, occasioned by 

‘ the sudden absorption of the oxygen of the acid by the 
i zinc. The arseniate of zinc may be precipitated by pouring 
! arsenic acid into the acetate of zinc, or by mixing the so- 

I lution of the alkaline arseniates with the sulphate of zinc, 
i It is a white powder, insoluble in water.f 

* Sp. 10. Antimoniate of zinc, '^This salt is obtained when 
antimoniate of potash is dropped into a solution of sulphate 

of zinc. It is a white powder having a crystalline appear- 
I ance when dried. It is soluble to a certain degree in water. 
' When heated it gives out its water of crystallization and 
1 becomes yellow. It is not reduced by the blowpipe upon 

I charcoal.J 
Sp. 11, 12, 13. By the same process may the tungstate, 

molybdate, and chromate of zinc be obtained, lliey also 

I are insoluble in water: the two first are white, the last of 

an orange-red colour. 

j Sp. 14<. Acetate of zinc. Acetic acid readily dissolves 14. Acetate. 

1 zinc, and yields by evaporation crystals of acetate of zinc, 

I which \vere first mentioned by Glauber. This salt has a 
I bitter metallic taste. Its crystals are rhomboidal or hexa- 

j gonal plates, of a talky appearance. It is not altered by 
I exposure to the air; it is very soluble in water. When 

thrown upon live coals, it burns with a blue flame. When 

* Fourcroy, v. 380. t .Scheele, i. 181, 

! ' X Berzelius, Nicholson’s Journal, xxxv, 42. 
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Book II. distilled, it yields water, an inflammable liquid, and some 
uivision II. towards the end of the process oxide of zinc sub- 

^ limes. 
This salt has been lately recommended by Dr. Henry as 

an excellent application in cases of inflammation. 

Sp. 15. Succinate of zinc. Succinic acid dissolves zinc 
with effervescence; and the solution yields loim slender 

foliated crystals, the properties of which have not been 

examined.-f- 
Sp. 16. Benzoate of zinc. Zinc is readily dissolved by 

benzoic acid. The solution yields needle-shaped crystals, 

which are soluble in water and alcohol. When exposed to 

heat, their acid is volatilized, t 

17* Oxa- Sp. 17. Oxalate of zinc. Oxalic acid attacks zinc with 
a violent effervescence, and a white powder soon subsides, 

which is oxalate of zinc. The same salt is precipitated 
when oxalic acid is dropped 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 excess of acid.^ 

Sp. 18. Tartrate of zinc. Tartaric acid attacks zinc 

with effervescence, and forms with it a salt difliculty soluble 

in water, the properties of which have not been examined. j| 
l9. Citrate. Sp. 19. Citrate of zinc. Citric acid attacks zinc with 

effervescence, and gradually deposites small brilliant crystals 

of citrate of zinc. They are insoluble in water, and have a 

styptic and metallic taste. They are composed of 

^ 59 acid 

41 oxide 

100 

Sp. 20. Blieumate of zinc. A straw-coloured solution 

which does not crystallize, and has a caustic taste. When 

mixed with acetate of lead a precipitate takes place.** 

^1. Malate. Sp. 21. Malate oj zinc. Malic acid dissolves zinc, and 

yields by evaporation beautiful crystals of malate of zinc.ff 

* Monnet. -f WenzeFs Verwandtschaft, p. 240. 
Troramsdorf, Ann. de Cliim. xi. 317. § Bergman, i. 271. 

II Dijon Academicians. 

** Henderson, Annals of Philosophy, vili. 253. 

t| Scheele, CrelFs Annals, ii. 10. Eng. Trans. 
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Sp. 22. Lactate of zinc. Lactic acid dissolves zinc with Chan n 
effervescence, and the salt formed is capable of crystalliz- 

Sp. 23. Zumate of zinc. Zumic acid readily dissolves 23. Zu- 

carbonate of zinc. The solution, when evaporated, yields 
a confused mass of crystals which have the figure of four- 
SI e prisms, terminated by oblique summits. At the tern- 
perature of 70° they dissolve in 50 times their weight of 
water, and they are more soluble in boiling water.f 

Sp. 24. Tartrate of potash-and-zinc. This salt may be 
formed by boiling together tartar and zinc filings and 
water. It is very soluble in water, and not easily crystal- 

lized. No precipitation is produced in its solution by the 
alkalies or their carbonates.J 

Sp. 25. SulpJiate of zinc-and-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 crystallizes 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 sulphate of zinc. It contains a much greater pro¬ 
portion of zinc than iron. 

Sp. 26. Sulphate of zinc-and-cohalt. This salt, first 
pointed out by Link, may be obtained by digestino- zafre 

in sulphate of zinc.^ Large four-sided prisms are obtained 

by evaporation, which effloresce wdien exposed to the air.^ 

The only one of the salts of zinc, much employed in the 
arts, is the sulphate. The acetate is sometimes used as an 
external application in cases of inflammation. The compo¬ 

sition of the salts of zinc is easily determined by consider¬ 

ing them as compounds of 1 atom oxide of zinc, and 1 atom 

of each of the acids. An atom of oxide of zinc w^eio-hs 
5*125, and the weight of an atom of each of the acids has 
been given in a preceding chapter of this volume. 

* ^heele, ii. 65. f Braconnot, Ann. de Chim. Ixxxvi. 91. 
t Dijon Academicians; and Thenard, Ann. de Chim, xxxviii. 35. 
§ Creli’s Annals, 1796, i. 32. 
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Book II. 
Division II, 

Charac¬ 
ters. 

1-. Nitrate. 

SECT. XIX. 

SALTS OF LEAD. 

The salts of lead were formerly distinguished by the. 

name of satiirn^ the title by which lead was known among 

the alchymists. The protoxide only of this metal seems 
capable of combining with acids so as to form salts. These 
bodies may be distinguished by the following properties: 

1. A considerable number of them are scarcely soluble 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. Ferrocyanate of potash occasions a white precipitate 

when poured into solutions containing salts of lead. 

5. Hydrosulphuret of potash occasions a black precipi¬ 

tate. The same precipitate is produced by sulphureted 

hydrogen. 

6. Gallic acid and the infusion of nutgalls occasion 

a white precipitate. 
7. A plate of zinc kept in a solution of lead occa¬ 

sions either a white precipitate, or the lead appears in its 

metallic state. 
Sp 1. Nitrate of lead. Nitric acid acts upon lead with 

considerable energy, provided it be not too much concen¬ 

trated ; first converting it into a white powder, which is a 

subnitrate, 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; -f-ths of its weight are dissolved, 

and -^th is converted into brown oxide, and remains undis¬ 

solved.* Hence we see that it is the yellow oxide of lead 
only which combines with nitric acid. Six-sevenths of the 
red oxide are decomposed; the excess of oxygen combines 
with the remaining seventh, and converts it into brown 

oxide, while the base or yellow oxide combines with the 
acid. Thus we see that nitric acid does not combine with 

the red or brown oxide of lead, but it combines with the 

Proust. 
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protoxide or yellow oxide, and forms with it two salts, Chap. ii. 

which we shall distinguish, as usual, by the names of nitrate 

and subnitrate of lead. 

1. Nitrate of lead. This salt is always formed when lead 
is dissolved in nitric acid, unless there be present an excess 

of lead, and a strong heat be applied. It is formed also by 

dissolving the carbonate or white lead in nitric acid. The 

solution is transparent and colourless, and when sufficiently 

concentrated by evaporation, crystallizes on cooling. The 

crystals are usually tetrahedrons, having their apex trun¬ 

cated, and sometimes 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 an 7* * * * ** * * §§6 
parts of boiling water.* Their specific gravity is 4*068.f 
When heated, they decrepitate, and then undergo a kind of 
detonation, emitting very brilliant sparks.:): When they 

are triturated with sulphur in a hot mortar, a feeble deto¬ 
nation is produced, and the lead is reduced to the metallic 

state. J 
The constituents of this salt, according to the best ana- Composi- 

lyses hitherto made, are as follows : tion. 

II 
Acid 

Base 

* » • • 32*7775.. 33.. 

67*2225.. 67.. 

tt tt 
34.. 32*53 

66.. 67*47 

100 100 100 100 

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 precipitate though 
kept in the solution of nitrate of lead. §§ 

2. Subnitrate, This salt was obtained by Chevreul by 

* WenzeFs Verwandtschaft, p. 310. 

t Hassenfratz, Ann. de Chlm. xxviii. 12. 
1 Bergman, ii. 470. 

^ Van Mons, Ann. de Chim. xxvii. 81. 
{| Berzelius, Gilbert’s Annalen, xl. 166. 

** Chevreul, Ann. deChira. Ixxxiii. 69. 

ft By my analysis. 
It Theoretical composition. 
§§ WenzeFs Verwandtschaft, p. 90. 

VOL. II. 2 P 
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Book 11. boiling a mixture of equal weights of nitrate of lead and 
Division II. protoxide of lead, filtrating the liquid while hot, and allow- 

ing it to crystallize in close vessels. On cooling it depo¬ 

sited crystals in pearl-coloured scales. The taste of this 
salt is sweet and astringent. When a current of carbonic 

acid gas is passed through its solution, it is converted into 

common nitrate and carbonate of lead. Berzelius obtained 
this salt by precipitating nitrate of lead by means of a 
quantity of ammonia, not sufficient to saturate the whole 

of the nitric acid. The precipitate thus obtained was well 

washed and dried.* There can be no doubt from the 
analyses of Berzelius and Chevreul, that this salt contains 

just double the quantity of base that exists in the nitrate. 

The nitrate is composed of 

Acid. 100 
Base. 207*4? 

The constituents of the subnitrate are, 
* • 

Berzelius. Chevreul. 

Acid..100 .100 
Base.4-12*8.403 

2. Nitrate. Sp. 2. Nitrite of lead. This salt was discovered by 

Proust; but its true composition was first ascertained by 

Berzeliusf and Chevreul.{ Wenzel had indeed obtained 

it, but at the time when his experiments were made it was 

impossible to draw the proper inference. J It would appear 

from the experiments of Berzelius and Chevreul, that there 

are three subspecies of this salt, the nitrite, subnitrite, and 

quadrosubnitrite. The first composed of 1 atom acid + 1 

atom base, the second of 1 atom acid -f 2 atoms base, and 

the third of 1 atom acid -f 4 atoms base. 

1. Subnitrite, When a solution of nitrate of lead is 

boiled upon lead in the metallic state, the lead is gradually 
dissolved being oxydized at the expense of the acid, which 

partly flies off‘ in the state of nitrous gas, and is partly con¬ 
verted into nitrous acid. If the requisite portion of lead 
only is dissolved, which, according to the experiments of 

Berzelius, amounts to 7*8 parts of lead for every 10 parts 
of nitrate of lead employed, the solution has a yellow 

colour and deposites subuitrite of lead in scales. But if a 

* Ann. de Ch'im. Ixxxii. 242. 

f Ann. de China. Ixxxiii. 67. 
f Ann. de Chim. Ixxxlli. 5. 
§ Verw^andtschnft, p. 90. 
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greater quantity of lead has been dissolved quadrosubni- Chap. ii. 

trite is likewise formed, and almost the whole is converted 

into this salt when as much lead as possible is dissolved by 

boiling a solution of nitrate of lead on it. According to 

Chevreul the best way of obtaining subnitrite is to cause a 

current of carbonic acid gas to pass through a solution of 

quadrosubnitrite. One half of the oxide of lead is thrown 
down in the state of carbonate. The liquid which now 

contains only subnitrite, being filtered and evaporated, de« 
posites crystals of the salt. 

This salt crystallizes in plates or scales and has a yellow 

colour. 100 parts of water at the temperature of 74® 
dissolve T26 of this salt; 100 parts of boiling water dis¬ 
solve 9*41 parts. When this solution is allowed to cool 

it retains more of the salt than cold water would be able to 
dissolve. This solution has a yellow colour. It restores 

the blue colour of litmus paper reddened by an acid. It 

does not absorb oxygen from the atmosphere; but when ex¬ 

posed to the air it becomes covered with a pellicle of carbo¬ 

nate of lead. When this salt in powder is thrown into 

nitric acid or acetic acid, nitrous fumes are disengaged. 
When a current of carbonic acid is passed through the 

solution of this salt in water, it would appear from Chev- 

reuf s experiments that one half of the oxide of lead is 
thrown down in the state of carbonate. The other half 
remaining, combined with the nitrous acid, constitutes 

nitrite of lead. But as he did not evaporate the solution, 
or obtain the nitrite in a separate state, we are ignorant of 

its properties. 
When carbonate of potash is dropped into subnitrite of 

lead, a double decomposition takes place, carbonate of lead 

is precipitated and nitrite of potash remains in solution. 

When it is boiled with protoxide of lead the subnitrite of 

lead is converted into quadrosubnitrite; but a very long 

ebullition is requisite to complete this change. This sub¬ 

nitrite, according to the experiments of Berzelius and, 

Chevreul which agree, is composed of 

20 acid and water 

80 protoxide of lead 

100 

2 P 2 
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Book II. According to Chevreul^ its constituents, abstracting tW 
Division 11. 

^ Acid.18*15.100 
Base...81*85_.... 450 

If it be a compound of 1 atom nitrous acid and 2 atoms 

protoxide of lead, as it ought to be, its constituents should 

be . ^ 
Acid.. 100 
Base. 486*95 

2. Quadrosubnitrife. This salt is obtained by dissolving 

a maximum of lead in nitrate of lead. It crystallizes in 

small needles united to each other in the form of stars. Its 

colour is brick red. 100 parts of boiling water dissolve 

about 3 parts of it, and 100 parts of water at the tempera¬ 

ture of 74° dissolve about 0*7 of a part. It is decom¬ 

posed by carbonate of potash and by sulphuric, nitric, and 

acetic acids in the same way as the preceding subspecies. 

Carbonic acid precipitates abundance of carbonate of lead. 

Its constituents, according to Berzelius, are 

Acid.10*175. 100 

•Oxide. 89*825. 882*8 

100*000 

According to Chevreul, 

Acid. 9*9.100 

Oxide.90*1.910 

100*0 

If we suppose it a compound of 1 atom acid + 4 atoms 
oxide, its constituents ought to be 

Acid.100 
Oxide. 973*9 

3. Nitrite, Berzelius obtained this salt by mixing the 

solution of subnitrite with a quantity of sulphuric acid, just 
capable of saturating the half of the oxide of lead which 

it contained. The sulphate of lead formed being sepa¬ 
rated by the filter, the liquid was allowed to crystallize 

* Ann. de Chira. Ixxxviii. 88. 



SALTS OF LEAD. 581 

spontaneously. Octahedral crystals of a deep yellow Chap. ii. 
colour were deposited. It is much more soluble in water v-^ 

than nitrate of lead. When heated it melts and swells 

much while its acid and water are escaping. According to 

the experiments and calculations of Berzelius its consti¬ 
tuents are 

Nitrous acid. 23*925 .... 100 
Protoxide of lead .. 70*375 .... 294*14 
Water. 5*700 

100*000^ 

Supposing it a compound of 1 atom hyponitrous acid and 
1 atom oxide of lead, its composition ought to be 

Acid.100 

Oxide... 294*73 

Sp. 3. Carbonate of lead. Carbonic acid has no action 3. Carbon- 

whatever on lead, neither is it capable of dissolving its 

oxide; but it combines 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 soluble in pure potash, in the same manner as 
the oxides of lead. 

The white lead of commerce (or cenise\ employed as a White lead, 

paint, is merely^ a carbonate of lead, as Bergman first ob¬ 
served.! It is prepared by exposing thin plates of lead to 

the hot vapours of acetic acid. The metal is gradually cor¬ 

roded and converted into a carbonate, probably at the ex¬ 

pense of the acid. The beauty of the colour depends prin¬ 
cipally on the purity of the lead employed.:|: 

This salt occurs native. In that state it is usually white, 

* Ann. de Chim. Ixxxlii. 23. 
+ Opusc. i. 39. Proust has lately shown the same thing. Jour, de 

Phys. lyi. 207. Scheele found that a little acetic acid was always se- 
perated from it when white lead was distilled with sulphuric acid. Crell’s 

Annals, iii. 8. Engl. Trans. 

t The best English white lead is made at Newcastle-upon-Tyne. An 

account of the German process will be found in the Ann. de Chim. Ixxii. 
^25. ' 
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Book 11. and has a good deal of lustre. Its specific gravity Is 7*2357.* 
Division 11. -g gQjjjej-ijYjes crystallized in six-sided prisms, terminated 

by six-sided pyramids, sometimes in regular octahedrons,t 

and sometimes in tables.^ It is insoluble in water. Wlien 

exposed to the action of the blow-pipe upon charcoal, the 

lead is immediately reduced to the metallic state. 

This salt has been analysed by some of the most expert 
chemists. The constituents, as determined by their expe¬ 

riments, may be seen in the following table: 

§ II ** *** tt tt §i 
Coraposi- Acid.. 15.. 16.. 16*15.. 16*33.. 16*5.. 16*41 
tion. Yellow oxide.. 85 .. 84 .. 83*85 .. 83*67 .. 83*5 .. 83*59 

100 100 100 100 100 100 

4. Borate. 

Phos 
phate. 

Sp. 4. Borate of lead, Boracic acid has no action on 
lead; but borate of lead is precipitated in the state of white 
powder when borate of soda is mixed with nitrate of lead. 

Before the blowpipe it melts into a colourless glass. Iljj 

When one part of boracic acid is melted with two parts of 

red oxide of lead, the product, according to Reuss, is a 

greenish-yellow, transparent, hard, insoluble glass.* 

Sp. 5. Phosphate of lead. Phosphoric acid has but little 

action on lead; but when the two substances are left long 

in contact, the metal is corroded and some phosphate of 

lead formed. Three subspecies of this salt are known to 

exist. 

1. Neutral phosphate. This salt exists native. It may 

be obtained by pouring a solution of muriate of lead in 

boiling water into phosphate of soda. A white powder 

falls down, which when properly washed and dried is pure 

phosphate. This salt is insoluble in water unless there be 

a considerable excess of acid; but it is soluble in pure soda, 

* Bournon, Nicholson’s Jour iv. 220. 
f Haiiy, Jour, de Min. An. v. 502. J As at Leadhills in Scotland. 
^ Chenevix, Nicholson’s Quarto Jour. iv. 221. 

II Bergman, Opusc. ii. 393. ** Proust, Jour. dePhys. Ivi. 207. 
ft Klaproth, Beitrage, iii. 165. 

It Berzelius, Ann. de Chim. Ixxvii. 83. 

§ ^ Theoretical composition. (| Jj WenzePs Vemandt. p. 252. 
*** Reuss de Sale Sedative. 
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and probably forms with it a triple salt.* It dissolves chap. ii. 
readily in nitric acid, and likewise in concentrated muriatic -v—' 

acid when the action of the liquid is assisted by heat. As 
the solution cools, crystals of muriate of lead precipitate in 

abundance. Sulphuric acid, when assisted by heat, decom-* 

poses this salt, combining with the oxide, and leaving 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 consti¬ 

tuents of this salt are as follows: 

t t § 

Phosphoric acid ,. 100.... 100.... 100 

Protoxide of lead.. 300 .... 314 .... 31 IT 

2. Superphosphate, When boiling solution of muriate of 

lead is poured into biphosphate of soda a precipitate falls, 

which after being well washed retains the property of red¬ 
dening vegetable blues. According to the analysis of Ber¬ 

zelius, II this salt is composed of 

Phosphoric acid.... 100 

Protoxide of lead .. 230*6 
> 

If this analysis be correct, the salt must be a compound 

of 1^ atom acid -f 1 atom oxide; or, which comes to the 

same thing, of 4 atoms acid and 3 oxide. In that case its 

composition would be 

Acid.100 
Base. 233*3 

3. Subphosphate, Berzelius obtained this subspecies by 

digesting phosphate of lead in caustic ammonia. The inso¬ 

luble portion after being washed and dried was composed of 

Phosphoric acid.... 100 

Protoxide of lead ., 472 

Here the oxide is l^- times as great as in the neutral 

phosphate. For 314xl-|-=471. It follows therefore 
that this subphosphate is a compound of 1 atom acid +14” 

♦ Vauquelin, Jour, de Mim. No. ix. p. 6. + By my analysis. 

I Berzelius, Ann. de Chim. et Phys. ii. 160. 

S Theoretical composition. || Ann. de Chim. et Phys. ii. 160. 
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Book IL 
Division II 

7. Phos¬ 
phite. 

*. Sul¬ 
phate. 

SALTS. 

atom base, or of 2 atoms acid + 3 atoms base. Ite true 

composition on that supposition is 

Acid ...... 100 

Base.466*6 

' „ Sp. 6. Nitrophosphate of lead. When phosphoric acid 

is poured into nitrate of lead small crystals are deposited at 

an interval of some hours. These crystals are a triple salt 

composed of 1 atom of nitrate of lead united to 2 atoms of 

phosphate of lead. They are but weakly acted on by water 

which is scarcely capable of removing the whole of the ni¬ 

trate of lead.* 

Sp. 7. Phosphite of lead. Berzelius prepared this salt 
by pouring hot muriate of lead into phosphate of ammonia. 
The precipitate, being well boiled in water and dried, is pure 

phosphite of lead. It is a white powder tasteless and inso¬ 

luble in water.- When heated it gives out phosphorus and 

phosphureted hydrogen gas. According to the analysis of 

Berzelius this salt is composed of 

Phosphorous acid .... 19*78 

Protoxide of lead.' 80*22 

100*001 
>.r 

Now if we suppose it a compound of 1 atom acid and 1 
atom oxide, its constituents will be 

Phosphorous acid ... 20 
Protoxide of lead ... 80 

100 

Berzelius found 3*15 per cent, of water; but it is obvious 

that this water must have been merely mechanically mixed, 
as it did not amount to much more than half an atom. 

Sp. 8. 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 of lead. It may be obtained readily by pouring 
sulphuric acid into acetate of lead, or by mixing this last 

-*• Berzelius, Ann. de Chim. et Phys. ii. 161. 

• f Ann. de Chim. et Phys. ii. 230. 
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suit with any of the alkaline sulphates. The sulphate of chap. ii. 

lead precipitates in the state of a white powder. This salt 

is tasteless. Its specific gravity is 1 •874-2.* It is insoluble 

in alcohol and in nitric acid. According to Kirwan, it 

requires 1200 parts of water to dissolve it;t 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.f It is found native crystallized, accord¬ 
ing to Kirwan, in four-sided oblique-angled prisms ac¬ 
cording to Haiiy, in regular octahedrons. Jj The native 

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: 

tt ® 
Acid. 23-37.. 24*72.. 26-5.. 26*32.. 26*316 Composi- 

Yellow oxide... 75*00 .. 75*28.. 73*5.. 73*68.. 73*684 

Water. 1*63.. 

100 100 100 100 100 

A hundred part of this salt, according to Kirwan, con¬ 

tain 71 parts of pure lead.**'* 
In close vessels this salt endures a considerable heat with¬ 

out alteration. I find that, after being dried in the tem¬ 

perature 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 adheres. The 

white powder obtained by this process is therefore a siibsul- 

phate of lead. 

* Hassenfratz, Ann. de Chim. xxvlil. 12. f Mineralogy, ii. 211. 

X Descotils, Nicholson^s Jour. xii. 221. 
^ Kirvvan’s Min. ii. 211. |J Jour. deMin. An. v. p. 508. 

* * Kirwan on Mineral Waters, Table IV. 

f f Bucholz, Gehlen's Jour. v. 262. Klaprotlfs Beitrage, iii. 166. 

Berzelius, Ann. de Chim.lxxviii, 83. 
|jj| Theoretical composition, On Mineral Waters, Table IV. 

1 
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Book 11. Sp. 9. Sulphite of lead. Sulphurous acid has no action 
Division II. Qjj lead. It absorbs oxygen from the red oxide 

9. Sulphite metal, and is converted into sulphuric acid. But it 
combines with the protoxide 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 reduced.* 
Sulphite of lead, dried in a temperature of about 300°, is 
composed of 

Composi- Sulphurous acid .... 22*2 
Protoxide of lead ... 77*8 

100*0 

10. Arse- 
niate. 

Composi¬ 
tion. 

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 sulphuret. 
When treated with nitric acid, the sulphuret is decomposed, 
and crystals of nitrate obtained. 

Sp. 10. Arseniate of lead. Arsenic acid attacks lead in a 
digesting heat, communicates a portion of its oxygen, and 
converts it into arseniate of lead in the state of an insoluble 
white powder. When arsenic acid is poured into the solu¬ 
tion 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 fu¬ 
sion, arsenic is volatilized, and the lead 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 follows: 

t t 5 

33_35*7_34.-12 
63.... 64*3.... 65*88 
4 

100 100 100 

sp. 11. Antimmiate of lead. This salt is obtained by 

* Fourcroy and Vauquelin, Connoissances Chiraiques, vi. 86. 

+ Chenevix, Phil. Trans. 1801, p. 109. 

J Thenard, Ann. de China. 1. 123. S Theoretical composition. 

Acid. 
Yellow oxide ... 
Water. 
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pouring antimoniate of potash into nitrate of lead. It pre- Chap. il. 
cipitates in the state of a white matter very similar in appear- ^ 

ance to chloride of lead. It is quite insoluble in water. 

Before the blow-pipe on charcoal it is reduced to the metal¬ 

lic state, constituting an alloy of antimony and lead. Nitric 

acid does not decompose it completely; so that Berzelius, 
to whom we are indebted for every thing known respecting 
the antimoniates, was unable to analyse it.* 

Sp. 12. Antimonite of lead. This salt maybe obtained 

by the same process as the preceding, which it perfectly 
resembles in its properties.f 

Sp. 13. Chromate of lead. This salt may be formed by is. Chro- 

mixing together the solutions of nitrate of load and an alka- 

line chromate. The chromate of lead, in that case, pre¬ 

cipitates in the state of a red powder; but it exists native, 
and is indeed the compound from which chromic acid is 
usually obtained. 
Its colour is red with a shade of yellow; and its crystals are 

four-sided prisms, sometimes terminated by four-sided pyra¬ 
mids. Its specific gravity is about 6. It is insoluble in 

water, but soluble in the fixed alkalies without decomposi¬ 

tion. Nitric acid also dissolves it; but muriatic and sulphu¬ 

ric acids decompose it, ^precipitating the lead in the state of 

muriate or sulphate. According to the analysis of Vauque- 

lin, it is composed of about 

34*9 acid 

65*1 oxide 

100*0$ 

Sp. 14. Molybdate of lead. The action of molybdic acid i4. Molyb- 

on lead has not been tried; but Scheele ascertained, that 
I when dropped into the solution of lead in nitric or muriatic 
I acid, molybdate of lead was immediately precipitated.^ 

i The precipitate from nitric acid is redissolved by adding 

nitric acid.jj 
This salt occurs native in Carinthia. Its composition 

was first detected by Klaproth. It has a yellow colour, 

and is completely insoluble in water. Its specific gravity is 

» Nicholson^s Jour. xxxv. 41. f Berzelius, ibid. p. 45. 

$ Jour, de Min. No. xxxiv. p. 790. § Scheele, i. 246. 

Hatchett, Phil. Trans. 1796. 
3 
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Book II. 5*706.* Its crystals are cubic or rhomboidal plates. When 
Division II. 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 , 
i . ; 34?*7 acid 

65*3 oxide 

100*0 t 

Sp. 15. Tungstate of lead. Nitrated tungstate of potash 

occasions a white precipitate in nitrate of lead.J 
16. Acetate. Sp. 16. Acetate of lead. Acetic acid, as Scheele§ first, 

and Vauquelin afterwards, showed, does not attack lead in 
close vessels; but it occasions its oxidizement when the lead 

is in contact both vi^ith the acid and the air, and the oxide 

is dissolved as it forms. It dissolves the yellow oxide very 
readily, and forms with it two salts ; the first is the neutral 

salt, the second contains an excess of base. 
1. Acetate of lead has been long known. It is mentioned 

by Isaac Hollandus and Raymond Lully. It received for¬ 
merly a great variety of names; such as, sugar of lead^ 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 colours than alum or 

green vitriol. It is prepared in considerable quantities both 

in this country and in Holland and France. The manufac¬ 

turers distil their own acid in England and Holland from 
sour beer, and in France from sour wine. The different 

processes followed by manufacturers have “been described 
by Weber II and Demachy,** and more lately by Pontier.ff 

Prepara- These processes may be reduced to two; either lead in 

the metallic state is exposed to the action of the acetic 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 

* Hatchett, Phil. Trans. 1796. + Beitrage, ii. 275. 
t Scheele, ii. § CrelTs Annals, iii. 8. Eng. Trans, 

y Phys. Chem. Magazin.i. 84. ** Laborant in grossen, ii. 194. 
+ t Ann, de Chim. xxxvii. 268. 
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acetic acid. The portion of the lead near the surface, as Chap. il. 

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 areincrusted in their turn, and removed to 
the bottom, where the oxide is dissolved, l^his change of 

place is continued daily till the acid has dissolved a sufficient 

quantity of lead. It is then liltered, and sufficiently con¬ 
centrated by evaporation. As it cools, the acetate of lead 
precipitates in small crystals. 

Other manufacturers dissolve the carbonate of lead, pre¬ 
pared by exposing the metal to the fumes of vinegar; or 
they make use of litharge in its stead, and the solution is 
evaporated in the usual way till the salt crystallizes. This 

process is considered as more expensive than the other; but 

might not native carbonate of lead, which is found abun¬ 

dantly in many places, be employed with advantage instead 

of these artificial oxides? 
Acetate of lead is usually in the form of small needle- Properties, 

shaped crystals, which have a glossy appearance like satin, 

and are flat four-sided prisms, terminated by dihedral 

summits. Its taste is sweet and somewhat astringent. Its 

specific gravity is 2'345.* When water 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 dissolved in water, a small quantity 
of white powder usually falls. It is carbonate of lead, formed 

by the carbonic acid, which usually exists in water. When 

we blow through a solution of acetate of lead, the same 
white powder precipitates.^ 

This salt is decomposed by all those acids and their com¬ 

pounds which form with lead a salt nearly insoluble in water; 

as the sulphuric, phosphoric, muriatic, fluoric, oxalic, malic, 
flee. When heated, it is decomposed; and if it be distilled Products 

in a retort, very singular products are obtained. These 
products were first examined by Beecher; afterwards by 

Baume, and more particularly by Pluvinet: but it is to 

» Hassenfratz, Ann. de Chim. xxviii. 12. 
+ Bostock, Nicholson's Jour. xi. 79. Wenzel affirms, that water at 

the temperature of 100° dissolves its own weight of this salt. Verwandts- 
chaft, p. 308. But this is a mistake. 

I Proust, Jour, de Phys. Ivi, 207. 
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Book II. Proust that we are indebted for the most precise informa* 
tion on the subject. By distilling 160 parts of sugar of 

lead, he obtained by a gentle heat 12 parts of water 

slightly acidulated with vinegar. Then by increasing the 

' fire, there came over 72 parts of a yellow liquid, having the 

odour of alcohol, strong and agreeable, though mixed with 

an empyreumatic smell. When lime is added to the liquid, 

ammonia is disengaged, which existed in the liquid, com¬ 

bined with a slight excess of acetic acid. When the liquid 

was saturated with potash, and allowed to remain for 24< 

hours, about one-third of a part of oil separated and floated 

on its surface. This oil being separated 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 specific gravity 0*88. This liquid mixed 
with water exactly like alcohol. Its taste was strong, and 

its volatility scarcely inferior to that of ether. It burns 

rapidly, and with a large white flame, when brought near a 

lighted candle. It contained manifestly a considerable por¬ 

tion of water.* During the distillation abundance of car¬ 

bonic acid gas is disengaged, but no sensible portion of any 

other elastic fluid. The constituents of acetate of lead are 

Acid.... 
t t § 

26 .... 26*96 _ 26*84? 
Base .... 58 _58-71 _58*95 
Water .. 16 _li-32 _14*21 

100 100 100 

2. Subacetate, The nature of this salt was first pointed 

out by Scheele; || but Thenard first investigated its pro¬ 

perties with precision.** It may be formed by boiling 

together in water 100 parts of the sugar of lead, and 150 

parts of dry litharge deprived of carbonic acid. Its taste 

is less sweet; it is less soluble in water; and it crystallizes 

in plates. It is composed, according to Berzelius, of the 
following proportions; 

» Proust, Jour, de Phys. Ivl. 209. f By my analysis. 
Berzelius, Annals of Philosophy, v. 175. 

^ Theoretical composition, supposing the salt composed of 1 atom acid, 

1 atom oxide, and 3 atoms water. 

II Crell’s Annals, iii. 8. Eng. Trans. 

^ * Nicholson’s Journal, vi. 223. 
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Acid... 13*23 .... loa 

Base... 86*77 .... 656 

M 

100*00 

Hence it is a compound of 1 atom acid, and 3 atoms 
oxide of lead. 

The solution of the oxide of lead in acetic acid was 

strenuously recommended by Goulard, a surgeon in Mont¬ 

pelier, as an excellent application in cases of inflammation. 

It was prepared by boiling distilled vinegar on litharge till 
it refused to dissolve any more of the oxide. This prepa- Goulard’s 

ration was distinguished by the names of Goulard's extract 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 Goulard’s extract, by keeping 
in it a plate of lead for the space of a day j and by proving 

that the solution oxidized and dissolved a portion of the 

plate.* But subsequent writers had overlooked the ob¬ 
servations 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 subacetate of lead 

in water.f It is precipitated in much greater proportion 

by carbonic acid than the acetate; and it is a much more 
delicate test for mucilage or gum, as was known to chemists 

long before Mr. John Hunter employed it as a reagent. 

Sp. 17. Benzoate of lead. Benzoic acid dissolves lead 17. Benzo* 
with difficulty. The solution yields by evaporation ciystals ^^^* 
of benzoate of lead of a brilliant white colour, soluble in 
alcohol and water; not altered by exposure to the air, but 

decomposed by heat, which drives off" their acid. The 

sulphuric and muriatic acids separate the lead.f This salt is 
composed as follows: 

§ I! 
49-66 - 49*79 

46*49 _46*47 
3*85 _ 3*74 

Acid.. 

Base ., 
Water. 

100 100 

f Nicholson’s Jour, xi, 75, * Crell’s Annals, iii. 10. Eng. Trans. 

I Troramsdorf, Ann. de Chim. xi. 316. 
§ Berzelius, Annals of Philosophy, v. 181. 

II Theoretical composition, supposing it composed of 1 atom acid 
1 atom oxide, and 1 atom water. 
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Berzelius obtained a subbenzoate of lead by digesting 

the neutral benzoate in caustic ammonia. He found it 

composed of 1 atom acid + 3 atoms oxide of lead, or by 

weight of 
Benzoic acid.26 
Protoxide of lead.. 74 

100 

18. Succi- Sp. 18. Succinate of lead. Succinic acid scarcely attacks 

lead, but it dissolves its yellow oxide; and the solution, 

according to Wenzel, yields long slender foliated crystals,^ 

scarcely soluble in water, but soluble in nitric acid. Suc¬ 
cinic acid does not precipitate lead from nitric or muriatic 

acid; but it occasions a precipitate in acetate of lead.f 

The constituents of this salt are as follows: 

i ? 
Acid_SO-9 .... 30-86 

Base.... 69-1 .... 69* * * §14 

100 100 

By digesting the neutral succinate in ammonia, Berzelius 

obtained a subsuccinate composed of 1 atom acid + 3 

atoms oxide of lead. Its constituents were 

Succinic acid .... 13-07/ .... 100 
Oxide, of lead.... 86*93 .... 666 

100-00 

Sp. 19. Suherate of lead. Suberic acid precipitates lead 

from the acetic and nitric acids. [| 
20. Oxa- Sp. 20. Oxalate of lead. Oxalic acid blackens lead, but 

it is scarcely capable of dissolving it; but it dissolves its 

protoxide, and when nearly saturated deposites small 
crystalline grains of oxalate of lead. The same crystals 

are precipitated when oxalic acid is dropped into the nitrate, 

muriate, or acetate of lead dissolved in water. They are 

insoluble in alcohol, and scarcely soluble in water, unless 

* WenzeFs Verwand. p. 241. 

i* Stockar de Neuforn de Succino, § 33, as quoted by Gren, Hand* 
buch, iii. 281. t Berzelius, Annals of Philosophy, v. 100. 

§ Theoretical composition. 

II Bouillon Lagrange, Ann. de Chim, xxiii, 48. 
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I they contain an excess of acid. The constituents of this 
salt are 

Acid.... 24*54 .... 24*366 
Oxide. .. 75*46 _ 75*634 

Chap. II. 

100*00 100 

Sp. 21. Mellate of lead. Mellitic acid occasions a white 

precipitate when dropped into nitrate of lead; but the pre¬ 
cipitate is re-dissolved by the addition of nitric acid.l 

Sp. 22. Tartrate of lead. Tartaric acid has no action 22. Tar*< 

on lead; but it combines with its oxide, and precipitates 

tartrate of lead, in the state of a white powder, from the 
i| nitrate, muriate, and acetate of that metal. This salt is 
I completely insoluble in water.f Its constituents, accord- 

£ ing to the respective analyses hitherto made, are as follows: 

’ II ** ft 

i Acid. 34 .. 37 .. 37*44 
fj Yellow oxide .. 66 .. 63 .. 62*56 

tt §§ 
37*5 .. 37*43 

62*5 .. 62*57 

100 100 100 100 100 

Sp. 23. 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. || \\ 

Sp. 24. Citrate of lead. Citric acid does not attack 24. 

lead; but when dropped into acetate of lead, a citrate pre¬ 
cipitates in the state of a difficultly soluble powder.*** The 

constituents of this salt are 

ttt xn 
Acid.... 34*18 .... 34*5 

Oxide... 65*82 .... 65*5 

100 100 

* Berzelius, Annals of Philosophy, v. 97. f Theoretical composition. 
4: Klaproth’s Beitrage, iii. 132. § Bucholz, Gehlen’s Jour. v. 269. 

j| Thenard, Ann. de Chim. xxxviii. 37. 
** Bucholz, Gehlen’s Jour. v. 269. ' ft ^7 ^aalysis. 

IJ Berzelius, Annals of Philosophy, v. 95. 
§§ Theoretical composition. || || Thenard, Ann. de Chim. x^cxviii. 36. 

*** Wenzel’s Verwandtschaft, p. 184. 

ttt Berzelius, Annals of Philosophy, v. 93. 

IIJ Theoretical composition, 

VOL, II, 2 8 
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Division II. 

27. Malate. 

28. Sorbate. 

29. Lactate. 

Sp. ^5. Rheimate of lead. An insoluble powder.* 

Sp. 26. Saclactate of lead. Saclactic acid occcasions a 
white precipitate when dropped into nitrate of lead.f It is 
very easily acted on by heat, the acid becoming brown at 

a moderate temperature. The constituents of this salt are 

as follows: 

t J 
Acid.... 48*33 .... 48*28 

Base.... 51*66 .... 51*72 
/ -- - 

100 100 

Sp. 27. 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; |I and 

likewise, as Vauquelin has observed, when acetate of lead 
is poured into a solution containing malate of lime. This 

precipitate is easily distinguished by the form of fine light 
flakes which it has, and by the facility with which it is dis¬ 

solved by the acetic and weak nitric acids.** Supermalate 
of lead is soluble in water. 

Sp. 28. Sorbate of lead. Of this salt, as we learn from 

the experiments of Mr. Donovan, there are three sub¬ 
species. 

1. The neutral sorbate. If obtained by precipitation it is 

a white powder; but if obtained from solution in its own 

acid it is in beautiful silvery crystals. It is quite insoluble 
in water. 

2. Subsorbate. A white insoluble matter. If in mass, it 
is dense and hard; if in powder, it is gritty. 

3. Supersorbate. This salt never assumes the solid form. 
It has a sweet taste.ff 

Sp. 29. Lactate of lead. Lactic acid unites in three 

different proportions with oxide of lead, and forms three 
different saline compounds. 

1. Neutral lactate. It is obtained by digesting an alco¬ 
holic solution of lactic acid on finely powdered litharge, 
till the liquid acquires a sweet taste. The liquid being then 

* Annals of Philosophy, viii. 254, f Scheele, ii. 80. 

f Berzelius, Annals of Philosophy, v. 180. 
§ Theoretical composition. 

i| Scheele, CrelFs Annals, ii. 7. Eng. Trans. 

Ann.de Chira. xxxv. 155. ff Donovan, Phil. Trans. 1815. 
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evaporated to the consistence of honey, deposites the lac- Chap. II. 

tate in small grains, which may be purified by washing 

them in alcohol. When dry they are light and silvery. 
They are not changed in the air. When treated with sul- 

phureted hydrogen, pure lactic acid may be obtained. 
2. Superlactate, When lactic acid is digested on car¬ 

bonate of lead it becomes browner than before; but cannot 

be fully saturated by the oxide. We obtain an acid salt 

which does not crystallize, but dries into a syrup like brown 
mass, with a sweet austere taste. 

3. Sublactate, If we digest lactic acid on a greater propor¬ 

tion of litharge than is necessary for its saturation, the 
liquid acquires at first a browner colour; but, as the di¬ 
gestion proceeds, the colour becomes lighter, and the oxide 
swells into a bulky powder. If the whole be evaporated to 

dryness, boiled in water, and the liquid filtered while hot, 

it deposites on cooling a light yellow powder, which is 

sublactate of lead. When dried it is mealy and soft to the 

touch. It is decomposed by the weakest acids. When 
warmed and set on fire at one point it burns like tinder, 

and leaves the lead in a great measure reduced. Accord¬ 
ing to the experiments of Berzelius, this salt is composed of 

Acid... 

Oxide of lead 
17 
83 

100 

But he considers the proportion of lead thus stated as 

too high.^ Were we to suppose the salt a compound of 
1 atom acid + 3 atoms oxide, the weight of an atom of 

lactic acid deduced from it would be 8*716. We may con¬ 
sider 8*750 as an approximation, which would reduce the 
proportion of oxide of lead a little.# 

Sp. 30. Ttumate of lead. An insoluble and incrystal- 
lizable compound, like gum. f 

Sp. 31. Gallate of lead, Berzelius prepared this salt in the 31. Gallate. 

following manner. He dissolved gallic acid in a very small 

quantity of water and added solid carbonate of ammonia. 

When the effervescence was over, he exposed it along with 

sulphuric acid under the receiver of an air pump exhausted 

^ Berzelius, Djurkemien, ii. 439. 
t Braconnot, Ann. de Chim. Ixxxvl 93. 

2 Q 2 
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^Book IL^ of air. The ammonia first evaporated and then the water. 

^ / The dry saline mass was dissolved in warm water and mixed 
with a boiling solution of nitrate of lead, the whole being 
put into a phial was digested till the gallate assumed the form 
of grains. These were repeatedly washed with hot water 
and then dried between folds of blotting paper. Gallate of 

lead thus prepared is a white crystalline powder with a 

shade of grey. When exposed to the air it becomes brown. 

Its constituents are as follows : 

Acid .... 36’5 .... 36 

Base .... 63*5 .... 64* 

100 100 

52. Tan- Sp. 32. Tannate of lead. Berzelius prepared this salt in 

the following manner. The cold infusion of nutgalls was as 
nearly as possible neutrallized by means of ammonia. It 

was then mixed with muriate of barytes. A copious preci¬ 

pitate of tannate of barytes fell. This was separated by the 
filter and washed with care. This tannate being mixed 
with dilute sulphuric acid, furnished supertannate of barytes 

soluble in hot water. To the solution he added sulphuric 
acid till almost the whole barytes was precipitated. The 
liquid being now filtered had a very astringent taste and 

reddened litmus paper. Ammonia was added to it till the 
tannate of barytes began to precipitate. The whole was 
now mixed with nitrate of lead as long as any precipitate 

fell. This precipitate being boiled in w^ater as long as any 

tannin was separated was neutral tannate of lead. It was 

dried in a vacuum and then subjected to analysis. Its com¬ 
position is as follows: 

t § 
Tannin 65*79 .... 65*54* 
Oxide of lead... 34**21 .... 34-*46 

100 100 

■* Berzelius, Annals of Philosophy, v. 177. 
•f Theoretical composition. ^ Annals of Philosophy, r. 183. 
§ Theoretical composition, on the supposition that an atom of tannin i 

weighs 26*625. But if the weight of an atom of tannin is only 8*875, as 1; 
I conceive, then the tannate in the table will be a compound of 3 atoms t 

tannin and 1 atom oxide of lead, and what Berzelius considers as a sub- ' 

tannate will in reality be the neutral tannate, 
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"When the tannate of lead is digested in ammonia no Chap. ii. 

change is produced, but if tannate of ammonia be mixed 

i with a boiling solution of subnitrate of lead a subtannate is 
obtained. It had a white colour and when dried became 

greenish, but he did not succeed in making a satisfactory 
analysis of it. 

1 

, Such are the properties of the salts of lead as far as they 
have been examined. As so great a proportion of them is 
insoluble in water, they answer well for enabling us to deter¬ 
mine the equivalent number for the different acids that com¬ 
pose them. Berzelius has taken advantage of this property. 
It was chiefly by means of them that he was enabled to 

analyse the different vegetable acids. 
The composition of the salts of lead is easily determined 

by considering them as compounds of 1 atom oxide of lead 
with 1 atom of each of the acids. The weight of an atom 

of protoxide of lead is 14, and that of the acids has been 
given in a preceding chapter of this volume. 

Of the salts of lead the acetate and carbonate are the 
most useful. The acetate is chiefly employed to procure 
acetate of alumina or acetate of iron by means of double de¬ 

composition, in order to be employed as mordants. The 

carbonate under the name of white lead is very much used 

as a paint. The chromate of lead forms likewise a very 

. beautiful paint. 

SECT. XX. 

SALTS OF TIN. 

Though several of the salts of tin are of great import- 

1 ance in the art of dyeing, and have been known to manufac- 
1 turers ever since the discovery of the scarlet dye, of which 
I the oxide of tin constitutes a necessary ingredient, it is only 

of late that the nature and constitution of these salts have 
i been examined with any kind of precision, and that a satis¬ 

factory 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, Pelletier^ 

and Proust, 

I 
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Book II. Tin, like iron, combines with two doses of oxygen, and 
Divis^n II. distinct oxides, wdth each of which several of the 

acids are capable of combining; and those salts which con¬ 

tain 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 be distinguished by the following 

properties: 
Characters. 1. Most of them are more or less soluble in water, and 

the solution has usually a yellowish or brownish tinge, but 

is sometimes colourless. 
2. Ferro-cyanate of potash occasions a white precipi¬ 

tate when dropped into these solutions. 
3. Hydrosulphuret of potash occasions a brown-black 

precipitate in the salts containing the protoxide of tin; a 

golden yellow precipitate in those that contain the peroxide. 
4. Neither gallic acid nor the infusion of nutgalls occa¬ 

sion any precipitate. 

5. Corrosive sublimate throws down a black precipitate 
from the salts of tin containing the protoxide, a .white pre¬ 

cipitate 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 con¬ 

taining tin combined with a minimum of oxygen, a purple- 

coloured precipitate falls. 

The salts of tin were formerly distinguished by the epithet 

Jovial^ because Jupiter w^as the name by which the alchymists 

distinguished that metal. 

1. Nitrate. Sp. 1. Nitrate of tin. Nitric acid acts with amazing 
energy upon tin, and converts it into an oxide with the evo¬ 

lution 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 dura¬ 

tion, the oxides separating when any attempt is made to 

concentrate the solution. This has been lonff known to che- 
O ’ 

mists, and has occasioned a variety of attempts to make the 
solution of tin in nitric acid more permanent; but these 

attempts, as might have been expected, have not been at¬ 

tended with success. 
When nitric acid of the specific gravity 1*114 is poured Action of 

nitric acid 
on tin. 
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upon tin, the metal is dissolved rapidly with effervescence Chap. ii. 

and a great elevation of temperature, which ought to be 

moderated by plunging the vessel containing the mixture in 

cold water. In this case the oxygen is chie% furnished by 
the water, and the tin is only combined with a minimum of 

oxygen. The solution, therefore, wliich is of a yellow co¬ 

lour, 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 great abundance if the solution be heated. 
During the solution of the tin a quantity of ammonia is 

formed. When potash is dropped into the liquid, this am¬ 

monia becomes sensible by its odour. Hence we see that, 
during the solution, both water and nitric acid have been 

decomposed; their oxygen combined with the tin, and the 
hydrogen of the one uniting with the azote of the other, 

formed ammonia. If a little 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 oxi¬ 

dized to a maximum, and the whole of it separates from the 
liquid. Hence we see that there is no pernitrate of tin; the No perni- 

peroxide of that metal, not being susceptible of entering 

into combination with niU'ic acid. When the liquid is eva¬ 

porated, nitrate of ammonia is obtained. Morveau found, 

that 1 part of strong nitric acid and Ia part of tin, when 
treated in a retort, gave out no gas, notwithstanding the 

violence of their action. Upon examining the liquid, he 

found that the ammonia formed amounted to J^th of the 

weight of the whole.f Hence we see that during the oxy- 
dation, 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. 

Sp. 2. Carbonate of tin. As far as is known at present, 2. Carbon- 

the oxides of tin do not combine with carbonic acid. Berg- 

man failed in his endeavours to form this combination ; and 

when the oxides of tin are precipitated from their solution 

in acids by alkaline carbonates, he found that their weight 

Proust, Jour, de Phys. li. 173. f Encyc. Method. Chira.i. 632. 
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Book II. 
Division II 

4. Phos¬ 
phate. 

5. Sul¬ 
phate. 

receives scarcely a perceptible increase.* Nor have the 
• attempts of Proust to combine these bodies with carbonic 
acid been attended with more success.f 

Sp. 3. Borate of tin. Boracic acid does not attack tin; 
but borax produces a precipitate in the muriate of tin. The 

white powder which falls is insoluble in water; in a strong 

heat it melts into an opaque slag.J 

Sp. 4. Phosphate of tin. Phosphoric acid has scarcely 
any action on tin unless when it is exposed dry and mixed 

with that metal to the action of a strong heat. In that case, 

part of the acid is decomposed, its phosphorus combines 
with one portion of the tin and forms a phosphuret, while 

the oxide of tin unites with the undecomposed acid and 
forms a phosphate. J This salt precipitates also when the 
alkaline phosphates are mixed with a solution of muriate of 

tin ; and it may be formed by digesting oxide of tin in phos¬ 
phoric acid. It is insoluble in water. Tin does not pre¬ 
cipitate copper from muriatic acid, Phosphate of tin melts 
into a glass when heated. i| 

Sp. 5. Sulphate of tin. When a cylinder of tin is plunged 

into sulphuric acid, 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, attempted the solution by 

means of heat. In that case the acid is decomposed, sul¬ 
phurous acid exhaled, and even sulphur developed, if the 
heat be long enough continued. The metal is oxidized to a 
maximum, and the persulphate obtained is not crystalliz- 

able; but when evaporated assumes the form of a jelly; ^nd 

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 

* Opusc. ii. S29. f Jour, de Phys. li. 167. 

Wenzel's Vervvandtschaft, p. 252. 
^ Pelletier, Ann. de Chim. xiii, 16. || Wenzel’s Vervvandtschaft, p. 175. 

1 
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tin combined with a maximum of oxygen be dissolved in Chap. ii. 

sulphuric acid, in either of these cases a sulphate 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, junior. Pour sulphuric acid into 

muriate of tin ; a white powder falls, which is the sulphate. 

It dissolves in water, and forms by evaporation small pris¬ 
matic crystals. Alkalies decompose it imperfectly, throwing 
down a subsulphate of tin.* 

Sp. 6. Sulphite of tin. The action of sulphurous acid 6. Sulphite, 

upon tin was examined by Fourcroy and Vauquelin, 
during their experiments on the combinations which 
that acid is capable 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 
precipitated, which is sulphuret of tin. A portion of the 

acid is decomposed; the tin is partly oxidized, and com¬ 

bined 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 solution hyposulphite 
of tin; for sulphur precipitates when sulphuric acid is 

added to the solution.f 

Sp. 7. Arseniate of tin. When tin is treated with arsenic 

acid in a digesting heat, it is slowly oxidized at the expense 

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 hitherto has 

not been examined.f 

Sp. 8. Acetate of tin. Acetic acid attacks tin very slowly, Action of 

even when assisted by heat, and oxidizes and dissolves only t/” 
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 importance, 
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 

* Statique Chimique, ii. 464. 
Scheele, i. 180. 

f Fourcroy, vi, 30. 
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Book II. determine whether the vinegar acted on the vessel, and if it 
Dmsion II. 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 portion of tin was dissolved; and that 

when the lead exceeded 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 gradu¬ 
ally dissolved, combining with oxygen at the expense of the 
w^ater. The solution has a whitish colour, and yields by 
evaporation small crystals. This fact, first mentioned by 

Lemery, had been denied by Monnet, 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 account for the different results obtained by 

these chemists. The crystals were, no doubt, acetate of tin, 

the gummy mass peracetate of tin. The simplest method of 
obtaining the acetate of tin is to mix together the solutions 

of muriate of tin and acetate of lead. 
Sp. 9. Benzoate of tin. , Neither tin nor its oxide is solu¬ 

ble in benzoic acid; but when benzoate of potash is poured 
into a solution of tin in nitro-muriatic acid, benzoate of 

tin precipitates. It is soluble in water by the assistance of 

heat, but insoluble in alcohol, and decomposed by the 

action of heat. J 
Sp. 10. Succinate of tin. Succinic acid dissolves the oxide 

of tin when assisted by heat. The solution by evaporation 
yields thin, broad, transparent crystals.J Neither lead, 

iron, nor zinc, occasion any change in the solution of this 

salt. jl 
Sp. 11. 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.^* 

* Ann. de Chim. xxxii. 243. + Encycl. Method. Chira. i. 23. 

^ Trommsdorf, Ann. de Chira. xi. 315. 

^ 'Wenzel’s Verwandtschaft, p. 241. 
H Ibid. p. 252. Bergman,i. 269. 

S. Ben 
zoate. 

11. Oxa¬ 
late. 
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Sp. 12. Tartrate of tin. The tartrate of tin has never Chap. ii. 

been examined by chemists. The acid does not attack the 

metal, but it dissolves the oxide of tin. 

Sp. 13. Rheumate of tin, A salt which crystallizes in five¬ 

sided truncated pyramids.* 
Sp. 14. 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 crystal¬ 

lizes with difficulty. No precipitate is produced in it by the 
alkalies or their carbonates.f 

Sp. 15. Nitrate of ammonia-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 procured by the action of nitric acid 

on tin. Nitrate of ammonia is formed during the process. J 

I 

SECT. XXI. 

SALTS OF COPPER. 

I 
1 

j 

(i 

i 

i 

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 examined than several 

of the other genera. Hence no doubt the reason that some 
of them have been so long and so generally employed. The 
alchymists and the earlier chemists distinguished them by 

the names of salts of Venus, because Venus w^as the term 

which they gave to copper. 

The cupreous salts may be distinguished by the following 
properties: 

1. They are almost all soluble in water, or at least become Characters, 

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 assumes 

a deep-blue colour. 

* Henderson, Annals of Philosophy, vlii. 253. 

+ Thenard, Ann. de Chim. xxxviii. 35. 

X Ibid. xlii. 218, 
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Book II. 
Division II. 

S. Perro-cyanate of potash occasions a red coloured 

precipitate when poured into a cupreous solution. 

4. Hydrosulphuret of potash occasions a black precipi¬ 

tate. 
5. Gallic acid occasions a brown precipitate. 

6. A plate of iron, when plunged into a liquid salt of 
copper, precipitates the copper in a metallic state. 

Almost all the acids, as far as is known, combine only 

with copper oxidized to a maximum; so that, strictly speak¬ 

ing, all the salts of copper are persalts. 
1. Nitrate. Sp. 1. Nitrate of copper. Nitric acid attacks copper 

with considerable violence; 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 evapo-^ 

rated yields regular crystals of nitrate of copper. 
Properties. These crystals are long parallelopipeds. Their specific 

gravity is 2*174.^ They have a fine blue colour; their 
taste is acrid and metallic; and they are exceedingly caus¬ 
tic, 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 fusion; and if the heat be 

increased, they lose their water and part of their acid. On 
burning coals they detonate feebly. These crystals detonate 

also when mixed with phosphorus and struck with a ham¬ 

mer, as Brugnatelli first observed. When a quantity of 

them, moistened with water, is wrapt up in a sheet of tin- 

foil, 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 fire. This 

curious experiment was first made by Dr. Higgins.f 

The constituents of this salt, abstracting the water, the 

quantity of which has not been determined, are 

Nitric acid. 6'75.100 
Peroxide of copper . 10 .148’148 

Suhnitrate, 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. 

^ Hassenfratz, Ann. de Chim. xxviii. 12. f Phil, Traps. Ixiii. 137. 
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Mr. Proust has proved, that this green precipitate is a Chap. Ii. 

subnitrate 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 retort in 

the state of a green lamellar concretion. It is then con¬ 
verted into subnitrate. This salt is completely insoluble in 
water. Sulphuric acid separates its acid; and the same 

separation may be effected also by distillation. Berzelius 
likewise examined this subnitrate which he obtained by 
various processes, but found it always the same. Its con¬ 
stituents are as follows: 

Acid. .. .. 16... 
f t 

Oxide .. .. 67... . .. 66 .. , 
Water. . 17... . .. 15-1 .. . 

100 100 100 

; Nitric acid does not seem to combine with protoxide of 

fl copper. When concentrated, it oxidizes 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. § 
Sp. 2. Nitrite of copper. This salt may be obtained by 2. Nitrite, 

mixing the requisite quantity of nitrite of lead with sul¬ 

phate of copper. Sulphate of lead precipitates and the 
liquid contains in solution nitrite of copper which gives it a 
green colour. It is gradually decomposed when left ex¬ 

posed to the air, and the decomposition is very speedy 
when the liquid is digested in an open vessel. When 

nitrate of copper is digested over metallic copper, no nitrite 

of copper is formed. H 
Sp. 3. Carbonate of copper. Carbonic acid does not at- 3. Carbon- 

tack copper; but it combines readily with its oxide, or with 

the hydrate of copper, when that compound is mixed with 
water, and a current of carbonic acid gas made to pass 

* Proust, Ann. de Chlm. xxxii. 26. 

f Berzelius, Ann de Chim. Ixxxii, 250. 
Theoretical composition, on the supposition that the salt is coin- 

posed of 1 atom acid, 2 atoms peroxide, and 4 atoms water. 

§ Jour, de Phys. li. 182. [j Berzelius, Ann. de Chini, Ixxsiii. 31. 
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Book II. 
Division II. 

4. Borate. 

5. Silicate. 

through it. Or the carbonate may be formed by precipi¬ 
tating a solution of nitrate of copper with a fixed alkaline 
carbonate.* To give the carbonate all its lustre, the solu¬ 

tion should be mixed with boiling water, and the precipi¬ 

tate 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 found often native in its greatest beauty. The 
native carbonate is known among mineralogists by the 

name of malachite, blue copper ore, and anhydrous carbonate, 

according as it is combined with 1 or 2 atoms of water, or 
destitute of water. It is insoluble in water, and is con¬ 
verted to black oxide of copper by the action of heat. 

The anhydrous carbonate, by my analysis, is a compound 

of 
Carbonic acid. 2-75.... 100 .... 21*58 
Peroxide of copper . .10 .... 868*6 .... 78*42 

100*00 

Sp. 4. Borate of copper. When borax is poured into a 

solution of sulphate of copper, borate of ’copper is precipi¬ 

tated 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 water, and then digesting the mixture, it dissolves, 

and crystals may be obtained from it. 

Sp. 5. Silicate of copper. The mineral called by the 

Germans emerald copper ore, and by the French dioptase, is 

a hydrous trisilicate of copper, if we consider the analysis 

of it by Lowitzas correct. He found its constituents 

Silica.83 
Peroxide of copper ..55 

Water ..  12 

100 

If we suppose it a compound of 3 atoms of silica, 1 atom 

of peroxide, alid 2 atoms of water, its constituents will be 

* Mr. Chenevix has shown that the alkaline carbonates have the pro¬ 

perty of dissolving a portion of the oxide of copper, and of forming with 
it a triple salt. 

t Bergman, 
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Silica.32-88 Chap. ii. 
Peroxide.54-79 '—^' 

Water.12*33 

100-00 

ISfow these mimbers almost coincide with the analysis of 
Lowitz, and fully confirm it. 

Sp. 6. Phosphate oj copper. Phosphoric acid does not 6. Phos- 

attack copper immediately; but when allowed to remain 

long upon that metal oxidation at length takes place^ and 
the phosphate of copper is formed. This salt may be ob¬ 

tained with great facility by pouring phosphate of soda into 
a solution of nitrate of copper. A bluish-green powder 
immediately precipitates, which is phosphate of copper. 
This salt is insoluble in water. Its specific gravity, accord¬ 

ing to Hassenfratz, is 1-4158.* When exposed to a red 
heat, it loses its water, and acquires a brown colour. 

When violently heated, phosphureted copper comes over. 

According to the analysis of Mr. Chenevix, it is composed 
of 

Brown oxide 49-5 

Water ..... 12 

Acid. 
Water. 

^ hydrate of copper 

«•#••• •••« AAA 

• • 61-5 

35-0 
3-5 

100-0 t 

^ It is evident from this analysis that the salt is a hydrated 

biphosphate. If we suppose it a compound of 2 atoms 

acid, 1 atom peroxide, and 3 atoms water, its constituents 
would be 

Phosphoric acid ..40*22 

Peroxide of copper.44*70 

Water. I5.O8 

100-00 

I have obtained a biphosphate of copper by the process 

above described. When nitrate of copper was mixed with 

phosphate of ammonia the precipitate obtained was a sub¬ 
phosphate of copper, composed of 1 atom acid and 2 atoms 

♦ Ann. de Cbim, xxviii. 12. f Phil Trans. 1801, p. 206, 
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Book II. oxide. I have not yet succeeded in obtaining a neutral 
DiVis^n II. pi^osphate of copper, though I am persuaded that such a 

salt may be formed. 

7. Sul- Sp. 7. Sulphate of copper. Sulphuric acid does not at- 
tack copper while cold; but at a boiling heat part of the 
acid is decomposed, the copper is oxidized, and combines 

with the remainder of the acid. But resource is seldom 

had to this process, 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 
acidified, and the sulphate of copper formed. This salt 

appears to have been known to the ancients. In commerce 
it is distinguished by the name of blue vitriol^ and some¬ 
times by that of blue copperas. It is in fact a persulphate. 

There are three subspecies of this salt known, namely, 
bisulphate, sulphate, and subsulphate. 

Properties. 1. Bisulphate. This is the subspecies which occurs in 

commerce, and which is formed by the usual processes. It 
renders vegetable blues red, and therefore contains an 

excess of acid. It has a deep blue colour. The primitive 
form of its crystals, according to Haliy, is an oblique paral¬ 

lelepiped, whose sides are inclined to each other at angles 

of 124° V and 55° 59'; and whose base makes, with one 

of the sides, an angle of 109° 21', and with the opposite 

side an angle of 70° .'^9'. It sometimes passes into the 
octahedron and decahedron, and the edges at the bases are 
often truncated. It refracts doubly.* 

It has a strong styptic metallic taste, and indeed is em¬ 

ployed as a caustic. Its specific gravity is 2*1943.t It is 
soluble in about four parts of water at the temperature of 

60°, and in 1'6 parts of water at the temperature of 144°.| 
When exposed to the air, it undergoes a very slight efflores¬ 

cence, and its surface is covered with a greenish white 
powder. When heated, it loses its water, and is con- 

* Prieur, Ann. de Chim. Ixvi. 188. 

t Hassenfratz, Ann. de Chini. xxviii. 12. According to Dr. Watsori/ 

2'2SO (Chemical Essays, v. 69.) 

I WenzePs Verwandtbchaft, p, 309. 
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verted into a bluish white powderif the heat be increased. Chap. II. 

the acid is driven off, and the black oxide of copper re¬ 

mains behind. The constituents of this salt are as fol¬ 
lows : 

* t t 
Acid . .. .. 33.. • * 31 .. .. 32 
Oxide .. .. 32.. .. 32-32.. .. 32 
Water .. .. 35 .. , . 36-30 .. .. 36 

100 100 100 

1 

i 
1 

3 

T 

This salt is decomposed by the alkalies and earths, the 

alkaline carbonates, borates, and phosphates, and by those 

Joietallic salts whose base forms with ^Iphuric acid a salt 
nearly insoluble, as the salts of lead. 

It seems to have the property of forming a quadruple 
salt wdth muriate of ammonia. When equal parts of the 
tw'o salts dissolved in water are mixed together, the solution 

has a yellow colour while warm, but becomes green on 

cooling. This solution forms a sympathetic ink. Lines 

drawn with it on paper are invisible while cold; but when 

the paper is heated they assume a yellow colour, which dis¬ 
appears again when the paper cools.§ 

2. Sulphate, This salt possesses nearly the properties 
of the first variety, but it crystallizes in four-sided pyra¬ 

mids separated by quadrangular prisms. 1| It may be ob¬ 

tained by saturating the excess of acid in the supersulphate 
with the oxide of copper. 

3. Subsulphate. When a small quantity of pure potash 

is poured into a solution of sulphate of copper, a green- 

coloured powder appears, which swims in the solution. It 

may be separated by filtration; and when sufficiently edul¬ 

corated is insoluble in water. This powder was first exa¬ 

mined by Mr. Proust. He has ascertained it to be a subsul¬ 

phate of copper. Its constituents are 

I * Proust, Ann. de Chim. xxxii. S3. 
I + Berzelius, Ann. de Chim. Ixxxii. 121. 
! I Theoretical composition, on the supposition that it is composed of 
I 2 atoms acid, 1 atom oxide, and 10 atoms water, 

^ Gillet Laumont, Phil. Mag. xiv. 76. 

[j Leblanc, Jour, de Phys. Iv, 301. 

I VOL. II. 2 R 
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Book II. 
Division II. 

Composi¬ 
tion. 

*1* T 
Acid.18_21*28.... 21*39 
Oxide.68_64*22.. .. 64*17 
Water.14?.... 14*50 .... 14*44 

100 100 100 

The experiments of Proust render it probable that sul¬ 

phuric 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 eonse- 

quence is, the formation of blue sulphate of copper, and 
the precipitation of a red powder, which is copper re¬ 

duced. 

8, Sulphite. Sp. 8. Sulphite of copper. Sulphurous acid combines 
only with the protoxide of copper, the peroxide having the 

property of converting it into sulphuric acid. Sulphite of 

copper may be formed by passing a current of sulphurous 

acid gas through water containing peroxide • of copper 

mixed with it. The peroxide is gradually converted into 
protoxide, by giving out one half of its oxygen to a portion 

of the sulphurous acid, which it converts into sulphuric. 
The sulphite of copper remains in the state of small red 
crystals while the sulphate dissolves in the water. This salt 

may be obtained also by mixing a solution of sulphate of 

potash with a solution of nitrate of copper, and washing the 
yellow precipitate that falls till it becomes red. Sulphite of 

copper is in the state of small red crystals. It is insoluble 

in cold water; but when long boiled in water, the whole of 

its acid is separated and nothing remains but protoxide of 

copper. When heated it gives out water, sulphurous acid, 

a little sulphur, and some sulphate of copper is formed. 
Potash and soda readily deprive it of its acid. Chlorine 

and nitric acid convert it into sulphate of copper. Accord¬ 

ing to Chevreul, to whom we are indebted for the whole of 

the preceeding facts, this salt is composed of 

* Proust, Ann. de Chim. xxxii. 34. 

i" Berzelius, Ann. de Chim, Ixxxii. 240, 

X Theoretical composition, on the supposition that the salt is com¬ 

posed of 1 atom acid, and atom oxide, and 3 atoms water; or of 
2 atoms acid, 3 atoms oxide, and 0 atoms water. 

^ Jour, de Phyg. li. 182. 
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Chap. II, Sulphurous acid.32*18 
Protoxide of copper.. 56*82 .. 

Water  .11*00 

t • 

36*16 
63*84? 

‘ 100*00 

If we suppose this salt a compound of 1 atom acid + 1 

atom protoxide, its composition would be 

Acid .30*76 
Oxide. 69*24? 

100*00 

Numbers which do not correspond well with those of Chev* 

reul, and therefore render the accuracy of his analysis sus¬ 

picious. 
Sp. 9. Sulphite of copper-and-potash. When sulphite of 

potash is poured into nitrate of copper, a yellow flocky pre¬ 

cipitate falls, which gradually diminishes in bulk and as¬ 

sumes the form of small crystals. These crystals are partly 

red and partly lemon yellow. The red crystals are sulphite 
of copper; the yellow are a triple salt, composed of sulphite 

of copper and sulphite of potash united together. Accord¬ 

ing to Chevreul,t they are composed of 

Sulphite of copper .... 73*25 

Sulphite of potash .... 12*68 

Sp. 10. Ammonio-sulphate of copper. From the experi¬ 

ments of Berzelius, it appears, that this triple salt is a com¬ 

pound of 1 atom sulphate of ammonia and 1 atom of sul¬ 
phate of copper, each retaining its water of crystallization. J 

Hence the constituents are. 

Sulphate of ammonia .... 7*125 

Bisulphate of copper. 20*000 

Water . 14*625 

41*75 

So that the weight of an integrant particle of this salt is no 

less than 41*75. 
Sp. 11. Subsulphate of ammonia~and~copper. This is the 

substance known by the name of cuprum ammoniacum, Ber- 

^ Ann; de China. Ixxxiii. 181. f Ibid. 200. 

2 R 2 
X Ibid. Ixxxii. 257. 
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Book 11. zelius prepared it by pouring ammonia into a concentrated 
Division IL solution of bisulpliate of copper, and then precipitating the 

blue liquor by means of alcohol. The precipitate was 

washed with alcohol and then dried. Berzelius found its 

constituents as follows: 

Sulphuric acid.S2*25 

Peroxide of copper .... 34-*00 

Ammonia.26*40 

Water. 7*35 

100*00* 

Now if we consider it as a compound of 2 atoms acid, 1 

atom peroxide, 4 atoms ammonia, and 2 atoms water, its 

composition will be 

Sulphuric acid.... 32*52 

Peroxide.32*52 
Ammonia.27*64 

Water  . 7*32 

100*00 

It must be acknowledged that this is a very singular com¬ 

pound. A great part of the ammonia which it contains 

must be very loosely combined. 
Sp. 12. Sulphate of pot ash-and-copper. When bisulphate 

of potash is digested upon carbonate or peroxide of copper, 
a green coloured solution is obtained, which yields when 

sufficiently concentrated by evaporation cr3^stals of a triple 
salt composed of sulphate of potash united to sulphate of 
copper. These crystals have a greenish blue colour. They 

are oblique parallelopipedons, pretty flat, their bases being 
rhombs and much larger than their sides. Some of the 
angles and edges are frequently truncated. When held 

between the eye and the light, two diagonals may be ob¬ 
served crossing the crystal,, and of rather a lighter colour 

than the rest of the crystal. This salt is soluble in w^ater 

and may be obtained again in crystals unaltered. It suffers 

no change by exposure to the air. According to the ana- 

* 

* Ann, de Chira, Ixxxii. 263. 
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I lysis of Vogel of Bayreuth, to whom we are indebted for our 

I knowledge of this salt, its constituents are, 

I Sulphuric acid. 36*075 
Potash ..21*425 

' Peroxide of copper .. 18*000 

' Water .24*5 

Chap. II. 

100*000* 

Now, if we suppose it a compound of 4 atoms acid, 2 

i| atoms potash, 1 atom peroxide of copper, and 12 atoms 
« w^ater, its constituents will be 

Sulphuric acid. 36*036 
Potash .21*621 

Peroxide of copper .. 18*018 
Water . 24*325 

r 

100*000 

Now these numbers almost coincide with the analysis of 

Vogel. There can be no doubt therefore, that this triple 

salt is a compound of 2 atoms of sulphate of potash, 1 atom 
of bisulphate of copper, and 12 atoms water. 

Sp. 13. Arseniate of copper. When arsenic acid is di- is. Arseni- 

gested on copper, the metal is oxidized and dissolved, and 

a bluish white powder is formed, which consists of the arse¬ 

niate of copper. This salt may be formed also by pouring 
arsenic acid into acetate of copper, or by precipitating ni¬ 
trate of copper by means of an alkaline arseniate.f 

Arseniate of copper has been found native in con¬ 

siderable quantities in the mine of Pluel Garland in the 

parish of Gwennap in Cornwall; and a very interesting 
description and analysis of it have been published by the 

Count de Bournon and Mr. Chenevix in the Philosophical 

Transactions for 1801. From the experiments and obser- Varieties, 

vations of these celebrated philosophers, it appears that 

there are no less than five varieties of arseniated copper, 

differing from each other in the proportion of oxide, acid, 

and water, which they contain. In general they are inso¬ 

luble in water, if we except one variety, which seems to be 

a superarseniate, and which hitherto has not been found 

* Sehweigger’s Journal, vii, 40. i Scheele, i. 17^9 
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Book II. native. Their colour varies from a deep blue to green, and 
Division 11. brov/n, yellow, and black. This variation seems 

to depend upon the proportion of water which they contain, 

the blue and the green containing most, and the brown 

least water. 
Variety 1. Obtuse octahedral arseniate. This variety is 

crystallized in obtuse octahedrons, composed of two four¬ 

sided pyramids applied base to base, the faces of 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°. The 

pyramids often terminate in ridges. These crystals are 

commonly a deep sky-blue, and sometimes a fine grass 

green. Their specific gravity is 2*88l.t They are com¬ 

posed, according to the analysis of Chenevix, of 

14*3 acid 

50*0 brown oxide 

35*7 water 

100*0 

Variety 2. Hexahedral arseniate. This variety is com¬ 

monly 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 It is composed of 

43 acid 

39 oxide 

18 water 
( 

loot 
This variety precipitates in the form of very small 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 of 96°. The 

other two form at the apex and base angles of 68° and 112°. 

The apex of the pyramids is often a ridge. Very frequently 

* Bournon. + Ibid. J Vauquelin, Jour, de Min. x. 56^. 
§ Chenevix. 
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it assumes the form of a rhomboidal prism, terminated by Chap. II. 
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 of 

this variety is a trihedral prism, whose bases are equilateral 
triangles; but it occurs crystallized in a great variety of fi¬ 

gures, 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 gravity as the last species. 
When opaque they are sometimes nearly black. They are 

composed, according to the analysis of Chenevix, of 

I 
i 

SO acid 

54 oxide 
16 water 

\ 

! 

100 

Variety 5. Siiperarseniate, This salt has not been found 
native; but it has been formed by Mr. Chenevix by the 
following process: Arseniate of ammonia was poured into 

the nitrate of copper, and occasioned a precipitate, which 
was the second variety described above. The solution, 

which retained its blue colour, was partially evaporated, and 

then alcohol was poured into it. Another precipitation 

took place, and increased considerably on allowing the solu¬ 

tion to stand. This precipitate consisted of rhomboidal 

crystals of a blue colour.f They were composed of 

40*1 acid 
35*5 oxide 

24*4 watei; 

100*0 

» Bournon. + Ctienevix^, 
J Phil. Trans, 1801, p. 207. 

5 



/•
o

 

616 SALTS, 

Book II. 
ivision II 

Perhaps a more precise idea may be formed of the composi- 
‘ tion of these varieties from the following table, which exhi¬ 

bits the proportion of oxide and water combined in each 

with 1*00 of acid, according to the analysis of Chenevix: 

Acid. Oxide. Water. 

Composi¬ Variety 1st, 1-00 3-70 2*50 
tion. 2d, . 1*00 2*76 1-00 

Sd, 1-00 1-72 0-70 
4th, 1-00 1-80 0-53 
5th, 1-00 0*88 0-60* 

I think it probable that these 5 varieties may be reduced 

under 4 subspecies, as follows: 

Variety 3d and 4th, consist of neutral arseniate of copper 
composed of 1 atom acid + 1 atom peroxide. 

Variety 5, is a binarseniate composed of 2 atoms acid 

+ 1 atom peroxide. 
Variety 2d, is a subarseniate composed of 1 atom acid 

4- 2 atoms peroxide. 

Variety 1st, is a subarseniate composed of 1 atom acid 

4- 3 atoms peroxide. 

14. Arse- Sp. 14. Arsenite of copper, Arsenious acid'forms with 
nite. ' peroxide of copper an arsenite, usually distinguished by 

the name of Scheele’s green, because Mr. Scheele first ex¬ 

amined it, and proposed it as a paint. It may be formed 

by dissolving two parts of sulphate of copper in 44 parts of 

w'ater, and likewise two parts of potash of commerce and 

nearly one part of the white oxide of arsenic pulverised in 
44 parts of water by the assistance of heat. The solution 

of copper is gradually added while hot to the arsenite of 
potash, and the whole is often stirred during the mixture. 

The mixture, on standing, gradually deposites the arsenite 

of copper in the form of a fine green powder. It is to be 
washed well with water and then dried.'j'" 

15. Anti- Sp. 15. Antimoniate of copper, Antimoniate of potash 
nioniate. when dropped into sulphate of copper occasions a preci¬ 

pitate of antimoniate of copper. It is a bulky green pre¬ 

cipitate quite insoluble in water. When heated it loses 19 

per cent, of water. Before the blow-pipe on charcoal it 

/ 

• See Haiiy's yemark on this analysis, Jour, de Min. xiii, 425. 
f Scheele, i. 261. 
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it is reduced with- a lively deflagration, leaving a metallic Chap, il.' 

button composed of copper alloyed with antimony.* 

Sp. 16. Antimomte of copper'. This salt may be prepared 

in the same way as the preceding species, which it resembles 
in its colour and insolubility in water. A subantimonite of 

potash precipitates a subantimonite of copper, which re¬ 

sembles arsenite of copper in its appearance.f 
Sp. 17. Chromate of copper* This salt may be formed Chro» 

by mixing together solutions of chromate of potash, and 

sulphate of copper. A precipitate falls, at first yellowish 

brown, but bistre brown when dried. J 

^Sp. IS. Molybdate of copper* Molybdic acid throws 
down a green precipitate from nitrate of copper.J 

Sp. 19. Tungstate of copper* Tungstic acid and its com¬ 

pounds occasion a white precipitate when poured into the 

salts of copper. j| 

Sp. 20. Acetate of copper* Acetic acid attacks copper 20. 
very slowly in open vessels, 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 knowm to the 

ancients, and various ways of preparing it are described by 
Pliny.** It is usually obtained by exposing plates of cop¬ 

per to the action of vinegar till they are converted to a 

bluish-green powder called verdigris, and then dissolving 

this powder in acetic acid, and crystallizing it. 

Acetate of copper crystallizes in four-sided truncated Properties, 

pyramids. It has a beautiful bluish-green colour. Its 

specific gravity is l*779.'|'t 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, ac¬ 

cording to Wenzel, -J-th of its weight of it.ff Alcohol 

likewise dissolves it. When exposed to the air, it efflo¬ 
resces. By distillation it gives out acetic acid. Proust 
first remarked that acetous acid and acetic acid form the 

^ame salt with copper; and hence concluded that there is 

* Berzelius, Nicholson^s Journal, xxxv. 43. f Ibid. p. 45. 
J Vauquelin, Ann. de Chim. Ixx. 70. S Hatchett. 

II Scheele. ** Lib. xxxiv. c. 11. 

It Hassenfratz, Ann. de Chim, xxviii. 12. 

Verwandtschaft, p. 310, 

I 
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Book II. no difference between the two acids.* When siilphureted 
Division II. 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 there remains behind an 
acid which possesses the properties of the acetic.f 

■ According to Proust, the acetate of copper is composed 
of 

61 acid and water 

39 oxide 

100 

If we suppose it a compound of 1 atom acid, 1 atom 

oxide, and 8 atoms water, its constituents will be 

Acetic acid.25*12 

Peroxide of copper 39*41 • 

Water.. 35*47 

100*00 

I consider these to be its true constituents. 

When verdigris 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 continues long sus¬ 

pended in the solution. Mr. Proust has ascertained that 

this powder is a subacetate of copper. It is decomposed by 

sulphuric acid, by potash, and by distillation. According 

to the analysis of Proust, it is composed of 

37 acid and water 

63 oxide 

100 

Thus it appears, from the experiments of this philosopher, 

that the verdigris of commerce is composed of two differ¬ 

ent acetates of copper; the one soluble in water, the other 

Insoluble.^ It is much used as a paint; and crystallized 

acetate of copper is a frequent ingredient in dyeing com- 

* Jour. dePhys. Ivi. 211. + Ann. de Chira. xxxii. 3(3. 
t In some experiments which I riiade on verdigris, I obtained 54’3 of 

insoluble matter, which was a compound of 2 parts carbonate of copper, 
and 1 part subacetate. No doubt the insoluble portion of verdigris 
will vary much, both in quantity and composition, according to circum¬ 
stances. 
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[ 

pounds. Verdigris is formed in great quantities at Mont- Chap.lL 

pelier. A particular account of the processes followed in 
that place has been published by Mr. Chaptal.* 

8p. 21. Benzoate of coppei'. Benzoic acid does notact 
upon copper, but it combines readily with the oxide of 
that metal. The salt formed is in small crystals of a deep 

green colour, sparingly soluble in water, and insoluble in 

alcohol. When heated, the acid evaporates and leaves the 

oxide. The alkalies and the carbonates of lime and barytes 

decompose it.f 

Sp. 22. Succinate of copper. Succinic acid dissolves cop- 22. Sued* 
per with difficulty, and only when assisted by a long di- 

gestion. The solution is green, and yielded Wenzel small 
green crystals, the properties of which have not been ex¬ 
amined. From the experiments of the same chemist we 
learn, that there are two varieties of this salt, a siipersuc-- 
cinate and a subsuccinate. He digested 10 grains of car¬ 

bonate 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 suc¬ 

cinic acid. The solutions contained a portion of copper, 

which was not separated by an alkali, but by a hydrosul- 

phuret, and zinc threw it down.J 

Sp. 23. Suberate of copper. Suberic acid gives a green 

colour to nitrate of copper, but occasions no precipitate. § 

Sp. 24. Oxalate of copper. Oxalic acid is capable of 24. Oxa* 

attacking copper, and forming with it needle-shaped crystals 

of a green colour, not altered by exposure to the air. t| It 

combines with great facility with its oxide. The oxalate 
formed is in the state of a bluish-green powder, scarcely 

soluble 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.** 

^ Ann. de Chim. xxv. 305. 
+ Trommsdorf, Ann. de Chim. xi. 315. 
ij: Wenzel's Lehre von der Verwandtschaft der Korper, Grinders 

edit. p. 242. ^ Bouillon Lagrange, Ann. de Chim. xxiii. 48. 

}) Wenzel, Ann. de Chim. xi p. 229. ** Bergman, i. 267. 
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Book II. Tlie constituents of this salt, supposing it composed of 
Divis^n II. j 1 atom peroxide, are as follows; 

Oxalic acid.. 31*08 

Peroxide of copper.. 68*92 

100*00 

Bergman’s acid contained nearly half its weight of water. 

25, Potash Sp. 25\ Oxalate of potash-and-copper. When binoxalate 
oxalate. potash is digested on carbonate of copper, a dark sky- 

blue solution is obtained, which deposites when evaporated 
crystals distinguished by two different forms. Some of 
them were needle-form crystals, which speedily effloresced 

in the air. They consisted chieffy of long slender six- 

sided prisms. The remaining crystals are oblique paral- 
lelopipedons with rhomboidal ends much larger than the 

lateral faces. These crystals have a greener colour than 

the first kind, and are not altered by exposure to the at¬ 
mosphere. From the analysis of Vogel, of Bayreuth, it 

appears that these two species of salt differ from each other 

solely in the proportion of their water of crystallization; 

the first kind containing 8 atoms of water, while the second 

kind contains only 4 atoms. Both contain 4 atoms of acid, 
2 atoms of potash, and 1 atom of peroxide of copper. 

Hence we must consider each as composed of 2 atoms of 

oxalate of potash, united to 1 atom of binoxalate of cop-» 

per, and the first as containing 8 atoms, and the second 4 

atoms of water. The following is the result of Vogel’s 
analysis,* 

1st subspecies. 2d subspecies. 

Oxalic acid ... 
Potash. 

Peroxide of copper.. 20*50 ... 
Water. ... 10*0 

100-00 100*0 

If we suppose their constituents as above stated, they will 
be composed as follows: 

^ Schweiggeds Journal, ii. 435, 



I 
I 

\ 
t 
"i 

1 

3 
ci I 
Q 

P 
[1 
b 

k. SALTS OF COPPER. 621 

Oxalic acid 
Potash .,, 

Peroxide.. 
Water..,. 

Kumbers which almost coincide with the results obtained by 
Vogel. 

Sp. 26. Soda oxalate of copper, Vogel of Beyrouth pre- 26. Soda 

pared this salt by saturating binoxalate of potash with soda, 

and pouring a saturated solution of sulphate of copper into 

the liquid. A pulverulent precipitate fell, which was re¬ 
dissolved by agitation. On evaporating the liquid, the 

triple oxalate of potash and copper first crystallized. After¬ 
wards crystals of soda oxalate of copper were deposited. 

These crystals have a dark sky-blue colour. They are 

needle-form or feather-shaped, and consist of four-sided 
prisms, sometimes with all the sides equal, sometimes with 
two broad and two narrow sides. They are not altered by 

exposure to the air, at least they neither effloresce nor deli¬ 

quesce; but they gradually become green, and then dark 

brown, without any other apparent alteration; and this 

change takes place very speedily in the sun’s rays. It is in¬ 
soluble in water without decomposition. According to the 

analysis of Vogel, the constituents of this salt are as follows: 

Oxalic acid.   46*48 

Soda. 19*02 
Peroxide of copper .... 23*50 

Water...11*00 

1st subspecies. 2d subspecies. 

.. 35*47. 39*14 

.. 24*98. 27*56 

.. 20*82. 22*97 

.. 18*73.10*33 

Chap. II. 

100*00 lOO’OO 

100*00 

If we consider this salt as a compound of 4 atoms acid, 

2 atoms soda, 1 atom peroxide of copper, and 4 atoms 

water, its constituents will be 

Oxalic acid.   43*10 

Soda.  20*23 

Peroxide of copper.... 25*29 

Water.11*38 

100*00 

* Schweigger’s Journal, viL 21. 
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Book ir. Numbers which come sufficiently near the results of VogePs 
^ivi^^n . g}^Q^ tj^at the salt is composed as has been stated. 

This triple salt then may be considered as a compound of 
2 atoms of oxalate of soda, 1 atom of binoxalate of copper, 

and 4 atoms of water. It, therefore, agrees with the 

second subspecies of the preceding salt in its composition. 
27. Ammo- gp. 27. Ammonio-oxalate of copper. Of this salt Vogel 
nio-oxalate. Bayreuth has described three subspecies, which it will 

be requisite to give an account of separately. 

1. Foliated ammonio-oxalate. This salt was obtained by 

mixing together a solution of oxalate of ammonia and 

oxalate of copper, and digesting the mixture. The oxalate 

of copper soon dissolved, and, by evaporation, small crystals 

Avere deposited in the form of rhomboidal plates. These 

crystals constitute the salt in question. They are not 

altered by exposure to the atmosphere. They are insoluble 

in water, but are gradually decomposed by that liquid. 

When heated, they give out water, and afterwards ammo¬ 

nia. When suddenly heated, they detonate loudly, and 

leave oxide of copper. The constituents of this salt, accord¬ 

ing to Vogel, are as follows; * 

Oxalic acid. 
Ammonia.. 

Peroxide of copper .... 25-0 
Water. 

100*00 

If w^e consider it as a compound of 4 atoms acid, 2 atoms 

ammonia, 1 atom peroxide, and 6 atoms water, its con¬ 
stituents will be 

Oxalic acid.44*86 
Ammonia.1T18 

Peroxide of copper .... 26*30 

Water. 17*66 

100*00 
« 

This subspecies, therefore, agrees in its constitution with 
the two last described salts. It is composed of 2 atoms of 

* Schweigger's Journal, vii. 25. 
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oxalate of ammonia, 1 atom of binoxalate of copper, and 6 Chap.ii. 

atoms water. « 

2. Efflorescing ammonio-oxalate. If oxalate of copper be 

put into caustic ammonia and agitated till as much of it be 

dissolved as can be taken up by the cold liquid, and the 

liquid be then poured into a flat dish, it gradually deposites 

dark sky-blue crystals, composed of flat six-sided prisms, 
having two broad and four narrow faces. These crystals 

speedily effloresce when exposed to the air, and not only 
water but ammonia likewise is disengaged from it. The 

loss which it sustains by efflorescing is 18 per cent., and it 

loses no more weight even when exposed to the heat of 

boiling water. According to the analysis of Vogel, assisted 
however by some calculation, the constituents of this salt 

are as follows 

Oxalic acid.. 36* 
Ammonia ........... 16*29 

Peroxide of copper .... 39* 

Water. 8*71 

100*00 

If we consider it as composed of 2 atoms acid, 2 atoms 

[, ammonia, 1 atom peroxide, and 2 atoms water, its com- 
I position will be as follows: 

Oxalic acid.35*35 

Ammonia. 16*65 
Peroxide of copper.... 39*18 
Water. 8*82 

100*00 

It is, therefore, a subsalt, and must be composed of 1 
atom of oxalate of copper, 1 atom of suboxalate of ammo- 

) nia, and 2 atoms of water, 
3. Pulverulent ammonio-^oxalate. If a greater quantity of 

i oxalate of copper be put into caustic ammonia than the 

I alkali is capable of dissolving, the oxalate of copper is gra- 

[ dually changed into a sandy powder, very similar in its 

H appearance to smalt. This powder is the salt in question, 

i It is not altered by exposure to the air, nor by a heat suffi- 

* Schweiesrer’s Journal, vii. S2. 
w.-* e 
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Book II. cient to deprive the first subspecies of its water of crystal- 
Divis^n II. jjgration. When more strongly heated, the ammonia is 

driven off, and the residue burns with flame like the two 

preceding subspecies. Its constituents, as determined by 

Vogel by experiments, aided by a little calculation, are 

as follows: ^ 

Oxalic acid,.43* 

Ammonia. 9*72 

Peroxide of copper.... 45*58 

Water. 1*70 

100-00 

The water was probably only mechanically mixed with 

the salt. If we consider it as a compound of 2 atoms acid, 

1 atom ammonia, and 1 atom peroxide, its composition will 

be as follows : 

Oxalic acid.42*66 

Ammonia. 10*05 
Peroxide of copper .... 47*29 

100*00 

Compo- This subspecies, therefore, is a neutral salt, composed of 
suion. 2 atom oxalate of ammonia and 1 atom oxalate of copper. 

It may be worth while to give a synoptical view of she con¬ 

stitution of these three subspecies. 

1st subspecies. 2d subspecies. 3d subspecies. 

Oxalic acid.4 atoms .... 2 atoms .... 2 atoms • 

Ammonia.2.2.1 

Peroxide........ 1......... 1..,.,.... 1 
Water.  6.2.0 

Number of atoms 13 -7 .4 

ISp. 28. Mellate of copper. Mellitic acid, when dropped 
into acetate of copper, throws down a precipitate of a 

Spanish green colour, but produces no change on muriate 
of copper.f 

29. Tar- Sp. 29. Tartrate of copper. Tartaric acid has little action 
trate. copper, but it dissolves the metal at last by the assistance 

* Schweigger’s Journal, vii, 35. + Klaproth^s Beitrage, iii. 132. 

6 



SALTS OF COPPER. 625 

of the air, which converts it into an oxide, and the solution chap. ii. 
shoots into dark bluish-green crystals.* ** When this acid is “v—^ 

poured into the sulphate or muriate of copper, it precipitates 

a tartrate of that metal in the form of blue crystals.f 

Sp. 30. 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.t When tartar and copper, or its oxides, are Brunswick 

boiled together, they dissolve; and by evaporating to 

dryness, a bluish-green powder is obtained, which, accord¬ 

ing to Leonardi, constitutes the better kind of the pigment 
called Brunswick green, § 

Sp. 31. Citrate of copper. Citric acid scarcely acts on 

copper; but it dissolves its oxide when assisted by a boiling 
heat, and the solution yields light green crystals. 1| 

Sp. 32. Rheiimate of copper, Rheiimic acid dissolves the 

oxide of copper, and, when evaporated, it forms a powder 

of a dark green colour, which takes a considerable quantity 

of water to dissolve it.^'* 
Sp. 33. Fotmate of copper. This salt has a greenish-blue 33. For- 

colour, and crystallizes in six-sided flat prisms terminated 

by a four-sided pyramid. They effloresce in the air, and 

become covered with a bluish-white powder. Their spe¬ 

cific gravity is T815; 8*42 parts of cold water dissolve 1 

part of these crystals. Spirit of wine (containing 86 per 
cent, of alcohol) dissolves 4-^-oth of its weight of this salt, 
and acquires a light-blue colour. When heated, the crys¬ 

tals undergo the watery fusion. When the water is evapo¬ 

rated, the salt has a fine blue colour, and it does not begin to 

be decomposed till the heat is considerably increased. Then 
it is speedily decomposed, a liquid passes into the receiver, 

and metallic copper remains behind. One hundred grains 

of the crystals leave 28*5 grains of copper.ff Comparing 

this with the analysis of formic acid, by Berzelius, we may 

conclude that the salt is a compound of 2 atoms acid, 1 

* Grindel, WenzeFs Verwaiidtschaft der Korper, p. 214. 

f Bergman, iii. 456. v t Thenard, Aim, de Chira. xxxviii. 36. 

§ Gren's Handbuch der Chemie, iii. 331. 
II WenzeFs Verwandtschaft, p. 185. 
** Henderson, Annals of Philosophy, viii. 253, 
l-j- Gehlen, Schweigger’s Jour, iv. 14, 

VOL. II, 2 ^ 
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Book II. 
Division II. 

atom peroxide, and 8 atoms water. On that supposition its 

constituents will be 

Formic acid.32*71^ 

Peroxide of copper .... 35*39 

Water.31*87 

100*00 

Sp. 3i!» Saclacafe of copper. Sulphate of copper is not 
precipitated by saclactic acid.* 

Sp. 35. 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; but the solution does not 

crystallize.f 
Sp. 36. Zumate of copper, Zumate of copper is an un- 

crytallizable salt, which melts when heated, and is decom¬ 

posed.:!: 

Such are the salts of copper, one of the most prolific of 

all the saline genera. There can be no doubt that the 
farther researches of chemists will very much increase the 

number of the triple salts of copper. I have described eight 

species of them iii this section, and I might have increased 

their number considerably, had I mentioned all that are 
known to exist, though their properties have not hitherto 

been examined. 

The composition of the salts of copper is easily deter¬ 

mined, by considering them as compounds of an atom of 
peroxide of copper and an atom of each of the acids. An 

atom of peroxide of copper weighs 10, and the weight of 

the acids has been given in a preceding chapter of this 
volume. The principal use to which the salts of copper 
have been applied is the formation of paints. The sulphate 
has been employed in dyeing, and the acetate forms an 

article which is employed in considerable quantity by 

the hat-makers. 

* Scheele, ii. 80. ^ 

J Braconnot, Ann. de Chim, Ixxxvi. 94. 

f Ibid. p. 66, 
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SECT. XXII. 

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 properties: 

1. The solution of bismuth in acids is usually colourless. Characters. 

When water is poured into it, a white precipitate imme¬ 

diately falls, consisting chiefly of the white oxide of bismuth. 

2. Ferrocyanate of pOtash occasions in these solutions a 
precipitate of a white colour, sometimes with a shade of 

yellow. 
3. Hydrosulphuret of potash and snlphureted hydrogen 

occasion a dark-brown precipitate. 
4. Gallic acid and the infusion of nutgalls occasion a light- 

yellow precipitate. 
5. When a plate of copper or tin is put into the solution 

of bismuth, this last metal is often precipitated in the metal¬ 

lic state. 
Sp. 1. Nitrate of bismuth. Nitric acid, when concen-i. Nitrate, 

trated, attacks bismuth with great violence, a vast quantity 

of nitrous gas is emitted, 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 oxide of 
bismuth is dissolved as it forms. The solution is colourless; 

and on cooling lets fall crystals of a white colour, and gene¬ 

rally 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 mois¬ 

ture, and its surface is covered with a crust of white hydrated 

oxide. On burning coals it detonates feebly, emitting red 

sparks, and leaves a yellowish powder not easily reduced. 

When triturated with phosphorus it detonates loudly.* 

When put into w^ater it is immediately decomposed; that 
liquid absorbing its acid, and leaving the white hydrated 

oxide of bismuth combined with a small portion of acid. 

* Brugnatelli, Ann. deChim. xxviii. 73. 

2 S 2 

Chap. II. 
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Book II. Hence the reason, that when we write upon paper with a 
***TT AXX 

V solution of bismuth in nitric acid, the characters, at first 

invisible, become white when the paper is plunged into 
water, as Brugnatelli first observed.^ 

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 wliite^ frequently used as a cos¬ 

metic, is said to be precipitated from the nitrate of bismuth 

by means of common salt or tartar. Hence, in all proba¬ 
bility, it is a submuriate or a tartrate of bismuth, according 

to circumstances.f 
According to the experiments of Lagerhjelm and Ber¬ 

zelius, the nitrate of bismuth is composed of 

Nitric acid...... 34?*2 

Oxide of bismuth. 48*8 

Water.17*0 

100*0$ 

If we consider it as a compound of 1 atom acid, 1 atom 

oxide, and 3 atoms water, its composition will be 
• 

Acid.... 33*75 

Oxide .., 49*37 
Water .. 16*88 

100*00 

Numbers which almost coincide with those obtained by 
experiments. 

Sp. 2, 3. Carbonate, borate. The combinatioiis which 

the oxide of bismuth forms with carbonic and boracic acids 

have not hitherto been examined with accuracy. They 
may be formed by pouring into the solution of bismuth in 

nitric acid the alkaline carbonates, or borates. The salts 

required precipitate in the state of a white powder. 

4.Pho3- Sp. 4. Phosphate of bismuth. Phosphoric acid does not 
phate. attack bismuth; but it combines with its oxide recently 

precipitated by an alkali. One portion of the salt formed 

* Brugnatelli, Ann. de Chim. iii. 296. 

t Black’s Lectures, ii. 595. Ann. de Chim. Ixxxii, 122. 
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remains in the state of an insoluble white powder; another Chap. ii. 

portion is dissolved, and yields crystals, which do not deli¬ 

quesce, and are soluble in water.* The white insoluble 

powder is most probably a subphosphate, and the crystals 

a superphosphate of bismuth. 

Sp. 5. Sulphate of bismuth. Sulphuric acid has no action 3. Sul- 

on bismuth while cold; but by the assistance of heat it con- 

verts that metal into a white powder, while at the same 

time sulphurous acid is exhaled, and even sulphur sublimed, 

if the heat be considerable. When the saline mass, thus 
formed, is washed with water, two thirds of the acid are 

separated, carrying along with them a very small portion of 
the oxide; and this lixivium yields, by evaporation, small 
crystals in needles, which are decomposed, and their base 

precipitated when any attempt is made to dissolve them in 
water. 

According to the experiments of Lagerhjelm the sul¬ 

phate of bismuth is composed of 1 atom acid 1 atom 

oxide, or by weight of 

Sulphuric acid .... 100 
i Oxide of bismuth.. 197*5 

The subsulphate formed by precipitating the sulphate by 

L the addition of water, is composed according to the experi- 

1 ments of Berzeliusf of 1 atom acid + 3 atoms oxide, or by 

i weight of 
Sulphuric acid .... 100 

Oxide of bismuth .. 592*5 

Ej 
k! 

h 
I 

.1 

[' 

Sp» 6. Sulphite of bismuth. Sulphurous acid does not 

attack bismuth; but it combines with its oxide, and forms 

with it a salt insoluble in #ater even when assisted by an 

excess of acid. It has a sulphureous taste; and before the 

blow-pipe melts into a reddish-yellow mass, which is soon 
reduced upon charcoal. When distilled, the acid is driven 

ofP, and the whole oxide remains in a state of purity, f 

Sp. 7. Arseniate of bismuth. Arsenic acid oxidizes bis-7. Arseni* 

muth b}^ a digesting heat; and the metal is covered with a ^^®* 
white powder, which is arseniate of bismuth. Part also of 

the arseniate remains in solution, but the oxide is precipi- 

* Wenzel’s Verwandtschaft, p. 117> f Anti, de Chim. IXxxii, 241. 
X Fourcroy, v. 204. 

2 
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tated by the addition of water. The arseniate of bismuth 

precipitates when arsenic acid is poured into the nitrate of 
bismuth. The w^hite powder thus obtained is difficultly fu¬ 

sible ; but when heated with charcoal, arsenic sublimes, and 

the bismuth is reduced.* 

Arseniate of bismuth is a white powder, often having a 

shade of green; it is tasteless, insoluble in water and nitric 
acid, but soluble in muriatic acid.f When heated upon 
charcoal, the smell of arsenic becomes perceptible. From 

the solution in muriatic acid, the bismuth is precipitated by 

sulphureted hydrogen. 

Sp. 8. Molybdate of bismuth, Molybdic acid precipi¬ 
tates muriate of bismuth white, provided there be no excess 

of acid.f 
Sp. 9. Acetate of bismuth. Acetic acid has but little ac¬ 

tion on bismuth; but the acetate of bismuth may be ob¬ 
tained by mixing together the solutions of nitrate of bismuth 
and acetate of potash. When the mixture is heated, it re¬ 

dissolves the precipitate which had at first formed, and at 
the same time yields a number of thin talky crystals resem¬ 
bling boracic acid. Morveau, to whom we are indebted 

for this experiment, has ascertained also, that the addition 

of acetic acid deprives nitrate of bismuth of the property of 
affording a precipitate when diluted with water. § 

Sp. 10. Benzoate of bismuth. Benzoic 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 

alcohol. Sulphuric and muriatic acids decompose this salt, 
and heat volatilizes its acid. 1| 

Sp. 11. Succinate oj- bismuth. Succinic acid does not 
attack bismuth ; but it dissolves its oxide at a boiling tem¬ 
perature, and the solution yields yellow crystalline plates of 

succinate of bismuth. According to Wenzel, the solution 

of this salt in water does not yield a precipitate with alka¬ 
lies. It dissolves in nitric acid, and the solution is not pre¬ 
cipitated by water.** 

Sp. 12. Oxalate of bismuth. Oxalic acid scarcely attacks 

* Scheele, i. 84. + Thenard, Ann. de Chlm. 1. 120. 

f Hatchett. § Encycl. Method. Chim. i. 10. 
Trommsdorf, Ann. de Chim. xi. 317. 

** Wenzel’s Verwandtschaft, p, 243. 
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bismuth; but it combines with its oxide, and forms with it Chap. Ii. 

an oxalate in the state of a white powder, scarcely soluble in 
water. When oxalic acid is dropped into nitrate of bis¬ 

muth, small transparent polygonal grains are gradually 
precipitated, which possess the same properties as the white 

powder, and do not become opaque when put into water.* 

Sp. 13. Tartrate of bismuth. Tartaric acid does not at¬ 

tack bismuth; but when dropped into the solution of that 

metal in sulphuric, nitric, or muriatic acids, tartrate of bis¬ 

muth precipitates in-the state of a white crystalline powder 
insoluble in water.f 

Sp. 14. Rlieumate of bismuth, Rheiimlc acid dissolves 

oxide of bismuth and forms small crystals, f 

SECT. XXIII. 
« 

SALTS OF MERCURY. 

There is no genus of metallic salts which has been sub¬ 
jected to a longer or [more varied examination than this. 
Mercury was the metal from which the alchymists conceived 

the greatest hopes, 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 than obstinate, after the paroxysm 

of the alchymists was over. The important cures performed 

by their means, especially in cases of the venereal disease, 
were early seen by physicians: but the energy with which 

they acted, and the ravages which they sometimes made on 
the constitutions of those who used them, were equally visi*- 
ble. These deleterious elFects were ascribed to a certain 

acrid something which was supposed to constitute a compo¬ 

nent part of mercury. The object of chemical physicians 
was long directed towards discovering a method of re¬ 
moving, neutralizing, or destroying this acrid something, 

without impairing the good effects of the medicine. Hence 

the numerous preparations of mercury which were one after 

♦ Bergman, i. 261. t Gren^s Handbuch. iii, 300, 

J Henderson; Annals of Philosophy, viii. ^54. 
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Book It. another introduced into practice; some of which have in a 
Division II. measure answered the purposes for which they w^ere 

' intended; while the greater number, after continuing 

fashionable for a time, have gone one after another out of 

use. 
Mercurial salts have lately engaged the attention of phi¬ 

losophical chemists, because, from the peculiar nature of 
the metal, the changes which take place during their forma¬ 

tion are more easily traced. To them we are indebted for 

the discovery of the composition of sulphuric acid, of me¬ 

tallic oxides, and for the first decisive proofs of the non¬ 

existence of phlogiston; to them we* owe the discovery of 

oxygen gas, and perhaps also of nitrous gas. 
Mecurial salts are distinguished by the following pro¬ 

perties. 
Characters. 1. When strongly heated, they are volatilized and dissi¬ 

pated ; and traces of mercury may sometimes be observed. 

2. Ferrocyanate of potash occasions a whitish 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. 

.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 oxides of inercuiy, and most acids seem 

capable of combining with both. Of course every species 

is divisible into two subspecies; protosalts and persalts. 

Many of ^ these subspecies are capable of existing in the 

state of sub and si^pe?' salts. This gives rise to another 
set of varieties still more numerous. 

The oxides of mercury are thrown down from their solu¬ 

tion 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 -p^th part of its weight of 
lime. When ammonia is used, Baven has ascertained that 

the precipitate retains a considerable portion of that alkali. 

But from Berthollet’s experiments we learn that the fixed 
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alkalies throw down a subsalt of mercury not contaminated Chap. ii. 

with any of the precipitating body. ^ 
Sp. 1. Nitrate of mermry. The action of nitric acid on i. Nitrate, 

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 pernitrate: 
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 mermry. When nitric acid is poured Action of 

upon mercury, an effervescence takes place, and nitrous on mer-'^ 
gas is disengaged; the metal is gradually oxidized, and cury, 

dissolved in that portion of the acid which remains unde¬ 

composed. 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 sponta¬ 
neous evaporation it yields transparent crystals, composed 

of two four-sided pyramids applied base to base, having 
their apexes and the four solid angles at their bases trun¬ 

cated. This solution does not yield a precipitate when 

water is poured into it, and the crystals of nitrate of mer¬ 
cury 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 expense of the acid, ni¬ 

trous gas is disengaged, and pernitrate formed ; the second 

portion is oxidized at the expense 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 divides itself into two 

portions: the first, containing an excess of base, falls Varieties of 

down in the state of a white insoluble powder; it is a suh^ nitrate. 

nitrate of mercury: the second, containing an excess of 

acid, remains in solution; it is a supernitrate of mercury.'f 

* Opusc. j, 102. f See Berthollet, Mem. de flnstit. iii. 233► 



634 SALTS* 

Book II. Mr. Zaboada has shown, that if mercury be dissolved in 
Division II. nitric acid without the assistance of heat, the crystals 

that form spontaneously in the solution (supposing some 
running mercury present, which the acid was incapable of 
dissolving) consist of pure nitrate of mercury.* 

When a current of sulphureted hydrogen gas is passed 

through a solution of nitrate of mercury, the oxide is 

gradually reduced, and the metal separates in combination 

with sulphur. Muriate of tin, when mixed with the so¬ 

lution of this salt, throws down tlie base in the state of 
running mercury.f 

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.^: 
2. Pernitrate of mercury. When nitric acid is made to 

dissolve mercury with the assistance of heat, it acts with 

much more energy, a much greater quantity of nitrous gas 

is emitted, and the metal combines with a greater propor¬ 

tion of oxygen ; and if the heat be continued, it passes at 

last into a yellow-coloured crystalline mass. In this solu¬ 

tion the acid is combined with mercury oxidized nearly to 
a maximum. It is more acrid than the first solution ; and 
when diluted with water, a precipitate appears, consisting 

of the salt combined with a great excess of base. This 

precipitate is white if the solution be diluted with cold 
water, but yellow or greenish-yellow if hot water be used. 

This salt is capable, like the nitrate, of existing both in 

the state of a superpernitrate and subpernitrate. The yel¬ 
low precipitate obtained by hot water is in fact a subper¬ 

nitrate. 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 turpeth. According 
to the analysis of Messrs. Braamcamp and Siquiera Oliva, 

it is composed of 

^ Jour, de Phys. lx. 386. 
t Zaboada, Jour, de Phys. lx. 386. 

t Bruguatelli, Ann. de Chim. xxvii. 74. 
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12 acid ’ ' Chap. II. 
88 peroxide 

100* • 

If we suppose it a compound of Tatom acid + 2 atoms 

peroxide, its composition will be 

Nitric acid .. 10 

Peroxide.... 90 

100 

When a current of sulphureted hydrogen gas is passed 
through a solution of pernitrate of mercury, the salt is 

gradually converted into nitrate, and precipitates in the 

state of a white pow^der, which is a combination of nitrate 
of mercury and sulphur. Muriate of tin likewise reduces 

the base to the state of protoxide. The protoxide thus 
formed combines with the acid of the muriate of tin. Plence 

calomel may be obtained by subliming the mixture.f 

Sp. 2. Carbonate of mercury. Carbonic acid does not 2. Carbon* 

I attack mercury, but it may be combined with its oxide by 
pouring an alkaline carbonate into nitrate of mercury. The 

I precipitate in that case is a white powder, composed, ac- 

I, cording to Bergman, of 

90*9 mercury 
9*1 oxygen and acid 

100-0 t 

Supposing the carbonate a compound of 1 atom car¬ 

bonic acid + 1 atom peroxide of mercury, it will consist 

j of 
■ Carbonic acid. * 9*24 

i Peroxide.90*76 

i 100*00 
(j 

;; ' Sp. 3. Borate of mercury, Boracic acid has no action 3. Borate, 

h on mercury; but borate of soda, poured into a solution of 

ii that metal in nitric acid, occasions a precipitate of borate 

j * Ann. de Chim. liv. 125. t Zaboada, Jour, de Phys. lx. 580, 

J Bergman, ii. 391. 
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Book 11. of mercury in the state of a yellow powder, first described 
Division II. i^onnet. Its specific gravity is 2*266.* 
4Tphos^ Sp. 4. Phosphate of mermry. Phosphoric acid does not 
phate. act on mercury; but it combines with its oxide, and forms 

phosphate of mercury. This salt is formed most conve¬ 
niently by mixing together the solutions of nitrate of mer¬ 
cury and phosphate of soda. The salt immediately preci¬ 
pitates in the state of a white powder. This salt has been 
lately introduced into medicine, and seems to answer equally 
well with the other mercurial preparations. It phospho¬ 
resces when rubbed in the dark; and when distilled, it 
yields phosphorus, like the other metallic phosphates. Its 
specific gravity is 4<*9835.f This salt is in fact an oxyphos- 
phate of mercury. Its constituents, according to Braam- 
camp and Sequiera Oliva, are 

28*5 acid 
71*5 peroxide 

100*0 f 

The neutral perphosphate of mercury is composed of 

Phosphoric acid. 14'*28 
Peroxide of mercury 85*72 

100*00 

The salt analysed by Braamcamp and Sequiera Oliva 
was a biphosphate. It is composed of 

2 atoms acid . 9 ...... 25 
1 atom oxide.27  .75 

100 

Sp. 5. Phosphite of mercury. Messrs. Braamcamp and Se¬ 
quiera Oliva have shown, that phosphorous 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. J 

6. Sulphate, gp^ Sulphate of mercury. The action of sulphuric 
acid on mercury had been observed by chemists in the very 

* Hassenfratz, Ann. de Chim. xxvlii. 12. f Ibid. 
+ Braamcamp and Sequiera Oliva, Ann. de Ciiim. liv. 125. 
^ Ann. de Chim. liv. 125. 
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infancy of the science; but the phenomena of that action chap. ii. 
were first explained by Lavoisier in 1777,* and the dif- 

ferent compounds obtained were first examined with pre¬ 

cision by Fourcroy in 1791.t Sulphuric, like other acids, 

combines with two oxides of mercury, and forms a sulphate - 
and peTSulphate; and each of these is capable of combining 

with an excess of acid and of base# W^e have therefore the 
following varieties of sulphated mercury, 

1. Sulphate 4. Persulphate Varieties# 

2. Bisulphate 5. Bipersulphate 
3. Subsulphate. 

1. Sulphate of mercury. Sulphuric acid has no action on Sulphate. 

I mercury while cold; but when heat is applied, an etferves- 
I cence ensues, and sulphurous acid gas is emitted. This 

indeed is the method usually followed for obtaining that gas 
in a state of purity. At the same time the mercury is gra¬ 

dually oxidized and converted into a white mass; the na¬ 
ture of which differs according to the proportion of the 

ingredients and the degree of heat employed; but it is 

usually a mixture of bisulphate and bipersulphate. Sul¬ 
phate of mercury may be formed by boiling over mer¬ 

cury a quantity of sulphuric acid diluted with its own 

weight of water. Very little sulphurous acid gas is dis- 

engaged.J By proper evaporation this salt is obtained in 
small prismatic crystals. It is soluble without decompo¬ 
sition in 500 parts of cold water, and in 287 parts boiling 

water. It is not altered by exposure to the air; but heat 
decomposes it. According to Fourcroy, it is composed of 

12 acid 

83 oxide of mercury 
5 water 

Composi^^ 
tlon« 

100 

If we consider it as a compound of 1 atom acid, 1 eAom 
protoxide, and 1 atom water, its constituents will be 

Sulphuric acid.  15*56 
Protoxide of mercury.80*3/3 
Water. 3.5, 

100*00 

* Mem. Par. 1777. ^ 

t Berthollet, Meta, de flnstit, iii, §30, 
Ann, die Chim, x, §91 
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Supersul 
phate. 

Book 11. The alkalies and lime-water precipitate the mercury in 
Division II. of black oxide, or rather subsulphate, as it retains 

' ^ a small portion of acid. Sulphuric acid combines with it, 

and converts it into supersulphate of mercury,* 
This last variety may be obtained at once. If sulphuric 

acid be boiled on mercury, and the process be stopped 

before the whole of the sulphuric acid is evaporated to dry¬ 
ness, the white mass obtained, after being washed with a 

little water, is supersulphate of mercury, lliis salt has an 

acrid taste, it reddens vegetable blues, and does not become 
yellow when exposed to the air. As it contains dilfeient 
proportions of acid, according to the process, its solubility 

of course is different. When the excess of acid amounts 
to aboutHhe twelfth of its weight, it is soluble in 157 parts 

of cold water, and in about 33 parts of boiling water.f 

Persul- P^f'sulphate of mercury. When three parts of sul¬ 
phate, phuric acid are boiled upon two parts of meicuiy, the 

whole is gradually converted into supersulphate. If the 
heat be continued, the excess of acid is slowly decomposed, 

sulphurous acid gas is disengaged, the mercury combines 

with an additional dose of oxygen, and there remains pei- 

sulphate of mercury. This salt crystallizes 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 coloui, 
and always contains 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 Siquiera Oliva, ot 

31*8 acid 
63*8 peroxide 

4*4 water 

100*0 

If this analysis approach precision, the salt is a biper¬ 

sulphate of mercury. If we suppose it a compound of 

2 atoms acid, 1 atom peroxide, and 1 atom water, its con¬ 

stituents would be 

* Fourcroy, Ann. dve Chim. x. 299. 

X Ann, de Chim, liv. 123. 

t Ibid. 298. 
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Sulphuric acid. ... 26*23 Chap. II. 

Peroxide of mercury .. , 
Water. 

100*00 

Water washes off one half of the sulphuric acid from this 
bipersulphate, and leaves a neutral persulphate in the state 

of a fine yellow powder, known formerly by the name of 

turpeth mineral. Its specific gravity is 6*444.* It is solu¬ 

ble 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 to Turpeth 

this salt by Crollius, who boasted of its medicinal virtues, 

but kept the preparation a secret. He attempted to mode¬ 
rate the violent action of this substance by a long digestion, 
but without success. The process for preparing it was 

afterwards made public. Kunkel published a set of expe¬ 
riments on it in 1700, in his Lahoratorium Chymiciim, The 

name turpeth was no doubt given from some resemblance 
which it was supposed to have either in its colour or effects 

to the root of the convolvulus turpethum^ a plant formerly 

I used in medicine. 
According to the experiments of the Portuguese chemists 

I above quoted, turpeth mineral is composed of 

15*0 acid 

84*7 peroxide 
0*3 water 

lOO'Of 

Supposing it a compound of 1 atom acid + 1 atom per 

} oxide, its constituents will be 

i Sulphuric acid ... 15*62 

Peroxide ..84*38 

100*00 

Numbers which agree sufficiently with the preceding 

analysis to show that our notion respecting the constitution 

e of this salt is correct. 

* Watson's Chemical Essays, v. 68. 
I t Fourcroy, Ann. de Chim. x. 298. 

1 
t Ann. de Chim. liv, 123. 
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Book II. Sp. 7. Arseniate of mercury. When arsenic acid and 
Division II. jjiercury are heated in a retort, white oxide of arsenic, mer- 

cury, and oxide of mercury of a yellow colour, are driven 
over, and there remains a yellow-coloured insoluble mass, 

consisting of arseniate of mercury. The same salt is pre¬ 

cipitated in the form of a yellow powder when arsenic acid 

is poured into the liquid nitrate or sulphate of mercury.* 
Sp. 8. Chromate of mercury. This salt may be formed 

by mixing together the solutions of an alkaline chromate 

and a mercurial nitrate. It is an insoluble powder of a fine 

purple colour.! 
Sp. 9. Molybdate of mercury, Molybdic acid precipi¬ 

tates mercury from nitric acid-in the form of a white flaky 

powder; J but it occasions no precipitate in the solution of 

corrosive sublimate.§ 
Sp* 10. Tungstate of mercury. Tungstic acid forms with 

the oxide of mercury an insoluble powder, which has not’ 

been examined. 
11. Acetate. Sp. 11. Acetate of mercury. Acetic acid does not act 

sensibly on mercury; but it dissolves its oxides, especially 

when hot. The first accurate set of experiments on these 

solutions was made by Margraff, who procured from them 

a salt dn crystals.]! With the protoxide of mercury acetic 
acid forms an acetate^ and with the red oxide a peracetate ; 

salts which were first properly distinguished from each 
other by Mr. Proust.** 

1. Acetate of mercury. This salt may be formed by dis¬ 

solving in acetic acid the precipitate obtained from nitrate 

of mercury by means of alkalies. As the solution cools, 

thin brilliant plates of acetate of mercury are deposited, 

resembling boracic acid. It may be prepared also by mix¬ 

ing together solutions of nitrate of mercury and acetate of 

Crystals, potash. Large flat crystals of acetate of mercury, of a 
silvery whiteness, soon make their appearance. This salt 

has an acrid taste, is insoluble in alcohol, and soluble in 
600 times its weight of water, ff In alkalies it blackens. 

The proportion of the constituents of this salt has not been 

ascertained. It is employed in medicine. 

* Bergman, ii. 391. f Vauquelin. J Hatchett. 

^ Scheele, i. 247. [j Opusc. i. 119. 
** Jour, de Phys. Ivi. 205. 

tt Braconnot, Ann. de Chim, Lxxxvi. 92. 
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2. Peracetate of mercitry. This salt is obtaitied by dis- Cb&p. tt, 

solving the red oxide of mercury in acetic acid. It does 

not crystallize; but when evaporated to dryness, forms a 

yellow mass, which sooti deliquesces. It dissolves readily 
in alcohol: but water divides it into two salts; a super-^ Varieties. 

peracetate^ which remains dissolved in the water, in conse¬ 

quence of its great excess of acid; and a subperacetate^ in 
the same state of a yellow powder^ insoluble in water. 

When the solution of red oxide of mercury in acetic acid 

is heated, some crystals of acetate are obtained; because a 

part of the oxygen of the oxide is separated at the expense 

of the acid, a portion of which is decomposed** 
Sp. 12. Benzoate oj mercury. Benzoic acid dissolves the 12. Ben- 

oxide of mercury, and forms with it a white powder, not 
altered by exposure 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 

decomposed by lime, by sulphuric acid, and muriatic acid, 
and by sulphur.f 

Sp. 13. Succinate of merairy. When succinic acid is 
digested with the oxide of mercury, it forms with it a shape¬ 
less mass containing some crystals, and soluble in water; 

from which the oxide is precipitated by alkalies and hydro- 
sulphurets.| These crystals, I conceive, are bisuccinate of 
mercury. When succinate of ammonia is dropped into 

corrosive sublimate an insoluble white precipitate falls 
which is persuccinate of mercury. 

Sp. 14. Oxalate of merairy. Oxalic acid does not act Oxa- 

on mercury; but it dissolves 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 into the sulphate or nitrate of mercury. § Klap¬ 

roth first discovered that this salt has the property of deto- 

Xiating when heated: |J the same observation was afterwards 

made by Von Packen.*^ Howard’s fulminating powder 
consists partly of this salt. 

■» Proust, Jour, de Phys. Ivi. 205* 
f Tromsdorf, Ann. de Chim. xi. 316. 

WeiKel’s Verwandtschaft, p. 245. § Bfergmal), i. 266, 
Ij WestrumVs Kl. Ph. Chim. Abb. i. 228. 
* * De Sal© Acid, Tartari, 17T9. 
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Book II. Sp. 15. Mellate of mercury. Mellitic acid occasions a 
Division 11. precipitate in nitrate of mercury, which is redissolved 

on the addition of nitric acid.* 
15. Tar- Sp. 16. Tartrate of mercury. Tartaric acid does not 
tratc. attack mercury; but it dissolves its protoxide, and forms 

with it an insoluble white salt, which soon becomes yellow 

when exposed to the light. This salt precipitates also 

when tartaric acid is poured into nitrate of mercury. 
Sp. 17. Tartrate of potash-and-mercuj'y. This salt, first 

described by Monnet, 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. Thenard has ascertained, that the 

same triple salt may be formed by mixing together the solu¬ 
tions of tartar and mercurial nitrate. This salt is decom¬ 

posed by the alkalies, the alkaline carbonates, the hydro- 
sulphurets, the sulphates, and the muriates 

18. Citrate. Sp. 18. Citrate of mercury. This salt has been examined 

by Vauquelin. Citric acid does not attack mercury; but 

when poured upon its red oxide, an effervescence takes 

place, and the oxide becomes white and unites into one 

mass. The citrate thus formed has a mercurial taste, but 

is scarcely soluble in water. Nitric acid decomposes it. 
When distilled, there comes over acetic and carbonic acids, 

and the mercury is reduced.:]: 

Sp. 19. Rheumate of mercury. If we believe Mr. Hen¬ 

derson, rhelimic acid readily acts upon mercury in the 

metallic state and dissolves it. The salt crystallizes in 

prisms, having some resemblance to crystals of oxalic acid, 

shining and colourless like water. These crystals are not 

altered by exposure to the sun. The oxide of mercury 
may be precipitated in the form of a yellow powder. § 

These statements deserve to be verified. If they prove 

correct they will be sufficient of themselves to demonstrate 

the peculiar nature of rheiimic acid. But they are so con¬ 

trary to all analogy, that we cannot admit them till their 

accuracy be fully ascertained. 

Sp. 20 and 21. Saclactate and malate of mercury. When 

* Klaproth^s Bcitrage, iii. 131. f Ann. de Chim, xxxviii. 36. 

I Fourcroy, vii. 209, § Annals of Philosophy, viii. 253. 
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saclactic acid or malic acid is dropped into nitrate of mer- chap. Ii. 
cury, a white precipitate appears.^ ^ 

Sp. 22. Lactate of mercury. Lactic acid dissolves both 22. Lactate, 

oxides of mercury. With the protoxide it forms a light 

yellow coloured matter which becomes white by repeated 

solution and evanoration. It contains an excess of acid, 

deliquesces in the air, and is partly dissolved in alcohol. 
But at the same time the salt is decomposed. With the 
peroxide it forms a red gummy deliquescent salt. If left 

exposed in a warm and moist place it deposites a light 

semicrystalline powder, which Berzelius conjectures to be 
acetate of mercury.f 

Sp. 23. Zumate of mercury. Zumic acid readily dis- 23. Zu- 

solves the protoxide of mercury when assisted by heat. 
When the solution is evaporated, needle-form crystals of 

zumate of mercury are obtained which dissolve readily in 

water. This salt, when heated, melts in its water of crystal¬ 

lization, then swells, assumes an olive colour, and is decom¬ 
posed, exhaling an odour of acetic acid. Globules of mer¬ 
cury remain mixed with charcoal. When the solution of 

this salt is dropped into acetate of potash crystals of acetate 

of mercury are deposited.:|: 

Such are the properties of the salts of mercury as far as 
they have been examined, A greater number of them are 
insoluble in water than of the salts of any other genus. 

Their composition may be easily determined by consider¬ 

ing them as compounds of 1 atom oxide of mercury and 

1 atom of each of the acids. The weight of an atom of 
protoxide of mercury is 26, of that of peroxide 27, and the 

weight of the different acids has been given in a preceding 
chapter of this volume. 

Several of the mercurial salts have been introduced into 

medicine, and some, as turpeth mineraf constitute beautiful 

paints. They are well entitled to a more accurate exami¬ 
nation than has been hitherto bestowed upon them. 

^ Scheele, ii. 80. and CrelFs Annals, ii. 11. Eng. Trans, 

f Berzelius, Djurkemien, ii. 438. 
X Braconnot, Ann. de Chira. Ixxxvi. 91. 
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SECT. XXIV. 

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 nitrate of 
silver with which we are best acquainted. Most of the 

other acids form with it compounds scarcely soluble in 

water. The salts of silver may be easily ascertained by the 

following properties: 

Characters. 1. When exposed to the action of the blow-pipe upon 
charcoal, they are reduced, and a globule of silver obtained. 

2. Ferrocyanate of potash, when dropt into a solution of 

a salt of silver, occasions a white precipitate. 

3. Hydrosulphuret of potash occasions a black precipi¬ 

tate. 
4. Muriatic acid or the alkaline muriates occasion a 

white heavy flaky precipitate resembling curd. 

5. Gallic acid and the infusion of nutgalls occasion a yel¬ 

lowish 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. 

1. Nitrate. Sp. 1. Nitrate of Sliver. Nitric acid attacks silver with 
considerable violence, and dissolves about half its weight of 

it. The elFervescence is occasioned by the disengagement 

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 insoluble chloride of 

silver falls to the bottom of the vessel. If the silver con¬ 

tain 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 heavy, 

and caustic. It gives the skin, hair, and almost all animal 

substances, an indelible black colour. Hence it is often 

used to dye hair, &c. When evaporated till a pellicle., 

begins to form on its surface, it deposites, on cooling, 

Book II. 
Division II. 
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transparent crystals of nitrate of silver. These crystals are Chap. ii. 

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; but 
when exposed to a strong light, it becomes brown, and the 

silver is partly reduced. It is soluble in alcohol.f 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 apothecaries, and formed into small cylinders, 

often employed by surgeons under the names of lapsis in’- i.unar caas- 

Jernalis and limar caustic^ to open ulcers and destroy fun- 
gous excrescences. 

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 reduc¬ 

tion 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 dissolved Action of 

in water, it is decomposed, and the silver reduced by means 

of hydrogen gas and phosphorus. A bit of 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 sulphurous 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 ingenious 

chemist we are indebted for the two following facts. 
When three grains of sulphur and nine grains of nitrate 
of silver, mixed together, are struck with a cold hammer, 

the sulphur inflames, but no detonation ta|ces place; 

whereas if the hammer be hot, the mixture detonates, and 

the silver is reduced. If charcoal be substituted for sulr 
phur, only a faint detonation is heard though the hamrner 

be hot.:}: 
* Wenzel, Verwandtschaft, p. 308. 

+ Kunkel, Phil. Trans. 1684, vpl. xv. 89G» 

t Ann, deChim, xxvii, 72« 
•*« 
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Book II. The silver is precipitated from the solution of this salt in 
Division II. 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 alkaline 

earths, and by the sulphuric, sulphurous, muriatic, phos¬ 

phoric, 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 appear that 

nitrate of silver contains any water of crystallization. He 

found it composed of 

69 or 70 oxide of silver 
31 30 nitric acid 

100 100* 

Its true composition is as follows: 

1 atom nitric acid = 6*75.... 3P39....100 
1 atom oxide of silver = 14*75 .... 68*61 .. . .218*52 

100*00 

Gay-Lussac has shown that pure silver may be obtained 
by precipitating nitrate of silver by copper, and digesting 
the precipitate in a weak solution of nitrate of silver. By 

this digestion the copper is dissolved and silver precipitated 

in its place.f 

Nitrite. Sp. 2. Nitrite of Silver. This salt may be obtained by the 

following process : Put a quantity of pure powder of silver 

into a solution of nitric acid already saturated with silver, 
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 

nitrate, as the nitrite which it aflbrds is much more soluble. 

When it is in the proportion of 240 to 100 of water, it is 

still far enough from crystallizing, and sometimes it remains 

fluid for several days; but if it be poured into a phial, it 

congeals so suddenl}^, that the last portions from the mouth 
of the retort become solid like icicles from the eaves of a 

* Nicholson^s Jour. xv. 375. + Ann. de Chim. Ixxviii. 91. 
1 

I 
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house, and a great deal of heat is evolved. It is difficult to chap. ii. 
bring it to a regular crystallization, because it has a much 

greater tendency to congeal than to separate into crystals. 

If it congeal, it cannot be redissolved without the separation 
of a yellow powder, which is a subnitrite of silver. Hence 

it appears that the portion dissolved takes a portion of acid 
from this yellow powder. 

When the solution of nitrite of silver is kept in the 
open air, it soon absorbs oxygen, loses its colour, and 

deposites crystals of nitrate. The same change is pro¬ 
duced immediately by the addition of nitric acid. Hence a 

few drops of that acid occasion the immediate deposition of 
large scales of nitrate. 

When the solution of nitrite of silver is mixed with the 

infusion of litmus, a blue lake precipitates. Nitrate pro¬ 

duces no effect upon this infusion. From the solution of 
cochineal the nitrite throws down a deep violet lake; the 

nitrate produces a scarlet powder. When the nitrate is 

dropped into sulphate of indigo, no change is produced; 

the nitrite instantly deprives it of colour, while the silver is 
reduced. Ammonia precipitates a black powder from the 

nitrite of silver. ' This black powder is silver reduced. 

What is dissolved by the ammonia is in the state of nitrate. 

Pure potash throws down a brown precipitate, as it does 

from nitrate. Alcohol acts on nitrite of silver precisely as 

water does. A portion of subnitrite precipitates, and a 

supernitrite is dissolved. If the alcoholic solution, be dis¬ 

tilled, it leaves behind a portion of nitrate and of silver 

reduced. When a little nitrite of silver is dropped into 

boiling water, it is decomposed, a portion of the silver k 

reduced, and precipitated in the state of a black powder, 

and the rest of the salt is converted into nitrate. 

When the nitrite 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 precipitates.* 

Sp. 3. Carbonate of silver. Carbonic acid has no action 3. Carbon- 

whatever upon silver; but it is absorbed readily by the 

oxide of that metal. The carbonate may be obtained by 

* Proust, Nicholson’s Jour. xv. 376. 
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Book II. precipitating silver from its acid solutions by means of a 
D^ion II. carbonated alkali. A white insoluble powder is obtained, 

which is carbonate 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.* Its constituents must be 
^ I 

1 atom carbonic acid.... 2*7^ .... 15*71 

I atom oxide of silver.,. 14*75 .... 84*29 

100*00 

4. Borate. Sp.4. Borate of silver, Boracic acid has no action 

on silver whatever; but the borate may be formed by 

pouring a solution of borax into liquid nitrate of silver. 

The salt falls to the bottom in the form of an insoluble 

white powder, which has not been examined. . 

5. Phos. Sp. 5. Phosphate of silver. Phosphoric acid does not act 

upon silver, but it combines readily with its oxide. Phos«* 

phate of silver is precipitated in the state of a yellow 

powder when phosphoric acid 4s poured into liquid nitrate 

of silver. It is insoluble in water, but soluble in an excess 

of phosphoric acid. When heated strongly in a crucible, 
a little phosphorus comes over, and phosphuret of silver 

remains in the retort,f This salt is soluble in nitric acid.ij: 

Mr. Chenevix has shown, that when boiled with a solution 
of an earthy muriate in proper proportions, chloride of 

silver and phosphate of the earth, both insoluble, are 

formed, so th^t the liquid is deprived of the whole of its 
saline part. 

Berzelius when he mixed a solution of phosphate of 
soda with nitrate of silver, obtained a sesquiphosphate in 

the state of an insoluble yellow powder, and destitute of 

water of crystallization. It was composed of 1 atom phos¬ 

phoric acid, and li atom of oxide of silver, or, which 
comes to the same thing, of 2 atoms acid, and 3 atoms 
oxide. The following table exhibits its constituents : 

* Bergman, ii. 391. + Fourcroy, vi. 340, 

i Barracq, Ann, de Chim. xl. 178. 
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^ + 
Acid.. 17-025 .... 16*9 
Base.. 82-975 _83*1 

100 100 

Sp. 6. Sulphate of silver. Sulphuric acid does not act 6. Sal¬ 

on silver v^^hile cold; but when boiled upon that metal in 
the state of powder an effervescence is produced, occa¬ 

sioned by the escape of sulphurous acid gas, and the silver 

is reduced to a white mass soluble in diluted sulphuric acid. 
This solution is limpid and colourless, and yields on eva¬ 

poration crystals of sulphate of silver. These crystals are 
white and brilliant, and have the form of very fine prisms. 

This salt, according to Wenzel, requires 874-th parts of Properties, 

water to dissolve it; hence the reason that it is generally 
precipitated in the state of a white powder when sulphuric 

acid is dropped into a solution containing silver. It is so¬ 
luble in nitric acid without decomposition.^ When heated, 

it melts, and in a dry heat is decomposed: the silver is 

reduced, and sulphurous acid and oxygen gas are dis¬ 

engaged. When exposed to the light, it is slowly decom¬ 

posed. It is decomposed also by the following bodies : 

1. Alkalies and alkaline earths, and their carbonates. 
2. Muriates, phosphates, fluates. 

According to Bergman, J 100 parts of silver, precipi¬ 

tated from its solution by sulphuric acid, yield 134 of 

sulphate. It is obvious that it must be composed of 

1 atom acid = 5 .... 25*31 

1 atom oxide = 14*75 .... 74*69 

100*00 

Sp. 7. Sulphite of silver. Sulphurous acid does not 7. Sulphite, 

attack silver, but it combines readily with its oxide. The 

sulphite assumes the form of small brilliant white grains. 

It has an acrid metallic taste. Water dissolves only a very 
minute portion of it: accordingly sulphurous acid occa¬ 

sions a white precipitate of sulphite in solutions of silver. 

When exposed to the light, it assumes a brown colour. 

Chap. II. 

* Berzelius, Ann. de Chim. et Phys. ii. 163. 

f Theoretical composition. t Klaproth. ^ Opusc. ii. 391, 
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Book II. When strongly heated the silver is reduced, and sulphurous 
Division II. sulphuric acids exhaled. 

This salt may be obtained also by mixing together the 

solutions of sulphite of ammonia and nitrate of silver; but 
if too much sulphite of ammonia be added, the salt is re¬ 

dissolved, and a triple salt formed, composed of sulphu¬ 

rous acid, oxide of silver, and ammonia. The fixed al¬ 

kalies are also capable of dissolving the sulphite of silver, 
and forming with it triple salts.* 

« Arse- Sp. 8. Arseniate of silver. For the only account of this 
salt hitherto given we are indebted to Scheele, the disco¬ 

verer of arsenic acid. This acid does not attack silver at 

the common temperature; 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 maybe obtained also by dropping 

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 dissolves silver in a digesting heat, and con¬ 

verts it into chloride, 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.J 
Sp. 9. Arsenite of silver. This salt has been examined 

by Dr. Marcet, in consequence of his application of it as 

a test for the discovery of arsenious acid.§ It may be ob¬ 

tained by dropping nitrate of silver into a solution con¬ 

taining arsenious acid. An orpiment yellow precipitate 

appears, which is the salt in question. After some time it 

becomes brown, and this is the colour which it retains 

* Fourcroy, vi. 323. Scheele, i. 167. f Ibid, p. 169. 
S Mr. Hume first proposed nitrate of silver as a mode of detecting 

small quantities of arsenious acid. But the use of this test was mate¬ 

rially improved by the experiments of Dr. Marcet and Dr. Paris. 
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when dry. It is insoluble in water, but dissolves readily in chap. IL 

diluted nitric acid. If an excess of ammonia be added 

just after its formation, it is re-dissolved. But the dry 

salt is insoluble in ammonia. When heated in a glass tube 

a white smoke evaporates, which condenses on tht sides 

of the tube in minute octahedral crystals of arsen* jus acid, 

while a dark brown mass remains, which is an aisenite. 

Before the blow-pipe upon platinum, and still better upon 
charcoal, the silver is reduced, and the arsenic dissipated.* 

t Sp. 10. Chromate of silver. This salt may be farmed lo, Chre- 

by mixing solutions of chromate of potash and nit’ate of 

silver. The precipitate is reddish brown when the jquids 

are mixed hot; purple red when they are mixed cold, 
and carmine red when the chromate of potash contains an 
excess of acid. It becomes brown when exposed :o the 
light, and is soluble in nitric acid.f 

Sp. 11. Molybdate of silver. When molybdic acid is 

added to a nitrate of silver, a white flaky precipitate falls.f 
Sp. 12. Acetate of silver. Acetic acid has no action 12. Aceiatc 

whatever on silver, but it readily dissolves its oxide, and 

forms with it acetate of silver. It may be formed easly by 

putting acetate of potash into a solution of nitrate of jilver, 
or by saturating hot acetic acid with the oxide of diver. 

On cooling, the solution yields, according to Ma^raff, 

small needle-form crystals of an acrid metallic taste, and 
easily dissolved in water. § When heated, it swels up, 

the acid is dissipated, and the oxide of silver remans be¬ 

hind. 

Sp. 13. Benzoate of silver. Benzoic acid does not attack 

silver, but it dissolves its oxide, and forms with it a salt 
easily soluble in water, but in a very small propoition in 

alcohol. It does not deliquesce in the air; but when ex¬ 

posed to the rays of the sun, it becomes brown. Heat vo¬ 

latilizes the acid and revives the silver, jj ‘ 

Sp. 14. Succinate of silver. The succinic acid does not 14. Sucdr 
aatc. 

* Annals of Philosophy, iii. 236. 

f Vauquelin, Ann. de Chim. Ixx. 70. | Scheele, i. 146. 

§ Opusc, i. 106. This has been denied by Monnet, but found accu¬ 
rate by Kirwan. The saturated solution, filtered while hot, yielded 
him very speedily acicular crystals. Pie supposes that Monnet failed by 

evaporating the solution.—-Kirwan on Mineral Waters, p. 81. 

U Trommsdorf, Ann, die Chim. xi, 313. 
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Book II. act on silver, but it dissolves its oxide, and forms with it a 
Division IL ^viich crystallizes in thin oblong radiated prisms.* 

Sp 15. 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 le formed by pouring oxalic acid into a solution of 

nitratj of silver. 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.t 

16. Tar- Sp. 16. Tartrate of silver. Tartaric acid does not attack 
trate. silver but tartar dissolves its oxide, and forms with it a 

saline mass, which becomes black by exposure to the air.J 

Tartaric acid does not occasion a precipitate in liquid 
nitratJ of silver. 

Sp. 17. Tartrate of potash-and~silver, Thenard has 

showi, that when tartar is poured into liquid nitrate of 

silver, a triple salt is formed, composed of tartaric acid, 

potasi, and oxide of silver. This salt is decomposed by 

the akalies and their carbonates, and by the sulphates and 

murittes.J 

Sp 18. Mellate of silver, Mellitic acid occasions no pre¬ 

cipitate in nitrate of silver. 1| 

19. Citrate. Sp 19. Citrate of silver. Silver is not attacked by the 
citricacid; but its oxide combines with it, and forms with 
it a sdt insoluble in water, of a harsh metallic taste, which 

blackeis when exposed to the light, and yields, when distil¬ 

led, ac3tic acid, while the silver is revived. This salt is de- 

compaed by nitric acid. According to Vauquelin, to whom 

we are indebted for these facts, it is composed of 

36 acid 

64 oxide of silver 

' 100 ** 

Supposing it a compound of 1 atom acid + 1 atom oxide, 
its constituents must be 

* WenzeFs Verv^’and. p. 245. 4 Bergman, i. 386. 
J WenzeFs Verwand. p. 218. ^ Ann. de Chim. xxviii. 36. 

II Klaproth’s Beitrage, iii. 131. ** Fourcroy, vii. 209. 
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Citric acid ...... 33*3 Chap. ii. 

Oxide of silver.., 66*6 

100 

For an atom of citric acid is just half the weight of an 
atom of oxide of silver. 

•Sp. 20. Saclactate of silver, Saclaclic acid occasions a 
white precipitate when dropped into nitrate of silver.* ^ 

Sp. 21. Malate of silver, Scheele ascertained, that malic 
acid occasions a precipitate in nitrate of silver. But the 
nature of that precipitate has not been examined.f 

Sp. 22. Lactate of silver. This salt is obtained by dis-22. Lactate, 

solving carbonate of silver in lactic acid. The solution has 
a greenish-yellow colour, and an unpleasant taste of verdi¬ 
gris. When evaporated in a very flat dish, it dries into a 

greenish-yellow varnish, with a surface splendeat like that 
of a mirror. When evaporated in a deep dish, it becomes 
brown from the reduction of part of the silver. Even in the 
yellow polished matter a portion of| the silver is reduced, as 
becomes evident by dissolving the salt in water.f 

Sp. 23. Zumate of silver, Zumic acid readily dissolves 
oxide of silver when assisted by the application of heat. By 

evaporation, silky, needle-form crystals are formed, col¬ 

lected together in spheres, so that the whole liquid appears 

coagulated. When dried, it has a fine white colour, but 

becomes red by exposure to the light. It is soluble at the 

temperature of 73° in 20 times its weight of water. When 

heated, it melts, swells, becomes brown, catches fire, and 

leaves metallic silver.§ 

Such are the properties of the salts of silver, as far as they 

have been examined. They resemble the salts of mercury 

in being chiefly insoluble in water. The only one of them 

in common use is the nitrate, which is applied to a variety 

of purposes, both in chemistry and domestic economy. 

The composition of the salts of silver is easily ascertained by 

* Scheele, ii. 80. + Crelfs Annals, ii. 11. Eng. Trans. 

+ Berzelius, Djurkemien,ii. 438. 
Braconnot, Ann. de Chim. Ixxxvi. 92. 
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Book II. considering them as compounds of 1 atom oxide of silver 
Division II. j atom of each of the acids. The weight of an atom 

of oxide of silver is 14*75; that of the acids has been given 

in a preceding chapter of this volume. 

SECT. XXV. 

.SALTS OF GOLD. 
/ 

Though gold was tortured with the most persevering 

industry by the alchymists and metallurgists, and has been 

an interesting object of examination to chemists in every 

period of the science, there is no genus of salts with which 
we are at piesent so little acquainted as those which have for 

their bases the oxides of that metal. This is not owing to 

the expense necessarily attending such investigations, but to 

the peculiar properties of gold itself. As that metal is not 

acted on by any of the acids except the nitro-muriatic and 

chlorinQ none of the salts of gold can be formed directly ex¬ 

cept the muriate: all the rest must be composed by precipi¬ 
tating the oxide of gold from its solution in nitro-muriatic 
acid, and afterwards dissolving it in the other acids. But 

this method, which is difficult, was not thought of till the 

nature of the oxides of gold was known; and since that 

point was ascertained, no chemist has considered these salts 
as worth investigating. It is true, indeed, that they do not 
hold out those brilliant discoveries which attract adventurers 

to other parts of the science : yet it must be admitted that 

an accurate examination of the metallic salts requires as 
much address, ingenuity, and sagacity, and would con¬ 

tribute as much to the advancement of the science, as any 

other investigation whatever. It would throw a new light 

on mineralogy, and even on geology; it would enable us 

to develop with more precision the nature of affinity than 

has hitherto been done; and it would serve also as a touch¬ 

stone to try the truth of several chemical theories which are 

at present in vogue. 
There are two oxides of gold known, the purple and the 

yellow ; but as far as is known at present, the first of these 

docs not combine wuth acids at all. Consequently, all the 
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salts of gold are, strictly speaking, persalts; that is, com- Chap. ii. 

posed of gold combined with a maximum of oxygen. We 

are only acquainted at present with two species of these salts, 
namely the muriate and the nitrate. 

The salts of gold may be ascertained by the following 

properties: 

1. They are soluble in water, and the solution has a yellow Characters, 

colour. 

2. Ferrocyanate of potash occasions a white or yellowish- 

white precipitate when poured into these solutions. 

3. Gallic acid or the infusion of nutgalls gives these solu¬ 

tions a green colour, and a brown powder is precipitated^ 

which is gold reduced. 
4. A plate of tin or muriate of tin occasions the precipita¬ 

tion of a purple-coloured powder. 

5. Sulphate of iron precipitates the gold in the metallic 

state. Sulphurous acid produces the same effect. 

The best way of examining the salts of gold would be to 

dissolve the metal in nitro-muriatic acid, to throw down the 
peroxide by means of carbonate of potash and heat, to wash 

this oxide sufficiently, and to dissolve it while still moist in 
the different acids. By this method, the salts of gold could 

be formed, and their properties ascertained. 

Sp. 1. Nitrate of gold. Nitric acid attacks the oxide of i. Nitrate, 

gold only when concentrated. The solution has a brown 

colour, and always contains a great excess of acid. When 

diluted with water, the oxide of gold precipitates. There 

appears to be but little affinity between nitric acid and oxide 

of gold. Hence no doubt the reason why this acid does not 

dissolve gold in the metallic state.* When the solution is 

heated, the gold is precipitated in the metallic state. 

Sp. 2. Sulphate of gold. This salt is obtained by dis- 

solving oxide of gold in warm sulphuric acid diluted with 
water. It has a yellow colour, a very styptic taste, and 

always contains an excess of acid. I do not know whether it 

be capable of crystallizing. 

I am not acquainted with the properties of any of the 

4)ther salts of gold. 

* Vauquelin, Ana de Chim. Ixxvii. 33S. 
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SECT. XXVI. 

SALTS OF PLATINUM. 

As platinum agrees with gold in its power of resisting^ 
all the acids except the nitro-muriatic and chlorine, the 

same obstacles lie in the way of an examination of the salts 

of platinum which have prevented us from getting acquainted 

with the last genus. We need not be surprised, therefore, 

that this genus is scarcely farther advanced than the last. 

Tlie salts of platinum may be distinguished by the follow¬ 

ing properties: 
Characters. 1, Their solution in water has a brown or yellowish- 

brown colour. 

2. Ferrocianate 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 

state of a black powder. 
From the experiments of Mr. Edmund Davy there is 

reason to believe that no confidence can be placed in the 
experiments of Bergman and Chenevix on the salts of 

platinum. The only salts of this metal, therefore, with 

which we are at present acquainted, are the sulphate and the 

triple salts, consisting of the sulphate combined with alka¬ 

line and earthy salts. 

2. Sul- Sp. 1. Sulphate of platimim. This salt was first noticed 
phate. Proust, in 1802,* and it was particularly examined by 

Mr. Edmund Davy, in 1812.f It may be obtained by pass¬ 

ing a current of sulphureted hydrogen gas through the 
solution of platinum in nitro-muriatic acid. A black pre¬ 
cipitate falls, which is to be washed and boiled to diyness 

in nitric acid. It is best to repeat the boiling a second time 

in order to ensure the complete conversion of the powder 
into sulphate of platinum. 

Sulphate of platinum, thus formed, has a very dark- 

* Ann. de Chirn. xHx. 180. 

f Philosopliical Magazine, xl. 350, 

Book n. 
Division II. 



SALTS OF PLATINUM. 657 

brown colour, approaching black. It is obtained in the Chap. II. 

form of a porous crust, similar to the carbonaceous matter 

left when sugar is decomposed by heat. It is very brittle 

and easily reduced to powder. Its lustre is somewhat similar 

to that of crystallized blende. Its taste is acid and metallic, 

with some degree of causticity. It slightly reddens litmus 

paper. It is very deliquescent, and of course very soluble 
in water. It is soluble in alcohol, ether, muriatic acid, 

nitric acid, and phosphoric acid. The alkalies form triple 
compounds with it. Its solution in water has a dark-brown 

colour of great intensity. Sal ammoniac does not occasion 

a precipitate when dropped into it; but, if the solution be 
boiled to dryness, the ammonio-muriate is formed. The 

sulphuric acid cannot be separated from this salt by any of 

the usual methods, in consequence of the disposition which 
the salt has of entering into triple compounds. When 

heated to redness, it is entirely decomposed, aad metallic 

platinum obtained. Oxygen gas, and some sulphurous 
acid gas is obtained, and a liquid similar to the smoking sul¬ 

phuric acid of the Germans. From the analysis of Mr. E, 

Davy, it appears that this sulphate is composed of 

Sulphuric acid.26*3 

Protoxide of platinum.73*7 

100 0 

Now if we consider it as a compound of ] atom sulphuric 
acid H- 1 atom protoxide of platinum, its composition would 

be 
Sulphuric acid.27*58 

Protoxide of platinum..,. 72*42 

100*00 

Numbers wEich approach very near the experimental result 

of Mr. E. Davy. 
Sp. 2. Sulphate of potash-and~platinum. When an aqueous 

solution of sulphate of platinum is neutralized by potash, 

and boiled for a few minutes, a dark-brown substance falls 

and the liquid remains colourless. This precipitate consti¬ 

tutes the salt in question. 

It is a dark-brown or black substance, in grains not unlike 

VOL. ir, 2 u 
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Book jl. those of gunpowder. It has a considerable lustre like that 
Division II. jtg feel is harsh. It is tasteless, insoluble in 

water, not altered by exposure to the air, and not affected 

by boiling nitric acid. It is readily soluble in boiling mu¬ 

riatic acid ; but nitvo-muriatic acid has but little action on 

it. It is insoluble in boiling sulphuric, phosphoric, and 

acetic acids. Ammonia does not act on it. When boiled 
in solution of potash no apparent effect is produced; but if 

the solution be boiled to dryness, and heated, two distinct 

compounds appear to be formed. The one yellow, and the 
other olive. It is insoluble in alcohol and ether. In a red 

heat it is decomposed; oxygen, platinum, and sulphate of 

potash being produced. The constituents of this substance, 
according to the analysis of Mr. E. Davy, are as follows : 

Protoxide of platinum.78*32 
Sulphate of potash. 10*84 

Water.10*84 

100*00 

This must be admitted to be a very extraordinary com¬ 

pound, and seems hardly entitled to the name of a salt. Its 
constituents must be 

6 atoms of protoxide.. 77*97 

1 atom sulphate of potash. 10*89 
10 atoms water...11*14 

100*00 

Sp. 3. Soda-sulphate of platinum. This substance may be 

obtained by the same process as the preceding species, by 

merely substituting soda for potash. Its properties are 
quite similar, and, therefore, do not require a particular 

description. Its constituents, according to the analysis of 
Mr. E. Davy, are as follows : * 

Protoxide of platinum ..... 84*16 
Sulphate of soda. 7*11 

Water. 8*73 

100*00 

Hence it must be a compound of 

1 
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S atoms protoxide....... 83^83 Chap. ii. 
1 atom sulphate of soda .. 7*18 

10 atoms water. 8*99 

100*00 

Sp. 4. Ammonio-sulphate of platinum. . This species is 
formed like the two preceding, by neutralizing an aqueous 
solution of sulphate of platinum with ammonia, and boiling 
for a few minutes. The substance in question precipitates, 
and may be washed and dried. 

It has a light-brown colour, and is in powder or loosely 
aggregated lumps. Jt is tasteless, insoluble in water, and 
not altered by exposure to the air. It dissolves in muriatic 
acid, and in sulphuric acid when assisted by heat. When 
nitric acid is boiled upon it, the substance is decomposed, 
and a black matter remains. It is insoluble in acetic acid, 
and very slightly soluble in phosphoric acid. It is decom¬ 
posed by being boiled in a solution of the fixed alkalies. 
When heated, it is decomposed with a kind of imperfect 
detonation. Mr. E. Davy did not analyse it with precision, 
but infers, from an experiment, that its consituents are 

Oxide of platinum .. 70 
Sulphate of ammonia and water ... 30 

100 

Sp. 5. Sulphate of barytes-and-platinum. When a solu¬ 
tion of muriate of barytes is poured into aqueous sulphate 
of platinum, a brown precipitate falls, which is the substance 
in question. It is tasteless, insoluble in water, and in boil¬ 
ing muriatic and nitric acids. Warm nitro-muriatic acid 
dissolves it, and so does sulphuric acid at a boiling tempe¬ 
rature. It is not decomposed by the alkalies. When 
heated to redness, it gives out only water; no gas whatever 
is evolved. Mr. E. Davy, to whom we are indebted for 
these facts, did not analyse this compound. 

Sp. 6. Sulphate of alumina-and-platvnum. When muriate 
of alumina is poured into sulphate of platinum a gelatinous 
brown precipitate falls, which is the salt in question. It is 
a black shining powder, insoluble in water, and not altered 
by exposure to the air. It is insoluble in the cold mineral 
acids, and only slightly acted on by these acids at a boiling 

2\J 2 
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Characters. 

1, Nitrate. 

temperature. When heated to redness, it gives out merely 
water, and becomes lighter coloured. It contains at least 

27 per cent, of water; but Mr. E. Davy, to whom we are 

indebted for the preceding facts, did not analyse it. 

None of the other salts of platinum have been hitherto 

examined. 

SECT. XXVII. 

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 ex¬ 
pected. To Dr. Wollaston and Mr. Chenevix we are in¬ 

debted for all the facts respecting them hitherto published. 

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. Ferrocyanate of potash occasions an olive, or rather a 

dirty yellowish brown precipitate. 
3. Hyd rosulphuret of potash occasions a blackish-brown 

precipitate. 

4*. The alkalies occasion an orange-coloured precipitate. 

5. Mercury and sulphate of iron throw down the palla¬ 
dium in the metallic state. 

6. Muriate of tin renders the solution opaque by throw¬ 

ing down a brown precipitate; but if the solution be suffi¬ 

ciently diluted, it assumes a fine emerald green colour. 

Neither nitrate of potash nor sal ammoniac occasions any 
precipitate. 

Sp. 1. Nitrate of palladium. When palladium is put 

into a strong colourless nitric acid, the liquid gradually 
acquires a red colour; but the action of the acid is ex¬ 

tremely slow, no nitrous gas whatever being extricated. 

This fact, hitherto unique in the history of the action of 

metals on nitric acid, explains in some measure the slow¬ 

ness of the action of the acid; and that circulation of the 
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fluid which takes place during the solution of other metals Chap. ii. 

is wanting. When the acid contains nitrous gas the action 
is more rapid.* The nitrate of palladium, thus formed, is 
of a dark red colour; by evaporation it yields a red matter, 
which is probably in the state of a subnitrate. 

Sp. 2. Muriate of palladium. Muriatic acid acts slowly 2. Muriate, 

upon palladium when assisted by heat, and assumes a fine 
red colour; but the true solvent of this metal is nitro-mu- 
riatic acid, which attacks it with great violence, and forms 
a beautiful red solution.f The properties of the salt thus 
formed have not been examined. 

Sp. 3. Sulphate of palladium. Sulphuric acid boiled s. Sul- 

upon palladium acquires a beautiful red colour, and dis- 
solves a portion of the substance; but the action of this 
acid is not very powerful.f The properties of the salt 
thus formed have not been examined. 

Sp. 4. Muriate of palladium-and-soda. When a solution 
of common salt or of soda is poured into muriate of palla¬ 
dium, no precipitate is separated, 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 pla¬ 
tinum; for this last salt forms permanent crystals. § 

Sp. 5. Muriate of palladium-and-potash. When nitrate 
of potash is dissolved in muriatic acid, a liquid is formed, 
w hich acts readily upon palladium, but not upon platinum; 
because the muriate of platinum-and-potash is scarcely so¬ 
luble in water, whereas the muriate of 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, w’^as 5 parts of acid diluted with its bulk of 
water and 1 part of nitre. The solution of palladium thus 
formed, which is of a deep red, by evaporation yields crys¬ 
tals of muriate of palladium-and-potash. They are very 
soluble in water, but insoluble in alcohol. 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; 

* Wollaston on the Discovery of Palladium, Phil. Trans. 1805. 
+ Chenevix on Palladium, Phil. Trans. 1803. Chenevix. ibid. 
§ Wollaston on a New Metal found in Crude Platinas Phik Trans. 

1804. 

5 
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7 Ferro- 
cyanate. 

but when viewed in the direction of their axes, their colour 

is the same as that of the solution : on account of its ex¬ 

treme intensity, however, this colour is with difficulty dis¬ 

tinguished in fragments that exceed i^^ch in 

thickness. When the crystal is viewed obliquely it is of a 

dull brown, arising from a mixture of the red and green.* 

Sp. 6. Muriate 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. ‘ 

Sp. 7. Ferrocyanate of palladium. When prussiate of mer¬ 

cury is poured into any neutral solution containing palla¬ 

dium, a flocculent precipitate of a pale yellow colour is 

gradually thrown down. This precipitate is prussiate of 
palladium. It is insoluble 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 

precipitate thus formed has the property of detonating when 

heated. The noise is similar to that occasioned by firing 

an equal quantity of gunpowder, and accordingly the ex¬ 

plosion is attended with no marks of violence unless occa¬ 

sioned by close confinement. The heat requisite for the 

purpose is barely sufficient to melt bismuth. The light pro¬ 

duced is feeble, and can be seen only in the absence of all 
other light.f 

SECT. XXVIII. 

SALTS OF RHODIUM. 

The properties of the salts belonging to this genus are 

too imperfectly known to admit of a detailed description. 
Dr. Wollaston examined them, only so far as to show that 

their base is the oxide of a peculiar metal. A few additional 

* Wollaston on a New Metal from Crude Platlna. 

t Wollaston on the Discovery of Palladium. 
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facts have been stated by Berzelius. They may be distin* Chap. ii. 

guished by the following properties : 
1. The solution of them in water is red. Characters. 

2. Ferrocyanate of potash occasions no precipitate. 

3. Neither is any precipitate produced by hydrosulphuret 
of potash. 

4. Neither sal ammoniac nor the alkaline carbonates oc¬ 
casion 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 dis- Nitrate, 

solved 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 crys¬ 
tallize; but the residuum is soluble in alcohol. Sal ammo¬ 

niac, 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 angle is about 75°. They have a very 
dark red colour, are not altered by exposure to the air. 

They dissolve readily in I4- part of water, but not in al¬ 

cohol. 

Sp. 4. Sulphate of rhodium. When hydrosulphuret of 4. Sul~ 

ammonia is mixed with soda-muriate of rhodium and heat 
applied a sulphuret of rhodium precipitates. When this 

sulphuret is treated with fuming nitric acid it is converted 

into persulphate of rhodium, part of which dissolves in the 

acid, and another portion remains in the state of a black 

powder. When the whole nitric acid is driven off, the per¬ 
sulphate of rhodium remains behind. It deliquesces in the 

air and assumes a red colour. When dissolved in water 
and evaporated to dryness, it does not become black as at 

first, but a syrupy matter of an orange colour which swells 
up in a greater heat and becomes spongy like calcined , 
alum. In that state it dissolves slowly in water, and after 

two or three days is entirely dissolved in that liquid if left 

in contact with it. Caustic potash precipitates from it a 

pale yellow substance, which appears to be a triple subsul¬ 
phate. 

When exposed to a cherry-red heat sulphuric acid and 

■*1 
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Book If. oxygen gas are disengaged, leaving behind a black insoluble 
Divisum H. powder. This powder according to Berzelius, is a proto¬ 

sulphate of rhodium.* 

SECT. XXIX. 

SALTS OF IRIDIUM. 

This genus of salts is still less known than the former. 

We are indebted to the French chemists, and to Mr. Ten¬ 

nant, for all the facts hitherto detailed. 

Characters. L The salts of iridium appear to be soluble in water, and 

to have a colour at first green, but which changes to red by 
concentrating the solution in an open vessel. 

2. Neither Ferrocyanate of potash nor the infusion of 

nutgalls occasions any precipitate, but both render the so¬ 
lution colourless. 

3. They appear to be partially precipitated by sal ammo¬ 

niac ; since Descotils has shown that the red colour which 

the muriate of platinum-and-ammonia sometimes assumes, 
is to be ascribed to to the presence of iridium. 

The only salt of iridium hitherto examined is the mu¬ 

riate. T he solution of iridium in muriatic acid by slow 

evaporation yielded an imperfectly crystallized mass, which 

being dried on blotting paper and re-dissolved, formed by 

evaporation octahedral crystals of a red colour. These 

crystals dissolved in water, and formed a deep red solution 

inclining to orange. 

' SECT. XXX. 

SALTS OF TELLURIUM. 

The oxide of tellurium stands as it were intermediate be¬ 

tween the acids and the salifiable bases. It is capable, like 
acids of combining with salifiable bases, and forming with 

them neutral salts. It is capable likewise of combining with 

* Berzelius, Annals of Philosophy, iii. 256. 
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acids as the salifiable bases do, and of forming with them Chap. Ii. 

neutral salts. We have therefore two genera of salts of 
tellurium. 1, Salts in which the oxide of tellurium acts 

the part of an acid. 2. Salts in which the oxide of tellu¬ 

rium acts the part of a base. I shall describe these two 

genera separately, after giving the characters by which the 
salts of tellurium may be recognised. 

The salts of tellurium may be distinguished by the follow- Characters, 

ing properties: 

1. Alkalies, when dropped into their solution, occasion a 

white precipitate, which disappears again if the alkali be 
added in excess. 

2. Ferrocyanate of potash occasions no precipitate, 
3. Hydrosulphuret of potash occasions a brown or black¬ 

ish precipitate. 
4. The infusion of nutgalls occasions a flaky precipitate 

of a yellow colour. 

5. Zinc, iron, and antimony, when plunged into these so¬ 

lutions, occasion the tellurium to separate in the state of a 
black powder, which resumes its metallic brilliancy when 

rubbed.* 

GENUS I. SALTS IN WHICH THE OXIDE OF TELLURIUM 

ACTS THE PART OF AN ACID. 

These salts have been hitherto examined only by Berze¬ 
lius, and his examination was but imperfect, owing to the 

small quantity of tellurium in his possession. The following 

are the facts which he ascertained: 

1. Tellurate of ammonia* When oxide of tellurium is di¬ 

gested in ammonia it dissolves. As the solution cools it 

deposites a white powder, which is tellurate of ammonia.f 
2. Tellurate of potash. If oxide of tellurium be mixed 

with nitre, and the mixture be exposed to heat, the nitre 

at first melts without acting on the oxide. But at the tem¬ 

perature in which the oxide begins to liquify, it decomposes 

the saltpetre with a violent effervescence, the nitric acid is 

driven off, and the oxide dissolves in the potash. The mass 
when cold very much resembles an enamel. It dissolves in 

boiling water and the solution on cooling deposites an im- 

* Klaproth^s Beitrage, hi. 1; and Crell’s Annals, 1798, i. 98<, 

f Berzelius, Nicholson’s Journal, xxxvi. 131, 
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Book II. perfectly caystallized white powder. This is tellurate of 
Divismn II. pQ|-gg|j^ j|- dissolves in small quantity in cold water and in 

much greater proportion in boiling water. The hot solu¬ 

tion deposites the salt in powder on cooling. It has a slight 

metallic taste and acts feebly as an alkali on vegetable blues.’^ 
3 and 4. Tellurate of lime and barytes. White powders 

formed by dropping tellurate of potash into muriate of lime 
or of barytes.f 

5. Tellurate of copper. Tellurate of potash occasions a 

beautiful emerald-green precipitate when dropped into sul¬ 

phate of copper. This precipitate is tellurate of copper. 

When heated it gives out water and becomes black. When 
more strongly heated it melts into a black glass. When 

heated on red-hot charcoal it is reduced with detonation like 

nitre and leaves an alloy of tellurium and copper of a pale 

red colour.!: 

6. Remaining tellurates. Tellurate of potash precipitates 
persulphate of iron red^ and solutions of zinc, mercury, lead, 
silver, and manganese white.^ 

Tellurate of lead is a whitish powder. When heated it 
loses its water of combination, and becomes yellow. In a 
little higher temperature it fuses and forms a semitranspa¬ 
rent mass similar to chloride of lead. This tellurate accord¬ 
ing to the experiments of Berzelius is composed of 

Oxide of tellurium.42*2 

Protoxide of lead ...... 57*8 

100*0 II 

If we suppose it a compound of 2 atoms oxide of tellurium 

and 1 atom of protoxide of lead, its composition will be 

Oxide of tellurium .... 41*66 

Protoxide of lead ..... 58*33 

100*00 
The salt of course is a bitellurate. 

GENUS II.— SALTS WnTH BASE OF TELLURIUM. 

Berzelius found that' oxide of tellurium combines with 
sulphuric, muriatic, and nitric acids, and formed with 

* Berzelius, Nicholson’s Journal, xxxvi. 130. f Ibid. p. 131. 
t Ibid. p. 131. § Ibid. p. 131. jj Ibid. p. 132. 
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them neutral salts.* The following are the facts which 

have been ascertained respecting the action of these acids 
on tellurium. 

1. Nitrate of tellurium. Nitric acid dissolves tellurium 

with facility. The solution is colourless, and not rendered 

turbid by water. It yields, when concentrated, small, 

j white, light, needle-formed dendritical crystals.f 

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 re-dissolved on adding 
more water. When the solution is precipitated by alcohol, 

and sufficiently washed, the white powder contains but a 
very small proportion of acid, f 

3. Sulphate of tellurium. When one part of tellurium 

is confined with 100 parts of sulphuric acid in a close 

vessel, it dissolves and gives the acid a crimson colour. 
When water is dropped into the acid, the red colour dis¬ 

appears, and the metal is precipitated in black flakes. 

When heated, the colour equally disappears, and the metal 
precipitates in the state of a white powder. Diluted sul¬ 

phuric acid, mixed with a little nitric acid, dissolves a con¬ 

siderable portion of tellurium, the solution is colourless, 
and no precipitate is produced in it by water. § 

SECT. XXXI. 

SALTS OF ANTIMONY. 

The protoxide of antimony is capable of uniting with 

acids and forming salts; while its deutoxide and peroxide 

possess acid properties. Hence the salts of antimony 
might be divided into three genera, corresponding to the 

three oxides which the metal forms. But I thought it 

better to describe the antimmiiates and antimonites while 

treating of the different bases with which antimonious and 

* Berzelius, Nicholson’s Journal, xxxvi. 130. 

f Crell’s Annals, 1798, i. 98. J Klaproth’s Beitrage, iii. 13. 
§ Crell’s Annals, 1798, i. 98. 
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Characters. 

Tartar 
emetic. 

History, 

and antimonic acid combine. Mere therefore I have only 

to describe the few known salts that contain protoxide of 

antimony. 
Antimonial salts may be distinguished by the following 

properties: 
1. Their solutions are usually of a brownish yellow 

colour, and in most cases a white precipitate falls when 

they are diluted with water. 
Ferrocyanate of potash occasions a white precipitate 

when dropped into these solutions. This precipitate is 

merely the oxide of the metal precipitated by the water of 

the ferrocyanate. When applied sufficiently concentrated, 

or in crystals, no precipitation takes place. In this pro¬ 

perty antimony agrees with platinum.* 
3. Hydrosulphuret of potash occasions an orange-co¬ 

loured precipitate. 
4. Gallic acid and the infusion of nutgalls occasion a 

white precipitate, which is merely the oxide of th^ 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 abun¬ 

dance, and very speedily when there is an excess of acid, 

and the solution is not too much concentrated. 

Neither nitric, sulphuric, phosphoric, or carbonic acid 

form salts with protoxide of antimony, at least we are not 
acquainted at present with any such combinations. The 

most important, and indeed the only well known antirao- 

nial salt, is the following: 

Sp. 1. Tartrate ofpotash-and-antimony. This salt, usually 

denominated tartar emetic^ is much more employed in this 

country as a medicine than all the other antimonial prepa¬ 

rations put together. It was first made known by Adrian 

de Mynsicht in his Thesaurus Medico-Chymicas, published 

in 1631. But the preparation was in all probability sug¬ 

gested by a treatise, entitled Methodus in Pulverem, pub¬ 

lished in Italy in 1620. This book, written by Dr. Cor- 

nachinus, 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 consequence of the wonderful cures which it had per- 

* Klaproth, CreEs Auiials, 1798, i. 99. 
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formed. This powder was composed of scammony, sul- Chap. ii. 

phuret of antimony, and tartar, triturated together. The 

extraordinary effects which it produced would naturally 

draw the attention of chemists to the combination of anti- 
monial preparations with tartar. 

Tartar emetic was first prepared by boiling together Prepara- 

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 substituted for 

the crocus. But it would be needless to enumerate the 
various methods which have been adopted according to the 

fancy of different operators. These methods have been 

collected by Bergman, and are described by him in his 
treatise on Antimoniated Tartar^ The processes followed 
in London may be seen in Mr. Philips’ Experimental Ex^ 
animation of the Pharmacopcea Londmensis, p. 58. 

At present the glass of antimony, or the protoxide of 
antimony, are usually employed. Either of these is mixed 

with its own weight of tartar, and the mixture boiled in 

ten or twelve parts of water, till the tartar be saturated. 
The solution is then filtered and evaporated till a pellicle 
forms on its surface. On cooling it deposites regular 

crystals of tartar emetic. Then arc! has observed, that 

there always remains in the solution a quantity of uncom¬ 

bined tartrate of potash ; it ought not therefore to be eva¬ 

porated too far, otherwise the crystals of that salt will mix 

with those of the tartar emetic.^ 

Tartar emetic is of a white colour, and crystallizes in properties, 

regular tetrahedrons. When exposed to the air, it gra¬ 

dually loses its transparency and effloresces. It is soluble 

in 14^ parts of cold water, and in about two parts of boil¬ 

ing water. 5 Heat decomposes it by destroying the acid, 

while the potash and oxide of antimony remain behind. 
It is decomposed by the alkaline earths, by the alkalies and 

their carbonates, and by the hydrosulphurets, and several 

of the metals. It is decomposed also by the decoctions of 

planes, particularly those that are astringent and bitter, as 

* An impure hydrosulpburet, formed by detonating in a crucible equal 

weights of sulpburet of antimony and nitre, and washing the residuum 

in water till the liquid comes off tasteless* * * § 
f Opusc. i. 383. X Ann. de Chira. xxxviii. 39. 
§ Backhal, Ann. de Chim xlix. 70. 
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Book II. Peruvian bark, &c. Consequently it never ought to be 
Divismn II. conjunction with any of these .bodies. 

Mr. Philips informs us that 100 parts of tartar are ca¬ 

pable of dissolving 66 parts of protoxide of antimony. 
From this statement, compared v/ith my analysis of tartar, 

it follows that tartar emetic is a compound of 

Tartaric acid.44*21 

Protoxide of antimony.. 39*76 

Potash. 16*03 

100*00 

Kow if we suppose the salt a compound of 2 atoms 

tartaric acid, 2 atoms protoxide of antimony, and 1 atom 
of potash, its composition will be 

Tartaric acid  .46*53 
Protoxide of antimony .. 36*81 

Potash. 16*66 

100*00 

The salt therefore seems to be a compound of 1 atom of 

tartrate of potash, and 1 atom of subtartrate of antimony. 

I conceive it to be worth while to state the following facts 
respecting the action of the vegetable acids on antimony, 

though some of them would require to be re-examined, 

pther salts. Sp. 2. Acetate of antimony. Acetic acid has little or no 
action on antimony; but it dissolves a small portion of its 
oxide, as Morveau has shown, and the solution, according 

to Wenzel, yields small crystals.^ This salt is soluble in 

water, and was employed by Angelas Sala and some sub¬ 
sequent physicians as an emetic.f 

Sp. 3. Succinate 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. 4. Benzoate of antimony. Benzoic acid readily dis¬ 

solves the oxide of antimony, and the solution yields crys¬ 
tals, which remain dry when exposed to the air, and are 
decomposed by heat.ij: 

Sp. 5. Oxalate of antimony. Oxalic acid scarcely attacks 

* Vervvandtschaft, p. 158. f Encyc. Method. Chim. i. 6. 
t Trommsdorf, Ann. de Chim. xi. 317. 
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antimony; but it dissolves a small portion of its oxide. 

The solution yields by evaporation small crystalline grains 
difficultly soluble in water. The same salt is precipitated 

by adding oxalic acid to the solution of antimony in acetic 

or sulphuric acid ; but oxalic acid occasions no precipitate 

in butter of antimony.^ 
Sp. 6. 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.f 

Chap. 11. 

SECT. XXXII. 

SALTS OF TITANIUM. 

For all that is at present known respecting this genus of 

salts we are indebted to the experiments of Gregor, Klap¬ 

roth, Vauquelin and Hecht. The salts of titanium may 
be distinguished by the following properties : 

1. They are in general colourless, and in some degree Characters, 

soluble in water. 

! 2. The alkaline carbonates occasion in these solutions a 
1 

I white flaky precipitate. 

3. Ferrocyanate of potash occasions a grass-green pre- 

i| cipitate mixed with brown. When an alkali is dropped in 
after the ferrocyanate, the precipitate becomes purple, then 

i blue, and at last wffiite. 
! 4. Hydrosulphuret of potash occasions a dirty glass- 

I green precipitate. »Sulphureted hydrogen gas occasions no 

[ precipitate. 
5. The infusion of nutgalls occasions a very bulky red- 

ij dish-brown precipitate. If the solution is concentrated, it 

;; assumes the appearance of curdled blood. 

6. When a rod of tin is plunged into a solution of tita- 

I nium, the liquid around it gradually assumes a fine red 

> colour. A rod of zinc, on the other hand, occasions a 

» deep blue colour.J 

Sp. 1. Nitric acid has no action on the red oxide of tita- Nitrate. 

^ nium, and scarcely any upon the metal; but it dissolves the 

* Bergman, i. 271. t Ibid. % Klaproth's Beitrage, i, 233, 
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Book 11. carbonate, provided heat be applied; and the solution 
Division II. yje](Js^ j3y evaporation, transparent crystals, in the form of 

elongated rhombs, having two opposite angles truncated, 
so as to represent six-sided tables. According to Vauquelin 
and Hecht, this solution only succeeds when the metal is 

combined with a minimum of oxygen. 

Muriate. Sp. 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, according to 
Klaproth, yields transparent cubic crystals. According to 

Vauquelin and Hecht, the solution is yellow, and assumes 

the form of a jelly when evaporated. Heat occasions 
the emission of chlorine, and the oxide precipitates, 
and is no longer soluble in muriatic acid, unless it be 
boiled in nitric acid. Hence they conclude, that the 
muriate contains titanium combined with a maximum of 

oxygen, and that the protoxide is incapable of uniting with 
muriatic acid. 

Sulphate. Sp. 3. Boiling sulphuric acid oxidizes titanium, and dis¬ 

solves a small portion of it; but on the red oxide of titanium 

that acid has no action whatever. It dissolves the carbon¬ 

ate of that metal with effervescence, occasioned by the 
emission of carbonic acid. The solution, when evaporated, 

is converted into a white opaque gelatinous mass. 

Sp. 4 and 5. When the phosphoric or arsenic acid is drop¬ 

ped into the solution of titanium in acids, it occasions a 
white precipitate. 

Carbonate. Sp. 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 sufficiently with water, 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 com¬ 
posed of 

75 white oxide 

25 carbonic acid < 

100 

Sp. 7 and 8. Oxalic and tartaric acids likewise occasion a 

w’hite precipitate, but it is redissolved again almost as soon 

as formed."*^ 

* Jour, de Min. No. xv. p. 1. 
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CHAR IIL 

OF HYDROSULPHURETS. 

SuLPHURETED hydrogen possesses the characters of an 

acid, as was first shown by Mr. Kirwan, and afterwards 

more fully by Berthollet. The Germans in consequence have 

given it the name of hydrothionic acidy^ and Gay-Lussac 

calls it hydrosulphuric acid.f But as these new terms, espe¬ 

cially the last, are likely to lead to confusion, I shall still 

retain the old name, which is precise, and cannot mislead. 
Water saturated with this gas becomes whitish and de- 

posites a little sulphur, but the gas is not decomposed. 
The addition of sulphurous acid immediately throws down 

abundance of sulphur. So does nitric acid and chlorine. 
Sulphureted hydrogen gas precipitates the metals which 

have but a weak affinity for oxygen from all their acid so¬ 

lutions in the state of sulphurets. But the metals which 

have a strong affinity for oxygen, and are capable of de¬ 

composing water, namely, 

1. Iron, 2. Nickel, 3. Cobalt, 

4. Manganese, 5. Uranium, 6. Cerium, 

7. Titanium. 

are not precipitated when held in solution by the strong 
mineral acids. But they are imperfectly precipitated, as 

Gay-Lussac has shown, when they are held in solution by 

: acetic acid, or any other vegetable acid, and the precipi- 

I tation becomes complete when acetate of potash is at the 
: same time added to the solution.^ 

The metallic solutions differ considerably in the facility 

' with which they afford precipitates with sulphureted hydro- 

! gen; and Mr. Proust has shown that, v/ith a little address, 

i metals may, in many cases, be separated from each other 

* From hydrogen, and Seto-, sulphur. 

f Tills is the name by which Sir H. Davy distinguishes common sul- 

; phuric acid of the shops. But such a distinction is surely unnecessary, 

as every body is aware of the presence of water in that body. Were 

i Sir Humphry’s method to be followed out, we should say hydroalcohol, 

\ hydrosulphate of soda, hydrosoap, hydrosugar: in short we should 

lengthen out nine-tenths of all chemical names by prefixing to them the 

two syllables hydro. 

J -Ann de Chim. Ixxx. 205. 

VOL. II. 2 X 

Chap. III. 
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Book II. by means of this agent. For instance, if copper, lead, 
Division II. 2inc, and iron, be held in solution together in nitric acid, 

sulphiircted 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; while the iron still 

continues in solution.^ The different metals may be dis¬ 

tinguished by the colour of the precipitate which their so¬ 
lutions yield with sulphureted hydrogen. The colours of 

these different precipitates may be seen in the following 

table: 
Gold and Platinum. 
Silver. 

Mercury. 

Palladium. 
Copper. 

Tin. 

' Lead. 

Zinc. .White 
Bismuth. 

Antimony ... 
O 

Arsenic. 
Molybdenum. 

Supersul- Sulphureted hydrogen has the property of combinin 

hydrogen sulphur, and of forming a compound which has the 
appearance of a yellow oil. It was first observed by 

Scheele; f and Berthollet,J who first examined its nature, 
has given it the name of Imjdrogureted sulphur. 

When liquid potash and sulphur are boiled together, a 

brown-coloured solution is obtained, formerly known by 

the name of liquid hepar sulphuris. If this liquid be poured 
by little and little into muriatic acid, scarcely any sulphu- 

reted hydrogen gas is exhaled, but hydrogureted sulphur 

gradually precipitates to the bottom of the vessel, under 

the form of a yellowish brown oil. This substance, when 
heated, easily allows the sulphureted hydrogen gas to exhale, 

and is converted into sulphur. The same change takes 
place when it is exposed to the open air. 

The easiest method of procuring this substance, accord¬ 

ing to Proust, is to pour into a phial about -^d of its capa- 

*■ Jour, de Phys. 11. 174. f Scheele on Fire, p. 192. Eng, Trans. 

I Ami. de Chim. xxv. 247. 
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city of muriatic acid, of the specific gravity I'O?, add Chap. III. 
about an equal bulk of the liquid hepar, cork the phial and 

shake it, the hydrogureted sulphur gradually separates.* 

Sulphureted hydrogen is a compound of 1 atom hydro¬ 

gen and 1 atom sulphur. Hydrogureted sulphur has not 

been analysed; but it is probably a compound of 1 atom 

hydrogen, and 2 atoms sulphur. The compounds formed 

by the union of sulphureted hydrogen and bases, have 

been called kydrosulphuretSi\ those of hydrogureted sul¬ 

phur and bases have been called hydrogureted sulpkurets» 
I shall describe both of these compounds in this chapter, 

as far as our imperfect knowledge of the subject will permit. 

SECT. I. 

or HYDROSULRHURETS. 

Sulphureted hydrogen combines with alkalies and 

earths, and forms with them compounds which may be dis¬ 
tinguished by the following properties: 

1. They are all soluble in water, and the solution is co- Properties. 
lourless. 

2. When the solution is exposed to the air, it becomes 
green or greenish yellow. 

3. After long exposure to the air, the solution becomes 
limpid and colourless; and on examination is found to 

contain only the sulphite and hyposulphite 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 sul- 

phureted hydrogen gas to pass through them till they refuse 

* Jour, de Phys. lix. 270. 

f Gay-Lussac calls them hydromlphates, 

J When the hydrosulphurets are kept in glass phials, the inside of 
the vessel is gradually coated with a black crust. This, as I am in¬ 

formed by Dr. Henry, consists of a portion of the lead from the glass^ 
reduced to the metallic state, and combined with sulphur, 

2x2 
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Book II. to absord any more. The excess of the gas is driven off by 
Divts^n ii. 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, muriatic 

acid, or any other acid which does not act upon hydrogen, 
the sulphureted hydrogen gas exhales without the deposi¬ 

tion of a single particle of sulphur; but if the hydrosul- 
phuret has become yellow, some sulphur is always depo¬ 

sited during its decomposition, and the quantity 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 com¬ 

mencement of decomposition. Part of the hydrogen of 

the sulphureted hydrogen abandons the sulphur, combines 

with the oxygen of the atmosphere, and forms water. By 

degrees, however, a portion of the sulphur is also con¬ 

verted into an acid; and when the proportion of sulphu¬ 
reted hydrogen is diminished, and that of the sulphur in¬ 

creased to a certain point, the sulphur and the hydrogen 

combine equally with oxygen. 

If sulphuric or muriatic acids be poui’ed upon a hydro- 

sulphuret 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 sulphurous acid is 

disengaged. It is therefore sulphurous, and not sulphuric 

acid, which is formed while the hydrosulphuret spontane¬ 

ously absorbs oxygen. This acid however, is not percep¬ 

tible till after a certain interval of time, when separated 
from the hydrosulphuret by means of an acid ; because as 

long as it meets with sulphureted hydrogen a reciprocal 

decomposition takes place. The oxygen of the acid com¬ 
bines with the hydrogen of the gas, and the sulphur of 
both is precipitated. 

i.Ammo- Sp. 1. Hydrosidphuret of ammoiila. This compound is 

easily procured by passing a current of sulphureted hydro¬ 
gen through liquid ammonia. The solution very readily 

assumes a greenish-yellow colour. When equal parts of 
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lime, sal ammoniac, and sulphur, are distilled in a retort, a 

yellow liquid is obtained, usually distinguished by the name 
offuming liquor of Boyle^ because first prepared by that 
philosopher. This liquid constantly emits white fumes, and 
has a strong ammoniacal and fetid odour. Berthollet 

ascertained that it owed its property of emitting fumes to a 

quantity of uncombined alkali. It consists chiefly of hydro- 

sulphuret of ammonia holding an excess of sulphur. This 

liquid gradually loses the property of fuming, and deposites 

likewise its excess of sulphur. It is then a hydrosulphuret 
of ammonia nearly pure. 

Pure hydrosulphuret of ammonia may be obtained by 
causing sulphureted hydrogen gas and ammoniacal gas to 

pass into a bottle surrounded with ice. It crystallizes in 
needles, and is transparent and colourless. It is very vola¬ 

tile, and, when kept in a bottle, sublimes gradually to the 

top of the vessel, where it crystallizes in long transparent 
plates. By this spontaneous volatilization, it is easily freed 

from any impurities with which it may be mixed. When 

exposed to the air, it speedily becomes yellow.^ If we sup¬ 
pose hydrosulphuret of ammonia, as is probable, composed 
of 1 atom sulphureted hydrogen and 1 atom ammonia, its 

constituents will be 

Sulphureted hydrogen,.. 2*125.50 

Ammonia..2*125.50 

100 

An integrant particle of it will weigh 4*25, and will 

contain 6 atoms 5 4 of hydrogen, 1 of sulphur, and 1 of 

azote. 
Sp. 2. Hydrosulphuret of potash. This compound may 

^ be procured by saturating potash with sulphureted hydro- 

■ gen; but it is formed also during the solution of siilphuret 
of potash, and may be obtained by evaporation. Its proper¬ 

ties have been described by Mr. Vauquelin. It is trans¬ 

parent and colourless, and crystallizes in large prismatic 

i crystals, not unlike sulphate of soda. They are usually 

four-sided, and terminated by four-sided pyramids. Some- 

I * Thenard, Ann. de Chim. Ixxxni. 134. 
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8. Of soda. 

Book II. times both the prisms and terminating p5^ranuds are six- 

Dtvision II. j^g taste is alkaline and extremely bitter. When 

exposed 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 permanent, 

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 dissolve both in water and 

alcohol; and during the solution the temperature of the 

liquid sinks considerably. Acids drive off the sulphureted 

hydrogen with a violent effervescence, and no sulphur is 

deposited. When thrown into sulphate of alumina, crystals 

of alum are soon deposited. This salt, like the other hydro- 
sulphurets, precipitates all metals from their solutions.^ 

Sp. 3. Hydro sulphur et of soda. This compound may be 
prepared by the same processes as the last. It is the best 

known of all the hydrosulphurets, 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 crystallized. Having laid aside a concentrated solution 

of impure carbonate of soda t to crystallize, crystals of hy- 
drosulphuret of soda formed in it spontaneously. The 
crystals of this hydrosulphuret are transparent and colour¬ 

less, having the figure of four-sided prisms terminated by 

quadrangular pyramids, and sometimes of octahedrons. Its 
taste is alkaline and intensely bitter. It is very soluble both 

in water and alcohol; and during the solution cold is pro¬ 

duced. When exposed to the air it deliquesces, and 

assumes a green colour. Acids decompose it, driving off 

the sulphureted hydrogen. Its other properties are common 

to the hydrosulphurets. f 
Hydrosul- Though sulphureted hydrogen and sulphurous acid mutu- 

sulphke^of decompose each other when both are uncombined, this 
soda, 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 of soda, the smell of the 

Vauquelin, Ann. de Chim. xlii. 40. 

t 1 Ins carbonote had been procured by decomposing sulphate of soda 

by charcoal, and separating the sulphur by means of lime, 

t Vauquelin, Ann, de Chim, xli. 190. 
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gas IS destroyed, and by evaporation a salt is obtained which Chap. III. 

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 detailed. This salt is white and transparent, crystal¬ 
lizes 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 becomes 

again solid, gives out sulphur, and the residue assumes a 

deep red colour. No gas is disengaged.* 

Sp. 4. Hydrosulphuret of lime. This compound is easily 

prepared by passing sulphureted hydrogen gas through lime 
suspended in water. The lime dissolves and the hydrosul¬ 
phuret forms. The solution is colourless, and has an acrid 

and bitter taste. Its properties are analogous to the other 
hydrosulphurets. No attempts have been yet made to 

procure this compound in crystals. 
Sp. 5. Hydro snip Imret of barytes. When sulphate of 5. Ofbary- 

barytes is converted into sulphuret, by mixing it with 

charcoal and keeping it red-hot in a crucible, if boiliog 

water be poured upon the black mass, and filtered while hot, 

the green-coloured solution thus obtained yields by evapo¬ 

ration a great number of crystals. These crystals are hydro¬ 

sulphuret of barytes. They are to be separated immediately 

by filtration, and dried between the folds of filtering paper, f 

They are white, and have a silky lustre. They have usually 

the form of scales, whose shape cannot be easily ascertained. 

This compound is soluble in water, and the solution has a 

very slight tinge of green. Its taste is acrid and sulphu¬ 

reous: and when exposed to the air it is readily decom¬ 

posed. 
Sp. 6. 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 description. 

Sp. 7. Hydrosulphuret of magnesia. Water, impregnated 7. Of mag^ 

with sulphureted hydrogen, dissolves magnesia, and forms 

* Vauquelin, Ann. de Chim. xxxii. 296. I have little doubt that this 

salt is a hyposulpliite of soda; though 1 have not ventured to put it into 

the preceding chapter without having an opportunity of examining it. 

-j- Berthollet, Ann. de Chim. xxv. 241. 
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a hydrosulphuret, the properties of which have not been 

■ examined.* 
Sp. 8 and 9. Hydrosulphuret of gluchia and yttria. From 

the experiments of Vauquelin and Klaproth, we know that 

the hydrosulphurets do not precipitate those earths from 

acids. Flence 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 con¬ 

sequence of the affinity of their base for the acid, which 

holds the earths in solution; and at the same time sulphu¬ 
reted hydrogen gas is emitted. 

When these hydrosulphurets are exposed to the tempera¬ 
ture of boiling water, a portion of the sulphureted hydrogen 
is driven offi When they are boiled in contact with sulphur, 
a portion of the sulphur is dissolved, while sulphureted 

hydrogen is given out. 
Our knowledge of the remaining hydrosulphurets is too 

imperfect to enable us to continue their description. I shall 

place the few facts with which we are acquainted in a section 

by themselves. 

SECT. II. 

OF HYDROGURETED SULPHURETS. 

The different alkaline and earthy bases are capable of 

combining with hydrogureted sulphur, and forming with it 

compounds which have been longer known than the hydro¬ 
sulphurets, though their properties have not been examined 

with the same precision. They may be formed by boiling 
the base together with sulphur in a quantity of pure water, 

or by dissolving their sulphurets in water; in either case, 

hydrogureted hydrogen is formed, which combines with the 

base. These compounds were known formerly by the name 
of liquid hepars^ or livers of sulphur. They may be formed also, 

as BertLollet has shown, by pouring a liquid hydrosulphuret 

* Berthollet, Ann de Chim. xxv. 235. , 
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upon sulphur. A portion of the sulphur is dissolved without Chap. ill. 

the assistance of heat; the liquid becomes dark-coloui’ed, ^ 

and is converted into hydrogureted sulphuret.* When 
prepared by the first process, they contain an excess of 

sulphur, which separates when sulphureted hydrogen is 

made to pass through them. 

There can be little doubt that these compounds, if they 

could be obtained in a state of complete purity, would con¬ 

sist merely of hydrogureted sulphur united to the different 

bases. But, during their formation, both sulphurous and 

hyposulphurous acid seem to be formed, which the presence 
of the base prevents from being decomposed. Hence the 
hydrogureted sulphurets, as they are commonly obtained, 

contain both sulphites and hyposulphites, salts which modify 
the hydrogureted sulphurets so much, that it is difficult to 

recognise their true properties. The following are the facts 

hitherto observed. 
1. When the hydrate of potash and flowers of sulphur Hydrogu- 

are mixed together in a phial, they act upon each other in 

a very short time, heat is evolved, and hydrogureted sul- potash, 

phuret formed of a fine red colour, which exhales sul¬ 
phureted hydrogen gas when treated with an acid. Liquid 

potash of the specific gravity 1*26, when kept for 10 or 12 

hours upon flowers of sulphur, dissolves it and forms a 

similar compound. When heat is applied the combination 
takes place much sooner. When dry sulphuret of potash 
is dissolved in water, the same kind of compound is pro- 

duced.f In all these cases the appearance of the hydro¬ 

gureted 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 

formed, is a liquid of a deep red colour verging upon 

brown; sometimes it has no smell; sometimes, as noticed 

by Proust, it has the smell of radishes; and by keeping it 

acquires the smell of sulphureted hydrogen. Its taste is 

* Ann. de Ghim. xxv. 242. 

t Proust, Jour, de Phys. lix. 266. 
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Book II. acrid, and as it were bitter and cooling. It stains the skin 
Division II. Qf deep green. When kept in close vessels, it is said to 

deposite sulphur and to become colourless, being converted 

into a hydrosulphuret.* It attacks with great energy every 

metal, and often reduces it to the state of a sulphuret. 

Stahl demonstrated long ago, that it is capable of dissolv¬ 

ing even gold. The nature of his solution has not been 
ascertained. means of acids the gold is thrown down 

in the metallic state, and mixed with sulphur. 

Ammonia. 2. When ammonia is kept in contact with the flowers 

of sulphur, it gradually dissolves a portion of it, and as¬ 
sumes a yellow colour, but does not acquire the odour of 

sulphureted hydrogen, t Hydrogureted sulphuret of am¬ 
monia may be obtained by pouring on sulphur the hydro- 

sulphuret of ammonia. The last portion of the liquid 
which passes over during the distillation of the fuming li-- 

quor of Boyle is also a hydrogureted sulphuret. This com¬ 

pound very readily deposites the excess of sulphur which 

it contains, and approaches to the state of a hydrosul- 

phuret. 

Barytes and 3. The hydrogureted sulphurets of barytes and strontian 
strontian. 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 in intensity to the 

fixed alkaline hydrogureted sulphurets : neither is their 

action on other bodies so powerful. 

Lime. 4. When a mixture of lime and sulphur is boiled in 
Vv^ater, 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 dissolving a notable 

quantity of azotic gas. When kept in close phials, it gra¬ 
dually deposites sulphur in the state of black crust, and 

becomes perfectly colourless. 

Magnesia. 5. The 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 per¬ 

manency. 

* Witli me this has never happened, though I have kept It in close 

vessels for years. It soon becomes colourless in vessels not closely sliut, 
being converted into sulphite of potash, 

t Proust, Jour. dePhys, lix. 2(19. 
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6. It has not been proved that the earths proper are ca- Chap. Ill, 

pable of combining with siipersulphureted hydrogen, and 

forming hydrogureted sulphurets. 

SECT. III. 

OF METALLIC HYDROSULPHURETS AND HYDROGURETED 

SULPHURETS. 

The Iiydrosulphurets and hydrogureted sulphurets have 

the property of precipitating all metallic bodies, except 
rhodium, from any solution in which they may be con¬ 

tained. They are therefore very valuable tests of the pre¬ 

sence of metals, as they do not precipitate any of the 

earths except alumina and zirconia. The metallic preci¬ 
pitates are occasioned by the combination of sulphureted 
hydrogen, hydrogureted sulphur, or of sulphur, with the 

metallic body, which is always deprived of a portion or of 

the whole of its oxygen, while at the same time the base of 

the hydrosulphuret combines with the acid which held the 

oxide in solution. The precipitate of alumina and zirconia 

is occasioned by the base of the hydrosulphuret, while the 

sulphureted hydrogen is exhaled in the state of gas, not 
being susceptible of combining with these earths. Hydro¬ 

sulphuret, or hydrogureted sulphuret of potash or ammo¬ 

nia, is usually made choice of for these precipitations; and 

the ^culiar metal precipitated may in many cases be as¬ 

certained by the colour of the precipitate. The colour of 

these different precipitates may be seen by the following 

table: 
Precipitate by Colour of 

Hydrosulphuret Hydrogureted Sulphuret the precipi- 
Metals. of Potash. of Potash. tates. 

Gold.Black.Black 

Platinum...... Black.Black 

Silver ........ Black.Black 

Mercury.Brown black .... Brown, becoming black 

Palladium .... Black 
Copper. ...... Black.Brown 

Iron.Black.Black, becoming yellow 



HYBROSULPHURETS. 6Sh 

Book II. 
Division II. 

Precipitate by 

Hydrosulphuret Hydrogureted Sulphuret 

Metals. of Potash. of Potash. 

Nickel. Black. . Black 

Tin. Black . . Black 
Lead. Black . ♦. .. . White, becoming black 

Zinc. White. . White 
Bismuth. Black......... . Black 
Antimony... .. Orange. o . Orange-yellow 

Tellurium. Black ? .. . Deep brown or black 

Arsenic.. Yellow. . Yellow 

Cobalt. Black. . Black 

Magnanese. ... White. . White 
Chromium.... 

Molybdenum ,. 
Uranium. 

Green 

Reddish brown 
Brown. . Brownish-yellow* 

Titanium. Glass green.... . Bluish-green * 
Columbium.... 

Cerium....... 
Chocolate 
Brown 

The nature of these precipitates has been very much 
overlooked by chemists; yet the subject deserves a very 

particular investigation, as it would enable us to ascertain 

the nature of the compounds which metals and their oxides 
form with sulphur and its compounds with hydrogen. The 

following remarks are all that can be at present offered. 

1. Almost all the metals combine with sulphur, and form 

.sulphurets which are tasteless, insoluble in water, brittle, 

and often possess the metallic lustre.f 

2. Sulphur reduces many oxides to the metallic state; 

but with others it seems to combine, and to form com¬ 

pounds which may be called sulphureted oxides. Two 
such compounds have been examined and described by 

chemists; namely sulphureted oxide of tin, and of man¬ 

ganese. 

Action of 3. Whether sulphureted hydrogen be capable of com- 

reted hy lining with metals has not been ascertained. The analogy 
drogen.^ of Other acids would lead us to conclude that it is not; but 

in chemistry analogies are always dangerous, and generally 

* In these experiments hydrosulphuret of ammonia was used by 

Klaproth. 

t See Volume 1. p. 395, and Book I. Division I. Chapter IV, 
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mislead. The facility with which sulphureted hydrogen Chap. ill. 

gas tarnishes lead, brass, and silver, is known to all prac- 

tical chemists; but in these cases the gas seems decomposed, 
and a simple sulphuret only to be formed. Water impreg¬ 

nated with this gas dissolves some of the metals, especially 
iron; but it is probable that the metal in these cases is con¬ 
verted into an oxide. 

4. It seems to have the property of reducing the greater 
number of oxides to the metallic state. Hence the reason 
of the precipitates which it throws down from metallic solu¬ 
tions. The hydrogen of the gas and the oxygen of the 

oxide mutually unite, while the sulphur and the metal 
reduced fall down in combination. Most of the metallic 

precipitates are nothing else than common sulphurets. To 
this, however, there are several exceptions. 

Proust has shown that the red oxide of mercury has the tiydrosul- 

property of decomposing; the sulphureted hydrogen of hy- 
drosulphurets,* while Berthollet has ascertained that the 

rapidity of the effect depends upon the proportion of the 

substances employed.f When red oxide of mercury is 
agitated in a liquid hydrosulphuret, a black powder is 

j formed. This black powder, when heated, passes rapidly 

I into cinnabar. The same change takes place slowly if it 
I 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 accelerated. If this be correct, the black powder 

may be considered as consisting, at least partly, of hydro¬ 

sulphuret of mercury. 
When sulphureted hydrogen or a hydrosulphuret is Of tin. 

poured into a salt of tin, a precipitate is produced, varying 

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, or combinations of 

t sulphureted hydrogen with the respective oxides of tin 

I unchanged. When muriatic acid is poured upon them, 

[ the sulphureted hydrogen is driven offi and muriated tin 

i, formed. I 

* Jour, dc Phys. llx. 268, f Ibid. lx. 288 ^ Ibid, lix, 336. 
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Book If. 
Division If. 

Blende, 

Kermes 
mineral. 

The following are the metallic hydrosulphurets at present 

known; 
Hydrosulphuret of tin. Both oxides of tin unite with 

sulphureted hydrogen: Hydrosulphureted protoxide is 

dark brown ; hydrosulphureted peroxide, golden yellow. 

Hydrosulphuret of zinc. Zinc is thrown down from 

acids in the state of a yellowish-white mass by the hydro¬ 

sulphuret of potash or ammonia. This mass dissolves 

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.* Vauquelin remarks, that the transparent spe¬ 

cimens of native sulphuret of zinc or blende often dissolve in 

the same way, emitting sulphureted hydrogen.f It is pos¬ 

sible that these specimens approach the nature of hydrosul¬ 

phuret of zinc. In that case there would be three different 

kinds of minerals 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. 
Hydrosulplmret of antimony. When hydrosulphuret of 

potash or ammonia is dropped 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 of antimony. 
This compound, under the name of kermes mine7-ol, ac¬ 

quired 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 Le- 

mery 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 Ligerie, a surgeon, to whom 

it had been communicated by a pupil of Glauber. The 

French government purchased the secret from La Ligerie, 

and published the process 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. 

See Berthollet's Table, Ann. de Chiin. xxv. J272, 
t Ann. de Chim. xxxvii. 66. 

5 
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The process of Lemery was therefore adopted by apothe- Chap. iii. 
caries. It is the following: 

Sixteen parts of sulphuret of antimony, eight parts of 

potash of commerce, and one part of sulphur, are tritu¬ 

rated together in a mortar, melted in a crucible, and the 
mass poured into an iron vessel. When cold it is pounded, 

and 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 yellow powder, which is edul¬ 

corated 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 pounded sulphuret of antimony may be added. 
The solution, well agitated, boiled for seven or eight 

minutes, and filtered while hot, deposites on cooling abun¬ 

dance of kermes. 
This powder occupied a good deal of the attention of 

chemists. Bergman first demonstrated that it contained 

sulphureted hydrogen; but it was Berthollet who first 

pointed out its true composition. From the analysis of 

Thenard it follows that it is composed of 

20*80 sulphureted hydrogen 
4’15 sulphur 

72*76 protoxide of antimony 
2*79 water and loss 

100*00* 

c 

[ 

[ 

When this substance is exposed to the air, it gradually 

absorbs oxygen and becomes white, and the sulphureted 
hydrogen exhales. 

After the mineral kermes has precipitated from its solu¬ 

tion, prepared by either of the formulas above described, 
if an acid be added to the liquid, another precipitate is 

produced of an orange colour; hence called sulphur aura-^ Sulphur 

turn. According to the analysis of Thenard, it is com- 

posed of 
17*87 sulphureted hydrogen 

68*30 protoxide 

12*00 sulphur 

98*17t 

I # Ann. de Chiin. xxxii. ^68. f Ibid- 
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Book II. Hence it is a hydrosulphuret with excess of sulphur and a 
Division II. gjjialler proportion of base. Goettling has proposed the 

following process for obtaining this compound : 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 a weak sulphuric acid.* 

Hydrosidpkuret of manganese. When the black oxide 
of manganese is treated with sulphureted hydrogen water, 
its black colour disappears; a portion of the suiphureted 
hydrogen is decomposed at the expense of the oxygen of 
the black oxide; and the green oxide, thus evolved, is 
dissolved by the suiphureted hydrogen, and by evaporation 
a white mass is obtained, which dissolves completely in 
muriatic acid, while abundance of suiphureted hydrogen 
is exhaled. It is therefore a hydrosulphuret of manganese, f 
The same compound is obtained when hydrosulphuret of 
potash is mixed with a salt of manganese. 

Hydrosulphuret of arsenic, Suiphureted hydrogen com¬ 
bines with the white oxide of arsenic dissolved in water* 
The liquid assumes a yellow colour, but no precipitate 
appears. Hence the hydrosulphuret of arsenic, like that 
of manganese, is soluble in water, at least by the assist¬ 
ance of an excess of suiphureted hydrogen. This hydro¬ 
sulphuret exactly resembles in appearance yellow sulphuret 
of arsenic. 

Hydrosulphuret of iron, Suiphureted hydrogen combines 
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. 

Hydrosulphuret of platinum. This substance was first 
examined with precision by Mr. Edmond Davy, though it 
had been nodced by preceding chemists. It is obtained by 
passing a current of suiphureted hydrogen gas through a 
solution of platinum ip nitro-muriatic acid. It gradually 
precipitates. When dried without the contact of air its 
properties are as follows: 

* Bergman, ili. 172. The experiments of Proust on these compounds 
are'highly interestipg, but too long for insertion here. See Jour, de 
Phys. Iv. 328. 

t Btertholiet, Ann. de Chim. xxv, 258. 
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It has a dark-brown colour, and little external lustre. Chap. III. 

Its taste is at first insipid, then saline. When heated just ^ 
below redness it deflagrates and is partially decomposed. 
At a red heat it gives out sulphurous fumes, and me¬ 

tallic platinum remains. When heated in close vessels 
over mercury it gives out water, sulphurous acid gas, 
sulphureted hydrogen, a little sulphur, and a substance 

resembling sulphuret of platinum. The residue is sul- 
phuret of platinum. When heated in acids it gives out 

gas. When exposed to the a ir sulphuric acid is formed 
in it. According to the analysis of Mr. Edmond Davy, its 

constituents are as follows: ^ 

Sulphuret of platinum. 83*00 
Sulphureted hydrogen.   4*56 
Sulphur.   4*00 

Water impregnated with sulphureted hydrogen 8*44 

100*00 

It is not unlikely that this singular substance may be a 

compound of 2 atoms of sulphuret of platinum, and 1 

atom of sulphureted hydrogen or hydrogureted sulphur. 

CHAP. IV. 

OF SOAPS. 

The true nature of soap has been ascertained by the ex¬ 

periments of Chevreul. The fixed oils and tallow, he has 

shown, consist each of two distinct substances, which he 

has distinguished by the names stelirin and elain. Salifi¬ 

able bases have the property of altering the composition of 

these bodies, and of converting them into two acid bodies, 
to which he has given the appellations of margaritic acid and 

oleic acid. Soaps are nothing else than the combinations of 

these two acids with salifiable bases, t In the soaps of 
commerce, both margaritic and oleic acid usually exist to¬ 

gether. The weight of an atom of each of these acids is 

as follows: 

* Phil. Mag. xl. 210. 
f A detailed account of these substances has been given in a preced¬ 

ing chapter of this volume. 

VOL. ir. 2 Y 
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Book II. 
Division II. 

History. 

Prepara-’ 
tion. 

Margaritic acid.... 33*3 
Oleic acid ........ 36 

So that 100 margaritic acid combine with 18 potash and 

12 soda. 
100 oleic acid combine with 16’6 potash and 11*1 

soda. 
When the bases of soaps are the alkalies, the soaps are 

soluble in water, and may be employed for the purposes of 
domestic economy. But when the earths or metallic oxides 

constitute .the bases of soaps, these bodies are insoluble in 
water, and do not of course answer the purposes of deter¬ 

gents, On this account it will be proper to treat of each 

set separately. 

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 as many genera 
of alkaline soaps as there are oils. That there are differ¬ 
ences in the nature of soaps, corresponding to the oil which 

enters into their composition, is certain; but these differ¬ 

ences are not of sufficient importance to require a particu¬ 
lar description. It will 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 differ in their oil, as varieties of the same species. 

Sp. 1. Soap of Soda, or Hard Soap, 

The word soap [sapo, a-uTruv) first occurs in the w'orks of 

Pliny and Galen, and is evidently derived from the old 
German w^ord sepe,"^ Pliny infonns us that soap was first 
discovered by the Gauls; that it was composed of tallow 

and ashes; and that the German soap w^as reckoned the 

best, f 
Soap may be prepared by the following process : a quan¬ 

tity of the soda of commerce is pounded and mixed in a 

* Beckmann's History of Inventions, iii. 2S9. A similar word is still 

used by the common people of Scotland. 
t Pliny, lib. xviii, 51. 
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wooden Vessel with about a fifth part of its weight of lithe, Chap. IV. 

which has been slacked and passed through a sieve imme¬ 

diately before. Upon this mixture a quantity of water is 
poured, considerably more than what is sufficient to cover 
it, and allowed to remain on it for several hours. The 
lime attracts the carbonic acid from the soda, and the^Water 
becomes impregnated with the pure alkali. This water is 
then drawn off by means of a stop-cock, and called the 

first ley. Its specific gravity should be about 1 *200. 
Another quantity of water is then to be poured upon the 

soda, which, after standing two or three hours, is also to be 
drawn off by means of the stop-stock, and called the second 
ley. 

Another portion of water is poured on; and after stand¬ 

ing 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 dissolved; 

and this weak ley may be put aside, and employed after¬ 
wards in forming the first ley in subsequent operations. 

A quantity of oil, equal to six times the weight of the 
soda used, is then to be put into the boiler, together 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 acquire consistence. A little of the first 

ley is then to be added, not forgetting to agitate the mix¬ 

ture constantly. Portions of the first ley are to be added 
at intervals; the soapy substance acquires gradually greater 

consistency, and at last it begins to separate from the wa¬ 
tery 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 liquor 
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 a quantity of carbonate of 

soda, it ought to be reserved for future use. 
2 Y 2 
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Book II. The fire is then to be kindled again ; and, in order to fa* 
Divisbn II. 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, 
w^hich^'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 proper 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 ac- 

. quired sufficient consistence to be taken out, and formed 

into pi’oper cakes.* 
The use of the common salt in the above process is to 

separate the water from the soap; for common salt has a 
stronger affinity for w'ater than soap has. 

Olive oil has been found to answer best for making soap, 

and next to it perhaps tallow might 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 linseed oil and wdiale 
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. 

Soaps may also be made without the assistance of heat; 
but in that case a much longer time and a larger propor¬ 
tion of alkali is necessary. 

Composi- The hard soap of commerce varies so much in its pro- 
portion of water that it is impossible to state its composi¬ 
tion with accuracy. Supposing no adulteration, its con¬ 
stituents will be nearly as follows : 

1 atom margaritic and oleic acids 64-*49 
1 atom soda. 7*57 

28 atoms water. 27*94 

100*00 

As the proportion of water increases, that of the other 

* Seethe Memoir of Darcet, Lelievre, aud Pelletier, in]the Ann. de 
Chim. xix. 263. 
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constituents of course diminishes. I have met with soap Chap. IV. 

composed as follows: 

1 atom oily acid .... 44*63 

1 atom soda. 5*24 

' 68 atoms water. 50*13 

100*00 

The purchaser of such a soap pays half of his money for 
water. From the experiments of Colin, it appears that 
water is essential to the fabrication, and probably to the 
constitution of soap. But the proportion usually found in 
soap seems excessive. 

Soap is soluble both in water and in alcohol. Its pro¬ 

perties as a detergent are too well known to require any 

description. 
Soap made wnth 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 rosin with the tal¬ 

low; 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, and Formation, 

rin that case precisely the same process is to be followed. 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 detergent do not differ ma¬ 

terially from those of hard soap, but it is not nearly so con¬ 
venient for use. The alkali employed by the ancient Gauls 
and Germans in the formation of soap was potash; hence 

we see the reason that it is described by the Romans as an 
unguent. The oil employed for making soft soap in this 
country is whale oil. A little tallow is also added, which, 
by peculiar 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 described, 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 pi’actised with success has 
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Book II. been ascertained by Messrs Darcet, Lelievi’e, and Pelletier; 
Division II; hard soap thus formed does not contain potash 

but soda; for when the common salt is added, the potash 
of the soap decomposes it, and combines with its muriatic 

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.* 

Sp. 3. ^o.ap of Ammonia^ 

This soap was first particularly attended to by Mr, Ber- 

thollet. It may be formed by pouring carbonate of ammo¬ 
nia 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 

dissolves a very small quantity of it; but it is easily dis¬ 
solved in alcohol. When exposed to the air, it is gradually 

decomposed. The substance called volatile liniment, which 
is employed as an external application in rheumatisms, 

colds, &c. may be considered as scarcely any thing else than 

this soap. 
All the alkaline soaps agree in the properties of solubility 

in water and alcohol, and in being powerful detergents. 

SECT. II. 

OF EARTHY SOAPS. 

The earthy soaps differ essentially from the alkaline in 
their properties. They are insoluble in water, and inca¬ 

pable of being employed as detergents. They may be 
formed very readily by mixing common soap with a solu¬ 

tion of an earthy salt: the alkali of the soap combines 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 decom¬ 

pose common soap, and form an earthy soap insoluble in 

water. These waters are well known by the name of hard 

Ann. de Chim. xix. 3^2. 



EARTHY SOAPS. 695 

waters. Hitherto the earthy soaps have been examined by chap. iv. 
Berthollet and Chevreul only. "v—' 

Sp. 1. Soap of Lime. 

This soap maj be formed by pouring lime-water into a 
solution of common soap. It is insoluble both in water 
and alcohol. Carbonate of fixed alkali decomposes 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. 

Sp. 2. Soap of Magnesia. 

This soap may be formed by mixing together solutions 
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 insoluble in boiling water. 

Alcohol and fixed oil dissolve it in considerable quantity. 
Water renders its solution in alcohol milky. A moderate heat 

melts it; a transparent mass is formed, slightly yellow, and 

very brittle.f 
Sp. 3. Soap of Alumina. 

This soap may be formed by mixing together solutions 

of alum and of common soap. It is a flexible soft sub¬ 

stance, 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 transparent yellowish % 

mass.f __ 

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 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. 

I. Metallic soaps. 

These soaps have been examined by Mr. Berthollet, who 

^ Thouvenel 
f Berthollet, Mem, Par. 1780, or Nicholson’s Jour. i. 170. J Ihiil* 
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Book II. has proposed some of them as paints, and others as var- 
Divis^on II. jjjgjjgg . (jQgg appear that any of them has been 

hitherto applied to these purposes. 
1. Soap of mercury may be formed by mixing together a 

solution of common soap and of corrosive muriate of mer¬ 
cury. 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 oil, but sparingly in alcohol. It readily be¬ 
comes soft and fluid when heated. * 

2. Soap of zinc may be formed by mixing together a solu¬ 
tion of sulphate of zinc and of soap. It is of a white colour, 

inclining to yellow. It dries speedily, and becomes 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 pre¬ 
cipitation there fell down some green coagula, much more 

consistent than soap of cobalt. These he supposed to be 

a soap of nickel, which is generally mixed with cobalt. J 
4. Soap of tin may he 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 decom¬ 
poses it.} 

5. Soap of non may be 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. Ber¬ 

thollet proposes it as a varnish. || 

6. Soap of copper may be formed by means of sulphate 
of copper. It is of a green colour, has the feci of a resin, 

and becomes dry and brittle. Hot alcohol renders its colour 

deeper, but scarcely dissolves it. Ether dissolves it, liquefies 
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 some¬ 
what yellow if the heat be increased, ff 

* Berthollet, Mem. Par. 1780, or Nicholson's .Tour. i. 170. + Ibid, 
t Ibid. § Ibid. II Ibid. Ibid. jf Ibid. 
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8. Soap of silver may be formed by means of nitrate of Chap. IV. 

silver. It is at first white, but becomes reddish by expo- ^ 
sure to the air. When fused, its surface becomes covered ’ 
with a very brilliant iris ; beneath the surface it is black. * 

9. Soap of gold may be formed by 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, f 

10. Soap of manganese may be formed by means of sul¬ 
phate of manganese. It is at first white, but it assumes 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, 

Plasters are combinations of oils and metallic oxides de- Properties, 

stined 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. Without these properties they do not an¬ 

swer the purpose for which they are destined, which is 

chiefly adhesion. i 

The only chemist wdio has hitherto examined plasters 
with attention is Deyeux, to whom we are indebted for 

some excellent observations on the method of preparing 
them.§ 

The oxides hitherto employed for making plasters are oxidcs 

those of lead ; and litharge is usually considered as the best 

adapted for that purpose of any of these oxides. But the 
oxides of several of the other metals, as bismuth and mer¬ 

cury, are aiso capable of forming plasters, and might per¬ 

haps in some cases be employed with advantage. Some 

metallic oxides, however, as those of iron, are not suscep¬ 
tible of that kind of combination with oils which consti¬ 

tutes plasters. |j 

All the fixed oils are capable of forming plasters; but Oils, 

they do not all form plasters with the same properties. The 

* Berthollet, Mem. Par. 1780, or Nicholson's Jour. i. 170. 

t Ibid. I Ibid. 

^ Ann. de Chim. xxxiii. 50. |j Deyeux, Ann. de Chira, xxxiii, 50.> 
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Book It. 
Division II. 

Formation. 
1st Process. 

2d Process, 

3d Process. 

drying oils, linseed oil for instance, form plasters of a mijcii 
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 linseed oil and litharge. According to 
Deyeux, olive oil answers better for plasters than any other. 

There are three different ways of forming plasters. The 
first consists in simply mixing together oil and litharge in 
proper proportions, and allowing the mixture to remain a 

considerable time in the common temperature of the at¬ 
mosphere, agitating it occasionally. The oxide gradually 
loses its colour and combines with the oil, and the mixture 
acquires consistence. This process is tedious, and does not 
furnish plasters sufficiently solid to answer the purposes for 

which they are intended. It is not therefore employed. 
The second method consists in throwing the oxide into 

the oil while boiling. Plasters formed by this process have 
always a deep colour and a peculiar odour, occasioned by 

the decomposition of a portion of the oil. When this pro¬ 

cess 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, other¬ 

wise 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, because 
it is not liable to the 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 com¬ 

bine, which prevents the revival of the metal; and after¬ 
wards when the water is dissipated, the temperature is suf¬ 
ficiently 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 easily 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: owing either to the absorption 

of oxygen, or to some change produced in their compo¬ 
nent parts by the action of the air. 

3 
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CHAP. V. 

GENERAL REMARKS. 

If we exclude the compound combustibles, the nature of 
which has not been hitherto sufficiently studied, all the 

primary compounds, with a few exceptions indeed, may be 

divided into the two grand classes of acids and bases. All 

the secondary compounds described in the preceding 
chapter, except the hydrates, may be considered as com¬ 
binations of adds and bases. The hydrates indeed have 
been considered by some modern chemists, as likewise sa¬ 
line combinations. But this name cannot be applied to 
them without extending the meaning of the terms acid and 

base so far as to render them really useless. For in the 
hydrates we must consider the water as sometimes acting 
the part of an acid, and sometimes of a base. While in 
the crystallized salts, as in sidphate of soda, it would be 

impossible either to apply the term acid or base to the 

water without manifest impropriety. It seems much better, 
therefore, to consider hydrates as a species of compound 

quite different from salts. The water is capable equally 
of uniting with acids, bases, and salts. It does not deprive 
them of their characteristic properties, or neutralize them 

as the bases do the acids. As far as we know at present, 
water is capable of uniting with other bodies in a greater 
number of proportions than either acids or bases. Scarcely 
any of the acids or bases have been found united with other 
bodies in a greater proportion than 4 atoms. But some 

salts contain no fewer than 36 atoms of water. Sophisti¬ 

cated soap sometimes contains no fewer than 68 atoms of 

water to one of the true soap. 

The salts, the hydrosulphurets, and soaps are true saline 
compounds, though sufficiently distinct from each other to 
deserve a separate place in every chemical arrangement. 
Soaps do not crystallize or assume regular forms. Hydro¬ 
sulphurets crystallize, but they cannot be preserved in 
contact with the atmosphere without undergoing a series of 
changes, which have not been sufficiently examined. Here¬ 
after the hydrotellurets will form a set of bodies analogous 
to the hydrosulphurets. I have little doubt that a careful 
examination of them would throw considerable light on 
the changes which the hydrosulphurets undergo. 

Several of the secondary compounds, as common salt, 
nitre, green vitriol, &c. are found ready formed by nature. 
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Book IL It was by studying tlieir properties that the science of che- 
^ms^nli. originated. They furnished some of the most 

powerful reagents which have been applied to the investi¬ 
gation of the composition of natural bodies ; such as nitric 

acid, muriatic acid, sulphuric acid, soda, &c. 

compounds secondary compounds have that activity, that 
resemble violent action upon other bodies, which distinguish the 

primary compounds. In this respect they bear a strong 
resemblance to the simple substances. Sulphur, for in¬ 

stance, is a body which has scarcely any taste, and which 
acts but feebly upon animals, and not at all perceptibly 
upon vegetables and minerals; and oxygen, though it un¬ 
doubtedly merits the appellation of an active body, shows 
neither in its taste nor in its action on animals and ve^eta- 

C5 

bles any thing which deserves the name of acrid or caustic; 
but sulphuric acid, though composed of these two inofren* 

sive bodies, is one of the most active and corrosive sub¬ 

stances known, and burns and decomposes almost all the 

animal and vegetable bodies which are exposed to its in¬ 
fluence. Potash is, if possible, still more corrosive; even 

the hardest mineral is unable to resist its action. But sul¬ 
phate of potash, though composed of these two formidable 

bodies, is not more active than sulphur itself. This singular 

correspondence between simple substances and secondary 
compounds, and the striking contrast between them and 

the primary compounds, deserve attention. It demonstrates 

to us, that the activity of bodies is not proportional to their 

simplicity, as has been hitherto supposed; and that there 
is some other cause, besides combination with other bodies, 
to blunt their energy. 

None of Several of the simple bodies exist commonly in the state 
them gases, g^g. ^.p-g -g primary compounds ; 

but no gaseous body is found among the secondary com¬ 
pounds, and only a comparatively small number of liquid 
bodies. Almost ail of them are solid, and probably every 
one of them is susceptible of assuming that form. Hence 
w^e see that gaseous bodies have all of them a considerable 
degree of simplicity; few of them, as far as is known, con¬ 
taining more than two component parts, if w^e omit the 

consideration of light and caloric altogether; or three 

component parts, if we include these bodies, 

END OF VOL. II. 

C. Baldwin, Printer, 
New Bridjre-street, London. 



0 

( 





•»-V '' . 

■ 

■■.v 

V , . - 
s* t - 

. V r - 

' 

■ 

fe- 
V--, 

\ 








